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When 25 years ago one of us (E.R.) wrote a book
on congenital heart disease in infants, the era of its
detailed diagnosis and surgical treatment was just
beginning. Since then the advances in both these
areas have been enormous. But a result of these new

possibilities has also been a fragmentation of know-
ledge so that today heart disease in infants and child-

ren has

ly moved away from being the domain

of cardiologists and pnedxatnaam to that oflpncuﬂl!_

paediatric cardiologis

Itndleaimofthlba)ktomformudgﬂ"

paediatricians, and general physicians

heart disease. They need a more general approach

andlcvelafinfﬂrmﬂunwhxchufaupﬂ:le'f

avoids minutiae.
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enlist the help of colleagues with special experience
in the various areas. Awmofﬂ)edangusmdpa-

sible deficiencies of any multi-author book, we have
tried to maintain a measure of uniformity by choos-
ing as contributors, with only a few exceptions, those
who have worked closely with one or other of the
two .editors. Editorial guidance was directed at a
presentation which would be both reasonably com-
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prehensive and succinct. At the same time, our
contributors were urged not to avoid expressions of
personal experience and opinion.

The arrangement of the book is such as to pro-
vide, in its general part, some of the basic informa-

‘tion which bears. on the later more detailed and
-lyltmtlc coverage of all important forms of heart

disease in children—both congenital and acquired,
the latter being given the full emphasis it deserves in

~view of its increasing incidence and recognition, as
- well as its importance to paediatricians in differential
who may be the first to see a child with suspected

The manner of reference citation has been kept
flexible, leaving to the contributors whether they
wsed the conventional way, as practised in articles,

orwrunhermading,upemallymthcmore

genenl ehnpten.
The presentation as a whole has kept clinical

pmblema and considerations at its centre. In addi-
tion, the growing importance of heart disease in
infants has been fully taken into consideration.

We would like to thank our publisher, Edward
Arnold, for coping so patiently and well with the
many publishing and editing problems with which
we confronted them.
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Part 1 General aspects
1

A backward glance
William J. Rashkind

Of the various manifestations of congenital heart
disease, cyanosis is a common, and often striking,
finding. The Dutch artist, Dirk Ket, left several self-
portraits which clearly show his cyanosis and club-
bing. He died at the age of 38 in AD 1940, and was
proved to have tetralogy of Fallot. Circa 2940 BC
the document known as the Smith papyrus was
written, and contains this hieroglyph:

(=0e2 | o\ —
==, .'l‘@;_a
gqq&&l | lo on \FQT’Q'I

S

Breasted translated the above hieroglyphic phrase,
‘his lips are ruddy’. Luckhardt, a collaborator of
Breasted, added: ‘I am inclined to the view that the
colour meant is the one medical men have in mind
when they say the person is cyanotic. It is a mixture
of a red and a blue.’” Human figures with blue
coloured skin are portrayed in many ancient Egyp-
tian frescoes. Heer Ket, and other twentieth-cen-
tury long-lived cyanotic victims of congenital heart
disease,* had no better specific treatment available
to them than did their possible cosufferers five mil-
lennia earlier.

The first surgical attempts at relief of cyanosis
due to congenital heart disease occurred three years
after Ket’s death, and have been used on a wide
scale only in the latter half of the twentieth century.
Between the earliest recording of cyanosis and the
modern era, congenital heart disease was either
ignored, or the subject of limited curiosity. In 1913,
in his monumental tome The Principles and Practice of
Medicine, Sir William Osler®® adequately summa-
rized the state of the art at that time regarding the

* White and Sprague™ described a 60-year-old, and Marquis
a 64-year-old patient with tetralogy of Fallot.

treatment of children with congenital heart disease.
His entire section on the subject reads:

The child should be warmly clad and guarded
from all circumstances liable to cause bronchitis.
In the attacks of urgent dyspnoea with lividity
blood should be let. Saline cathartics -are also
useful. Digitalis must be used with care; it is
sometimes beneficial in the later stages. When the
compensation fails, the indications for treatment
are those of valvular disease in adults.

His total entry on congenital heart disease was a
scant four and a half pages.

Within 25 years, Robert Gross* was to trigger a
veritable explosion of interest in the subject. On
August 26, 1938, he successfully ligated a persist-
ently patent ductus arteriosus and propelled an
entire new field into orbit. An analysis of the histor-
ical background of that event will be considered
under. the following divisions: (1) the fetal circula-
tion, (2) anatomopathological descriptions leading
to clinical recognition of specific lesions, (3) cardiac
catheterization, and (4) cardiovascular surgery. Of
course, such fields as embryology, bacteriology,
haematology, radiology, electrophysiology, etc.
played major roles in the process, but fall outside
the compass of this chapter.

