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SUMMARY. Pediatric cardiology's past covers 50 
.centuries. Most if its accomplishments have occurred 
m the last 50 years. In a limited sense, it is a story of 
four questions about the heart: How is it formed? 
How is it malformed? How can it be studied? How 
can it be fixed? Although not all the answers have 
been provided, we have come close to doing so in the 
first three-quarters of the 20th century, and will 
doubtless get even closer in the final quarter. For 
Pediatric cardiologists and their surgeon colleagues 
Will persist until Puck's prayer is answered: 

And the blots of Nature's hand 
Shall not in their issue stand.---(Shakespeare: A Midsummer 

Night's Dream, V,2) 
- . . . . . . . .  

The apPearance of a new subspecialty journal im- 
plies that there is enough current work in the field 
and adequate promise of future work to justify pub- 
lication. Although the journal's emphasis must be 
directed primarily to current and future develop- 
ments, it is also valid to examine the contributions 
of prior generations. It is the purpose of this paper 
to provide a brief historical look at some of pediat- 
ric cardiology,s past. 

Why Look At History? 

!t is Useful to review the background of a discipline ~ Order to place current progress into a reasonable 
tntOric . 

al perspectlve, An understanding of tradi- 
tion Sets the tone and direction of future endeavors. 
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Fallot [26], in his now immortal paper, said: "Noth- 
ing which touches on the solution of a clinical prob- 
l e m . . ,  should be considered devoid of interest or 
without importance." 

A major by-product of a study of history is humil- 
ity. Man invented neither illness not its treatment. 
A dinosaur unearthed in Wyoming was found to 
have a bony tumor in a caudal vertebra. A pre- 
hominid, Pithecanthropus erectus, extinct for over 
400,000 years, had an exostosis of his femur. Tran- 
quilizers and sympathomimetics were known to the 
ancients--Indian doctors used rauwolfia extracts, 
and the ancient Chinese used ephedrine. Hau-Tu, 
nearly 2000 years ago, narcotized his patients be- 
fore operating upon them, and performed lap- 
arotomy and splenectomy. Two thousand years be- 
fore Jenner, the Chinese practiced smallpox in- 
oculation by nasal insufflation of dried crusts from a 
smallpox victim. The ancient Chinese also fed sheep 
thyroid glands to cretins. There is a tradition of 
bone grafting among the Arabs of North Africa, 
which is still being practiced, using bones from a 
freshly killed sheep or dog, with apparently suc- 
cessful results. Celsus performed tonsillectomy by 
enucleation over two millenia ago--a technique 
which has replaced the guillotine operation. Lex 
Caesarea (caedere = to cut), promulgated in 715 
BC, declared that in the event of maternal death 
during pregnancy, the unborn child should be re- 
moved through an abdominal incision in the hope 
that it might be viable. That is how cesarean section 
got its name. Whether or not Julius Caesar himself 
was delivered by this method 600 years later, the 
Hindus, as well as the Romans, practiced cesarean 
section. Cheyne-Stokes respiration should really be 
called Hippocratic respiration. 

These are but a few illustrations among many that 
could be invoked. However, they are sufficient to 
suggest that we exercise considerable caution be- 
fore labeling any of our discoveries as new. 
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The study of history may lead to current appli- 
cation of ancient techniques, such as happened in 
the rediscovery of the Rauwolfia compounds. Of 
course, not all ancient methods were beneficial. A 
close inspection of standard practices of the past 
may serve to shatter the shibboleth of such once- 
revered practices as bleeding but should also cau- 
tion us to examine what may well be current shibbo- 
leths, before they are scorned by our successors. 
Thus the study of history would be useful if only to 
teach us the dictum of Santayana: "Those who can- 
not remember the past are condemned to repeat it" 
(Life o f  Reason). 

To maintain reasonable brevity, this look at the 
history of pediatric cardiology will be directed pri- 
marily at congenital heart disease and will focus up- 
on the following areas: (1) the fetal circulation; (2) 
specific lesions; (3) cardiac catheterization; and (4) 
cardiovascular surgery. 

