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today, I am going to talk about innovators



“There is nothing more difficult to take in hand, more 
perilous to conduct, nor uncertain in its success, than to 
take the lead in the introduction of a new order of things. 


For the innovator has for enemies all of those who have 
done well under the old, and lukewarm defenders in all of 
those who may do well under the new.” 


Niccoló Macchiavelli (1469–1527)

today, I am going to talk about innovators
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‘Ein Chirurg, der versuchte, eine Wunde 
des Herzens zu nähen, verlöre die Achtung 
seiner Kollegen.’

‘Eine Operation, die nach meiner 
Auffassung erreicht, was einige Chirurgen 
Prostitution der chirurgischen Kunst, 
andere eine chirurgische Frivolität nennen’

Theodor Billroth  1829-1894
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‘Ein Chirurg, der versuchte, eine Wunde 
des Herzens zu nähen, verlöre die Achtung 
seiner Kollegen.

‘Eine Operation, die nach meiner 
Auffassung erreicht, was einige Chirurgen 
Prostitution der chirurgischen Kunst, 
andere eine chirurgische Frivolität nennen

Theodor Billroth  1829-1894

“”A surgeon who tries to suture a 
heart wound deserves to lose the 
esteem of his colleagues 

Performing an operation to the 
heart is tantamount to an act of 
prostitution in surgery or surgical 
frivolity.
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Edmund Symes-Thompson (1837-1907) was born in Keppel Street in London, in the house

next door to that where Anthony Trollope had been born in 1815.  His father Dr Theophilus
Thompson F.R.S. (1807-60) was one of the founders of the Brompton Hospital, where he was

an expert in Consumption, and according to his DNB entry “is credited with being the person

who introduced cod-liver oil into England”, no doubt endearing him to generations of children

then yet unborn.

Edmund followed his father into the

medical profession, training at Kings

College London where he won

several prizes.  He too went to work

at the Brompton Hospital and

became an expert in chest diseases.

In addition to his work as a doctor,

he was Professor of Physic at

Gresham College and lectured there

for many years.  Although some of

his ideas seem bizarre now, he was

was accepting of the scientific

discoveries of his lifetime, but sought

to reconcile them with his deeply

held religious beliefs.  He expressed

this through membership of the

Guild of Saint Luke, an organisation

founded by some surgeons in 1868. 

At it height it held annual services in

St. Paul’s Cathedral or Westminster

Abbey attended by large numbers of

the medical profession.*

Symes-Thompson subscribed to the view that Deaf people were more likely to suffer from

pulmonary diseases than the hearing, promoting those views at the Milan Congress in 1881

(Esmail p.245).  Here is the Symes-Thompson Milan paper.  After his death his wife gathered

together materials to produced  a book about his life called Memories of Edmund Symes-
Thompson M.D., F.R.C.P. A Follower of St. Luke.  In it we can read about the origins of the

Ealing College for Training Teachers of the Deaf and Symes-Thompson’s links with that

organisation.

The college was oralist, founded by Benjamin Ackers, and we have mentioned it before as it

features strongly in the promotion of the ‘German’ system in the late 19th century.  Mrs. Ackers

contributed a short history of the Society to the Mermories -

An English gentleman of high abilities, the late Mr. Arthur Kinsey, was sent by Mr. Ackers to

Germany and elsewhere and thoroughly trained, and then in 1877, with the warm sympathy

and aid of Dr. and Mrs. Symes-Thompson and other friends of the deaf, the ‘Society for

“the deaf [...] were specially liable to consumption for want of properly
exercising their vocal organs”: Edmund Symes-Thompson
By H Dominic W Stiles, on 11 July 2014
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“The time may possibly come 
when wounds of the heart 

itself will be treated by 
pericardial incision to allow 

extraction of clots and perhaps 
to suture the cardiac muscle.”
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in Europe
124 cases

40% mortality



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937

John Streider 
(Boston)



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937 1938

Robert Gross 
(Boston)



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937 1938

Robert Gross 
(Boston)

Lorraine Sweeney & Gross 1963



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937 1938

Robert Gross 
(Boston)



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937 1938

Robert Gross 
(Boston)



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937 1938

Robert Gross 
(Boston)



Vincent 
Sutherland  

Hodson

tobacco garbling knife

1937 1938

Robert Gross 
(Boston)

During World War II  
military doctors, facing injury and 
suffering on a massive scale, pioneered 
advances in antibiotics, anesthesia, and 
blood transfusions—advances that would 
usher in the age of modern surgery.
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1944

Clarence Craaford 
(Stockholm)

In 1948 he was promoted to Chief of the Surgical
Department of the UCLA and from then on made
his outstanding reputation as a general gastro-intestinal
surgeon, but remained naturally interested in problems of
cardiac surgery. His coronary endarterectomies of 1958
remain a milestone on the road to modern cardiac surgery.
Before coronary angiography (1962 Sones) he performed
five operations of extensive coronary endarterectomies
based only on palpation, without cardiopulmonary bypass
and on the beating heart. As any contemporary cardiac
surgeon can understand those were daring and difficult
operations. Four of five patients survived and were
improved.

Coming back to Blalock who, besides having trained and
inspired a whole generation of leaders—Cooley among
others, had a remarkable vision and open mind concerning
the future of cardiovascular surgery. Therefore, obviously
thinking of Blalock, his mentor, Longmire in his 1956
Presidential Address at the American Surgical Association
meeting said: “Fortunate are those who have the proper
combination of enthusiasm, critical judgment and also an
OPEN MIND”. In 1955, when Lillehei and Varco had
presented their controversial paper on ‘cross-circulation’ at
the American Surgical Association, it was Blalock, the
uncontested authority, who opened the discussion in a
highly positive manner: “I must say that I never thought I
would live to see the day when this type of operative
procedure could be performed. I want to commend
Drs Lillehei and Varco for their imagination, their courage
and industry”. So much for the, I might say, giant of modern
surgery, Alfred Blalock.

3.3. Patent ductus arterosus and coarctation

Six years beforeBlalock the patent ductus operation never
had the same impact on cardiac surgery. Looking at an

anatomical drawing of the heart the ‘ligamentum arteriosum’
or, for thatmatter, an open patent ductus seemed to be an easy
structure to ligate. In fact, today an operation for patent duct
is probably an operation for beginners. Even in my time,
when from 1947 (my first case) on I closed them with
multiple ligatures, in primitive operating rooms of small
private hospitals, I usually succeeded with no trouble. As
everybody knows, the operationmay turn into a dramawhen,
during dissection, the surgeon tears the vessel. I vividly
remember the time once this happened to me, when assisted
by Professor Jean-Claude Rudler, the chief of the Geneva
Hospital where I had been associate cardiac surgeon since
1960, I tore into the posterior wall of the duct. Fortunately,
between the two of us, we got the situation under control and
cured the patient. I am not ashamed of this incident because it
happened to much greater surgeons than myself.

Clarence Crafoord (Fig. 8), a monument in cardio-
thoracic surgery and teacher of other world famous heart
surgeons—Ake Senning and Bjork among others—had to
manage a hemorrhage during a ductus operation by cross-
clamping the aorta. He had studied the problem of cross-
clamping the aorta in the laboratory since 1935 and this

Fig. 7. Blalock with his assistant William P. Longmire (1913–), his

assistant for the first blue-baby operation (1945).