The fetal circulation

The earliest observations on the fetal circulation are
generally attributed to Aristotle. William Harvey,38
in his Exercitationes, quotes Aristotle:

The pulsation is evident from the very outset in a
developing heart, as can be noticed in the dissec-
tion of living animals and in the growth of the
chick from the egg.

Ogle®® thought Aristotle had described the ductus
arteriosus, but Platt®? has offered a serious challenge
to this idea. He eschewed a knowledge of modern
anatomy, but brought to the problem a profound

3



4 A backward glance

understanding of the ancient Greek language and of
the mind and method of Aristotle. He pointed out
that the phrase which misled Ogle had been mis-
translated for centuries because of the substitution
of aortus for arterias (aorta for trachea), so, rather
than describing the pulmonary artery going to the
bifurcation of the aorta, what was really described
was thé superior vena cava ascending towards the
bifurcation of the trachea. Since Aristotle studied
only adult animals, he could never have seen a
ductus, although Platt admits, indeed offers evid-
ence to suggest, that he probably saw the ligamen-
tum arteriosum.

Galen® clearly understood the ductus and the
foramen ovale. In his superb translation (into
Latin, 1555) Sylvius#? quotes Galen:

‘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 for-
mation and spared continual motion, does not
require the same arrangements of a perfected
lung endowed with motion. She has, therefore,
anastomosed the pulmonary artery with the
aorta, and the left and right atria. . .. There is a
certain membrane in the right atrium connect-
ing, 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 pulmo-
nary artery, ... and thereby the blood of the
right atrium is prevented from flowing into the
lungs. This membranous protrusion is thickened
and grows together, 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 azygous 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 closing the
mouths of the vessels of the heart.’

In addition to the ductus and the foramen ovale,
Galen observed the valve of the inferior vena cava
now named after Eustacchio. Eustacchio?? had been
credited by Haller®® with having pictured the
ductus venosus as well, but Franklin* has examined
the illustrations quoted by Haller, and does not
think that they support Haller’s contention.
Aranzi’s name! has been attached to the ductus

* Ductus venosus (Arantii) and ductus arteriosus (Botalli) Bulletin of
the History of Medicine 9, 580-584, 1941.

venosus, although Vesalius?® clearly described it
three years earlier. Although Aranzi’s discovery was
undoubtedly without foreknowledge of Vesalius’
discovery, such are the perversities of eponymity.
Even Fallopius,? who was usually credited with
describing the ductus arteriosus first, merely added
to Galen that it was of large calibre. 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, he
used the term ‘ductus’ to describe the channel con-
necting the two atria formed by the valve of the
foramen ovale? Botallo innocently scattered a seed
in 1564; it was watered by .Folius®*® who reprinted
Botallo’s short note; and in 1660 it reappeared,
thoroughly fertilized, in van Horn’s Observatio an-
atomica . I11."* Van Horn annotated Botallo’s text,
and inserted a plate which pictured the foramen
ovale as describzad by Botallo, but also added a draw-
ing of his own of the ductus arteriosus. Final frui-
tion was at the hands of the Anatomical Nomencla-
ture Commission at Basle which harvested all under
the term ductus arteriosus Botalli. Sylvius describes
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 themselves are but the shadow of reality.’

William Harvey &dded little to Galen, although
he did write about the fetal circulation in De gener-
atione,*® a late-in-life writing which 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 anatomical rather than physiological. This
same criticism can be levelled at almost all subse-
quent writers until the modern era of physiological
investigation was started in the twentieth century.
A striking exception was the work of the remark-
able Oxford group who, only 40 years after Harvey,
in the single decade between 1660 and 1670, de-
fined the contribution of the lung to gas exchange,
and the function of the placenta as a ‘uterine lung’.
In 1660 Robert Boyle® showed that part of the air is.
essential to life, Hooke (1668)%° postulated that
blood changes from dark to red on passing through
the lungs because of its mixture with air, and Lower
(1669)5! verified Hooke’s hypothesis experimen-
tally.