The Fetal Circulation 

The earliest observations on the fetal circulation are 
generally attributed to Aristotle [2]. He is credited 
by Harvey [42], with having observed pulsation in 
the chick embryo. Aristotle is often credited also 
with the first description of the ductus arteriosus. A 
mistranslation has persisted for two millenia due to 
the substitution, in an early manuscript, of aortus 
for arterias (aorta for trachea). Thus, what had been 
translated as depicting the pulmonary artery going 
to the bifurcation of the aorta was really a descrip- 
tion of the superior vena cava ascending towards 
the bifurcation of the trachea. Since Aristotle stud- 
ied only adult animals, he may have seen the liga- 
mentum arteriosum, but probably never saw a duc- 
tus. However, Galen [33] clearly understood the 
ductus, and the foramen ovale: 

Nature is neither lazy nor devoid of foresight. Having given the 
matter thought, she knew in advance that the lung of the fetus, a 
lung still contained in the uterus and in the process of formation 
and spared continual motion, does not require the same arrange- 
ments of a perfected lung endowed with motion. She has, there- 
fore, anastomosed the pulmonary artery with the aorta, and the 
left and right atria . . . .  There is a certain membrane in the right 
atrium, connecting, in the fetus, the right atrium with the left 
atrium, whose appearance is rather like that of a little lid. It is 
easily deflected toward the pulmonary artery, . . . and thereby 
the blood of the right atrium is prevented from flowing into the 
lungs. This membranous protrusion is thickened and grows to- 
gether, sometimes on the first day after birth, sometimes after 
several days, when at length its whole body hangs down in such a 
way into the cavity of the vessel that it completely occludes it 
and it cannot be split asunder. There is also a similar projection 
of membrane at the mouth of the azygos vein and often at those 
of several other large vessels such as the jugulars, brachials and 

crural veins and the trunk of the vena cava as it leaves the liver. 
The uses of these are the same as that of the membranes closin$ 
the mouths of the vessels of the heart. 

Fallopius [25], who was usually credited with the 
first description of the ductus arteriosus, added 
nothing to Galen's description. The term duct of  
Botallo persists to this day. Is Botallo to be blamed 
that, in investigating the fetal route from the right to 
the left side of the heart in calves [10], he used the 
term ductus to describe the channel connecting the 
two atria formed by the valve of the foramen ovale? 
Botallo innocently scattered a seed in 1564; it was 
watered by Folius [29], who reprinted Botallo's 
short note; and in 1660, it reappeared, thoroughly 
fertilized, in Van Home's  Observatio Anatomica 
III [80]. Van Horne annotated Botallo's text and in- 
serted a plate that pictured the foramen ovale as de- 
scribed by Botallo, but also added a drawing of  his 
own of the ductus arteriosus. Final fruition was at 
the hands of the Anatomical Nomenclature Com- 
mission at Basel, which harvested all under the 
term ductus arteriosus Botalli. Sylvius [78] de- 
scribes Galen's concern with nomenclature: "HOW 
Galen had often wished it were possible to teach a 
thing without the use of names, for the names them- 
selves are but the shadow of reality." But the per- 
versities of eponymity have persisted and will 
doubtless continue. 

William Harvey [42] added little to Galen, al- 
though he did write about the fetal circulation in De 
generatione, a late-in-life writing that has been said 
to be aptly titled, "reflecting the last infirmity of a 
noble mind." The main criticism of the section on 
the fetal circulation is that the observations were 
entirely anatomic rather than physiologic. ThiS 
same criticism can be leveled at almost all sub" 
sequent investigators until the modern era of physi- 
ologic investigation began in the 20th century. /~ 
striking exception was the work of the remarkable 
Oxford group who, only 40 years after Harvey, ila 
the single decade between 1660 and 1670, identified 
the contribution of the lung to gas exchange, and 
labeled the placenta, a "uterine lung." In 1660, 
Robert Boyle [11] showed that part of the air is es- 
sential to life; Hooke [44] postulated that blood 
changes from dark to red on passing through the 
lungs because of its mixture with air, and Lower 
[54] verified Hooke's hypothesis experimentally. _ 