Fig. 8. Clarence Crafoord (1899–1984). Swedish pioneer in pulmonary

surgery (see his thesis on the technique of pneumonectomy, 1938!). Later

the first European pioneer in cardio-vascular surgery—first operation for

coarctation, first extirpation of an intracardiac tumor on cardio-pulmonary
bypass (1954).

A.P. Naef / Interactive Cardiovascular and Thoracic Surgery 3 (2004) 213–221218
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“..  On evening rounds, we arrived at the crib 
of this fifteen-month old baby…  

I was immediately astounded by the deep 
cyanotic appearance of the child, much more 
cyanotic than any patient I had ever seen 
before:  the lips were a deep, dark blue .. The 
face was suffused with dilated veins, the 
conjunctiva almost purple.”

Bill Longmire
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“..  On evening rounds, we arrived at the crib 
of this fifteen-month old baby…  

I was immediately astounded by the deep 
cyanotic appearance of the child, much more 
cyanotic than any patient I had ever seen 
before:  the lips were a deep, dark blue .. The 
face was suffused with dilated veins, the 
conjunctiva almost purple.”

Bill Longmire

“At operation we lacked all 
the modern vascular 
instruments and really had 
very little but the 
professor’s determination 
to carry us through the 
procedure. With the 
extremely thin wall of an 
extremely small pulmonary 
artery I marveled at Dr 
Blalock’s determination in 
completing this first 
anastomosis, certainly the 
most difficult I have ever 
seen”. 
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She died shortly after 

having a Blalock-Taussig shunt 
on the opposite side
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss
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Figure 2. The iirsf oxygenator used, showing the revolving 
cylinder and the stationary cup at the bottom which directs 
the biood into a glass cup from which it is pumped into the 
systemic arterial system of the subject. The circular rhe- 
ostat controls the rate of revolution of the cylinder. 

nowadays with human patients. Ligation of the ar- 
tery after the completion of the perfusion resulted in 
no discernible impairment of the circulation to the 
hind leg, so that repair of the vessel was not at- 
tempted. Similarly, ligation of the jugular vein in the 
neck produced no detectable ill effects. 

Figure 2 is a photograph of the oxygenator which 
we used and Figure 3 is a diagram of the extracor- 
poreal blood circuit. The blood was moved through 
the circuit by two finger cot pumps (F,F’). The finger 
cots were alternately compressed and expanded by 
positive and negative pressure in the air chambers (E 
and E’), created by the piston air pumps (H). The 
degree of positive and negative pressure was con- 
trolled by adjusting air leaks to the systems through 
the valves (I). Unidirectional flow through the circuit 
was maintained by the rubber stopper valves (G) 
already described. 

One of the difficulties encountered in withdrawing 
blood from the superior vena cava was that, if the 
flow was too rapid, the thin wall of the vena cava was 
sucked into the orifice of the cannula, completely 
occluding it. This often resulted in the death of the 
animal unless the suction was immediately stopped 

and the flow through the pump (F) decreased. This 
difficulty was overcome by two means. First the in- 
termittent flow through the cannula was converted 
into a continuous flow by connecting a finger cot (J) 
to the side arm of a Y tube placed in the circuit be- 
tween the inlet blood valve and the venous cannula. 
This finger cot projected into an air chamber (K) in 
which a negative pressure was maintained just suf- 
ficient to expand the finger cot at the end of the ex- 
pulsion period of the pump (F). With the intake 
phase of the pump (F) the finger cot (J) partially 
collapsed, whereas with the output phase it ex- 
panded. This converted the intermittent flow into a 
continuous one. Thus, the flow of blood through the 
venous cannula was practically doubled without in- 
creasing the suction of the pump (F). Conversely, the 
same volume output of the venous blood pump could 
be obtained with approximately half the velocity of 
blood flow at the tip of the venous cannula. The fin- 
ger cot (J) also avoided a free blood gas interface at 
the bottom of chamber (K), as direct exposure of the 
venous blood to the low partial pressure of oxygen in 
the chamber (K) would have resulted in further re- 
moval of oxygen from the already venous blood. 

The second method of dealing with the occlusion 
of the tip of the cannula by the wall of the vena cava 
consisted in the use of an electromagnetic clamp 
(L,Q). Occlusion of the cannula immediately resulted 
in a sharp fall of the blood level in the vertical stand 
pipe (M), thus drawing down the lever (0) attached 
to the membrane manometer (N). The bent tip of the 
lever (0) dipped into the insulated cup of mercury 
(P), thus completing an electrical circuit through the 
electromagnet (L). This drew up the bar (Q) oc- 
cluding the tubing and immediately stopped the 
suction of blood through the venous cannula. With 
the suction cut off, the wall of the cava fell away from 
the tip of the cannula. When the electromagnet (L,Q) 
began to operate, it was an indication that the flow 
of blood through the pump (F) should be diminished. 
The magnetic clamp thus served two purposes. It 
prevented sudden complete and relatively perma- 
nent occlusion of the cannula by the wall of the vein 
and it also was an indication of how rapidly blood 
could be withdrawn from the superior vena cava. 

The intermittent flow of blood into the top of the 
revolving cylinder (A) resulted in splashing and 
foaming of the blood. Hence, the intermittent flow 
was converted into a smooth continuous flow by in- 
serting a Y tube into the circuit between the pump 
(F) and the oxygenator. The vertical limb of the Y 
tube (R) communicated with a positive pressure air 
chamber (S). With every compression of the finger 
cot (F) blood was forced up into the branch (R) and 
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Figure 13. Photograph of the screen battery-type oxygen- 
ator. Blood is filmed over screens which hang in a plastic 
case in an atmosphere of oxygen. (Reproduced with per- 
mission of the publishers from [ 61. ) 

tion of pump (D) again indicated the necessity to slow 
the pump or add fluid to the circuit. 

Oxygen was blown into the oxygenator through 
tube (F), which had a number of side openings in it. 
The gas escaped through three tubes (H) of variable 
length. A flow of approximately 10 liters per minute 
was found to maintain a normal carbon dioxide ten- 
sion. Higher rates of flow, 15 to 20 liters per minute, 
resulted in excessive removal of carbon dioxide with 
respiratory alkalosis and an elevated blood pH. A 
flow of only 5 liters of oxygen per minute resulted in 
respiratory acidosis with an increased carbon dioxide 
tension and a lowered pH of the blood. 

The electronic device (N) controlled the rate of the 
pump (P) through the motor (0). The device mea- 
sured a change in capacity between a copper plate 
(N) and the blood level. This device was quite sen- 
sitive and a 5 mm increase of the blood level in the 
bottom of the oxygenator was enough to activate the 
pump (P) at full speed. This increase in blood level 
amounts to an increase in the volume of blood at the 
bottom of the oxygenator of approximately 50 ml at 

Figure 14. Diagram of the extracorporeal blood &cuff with 
screen oxygenator. For description see text. (Reproduced 
with permlsslon of the publishers from [ 61. ) 

a flow rate of 2,000 per minute. & is a Mono Metal 
screen filter with wire of 0.14 mm diameter and 
meshes of 0.3 X 0.3 mm. This was placed in the circuit 
just before the blood was pumped into a systemic 
artery of the animal, to reduce the possibility of small 
emboli. 