“For two and a half centuries understanding of
the fetal circulation was mixed in protracted argu-
ments regarding the distribution of inferior vena
cava and superior vena cava flow across the tricus-
pid valve or the foramen ovale, the contribution of
the valve flap in the right atrium to this flow, and



whether or not there was significant pulmonary
blood flow. Pohlman®® initiated the experimental
approach to the fetal circulation. He injected starch
granules into veins at various sites, determined the
differential distribution of the granules, and meas-
ured the pressure in both ventricles directly. Similar
studies were performed by other investigators, but
the methods remained crude until twentieth-cen-
tury technology led to comprehensive studies by
several teams; including Barclay ef al.4 in England;
Lind and Wegelius®® in Sweden, Rudolph? in the
United States, and others.

Anatomopathological descriptions

In the library at Windsor Castle, the entire folio of
Leonardo da Vinci’s Quadernia de Anatomia (1513)47 is
stored. A brief sketch and description of an atrial
septal defect by this incomparable Renaissance
genius is the first description that I could find of a
congenital cardiac defect in the human. Although
many other earlier and contemporary writers de-
scribed the foramen ovale in animals (see section on
fetal circulation) da Vinci was the first to describe it
Wl i}
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Figure 1.2 The inscription (since da Vinci was a mirror
writer, it reads right to left) states: ‘| have found from a.
left auricle, to b, right auricle, a perforating channel from a
to b, which | note here to see whether this occurs in other
auricles of other hearts.’
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I have been able to find six papers describing a
variety of congenital heart defects which were pub-
lished in the seventeenth century. They included
simple septal defects, single ventricle, tetralogy of
Fallot, and a remarkable report by Chemineau' in
1699. He reported a single ventricle with diminu-
tive outflow chamber, a clear description of what is
now commonly called ‘corrected transposition’.
Stensen* clearly described the anatomical features of
tetralogy of Fallot in 1671. Of the 24 eighteenth-
century papers on congenital heart disease that
could be found, several deserve emphasis. LeCat’s%®
prcscntation of 1747 is notable for the scholarly

* Stensen, N, in E Warburg: Nordisk Medicin 16 : 3550-3551,
1942.

Anatomopathological descriptions 0

study of atrial septal defects in humans. Morgagni®®
described four patients with different congenital
cardiac lesions, and, as he did for so many diseases,
provided clear, clinical-pathological correlation.
One of them had pulmonary stenosis with atrial
septal defect, and he attributed the cyanosis to ob-
struction. William Hunter® described three patients
with congenital heart disease: one had the features
of tetralogy of Fallot; another had pulmonary atre-
sia with intact ventricular septum. He believed that
cyanosis was due to admixture of blood in the heart.
Each of these two points of view, obstruction versus
admixture, acquired devoted and renowned sup-
porters and a 100 years’ war was waged in the liter-
ature. The supporters of the obstruction theory, in-
cldiding Thomas Peacock, repeatedly cited the
occurrence of septal defects without clinical cyano-
sis. On the other hand, the supporters of the admix-
ture theory, including E. Gintrac, quoted cases of
obstruction without cyanosis. The' resolution of this
argument had to wajt for reliable measurement of
intracardiac pressures.

In the first half of the nineteenth century, several
remarkable compendia of congenital cardiac defects
appeared. Prominent among them are: (1) Patholo-
gical Researches. Essay 1. on Malformations of the Human
Heart by J. R. Farre, London 1814; (2) Observations
and Researches on Cyanosis or Blue Disease by E. Gin-
trac, Paris 1824; (3) J. F. Meckel’s ‘On Malforma-
tion of the Heart’ (Virchow’s Archives of Physiology,
pp- 994610, 1805 and pp. 221-284, 1815); and (4).
Paget’s series of articles in the Edinburgh Medical and
Surgical journal 1831. Subsequent works in the latter
half of the nineteenth century which added im-
measurably to our knowledge of congenital heart
disease include Peacock’s Malformation of the Human
Heart, London 1858, Carl Rokitansky’s Defects of
the Cardiac Septa, Vienna 1875, and Arthur Keith’s
Hunterian Lectures Malformation of the Heart
(Lancet 1909). One might well add Fallot’s ‘Con-
tribution a en’anatomie pathologique de la maladie
bleu (cyanose cardiaque) (Marseille-Médicale 1888),
since it runs over 100 pages. The eponymity
afforded to Fallot, and several of his late nine-
teenth-century contemporaries, may or may not
be justified. Certainly Fgllot,*® Roger,%® Eisen-
menger,?! etc. were not the first to describe the
conditions that carry their names. In fact, I have
been able to uncover nearly 200 reports of what
Fallot called tetralogy which appeared prior to his
1888 publication. But Fallot was the first to em-
phasize adequately the clinical aspects of the lesion,
and did make an accurate pre-mortem diagnosis in
one of his patients. Finally, one must include the
works by the two grandes dames of the twentieth cen-
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tury, Maude Abbott’s Atlas of Congenital Cardiac Dis-
ease, and Helen Taussig’s two-volume Congenital
Malformations of the Heart.