For two and one-half centuries, understanding of 
the fetal circulation was mired in protracted argO" 
ments regarding the distribution of inferior verla 
cava and superior vena cava flow across the tri- 
cuspid valve or the foramen ovale, the contributioa 
of the valve flap in the right atrium to this flow, and 
whether there was significant pulmonary blood 
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Fig • . 
• • t-:uneiform tablet from the Royal Library of Nineveh 

(Courtesy of the British Museum). 

flow. Pohlman [65] initiated the experimental ap- 
Proach to the fetal circulation. He injected starch 
granules into veins at various sites, determined the 
differential distribution of the granules, and mea- 
SUred the pressure in both ventricles directly. Simi- 
lar StUdies were performed by other investigators, 
but the methods remained crude until advanced 
technology led to comprehensive studies by several 
grOUps, including Barclay et al [4] in England; Lind 
and Wegelius [53 
the United States ] " in Sweden; and Rudolph [73] in 

Anatomopathologic Descriptions 
The Babylonian tablet (Fig. 1) is one of over 100 
SUch tablets in the possession of the British Muse- 

urn. Its estimated date is circa 4000 BC. The trans- 
lation of the pertinent line was provided by Ballan- 
tyne: "When a woman gives birth to an infant that 
has the heart open and has no skin, the country will 
suffer from calamities."~ Thus, it is likely that the 
earliest known description of a congenital cardiac 
defect was that of a patient with ectopia cordis. 

In the library at Windsor Castle, the entire folio 
of Leonardo da Vinci's Quaderni de Anatomia 
[19] is stored. A brief sketch and description of an 
atrial septal defect by this incomparable Renais- 
sance genius is the first description that I could find 
of a congenital cardiac defect in the human (Fig. 2). 
Although many other earlier and contemporary 
writers also described the patent foramen ovale in 
animals, da Vinci was the first to describe it in the 
human. 

I have been able to find six papers describing a 
variety of congenital heart defects which were pub- 
lished in the 17th century. They included simple 
septal defects, single ventricle, tetralogy of Fallot, 
and a remarkable paper by Chemineau in 1699 [15] 
reporting a single ventricle with a diminutive out- 
flow chamber. Steno [77] clearly described the ana- 
tomic features of tetralogy of Fallot in 1671. 

Of the 24 18th century papers on congenital heart 
disease that could be found, several deserve empha- 
sis. LeCat's presentation of 1747 is notable for the 
scholarly study of atrial septal defects in humans 
[50]. Morgagni [58] described four patients with dif- 
ferent congenital cardiac lesions and, as he did for 
so many diseases, provided clear, clinicopathologic 
correlation. One of them had pulmonic stenosis 
with atrial septal defect, and he attributed the cy- 
anosis to the obstruction. William Hunter [45] de- 
scribed three patients with congenital heart disease: 
One had the features of tetralogy of Fallot; another 
had pulmonary atresia with intact ventricular sep- 
turn. He believed that cyanosis was due to an ad- 
mixture of blood in the heart. Each of these two 
points of view, obstruction versus admixture, ac- 
quired devoted and renowned supporters and a 100 
years' war was waged in the medical literature. The 
supporters of the obstruction theory, including 
Thomas Peacock [64], repeatedly cited the occur- 
rence of septal defects without clinical cyanosis. On 

This translation by Major General Sir H. C. Rawlinson dates 
from 1870 and has been questioned by modern translators. In the 
1973 edition of the Assyrian dictionary, the translation is 
changed to read as follows: "The abdomen is open and it has no 
intestines," varying the translation of libbu, which variably 
means heart or other entrails. I am not qualified to quarrel with 
either translation but would not be surprised if among the thou- 
sands of these tablets, virtually every teratologic abnormality 
known to modern man was described. 
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Fig. 2. Sketch published by Leonardo Da Vinci in 
1513, in Quadernia Anatomia I1. The inscription 
(since Da Vinci was a mirror writer, it reads right to 
left) states: "1 have found that a, left auricle, to b, 
right auricle, a perforating channel from a to b, 
which 1 note here to see whether this occurs in 
other auricles of other hearts." 

the other  hand, the suppor ters  o f  the admixture  the- 
ory,  including E. Gintrac [36], cited cases of  ob- 
struction without  cyanosis .  The resolution of  this 
argument  had to wait for reliable measu remen t  of  
intracardiac pressures .  