This heart-lung machine with a screen type oxy- 
genator and its improved circuitry proved eminently 
successful in animals. The entire respiratory func- 
tions of twenty-one dogs were maintained by this 
heart-lung apparatus for periods varying from 20 
minutes to 1 hour 36 minutes [6]. Seven of the dogs 
were long-term survivors in healthy condition. The 
failure of eight dogs to survive could be readily ac- 
counted for by errors in the conduct of the experi- 
ment. The deaths of the remaining six dogs were not 
so easily explained, although all these animals had 
a perfusion rate of only 85 ml per kg body weight or 
less. The surviving dogs had average perfusion rates 
of 100 ml per kg body weight. A graph of the data 
concerning the dog that survived the longest period 
of occlusion is shown in Figure 15. During the 96 
minutes of total occlusion of the pulmonary artery 
the animal’s blood pressure was well maintained. The 
blood flow through the circuit was approximately 
1,200 ml per minute. The blood pH and the oxygen 
saturation of the venous and arterial blood was also 
remarkably steady and within a normal range. 

After this demonstration of the greatly improved 
performance of our new heart-lung machine [6], we 
proceeded to carry out further experiments in which 
we opened the right atrium and ventricle, creating 
and closing atria1 [7] and ventricular [8] septal de- 
fects, using the machine. These experiments were 
performed with a steadily decreasing mortality and 
morbidity. 

Finally, I thought we had reached the point where 
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“He (Gibbon)  blasted open the door 

that  had  been  locked  for  centuries 

against  any  medical  therapeutic 

intrusion  in  to  the  cardiovascular 

field”.

Michael DeBakey
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immediately after birth, the social problems underlying
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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told “Why don’t you make it your business to find out about
it!” Thus it was an apparently insignificant everyday event
that made Bigelow the leading pioneer whose name will
always be mentioned first when hypothermia is being
discussed.

His work was soon interrupted by the war. As an army
surgeon in England and during the Normandy invasion,
Bigelow became interested in vascular surgery which saved
many healthy arms and legs by arterial repair. From 1941
until 1945 Bigelow was an Army Surgeon with the 6th
Canadian Casualty Clearing Station in England and, after the
Normandy invasion, in North-West Europe. After this
interruption of over 4 years Bigelow completed his surgical
training as a Research Fellow at the Johns Hopkins Hospital.
During that year, in 1946–1947, working with Blalock and
his team as well as in the physiology laboratory with
Richard Bing, Bigelow experienced the stimulating
atmosphere I described earlier. At the time there was no
place in the world where one could watch at least one heart
operation every morning. The work with Richard Bing in
the catheterization laboratory opened up completely new
vistas. In daily contact with these men, among whom were
Ravitch, Longmire and Bahnson, Bigelow of course
understood that cardiac surgery needed a method allowing

one to work under direct vision, and that hypothermia
offered one road to this goal, although he was aware of
Gibbons’ research with the heart-lung machine. As Bigelow
writes in his autobiographical book ‘ColdHearts’ “One night
I awoke with a simple solution to the problem: cool the
whole-body, reduce oxygen requirements, interrupt
the circulation and open the heart”. Thus, back in Toronto
after more than 5 years in the army and in Baltimore,
Bigelow started hypothermia research in earnest. One aspect
of his investigation was the attempt to elucidate the
mechanism of hibernation, and to that effect Bigelow and
his team collected groundhogs and organized literally a
‘groundhog farm’. These animals were able to withstand
extremely low temperatures (5 8C), tolerated a prolonged
circulatory arrest of up to 2 h allowing open-heart
procedures with complete recovery after rewarming.
But, how did the hibernating animals do it? For 10 years
the Toronto team attempted to solve the mystery of
hibernation and finally had to admit defeat. The hibernators
did not release their secret and the groundhog farm was
closed.

My good friend Pearson told me the story that, as a young
medical student, he had to take care of the animals at the
farm and that he had invented some sort of a hammock to
keep the animals quiet for taking blood samples. His first
accomplishment as a brilliant thoracic surgeon!

Bigelow, Callaghan and Hopps presented their first
research in April 1950 at the Colorado Springs Meeting of
the American Surgical Association. Twenty dogs had been
cooled to 20 8C allowing a circulatory arrest of 15 min and
in 11 cases underwent a cardiotomy (‘a token operation’).
Mortality was still very high, only six animals surviving
after rewarming. Cardiac standstill was already then
successfully treated by an electrical ‘stimulator’, the future
pacemaker. The high mortality was essentially due to
ventricular fibrillation destroying the myocardial oxygen
reserves and also to air-embolization into the coronary
circulation. Subsequent research (Cookson and Neptune,
Lewis, Swan, Bigelow himself) was going to prevent
fibrillation by hyperventilation oxygenation at the start of
the experiment, by diminishing cardiac excitability with
drugs (procaine, benodaine, prostigmine, acethylcholine),
by a more moderate hypothermia (28 instead of 20 8C)
and by a shorter inflow-occlusion time (10 instead of
15 min). Coronary air-embolization was prevented by
clamping the aorta.

On the basis of these results the method began to be used
in clinical cases. John Lewis in Minneapolis was the first to
succeed. On September 2, 1952 he and Richard Varco
closed an atrial septal defect through a wide atrial incision
during an inflow-occlusion of 5 1

2 min. It should be
mentioned already at this point that Richard Varco was a
key person in all achievements accomplished at the
University of Minnesota from the time of the first Blalock
operations to the open-heart surgery by Lewis and later on
by Lilehei.

Fig. 1. Wilfred G. Bigelow (1913–), initiated cardiac surgery under
hypothermia.
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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told “Why don’t you make it your business to find out about
it!” Thus it was an apparently insignificant everyday event
that made Bigelow the leading pioneer whose name will
always be mentioned first when hypothermia is being
discussed.

His work was soon interrupted by the war. As an army
surgeon in England and during the Normandy invasion,
Bigelow became interested in vascular surgery which saved
many healthy arms and legs by arterial repair. From 1941
until 1945 Bigelow was an Army Surgeon with the 6th
Canadian Casualty Clearing Station in England and, after the
Normandy invasion, in North-West Europe. After this
interruption of over 4 years Bigelow completed his surgical
training as a Research Fellow at the Johns Hopkins Hospital.
During that year, in 1946–1947, working with Blalock and
his team as well as in the physiology laboratory with
Richard Bing, Bigelow experienced the stimulating
atmosphere I described earlier. At the time there was no
place in the world where one could watch at least one heart
operation every morning. The work with Richard Bing in
the catheterization laboratory opened up completely new
vistas. In daily contact with these men, among whom were
Ravitch, Longmire and Bahnson, Bigelow of course
understood that cardiac surgery needed a method allowing

one to work under direct vision, and that hypothermia
offered one road to this goal, although he was aware of
Gibbons’ research with the heart-lung machine. As Bigelow
writes in his autobiographical book ‘ColdHearts’ “One night
I awoke with a simple solution to the problem: cool the
whole-body, reduce oxygen requirements, interrupt
the circulation and open the heart”. Thus, back in Toronto
after more than 5 years in the army and in Baltimore,
Bigelow started hypothermia research in earnest. One aspect
of his investigation was the attempt to elucidate the
mechanism of hibernation, and to that effect Bigelow and
his team collected groundhogs and organized literally a
‘groundhog farm’. These animals were able to withstand
extremely low temperatures (5 8C), tolerated a prolonged
circulatory arrest of up to 2 h allowing open-heart
procedures with complete recovery after rewarming.
But, how did the hibernating animals do it? For 10 years
the Toronto team attempted to solve the mystery of
hibernation and finally had to admit defeat. The hibernators
did not release their secret and the groundhog farm was
closed.