Cardiac catheterization

Cardiac catheterization must have been an idea
whose time had come. In a bare 50-year period
covering the latter quarter of the nineteenth cen-
tury and the first quarter of the twentieth century,
both animal and human cardiac catheterizations
were performed. Because of the inaccessibility of the
journal, and the outmoded concepts in treatment
used by him J. F. Dieffenbach’s early studies
(1832)*® on both animals and humans have been
overlooked. He states that experiments on animals
taught him that the introduction of foreign bodies
into-the large vessels and the heart ‘was tolerated in
a wonderful way’. He added that it was known that

the external surface of the heart possessed a certain_

degree of insensibility to mechanical stimuli ‘but
that this was also the case to a certain extent with
its interior walls’. He should certainly receive credit
both for his early animal studies in which he
showed how well the introduction of foreign bodies
into the heart could be tolerated, and for the fol-
lowing description of a human cathetcrization: '

‘In an almost dying patient (cholera) suffering
from great anxiety and breathlessness I opened,
with the agreement of Herr Medical Counsellor
Casper, the brachial artery in its upper third. As
not' a drop of blood flowed, I introduced, as I
had planned, an elastic catheter into the vessel
approximately as far as the heart. Nevertheless
no blood appeared through the catheter. The
heartbeat became clearer and more rapid, and 1
now withdrew the catheter. . . . It is greatly to be
regretted that this operation of interest for all
physiology was performed on a man who was so
near to death and who shortly afterwards was
seized by convulsions and rendered his soul.’

At that time cholera was considered to be a disease
in which there was centripetal movement of the
blood towards the heart emptying the periphery
and overloading the heart. Since the periphery was
empty Dieffenbach was attempting to reach the
heart to remove the ‘extra blood’ that was there.
His pioneering in human cardiac catheterization
should not be downgraded because his purposes
were misguided.

Twelve years later the illustrious Claude Bemard s
while working as an assistant to Magendie, catheter-
ized both ventricles of a horse with thermometers.
These and subsequent studies measuring the

differential temperatures of the two ventricles via
catheter thermometers were not published until 1846.
At that time he also published results of his studies
commencing in 1847, on the transjugular measure-
ment of right ventricular pressure with glass
catheters, proving it to be significantly lower than
the aortic pressure simultaneously measured. Al-
though the manometry was crude, this was the first
direct approximation of intracardiac pressure in the -
closed chest animal. An English contemporary of
Bernard’s, Frederick Pavy,* obtained blood from
the right ventricle in the closed-chest animal by
what he called ‘cardiac catheterism’, also by insert-
ing a transjugular catheter into the right ventricle.
These studies were reported in his Lettsomian lec-
tures published in the 1857-60 Proceedings of the
Royal Soctety of Biology. The definitive animal studies
on cardiac catheterization had to wait for improved
manometric techniques. There had been, until the
work of Chauveau and Marey,'? 1 little improve-
ment on the brilliant, but cumbersome experiments
of Steven Hales in 1727.* Chauveau had been
working on cardiac movements, heart sounds, and
cardiac physiological events. Marey had devised a
sphygmograph for recording pressures in flowing
blood, had measured arterial pulse transmission,
and had explained the dicrotic notch seen in peri-
pheral arterial pulse waves. His Medical Physiology of
the Blood Circulation was published in Paris in 1859.
The collaboration between these two outstanding
scientists led to the development of the first reas-
onably reliable catheter manometrjc recording
system. Although Adolph Fick?® was critical of
Chauveau and Marey, his own published pressure
curves left a great deal to be desired, and his criti-
cism was largely unjustifiable. However, he deserves
credit for one of the most exquisite contributions to
biological science. His concept of a method of
measuring cardiac output is both brilliant and in-
genious, and is founded on the tripod of simplicity,
utility, and accuracy. To this was added the delight-
ful adjunct of brevity. The concept was presented in
its entirety on one page.

The subject of human cardiac catheterization is
clouded with debate about priority. The quotation
above of Dieffenbach, although indicating the first
attempt, leaves 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 (Klinische Wochenschrift 49, 1503,
1912) descriptions of experiments done seven years

* A facsimile reproduction of the remarkable studies of Hales
has been published in New York by the Hafner Publishing Com-
pany 1964 entitled ‘Experiment Three in Statical Essays: con-
taining haemastaticks’.