In the first half  o f  the 19th century ,  several  re- 
markable  compend ia  of  congenital  cardiac de- 
fects appeared.  Prominent  among  them are the fol- 
lowing: 
1. Fa r r e ' s  essay  on malformat ions  of  the human 
heart  (1814) [27] 
2. Gin t rac ' s  repor t  on cyanosis  or  blue disease 
(1824) [36] 
3. J .F.  Mecke l ' s  two reports  on heart  malformat ion 
(1805, 1815) [57] 
4. Paget ' s  series o f  articles in the Edinburgh Medi- 
cal & Surgical Journal (1831) [62] 

Two works  published in the lat ter  half  of  the 19th 
century added immeasurably  to our  knowledge of  
congenital  heart  disease: P e a c o c k ' s  s tudy on heart  
malformat ion (1858) [64] and Carl Rok i t ansky ' s  in- 
vestigation of  cardiac septal defects  (1878) [71]. 

One might well add Fal lot ' s  repor t  on cyanosis  
(1880) [26], since it runs over  100 pages.  The epony-  
mity afforded to Fallot,  and several  of  his late 19th- 
century contemporar ies ,  may  or may  not be justi-  
fied. Certainly Fallot [26], Roger  [70], E isenmenger  
[24], and others  were not the first to describe the 
conditions that  car ry  their names.  In fact, I have 
been able to uncover  nearly 200 repor ts  o f  what  
Fallot called tetralogy,  which appeared  prior to his 
1888 publication; but Fallot was the first to empha-  
size adequate ly  the clinical aspects  of  the lesion, 
and did make  an accura te  p r e m o r t e m  diagnosis in 
one of  his patients.  Finally, one must  include the 
works  by the two grandes dames of  the 20th cen- 
tury,  Maude Abbo t t ' s  Atlas o f  Congenital Cardiac 
Disease [1] and Helen Tauss ig ' s  two-vo lume Con- 
genital Malformations o f  the Heart [79]. 

Cardiac Catheterization 

Cardiac catheter izat ion must  have  been an idea 
whose  t ime had come.  In a mere  50-year  period 
cover ing the latter quar ter  o f  the 19th century and 
the first quar ter  of  the 20th century ,  not only animal 
but also human cardiac ca theter iza t ions  were per- 
formed.  Because  of  the present  inaccessibil i ty of 
the journal  containing his work ,  and the outmoded 
concepts  in t rea tment  used by  him, J .F.  Dief" 
fenbach ' s  early studies [21] on both animals  and hu" 
marts have been over looked.  He  states that experi" 
ments  on animals  taught him that  the introduction 
of  foreign bodies  into the large vessels  and the heart 
" w a s  tolerated in a wonderful  w a y . "  He  added that 
it was known that  the external  surface of  the heart 
possessed  a certain degree of  insensibili ty to me" 
chanical stimuli but that " th i s  was also the case to a 
certain extent  with its interior wal l s . "  He  should 
certainly receive credit  both for his early animal 
studies, in which he showed how well the in- 
t roduct ion of  foreign bodies into the heart  could be 
tolerated,  and for  the following descr ipt ion of  a hu" 
man catheter izat ion:  

In an almost dying patient (cholera) suffering from great anxiety 
and breathlessness I opened, with the agreement of Herr Medic ~1 
Counsellor Casper, the brachial artery in its upper third. As not 
drop of blood flowed, I introduced, as I had planned, an elastic 
catheter into the vessel approximately as far as the heart. Never" 
theless no blood appeared through the catheter. The heart beat 
became clearer and more rapid, and I now withdrew the cath" 
eter . . . .  It is greatly to be regretted that this operation of inter 
est for all physiology was performed on a man who was so neg 
to death and who shortly afterwards was seized by convulsioaS 
and rendered his soul [21]. 