My good friend Pearson told me the story that, as a young
medical student, he had to take care of the animals at the
farm and that he had invented some sort of a hammock to
keep the animals quiet for taking blood samples. His first
accomplishment as a brilliant thoracic surgeon!

Bigelow, Callaghan and Hopps presented their first
research in April 1950 at the Colorado Springs Meeting of
the American Surgical Association. Twenty dogs had been
cooled to 20 8C allowing a circulatory arrest of 15 min and
in 11 cases underwent a cardiotomy (‘a token operation’).
Mortality was still very high, only six animals surviving
after rewarming. Cardiac standstill was already then
successfully treated by an electrical ‘stimulator’, the future
pacemaker. The high mortality was essentially due to
ventricular fibrillation destroying the myocardial oxygen
reserves and also to air-embolization into the coronary
circulation. Subsequent research (Cookson and Neptune,
Lewis, Swan, Bigelow himself) was going to prevent
fibrillation by hyperventilation oxygenation at the start of
the experiment, by diminishing cardiac excitability with
drugs (procaine, benodaine, prostigmine, acethylcholine),
by a more moderate hypothermia (28 instead of 20 8C)
and by a shorter inflow-occlusion time (10 instead of
15 min). Coronary air-embolization was prevented by
clamping the aorta.

On the basis of these results the method began to be used
in clinical cases. John Lewis in Minneapolis was the first to
succeed. On September 2, 1952 he and Richard Varco
closed an atrial septal defect through a wide atrial incision
during an inflow-occlusion of 5 1

2 min. It should be
mentioned already at this point that Richard Varco was a
key person in all achievements accomplished at the
University of Minnesota from the time of the first Blalock
operations to the open-heart surgery by Lewis and later on
by Lilehei.

Fig. 1. Wilfred G. Bigelow (1913–), initiated cardiac surgery under
hypothermia.
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eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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told “Why don’t you make it your business to find out about
it!” Thus it was an apparently insignificant everyday event
that made Bigelow the leading pioneer whose name will
always be mentioned first when hypothermia is being
discussed.

His work was soon interrupted by the war. As an army
surgeon in England and during the Normandy invasion,
Bigelow became interested in vascular surgery which saved
many healthy arms and legs by arterial repair. From 1941
until 1945 Bigelow was an Army Surgeon with the 6th
Canadian Casualty Clearing Station in England and, after the
Normandy invasion, in North-West Europe. After this
interruption of over 4 years Bigelow completed his surgical
training as a Research Fellow at the Johns Hopkins Hospital.
During that year, in 1946–1947, working with Blalock and
his team as well as in the physiology laboratory with
Richard Bing, Bigelow experienced the stimulating
atmosphere I described earlier. At the time there was no
place in the world where one could watch at least one heart
operation every morning. The work with Richard Bing in
the catheterization laboratory opened up completely new
vistas. In daily contact with these men, among whom were
Ravitch, Longmire and Bahnson, Bigelow of course
understood that cardiac surgery needed a method allowing

one to work under direct vision, and that hypothermia
offered one road to this goal, although he was aware of
Gibbons’ research with the heart-lung machine. As Bigelow
writes in his autobiographical book ‘ColdHearts’ “One night
I awoke with a simple solution to the problem: cool the
whole-body, reduce oxygen requirements, interrupt
the circulation and open the heart”. Thus, back in Toronto
after more than 5 years in the army and in Baltimore,
Bigelow started hypothermia research in earnest. One aspect
of his investigation was the attempt to elucidate the
mechanism of hibernation, and to that effect Bigelow and
his team collected groundhogs and organized literally a
‘groundhog farm’. These animals were able to withstand
extremely low temperatures (5 8C), tolerated a prolonged
circulatory arrest of up to 2 h allowing open-heart
procedures with complete recovery after rewarming.
But, how did the hibernating animals do it? For 10 years
the Toronto team attempted to solve the mystery of
hibernation and finally had to admit defeat. The hibernators
did not release their secret and the groundhog farm was
closed.

My good friend Pearson told me the story that, as a young
medical student, he had to take care of the animals at the
farm and that he had invented some sort of a hammock to
keep the animals quiet for taking blood samples. His first
accomplishment as a brilliant thoracic surgeon!

Bigelow, Callaghan and Hopps presented their first
research in April 1950 at the Colorado Springs Meeting of
the American Surgical Association. Twenty dogs had been
cooled to 20 8C allowing a circulatory arrest of 15 min and
in 11 cases underwent a cardiotomy (‘a token operation’).
Mortality was still very high, only six animals surviving
after rewarming. Cardiac standstill was already then
successfully treated by an electrical ‘stimulator’, the future
pacemaker. The high mortality was essentially due to
ventricular fibrillation destroying the myocardial oxygen
reserves and also to air-embolization into the coronary
circulation. Subsequent research (Cookson and Neptune,
Lewis, Swan, Bigelow himself) was going to prevent
fibrillation by hyperventilation oxygenation at the start of
the experiment, by diminishing cardiac excitability with
drugs (procaine, benodaine, prostigmine, acethylcholine),
by a more moderate hypothermia (28 instead of 20 8C)
and by a shorter inflow-occlusion time (10 instead of
15 min). Coronary air-embolization was prevented by
clamping the aorta.

On the basis of these results the method began to be used
in clinical cases. John Lewis in Minneapolis was the first to
succeed. On September 2, 1952 he and Richard Varco
closed an atrial septal defect through a wide atrial incision
during an inflow-occlusion of 5 1

2 min. It should be
mentioned already at this point that Richard Varco was a
key person in all achievements accomplished at the
University of Minnesota from the time of the first Blalock
operations to the open-heart surgery by Lewis and later on
by Lilehei.

Fig. 1. Wilfred G. Bigelow (1913–), initiated cardiac surgery under
hypothermia.
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
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1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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it!” Thus it was an apparently insignificant everyday event
that made Bigelow the leading pioneer whose name will
always be mentioned first when hypothermia is being
discussed.

His work was soon interrupted by the war. As an army
surgeon in England and during the Normandy invasion,
Bigelow became interested in vascular surgery which saved
many healthy arms and legs by arterial repair. From 1941
until 1945 Bigelow was an Army Surgeon with the 6th
Canadian Casualty Clearing Station in England and, after the
Normandy invasion, in North-West Europe. After this
interruption of over 4 years Bigelow completed his surgical
training as a Research Fellow at the Johns Hopkins Hospital.
During that year, in 1946–1947, working with Blalock and
his team as well as in the physiology laboratory with
Richard Bing, Bigelow experienced the stimulating
atmosphere I described earlier. At the time there was no
place in the world where one could watch at least one heart
operation every morning. The work with Richard Bing in
the catheterization laboratory opened up completely new
vistas. In daily contact with these men, among whom were
Ravitch, Longmire and Bahnson, Bigelow of course
understood that cardiac surgery needed a method allowing

one to work under direct vision, and that hypothermia
offered one road to this goal, although he was aware of
Gibbons’ research with the heart-lung machine. As Bigelow
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whole-body, reduce oxygen requirements, interrupt
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after more than 5 years in the army and in Baltimore,
Bigelow started hypothermia research in earnest. One aspect
of his investigation was the attempt to elucidate the
mechanism of hibernation, and to that effect Bigelow and
his team collected groundhogs and organized literally a
‘groundhog farm’. These animals were able to withstand
extremely low temperatures (5 8C), tolerated a prolonged
circulatory arrest of up to 2 h allowing open-heart
procedures with complete recovery after rewarming.
But, how did the hibernating animals do it? For 10 years
the Toronto team attempted to solve the mystery of
hibernation and finally had to admit defeat. The hibernators
did not release their secret and the groundhog farm was
closed.