At that t ime cholera  was cons idered  to be a disease 
in which there was centr ipetal  m o v e m e n t  of  the 
blood toward the heart ,  empty ing  the per iphery and 
over loading the heart .  Since the per iphery  was ernV 
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ty, Dieffenbach was attempting to reach the heart to 
remove the "extra  blood" that was there. His pio- 
neering in human cardiac catheterization should not 
be downgraded because his purposes were mis- 
guided. 

Twelve years later the illustrious Claude Ber- 
nard, while working as an assistant to Magendie, 
catheterized both ventricles of a horse with cath- 
eter-thermometers. These and subsequent studies 
measuring the differential temperatures of  the two 
Ventricles via catheter-thermometers were not pub- 
lished until 1876 [5]. At that time he also published 
results of his studies commencing in 1847 [6] on the 
transjugular measurement of right ventricular pres- 
SUre with glass catheters, proving it to be signifi- 
cantly lower than the aortic pressure simultaneous- 
ly measured. Although the manometry was crude, 
this was the first direct approximation of intra- 
! i ~  ac pressure in the closed chest animal. An 

lsia contemporary of Bernard's, Frederick 
Y, obtained blood from the right ventricle in the 

Osed chest animal by what he called "cardiac 
catheterism,,, also by inserting a transjugular cath- 
eter into the right ventricle. These studies were re- 
ported in his Lettsomian lectures published in the 
1857~60 Proceedings of the Royal Society of Biol- 
ogy [63]. The definitive animal studies on cardiac 
~atheterization had to wait for improved manomet- 

techniques. 

There had been, until the work of Chauveau and 
Marcy [14], little improvement on the brilliant but 
~ 7  bets°me experiments of Stephen Hales in 

/" Chauveau had been workin on cardiac g 
mOVements, heart sounds, and cardiac physiologic 
events. Marcy devised a sphygmograph for record- 
mg Pressures in flowing blood, measured arterial 
PUlse transmission, and explained the dicrotic notch 
Seen in peripheral arterial pulse waves, before 1859. 
His Medical Physiology of  the Blood Circulation 
~io as Pub!ished in Paris in 1881 [55]. The collabora- 
• oetween these two outstanding scientists 
i~adh tO the development of the first reasonably re- 
t ~,v.'.~-, man°metric catheter recording system A1- 

h V U  . * 
ann ~n Adolph Ftck [28] was critical of Chauveau 

• " lv~arey, his own published pressure curves left a 
great deal to be desired, and his criticism was 
largely unjustified. However, he deserves credit for 
One of the most exquisite contributions to biologic 
Science. His concept of a method of measuring car- 
diac output is both brilli - -d  in~'~nious and is founa~.~ ant an s,, , " 

--,~,~u on the tripod of simplicity, utility, and ac- 
CUracy. To this was added the delightful adjunct of 

been ,uL,. ue reproduction of the remarkable studies of Hales has 
1964,e:°llSlaed by the Hafner Publishing Company, New York, 

-uued Statical Essays: Containing Haemastatiscks. 

brevity. The concept was presented in its entirety 
on one page. 

The subject of the human cardiac catheterization 
is clouded with debate about priority. Dieffenbach's 
comments (quoted earlier in this report), although 
indicating the first attempt, leave in question the 
matter of whether the heart was actually reached. 
The same criticism applies to the studies of 
Bleichroeder, Unger, and Loeb, who published de- 
scriptions of  experiments done 7 years earlier on 
animals and humans involving catheterization tech- 
niques [9]. Unger and Loeb catheterized Bleichroe- 
der, and reached the axillary vein and the inferior 
vena cava. On one such attempt, Bleichroeder com- 
plained of a stabbing pain in his chest, suggesting 
that the heart may have been reached. None of 
these earlier studies should in any way, detract 
credit for priority, courage, and significance, from 
the studies Forssmann did on himself, and reported 
as "Catheterization of the Right Heart" in 1929 
[31]. It is to be regretted that Unger felt constrained 
to debate the matter of priority with Forssmann 
both personally, by letter and in the public press. 
(For details see Forssmann's autobiography Experi- 
ments on Myself [32]). 

Without doubt, Forssmann was the first to docu- 
ment catheterization of the right heart in man. The 
possibilities of this technique for obtaining physio- 
logic data in humans were rapidly exploited by a 
series of investigators. Jimenez-Diaz and Cuenca, 
in 1930, measured the arteriovenous oxygen dif- 
ference in patients in heart failure [46]. That same 
year Klein applied the Fick principle to the determi- 
nation of cardiac output in patients [49]. Mixed 
venous blood samples were obtained from the right 
atrium. In the early 1930's a series of investigators 
from Lisbon, Havana, and Paris, reported on clini- 
cal application of pulmonary angiography. Severe 
criticism by a leading contemporary French cardiol- 
ogist resulted in a cessation of these procedures for 
a decade. The gauntlet was taken up again by Cour- 
hand and his colleagues Richards, Ranges, and 
Riley. In a series of papers in the early 1940's, they 
put cardiac catheterization back on the map. Cour- 
hand's studies with Baldwin and Himmelstein cul- 
minated in their volume Cardiac Catheterization in 
Congenital Heart Disease [16]. 

Cardiovascular Surgery 

For 5000 years, from the Egyptian Book of the 
Dead to the oft-quoted remark of Billroth, s in- 

3 A surgeon who would attempt such an operation should lose 
the respect of his colleagues. 
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junctions against touching the heart prevailed, and 
early steps were limited to developments in vascu- 
lar surgery. In 1756 Hallowell [40], in Yorkshire, in- 
geniously closed an arterial laceration by running a 
pin through the edges of the injured vessel and using 
a figure-of-eight ligature closure drawn firmly 
around the protruding end. From Eck in 1877 [23] to 
Alexis Carrel [13] at the turn of the century, labora- 
tory experiments on animals proved the feasibility 
of vascular anastomosis. By 1908 Matas [56] report- 
ed 24 successful end-to-end arterial anastomoses, 
and 120 lateral sutures of arteries. Paralleling the 
development in vascular suturing was the nearly si- 
multaneous appearance of reports from Del Vec- 
chio in Italy in 1895 [20] and Rehn in Germany in 
1896 [69] on suturing cardiac lacerations. 

Although both these reports dealt with treating 
trauma, they proved the feasibility of suturing surgi- 
cal cardiac incisions. By 1913, 4 Doyen [22], having 
sutured many cardiac lacerations, wrote: "The sat- 
isfactory results of suturing accidental wounds of 
the heart, led us to think that it would not be impos- 
sible to perforate the heart and try to divide a ste- 
notic valve." 

He designed a tenotome and operated on a 20- 
year-old girl with a clinical diagnosis of pulmonic 
stenosis. Unfortunately, the patient had tetralogy of 
Fallot, and died after the operation. Doyen, after 
studying the autopsy specimen, described to the 
Association de Chirurgie how to do a rapid in- 
fundibular resection: "One should treat the malfor- 
mation not with a tenotome, but by making a small 
incision below the pulmonary artery and by rapidly 
removing the small crown of tissue from around the 
narrowed orifice; immediately put one suture in the 
heart, and all will be finished" [22]. 