My good friend Pearson told me the story that, as a young
medical student, he had to take care of the animals at the
farm and that he had invented some sort of a hammock to
keep the animals quiet for taking blood samples. His first
accomplishment as a brilliant thoracic surgeon!

Bigelow, Callaghan and Hopps presented their first
research in April 1950 at the Colorado Springs Meeting of
the American Surgical Association. Twenty dogs had been
cooled to 20 8C allowing a circulatory arrest of 15 min and
in 11 cases underwent a cardiotomy (‘a token operation’).
Mortality was still very high, only six animals surviving
after rewarming. Cardiac standstill was already then
successfully treated by an electrical ‘stimulator’, the future
pacemaker. The high mortality was essentially due to
ventricular fibrillation destroying the myocardial oxygen
reserves and also to air-embolization into the coronary
circulation. Subsequent research (Cookson and Neptune,
Lewis, Swan, Bigelow himself) was going to prevent
fibrillation by hyperventilation oxygenation at the start of
the experiment, by diminishing cardiac excitability with
drugs (procaine, benodaine, prostigmine, acethylcholine),
by a more moderate hypothermia (28 instead of 20 8C)
and by a shorter inflow-occlusion time (10 instead of
15 min). Coronary air-embolization was prevented by
clamping the aorta.

On the basis of these results the method began to be used
in clinical cases. John Lewis in Minneapolis was the first to
succeed. On September 2, 1952 he and Richard Varco
closed an atrial septal defect through a wide atrial incision
during an inflow-occlusion of 5 1

2 min. It should be
mentioned already at this point that Richard Varco was a
key person in all achievements accomplished at the
University of Minnesota from the time of the first Blalock
operations to the open-heart surgery by Lewis and later on
by Lilehei.

Fig. 1. Wilfred G. Bigelow (1913–), initiated cardiac surgery under
hypothermia.

A.P. Naef / Interactive Cardiovascular and Thoracic Surgery 3 (2004) 213–221214

Wilfred Bigelow  
(Toronto)

1952

John Lewis and Richard Varco 
(Minnesota)

Hamilton 
Hartridge

1950

Groundhog Days

1947 1955

John Leonard 
d’Silva



tobacco garbling knife

1931

John & Mary

Gibbon

(Boston)

PERINATAL LESSONS FROM THE PAST

Sir George Newman, MD (1870–1948) and the prevention
of perinatal disease
P M Dunn
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Arch Dis Child Fetal Neonatal Ed 2005;90:F278–F280. doi: 10.1136/adc.2004.061184

At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Professor Dunn,
Department of Child
Health, University of
Bristol, Southmead
Hospital, Southmead,
Bristol BS10 5BN, UK;
P.M.Dunn@bristol.ac.uk

Accepted 9 July 2004
. . . . . . . . . . . . . . . . . . . . . . .

G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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told “Why don’t you make it your business to find out about
it!” Thus it was an apparently insignificant everyday event
that made Bigelow the leading pioneer whose name will
always be mentioned first when hypothermia is being
discussed.

His work was soon interrupted by the war. As an army
surgeon in England and during the Normandy invasion,
Bigelow became interested in vascular surgery which saved
many healthy arms and legs by arterial repair. From 1941
until 1945 Bigelow was an Army Surgeon with the 6th
Canadian Casualty Clearing Station in England and, after the
Normandy invasion, in North-West Europe. After this
interruption of over 4 years Bigelow completed his surgical
training as a Research Fellow at the Johns Hopkins Hospital.
During that year, in 1946–1947, working with Blalock and
his team as well as in the physiology laboratory with
Richard Bing, Bigelow experienced the stimulating
atmosphere I described earlier. At the time there was no
place in the world where one could watch at least one heart
operation every morning. The work with Richard Bing in
the catheterization laboratory opened up completely new
vistas. In daily contact with these men, among whom were
Ravitch, Longmire and Bahnson, Bigelow of course
understood that cardiac surgery needed a method allowing

one to work under direct vision, and that hypothermia
offered one road to this goal, although he was aware of
Gibbons’ research with the heart-lung machine. As Bigelow
writes in his autobiographical book ‘ColdHearts’ “One night
I awoke with a simple solution to the problem: cool the
whole-body, reduce oxygen requirements, interrupt
the circulation and open the heart”. Thus, back in Toronto
after more than 5 years in the army and in Baltimore,
Bigelow started hypothermia research in earnest. One aspect
of his investigation was the attempt to elucidate the
mechanism of hibernation, and to that effect Bigelow and
his team collected groundhogs and organized literally a
‘groundhog farm’. These animals were able to withstand
extremely low temperatures (5 8C), tolerated a prolonged
circulatory arrest of up to 2 h allowing open-heart
procedures with complete recovery after rewarming.
But, how did the hibernating animals do it? For 10 years
the Toronto team attempted to solve the mystery of
hibernation and finally had to admit defeat. The hibernators
did not release their secret and the groundhog farm was
closed.

My good friend Pearson told me the story that, as a young
medical student, he had to take care of the animals at the
farm and that he had invented some sort of a hammock to
keep the animals quiet for taking blood samples. His first
accomplishment as a brilliant thoracic surgeon!

Bigelow, Callaghan and Hopps presented their first
research in April 1950 at the Colorado Springs Meeting of
the American Surgical Association. Twenty dogs had been
cooled to 20 8C allowing a circulatory arrest of 15 min and
in 11 cases underwent a cardiotomy (‘a token operation’).
Mortality was still very high, only six animals surviving
after rewarming. Cardiac standstill was already then
successfully treated by an electrical ‘stimulator’, the future
pacemaker. The high mortality was essentially due to
ventricular fibrillation destroying the myocardial oxygen
reserves and also to air-embolization into the coronary
circulation. Subsequent research (Cookson and Neptune,
Lewis, Swan, Bigelow himself) was going to prevent
fibrillation by hyperventilation oxygenation at the start of
the experiment, by diminishing cardiac excitability with
drugs (procaine, benodaine, prostigmine, acethylcholine),
by a more moderate hypothermia (28 instead of 20 8C)
and by a shorter inflow-occlusion time (10 instead of
15 min). Coronary air-embolization was prevented by
clamping the aorta.

On the basis of these results the method began to be used
in clinical cases. John Lewis in Minneapolis was the first to
succeed. On September 2, 1952 he and Richard Varco
closed an atrial septal defect through a wide atrial incision
during an inflow-occlusion of 5 1

2 min. It should be
mentioned already at this point that Richard Varco was a
key person in all achievements accomplished at the
University of Minnesota from the time of the first Blalock
operations to the open-heart surgery by Lewis and later on
by Lilehei.

Fig. 1. Wilfred G. Bigelow (1913–), initiated cardiac surgery under
hypothermia.
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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told “Why don’t you make it your business to find out about
it!” Thus it was an apparently insignificant everyday event
that made Bigelow the leading pioneer whose name will
always be mentioned first when hypothermia is being
discussed.