He also suggested an operative technique for mi- 
tral valvotomy. There is no documentation of any 
clinical follow-through by him (he died in 1916). 
Others did report clinical trials of mitral valvotomy. 
Cutler and Levine [18] and Beck had an initial clini- 
cal success in 1924, but their blind, transventricular 
valvotome technique led to complications in several 
subsequent attempts. Souttar [76] reported a single 
clinical success with transatrial finger valvotomy in 
1925. Both teams had to abandon their methods, 
however, and it was not until 1938, when Harken 
[41] described mitral valvoplasty in humans and 
Bailey [3] described commissurotomy, that the true 
era of mitral valve surgery began. It was in this 
same era that Gross performed his first ductus liga- 

4 Sauerbruch had already (1904) gained safe access to the thorax 
by enclosing the patient's thorax in a box maintained at a pres- 
sure below atmospheric. The endotracheal tube was rediscov- 
ered for clinical use in 1909. (Ed.) 

tion. His publication, along with Hubbard [39], of 
that achievement was the " the shot heard 'round 
the world" for pediatric cardiology. 

A few words are in order regarding the events 
that led to Gross's success. In 1907 John Munro, in 
a paper entitled "Ligation of the Ductus Arteri- 
osus,"  requested 

that I may be allowed to bring the suggestion for a new operation 
before your Society, I ask on the basis that it is not hastily con- 
ceived. On the contrary, long ago I demonstrated its technical 
possibility on the cadavers of newborn children and felt that it 
was justifiable on the living. At various times I tried to inspire the 
paediatric specialists with my views but in vain. Now, in view of 
the recent advances in cardiac surgery, for much of which we are 
indebted to the surgeons of this c i ty :  I will venture to place mY 
ideas before you, asking that you do not dismiss them hastily 
[60]. 

He then recorded a case of a baby girl who had evi- 
dence of severe heart failure, dying several weeks 
later. At autopsy the only abnormality found was a 
patent ductus arteriosus, which Munro felt was eas- 
ily within the reach of the currently available surgi" 
cal skills. Although he described the operative pro- 
cedure in detail, he never performed a clinical liga- 
tion. 

In 1938, Graybiel, Streider, and Boyer [38] re- 
ported an unsuccessful attempt to ligate the ductuS 
arteriosus in a 22-year-old girl suffering from severe 
infective endarteritis. It is interesting to note that, 
whereas Munro was unable to convince his col- 
leagues in pediatrics, Streider had the collaboration 
of Graybiel, a cardiologist, and Gross had the coop" 
eration of Hubbard, a pediatrician. This started the 
type of surgeon-cardiologist cooperation that per- 
sists to the present day and can be epitomized bY 
the collaboration between Blalock and Taussig [8]. 
In 1945, 6 they developed the first operative proce" 
dure for palliating congenital heart disease. This 
was the surgical creation of an artificial ductus arte- 
riosus in patients with a right-to-left shunt and in- 
adequate pulmonary flow. 

Alternate forms of aorticopulmonary anasto" 
mosis have subsequently been described by Potts et 
al [66] and Waterston [81]. Glenn and Palino [37] 
described another method of increasing pulmonarY 
blood flow by anastomosing the superior vena cava 
to the right pulmonary artery, and reported its clini" 
cal application in 1958. At the same time, Brock [12] 
described closed valvotomy for relief of pulmoniC 
stenosis, a procedure that was used to provide long" 
term palliation for pulmonic stenosis with and with" 

5 Philadelphia of course. The "recent advances" were opera" 
tions on the pericardium. (Ed.) 
6 That same year Crafoord and Nylin reported on repair of coar¢" 
tation of the aorta [ 17]. 
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out ventricular septal defect. A method of limiting 
excessively high pulmonary blood flow was devel- 
oped by Muller and Dammann in 1952 [59]. They 
described the creation of artificial pulmonic stenosis 
by "banding" the pulmonary artery. In 1950 Bla- 
lock and Hanlon [7] described a technique for creat- 
ing an atrial septal defect to provide an increased 
mixing of pulmonary and systemic vein blood for 
babies dying from transposition of the great arter- 
ies. Thus, effective long-term palliation for most le- 
sions could be achieved either by increasing or de- 
creasing the pulmonary blood flow, or by increasing 
mtracardiac mixing.7 

Intracardiac repair of atrial septal defects were 
possible prior to the advent of cardiopulmonary by- 
pass techniques. The first successful human appli- 
cation of the combined use of hypothermia and right 
atriotomy for closure of an atrial septal defect was 
described in 1953 by Lewis and Taufic [51]. Their 
technique was adopted and modified by many car- 
diovascular surgeons, and was used until safe car- 
diopulmonary bypass technique offered a better al- 
ternative. Indeed, in that same year, 1953, Gibbon 
[35], who had been working on the development of 
a clinically acceptable heart-lung machine for many 
Years, performed the first successful operation in a 
Patient, using total cardiopulmonary bypass. This 
18"Year'old patient who had a large atrial septal de- 
fect is now a healthy 43-year-old woman. 
• Supporting the heart and lungs artificially during 
tlen~rac.ardiac surgery was given an impetus by Lil- 

t52] who described how he and his co-workers 
performed direct-vision intracardiac correction in 
32 Patients with a variety of congenital cardiac le- 
S~ons, during controlled cross-circulation using an- 
Other person, generally the father of the child, as 
the heart-lung "machine•" This brilliant achieve- 
merit was Soon superseded by the general availabili- 
ty of the even better mechanical heart-lung ma- 
chines. Kirklin and his associates [47] reported in 
1955 the use of the Gibbon heart-lung machine for 
the SUccessful treatment of eight children with ven- 
tricular septal defects. The subsequent 25 years 
have seen an explosion in the use of this device in 
~;~ioatfic cardiology, with "correct ive" operations 
the s ~mg available for most defects. It is beyond 

,~ope ot this review to detail the development of 
tl~rd_i°pulmonary bypass. An excellent summary of 
th~ early development of the method is available to 

'- reader [43] most 
knoW~ thlethie advent of open-heart surgery, 

ons have become amenable to corrective 

~ Miller [67] introduced a nonsurgical method of 
~°dUCaing an atrial septal defect to increase intracardiac mixing 

arts of a balloon-tipped cardiac catheter. 

or near-corrective procedures. The addition of pro- 
found hypothermia to cardiopulmonary bypass, 
coupled with increasing surgical skills, intensive 
care facilities, and better understanding of the bio- 
chemical balance of the body, e.g., acid-base equi- 
librium, have permitted these procedures to be 
done on even the youngest infants• Lillehei [52] and 
Kirklin and his colleagues [48] repaired tetralogy of 
Fallot. In 1959 Senning performed the first intra- 
atrial rerouting of venous flow for transposition of 
the great arteries [75]. Five years later, Mustard 
[61] simplified Senning's procedure, and one or 
more variants of Mustard's technique have been ac- 
cepted worldwide as the current preferable treat- 
ment for that lesion. In 1966, Ross and Somerville 
[72] described bypass of the atretic pulmonary 
valve with an aortic homograft: the following year 
Rastelli described the use of an aortic prosthesis for 
the repair of truncus arteriosus. Rastelli et al [68] 
also described a corrective procedure for atrioven- 
tricular canal repair in 1968. Rastelli's untime- 
ly death was partially compensated for by the high 
rate of success achieved by his colleagues Kirklin, 
McGoon, Wallace, and Danielson, in applying his 
techniques to corrective operation for truncus arte- 
riosus; pulmonary atresia with and without ven- 
tricular septal defect; transposition of the great ar- 
teries with pulmonary stenosis (or atresia) with ven- 
tricular septal defect; and, more recently, single 
ventricle. The first description of repair of single 
ventricle in the human was from Japan by Sakaki- 
barn in 1972 [74]. An ingenious operation for treat- 
ing tricuspid atresia was reported by Fontan and 
Baudet [30] in 1971. 

Cardiac surgery, therefore, has reached the state 
in which virtually all lesions are amenable to some 
type of palliative or corrective procedure. Perhaps 
the one exception that remains is the group lumped 
together under the term "left-heart hypoplasia syn- 
drome." Even some of these patients are amenable 
to palliative procedures that may prolong life for 
many years. 
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