His work was soon interrupted by the war. As an army
surgeon in England and during the Normandy invasion,
Bigelow became interested in vascular surgery which saved
many healthy arms and legs by arterial repair. From 1941
until 1945 Bigelow was an Army Surgeon with the 6th
Canadian Casualty Clearing Station in England and, after the
Normandy invasion, in North-West Europe. After this
interruption of over 4 years Bigelow completed his surgical
training as a Research Fellow at the Johns Hopkins Hospital.
During that year, in 1946–1947, working with Blalock and
his team as well as in the physiology laboratory with
Richard Bing, Bigelow experienced the stimulating
atmosphere I described earlier. At the time there was no
place in the world where one could watch at least one heart
operation every morning. The work with Richard Bing in
the catheterization laboratory opened up completely new
vistas. In daily contact with these men, among whom were
Ravitch, Longmire and Bahnson, Bigelow of course
understood that cardiac surgery needed a method allowing

one to work under direct vision, and that hypothermia
offered one road to this goal, although he was aware of
Gibbons’ research with the heart-lung machine. As Bigelow
writes in his autobiographical book ‘ColdHearts’ “One night
I awoke with a simple solution to the problem: cool the
whole-body, reduce oxygen requirements, interrupt
the circulation and open the heart”. Thus, back in Toronto
after more than 5 years in the army and in Baltimore,
Bigelow started hypothermia research in earnest. One aspect
of his investigation was the attempt to elucidate the
mechanism of hibernation, and to that effect Bigelow and
his team collected groundhogs and organized literally a
‘groundhog farm’. These animals were able to withstand
extremely low temperatures (5 8C), tolerated a prolonged
circulatory arrest of up to 2 h allowing open-heart
procedures with complete recovery after rewarming.
But, how did the hibernating animals do it? For 10 years
the Toronto team attempted to solve the mystery of
hibernation and finally had to admit defeat. The hibernators
did not release their secret and the groundhog farm was
closed.

My good friend Pearson told me the story that, as a young
medical student, he had to take care of the animals at the
farm and that he had invented some sort of a hammock to
keep the animals quiet for taking blood samples. His first
accomplishment as a brilliant thoracic surgeon!

Bigelow, Callaghan and Hopps presented their first
research in April 1950 at the Colorado Springs Meeting of
the American Surgical Association. Twenty dogs had been
cooled to 20 8C allowing a circulatory arrest of 15 min and
in 11 cases underwent a cardiotomy (‘a token operation’).
Mortality was still very high, only six animals surviving
after rewarming. Cardiac standstill was already then
successfully treated by an electrical ‘stimulator’, the future
pacemaker. The high mortality was essentially due to
ventricular fibrillation destroying the myocardial oxygen
reserves and also to air-embolization into the coronary
circulation. Subsequent research (Cookson and Neptune,
Lewis, Swan, Bigelow himself) was going to prevent
fibrillation by hyperventilation oxygenation at the start of
the experiment, by diminishing cardiac excitability with
drugs (procaine, benodaine, prostigmine, acethylcholine),
by a more moderate hypothermia (28 instead of 20 8C)
and by a shorter inflow-occlusion time (10 instead of
15 min). Coronary air-embolization was prevented by
clamping the aorta.

On the basis of these results the method began to be used
in clinical cases. John Lewis in Minneapolis was the first to
succeed. On September 2, 1952 he and Richard Varco
closed an atrial septal defect through a wide atrial incision
during an inflow-occlusion of 5 1

2 min. It should be
mentioned already at this point that Richard Varco was a
key person in all achievements accomplished at the
University of Minnesota from the time of the first Blalock
operations to the open-heart surgery by Lewis and later on
by Lilehei.

Fig. 1. Wilfred G. Bigelow (1913–), initiated cardiac surgery under
hypothermia.
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).

F278

www.archdischild.com

group.bmj.com on November 16, 2014 - Published by http://fn.bmj.com/Downloaded from 

Sir George 
Newman

1952

Hamilton 
Hartridge

1947 1955

John Leonard 
d’Silva

(Boston)



tobacco garbling knife

1931

John & Mary

Gibbon

(Boston)

PERINATAL LESSONS FROM THE PAST

Sir George Newman, MD (1870–1948) and the prevention
of perinatal disease
P M Dunn
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Arch Dis Child Fetal Neonatal Ed 2005;90:F278–F280. doi: 10.1136/adc.2004.061184

At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
to the health of infants and children.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Professor Dunn,
Department of Child
Health, University of
Bristol, Southmead
Hospital, Southmead,
Bristol BS10 5BN, UK;
P.M.Dunn@bristol.ac.uk

Accepted 9 July 2004
. . . . . . . . . . . . . . . . . . . . . . .

G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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England and Wales died in the first year of life. Newman’s
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immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
achieved many important and wide ranging improvements
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Henry Swan (Fig. 2), at the University of Colorado, a year

later on February 19, 1953 carried out his first open-heart
procedure using hypothermia. He excised a stenosed
pulmonic valve during a 7 1

2 min inflow-occlusion.
Swan was to be the surgeon with the greatest experience
who, in the few years before cardiopulmonary bypass,
developed surgery under hypothermia to perfection in
hundreds of cases with a very low mortality. Both Lewis
and Swan used higher temperatures (26–28 8C) and shorter
occlusion times (up to 8 min) than Bigelow. The two names,
Bigelow for research and Swan for surgical experience, will
always be associated with hypothermia in cardiac surgery.

A third man, Charles Drew, should be remembered for
introducing ‘deep hypothermia’. Drew was first assistant to
Price Thomas when I first met him and later succeeded his
great teacher at the Westminster Hospital in London.
He performed his first successful repair of an atrial and
ventricular septal defect under deep hypothermia on January
29, 1959. In those days cardiopulmonary bypass frequently
produced widespread pulmonary consolidation and blood
damage. Drew devised a double left and right bypass-system
in order to keep the patient’s lungs as the natural
oxygenator, and combined this type of bypass with
extremely low temperatures, down to 8–10 8C allowing
inflow-occlusion of very long duration for repair of

complicated congenital defects in thousands of cases.
An important development in this line of strategy was
presented at the 1973 meeting of the American Surgical
Association and published more extensively in 1976 by
Barrat-Boyes (Fig. 3) from New Zealand. He operated on
infants only a few weeks old using ‘profound hypothermia
with circulatory arrest and limited cardiopulmonary
bypass’. In three desperately ill infants he brought the
temperature down to 12 8C using a combination of
surface and perfusion cooling and rapid rewarming to
35 8C. The arrest time varied between 38 and 67 min in his
initial series from 1970 to 1973, and he lost only one out of
24 tetralogy cases. In 1976 his series had grown to 57 infants
aged 21 days to about 2 years. Except for this development
in combination with bypass, hypothermia as the sole
means was soon abandoned in cardiac surgery. It still
plays, of course, a very important role in the localized form
of ‘cold cardioplegia’. Incidentally Charles Drew—who
died at an early age—remains a definitely historical
personality. In 1951 he assisted his chief, Price Thomas,
during the historical pneumonectomy for the cancer of
King George VI, and when good old Price Thomas paid his
due to tobacco addiction it was again Charles Drew who
cured him by lobectomy! So much for the somewhat too
long historical account of hypothermia in cardiac surgery.

Fig. 2. Henry Swan (1913–), with the most extensive experience in cardiac
surgery under hypothermia.

Fig. 3. Sir Bryan Barratt-Boyes. Australian cardiac surgery pioneer in
cardiac surgery under deep hypothermia.
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At the start of the 20th century, 15% of all infants in
England and Wales died in the first year of life. Newman’s
classic work Infant mortality, published in 1906, identified
the causes of these deaths, the significance of the period
immediately after birth, the social problems underlying
mortality, and possible methods of prevention. Later, as
chief medical officer to the Board of Education (1907–
1935) and to the Ministry of Health (1919–1935), he
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to the health of infants and children.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Professor Dunn,
Department of Child
Health, University of
Bristol, Southmead
Hospital, Southmead,
Bristol BS10 5BN, UK;
P.M.Dunn@bristol.ac.uk

Accepted 9 July 2004
. . . . . . . . . . . . . . . . . . . . . . .

G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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London, graduating in 1892. While in
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and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
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College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
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pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
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environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
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(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
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G
eorge Newman (fig 1) was born in
Leominster, Herefordshire, on 23 October
1870.1 2 His father, Henry Stanley

Newman, was a minister of the Society of
Friends who had made several missionary
journeys to India. He was also editor of the
Quaker journal Friend. His mother was Mary
Anne Pumphrey. They had six children, three
boys and three girls. George was the fourth child
and the second son. He received his education at
Sidcut School in Gloucestershire (1881–1885)
and then at the Quaker school Bootham in York
(1885–1887). He grew up an optimistic and
idealistic boy with a love of natural history, a
desire to seek out the cause of problems, and
with a devout Christian faith. At first he wished
to be a missionary in India, but then decided to
become a doctor. In 1887 at the age of 17 he
began to study medicine first at Edinburgh
University and afterwards at King’s College,
London, graduating in 1892. While in
Edinburgh he gained firsthand experience of
the city slums and even established a dispensary
in the Cowgate. Three years after qualification,
Newman gained the MD (Edin) with gold medal,
and, having won a Gunning scholarship in public
health, then acquired the DPH (Cantab, 1895). In
1896 he became a demonstrator in bacteriology
and lecturer in infectious diseases at King’s
College, a post he held until 1900. During that
time he published his first book Bacteria, especially
as they are related to the economy of nature, to
industrial processes and to public health. Next
Newman took on the post of Medical Officer to
the urban borough of Finsbury together with the
mainly rural county of Bedfordshire (1900–
1907). The results and conclusions gained from
this experience were published in 1906, using
infant mortality as an indicator of underlying
social problems. Infant mortality: a social problem3

(fig 2) remains a classic. Newman began by

pointing out that infant mortality had not fallen
over the previous 50 years:

‘‘The young of all animals are more suscep-
tible than the adult to the influence of
environment and the approach of death.
Hence, it is inevitable that, even under the
most favourable circumstances, the deaths of
infants will furnish a large contribution to the
bills of mortality. As civilisation advances,
however, this should become less. That it
does not, in fact, become substantially less is
surely a matter calling for consideration, for
at the present time there is an annual loss to
England and Wales of 120,000 lives by the
death of infants … A high death rate of
infants is an indication of the existence of evil
conditions in the homes of people … Poverty
is not alone responsible, for in many poor
communities the infant mortality is low.
Housing and external environments alone
do not cause it, for under some of the worst
conditions in the world the evil is absent. It is
difficult to escape the conclusion that this loss

Figure 1 George Newman (1870–1948).
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“The King of Hearts”
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“An operation that could 
have a 200% mortality.”  

- Unknown critic

a moratorium on 
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Cross-Circulation
First VSD closure

March 26, 1954


First AVSD closure

August 6, 1954


First Tetralogy of 
Fallot repair


August 31, 1954


45 
operations 

28 
survivors 62% survival cross-circulation  

vs.  
6% survival CPB 



Brash      Charismatic      Driven       Maverick

C Walt Lillehei



  X-circulation

 first operations CHD

 first pacemakers

 mechanical heart valves

 drove research into transplantation

 trained 150 world-leading surgeons

 Med Director of St Jude Inc

 Bravery medal in WW2 (Italy)

Brash      Charismatic      Driven       Maverick

C Walt Lillehei
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Calm      Clear-Thinking      Legendary Hard Worker       Academic



John W Kirklin

  took CPB to next stage

  obsessional and scientific

  wrote ‘definitive’ text book

  outcome-driven

  academic leader

  role model for modern surgery


Calm      Clear-Thinking      Legendary Hard Worker       Academic





De Wall -Lillehei Bubble oxygenator

simple in concept 
mass producable

brought open-heart surgery to the world
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Denis Melrose
Stop the Heart Moving!

to stop, replace the blood flowing through 
the coronary arteries with cold, 

potassium-containing fluid

to restart, flush out the cold fluid 
with warm blood
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All the Ingredients were now Prepared

the underlying need was clear

the heart could be bypassed

the heart be stopped, and restarted

people were being trained

all that was needed was the correct operations 
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Just imagine it was you….you must

understand what is wrong, and in 3-D

know what to do, and have a back-up plan

explain, orchestrate & lead

have confidence to make the first cut

have technical skill, and speed
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Arterial Switch Operation (ASO)                                                        

This was first undertaken successfully by Jatene in the 1975. It is used when the great arteries
are connected to the reverse ventricles (ie discordant arterial connection). It is most commonly
performed  in simple transposition but it is also used in patients with complex heart problems.
The first diagram shows the aorta (Ao) lying anterior to the pulmonary artery. The great
vessels are divided above the coronary origins. The coronary arteries are then removed on a
button of tissue from the original aorta and stitched in place on the original PA (second
diagram). Finally the PA is moved anterior to the aorta and both great vessels sewn into place
the correct way around.

  

It is the movement of the coronary arteries that is the
critical part of the operation. If they are left in their
original position then they will receive venous blood.
They therefore have to be moved backwards so that
they come from the aorta and have oxygenated blood.
The switch operation has to be undertaken within the
first month of life otherwise the LV which is emptying
into the low resistance pulmonary circuit atrophies and
cannot manage to support the systemic circulation
after the switch procedure. The mortality for this
procedure in most centres is now considerably less
than 5% with an excellent long term prognosis.
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William Mustard
(Toronto)

7 cases in a year 

ALL died within a few hours

Bailey (1953), Senning (1954) 
same result
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Senning procedure, Stockholm, 1957

Ake Senning 

1915-2000



William Mustard 1914-1987Mustard procedure, Toronto, 1963
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“It’s not the science, 
it’s the jerk on the 

end of the catheter 
that matters”

William Rashkind
(Philadelphia) 1966
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offered were either the Blalock shunt or a Glenn
procedure. But Francis then suggested the
procedure tried previously, but unsuccessfully, in
the dog laboratory. Despite the lack of experi-
mental success, he was convinced it would work in
the clinical setting. The patient had absence of the
right atrioventricular connection, with concordant
ventriculo-arterial connections, and naturally
occurring pulmonary stenosis. Broustet, to his
eternal credit, had sufficient confidence in the skills
and judgement of his young surgical colleague to
encourage him to proceed.

The operation was performed through a median
sternotomy. At the same procedure, Francis fash-
ioned an end-to-end anastomosis of the superior
caval vein to the right pulmonary artery, closing the
proximal stump of the caval vein. This, of course,
was the Glenn shunt with which Francis was
already very comfortable. He then proceeded by
connecting the right atrium directly to the
remaining part of the bifurcation of the pulmonary
trunk (Fig. 2). Because of man's orthograde
posture, an aortic homograft valve was inserted
into the orifice of the inferior caval vein. Francis was
equally familiar with the use of homograft aortic
valves since, in 1965, he had established the first
homograft bank on the Continent of Europe. The
postoperative course was far from smooth, with
pleural effusions and ascites as well as oliguria and,
subsequently, anuria. Several periods of haemo-
dialysis were required before the patient could be
discharged, but this proved possible after several
weeks of hospitalisation. She continues to do well,
although conversion to an extracardiac Fontan
procedure will likely be required in the near future.
One further operation has been needed in the
interim, namely removal of the stenotic and
calcified aortic homograft valve.

Despite this success, no report was given of this
initial experience. Then, in 1970, Francis was
confronted by a second patient. This lady had
survived to the age of 30 with no previous palliative
procedures. She was very blue. This time the patient
had tricuspid atresia with discordant ventriculo-
arterial connections. The basic procedure was the
same, but on this occasion, an aortic homograft was
inserted between the right atrium and the
pulmonary trunk (Fig.3). The postoperative course
on this occasion was relatively smooth. She did well,
became married, and gave birth to a healthy child.
Unfortunately, after several years, she developed
mitral incompetence. She died after a long and
difficult replacement of the mitral valve.

The experience with these two cases was
published in a French journal in 1971.1 Between

Sup crier caval vein anastomosed
to right p ubnonary arteiy

Aortic /
homograft in
Inferior caval vein

Right atrium connected
to fcftpuhnonary arteiy

Figure 2.
The operative manoeuvers performed in the first Fontan procedure

Superior caval vein to
ri-htpuhnonaiyartay Aortk homognift from

' right atrium to left
/pulmonary artery

Aortk
home-graft

Figure 3.
The pathways constructed in the second operation, which included
placement of an aortic homograft valve between the right atrium and
the pulmonary arteries.

acceptance and publication, a third patient was seen,
who underwent the same procedure but died. The
autopsy revealed unsuspected pulmonary hyper-
tension. On the basis of this experience, all three
cases were published in Thorax, noting and empha-
sising the important contraindication to the surgical
procedure.2 It was the appearance of the report in the
English language which then caught the imagi-
nation of the International Surgical Community.

Modifications of the procedure soon followed.
Francis himself introduced the atrioventricular
connection by means of a homograft conduit, but
the procedure was modified surgically by Viking
Bjork, avoiding the insertion of the conduit.12

Guillermo Kreutzer offered the alternative of using
the patient's own pulmonary valve so as to achieve
the atriopulmonary connection.13 Francis had not
initially used an outlet valve for the atriopulmonary
connection, but had introduced this advance in his

Francis Fontan 
(Bordeaux)
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Figure 3.
The pathways constructed in the second operation, which included
placement of an aortic homograft valve between the right atrium and
the pulmonary arteries.

acceptance and publication, a third patient was seen,
who underwent the same procedure but died. The
autopsy revealed unsuspected pulmonary hyper-
tension. On the basis of this experience, all three
cases were published in Thorax, noting and empha-
sising the important contraindication to the surgical
procedure.2 It was the appearance of the report in the
English language which then caught the imagi-
nation of the International Surgical Community.

Modifications of the procedure soon followed.
Francis himself introduced the atrioventricular
connection by means of a homograft conduit, but
the procedure was modified surgically by Viking
Bjork, avoiding the insertion of the conduit.12

Guillermo Kreutzer offered the alternative of using
the patient's own pulmonary valve so as to achieve
the atriopulmonary connection.13 Francis had not
initially used an outlet valve for the atriopulmonary
connection, but had introduced this advance in his

Francis Fontan 
(Bordeaux)

He was trusted to do this by his boss, Broustet, despite it never having been done before
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offered were either the Blalock shunt or a Glenn
procedure. But Francis then suggested the
procedure tried previously, but unsuccessfully, in
the dog laboratory. Despite the lack of experi-
mental success, he was convinced it would work in
the clinical setting. The patient had absence of the
right atrioventricular connection, with concordant
ventriculo-arterial connections, and naturally
occurring pulmonary stenosis. Broustet, to his
eternal credit, had sufficient confidence in the skills
and judgement of his young surgical colleague to
encourage him to proceed.

The operation was performed through a median
sternotomy. At the same procedure, Francis fash-
ioned an end-to-end anastomosis of the superior
caval vein to the right pulmonary artery, closing the
proximal stump of the caval vein. This, of course,
was the Glenn shunt with which Francis was
already very comfortable. He then proceeded by
connecting the right atrium directly to the
remaining part of the bifurcation of the pulmonary
trunk (Fig. 2). Because of man's orthograde
posture, an aortic homograft valve was inserted
into the orifice of the inferior caval vein. Francis was
equally familiar with the use of homograft aortic
valves since, in 1965, he had established the first
homograft bank on the Continent of Europe. The
postoperative course was far from smooth, with
pleural effusions and ascites as well as oliguria and,
subsequently, anuria. Several periods of haemo-
dialysis were required before the patient could be
discharged, but this proved possible after several
weeks of hospitalisation. She continues to do well,
although conversion to an extracardiac Fontan
procedure will likely be required in the near future.
One further operation has been needed in the
interim, namely removal of the stenotic and
calcified aortic homograft valve.

Despite this success, no report was given of this
initial experience. Then, in 1970, Francis was
confronted by a second patient. This lady had
survived to the age of 30 with no previous palliative
procedures. She was very blue. This time the patient
had tricuspid atresia with discordant ventriculo-
arterial connections. The basic procedure was the
same, but on this occasion, an aortic homograft was
inserted between the right atrium and the
pulmonary trunk (Fig.3). The postoperative course
on this occasion was relatively smooth. She did well,
became married, and gave birth to a healthy child.
Unfortunately, after several years, she developed
mitral incompetence. She died after a long and
difficult replacement of the mitral valve.

The experience with these two cases was
published in a French journal in 1971.1 Between
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procedure.2 It was the appearance of the report in the
English language which then caught the imagi-
nation of the International Surgical Community.
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Francis himself introduced the atrioventricular
connection by means of a homograft conduit, but
the procedure was modified surgically by Viking
Bjork, avoiding the insertion of the conduit.12
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the atriopulmonary connection.13 Francis had not
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and canvas the wine shops and restaurants of Nashville with his

distributors. Whether Chambers was promoting the positive

effects of late harvest sweet wine or connecting with his

winemaker and partner Edouard Fontan in France, wine became

a passion for the Atlanta native at an early age.

Purchased twenty years ago as a unique Franco-American

partnership between an Atlanta physician and a world reknown

French cardiologist, Chateau L’Ermitage today is operated by

second generation sons Fontan and Chambers. Located in the

town of Preignac outside Bordeaux, L’Ermitage is a handmade,

classic Sauternes blended with estate, late harvest Sauvignon

Blanc, Semillion and Muscadelle.

The property is unique as it sits on the banks of the misty Ciron

River—known as the trigger point to the all-important Botrytis

Cinerea mold responsible for creating the sweet honey and citrus

nectar representative of a classic Sauternes wine.

Sweet stone fruit nectar!

Just after harvest 2013

Pyrenean gravel soil at

Guilhem de Rey Vineyard

(near Chateau Malle)

Ciron River Parc adjacent

to Chateau L'Ermitage
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Back in Norwood's Boston days, there were 
still big problems left to solve. It's different 
now. Today, most heart-defect operations 
have very good results. “Now, it's a matter 
of refining the technique … rather than 
enormous leaps forward. The mavericks 
like Norwood have gone by the wayside. 
The field is full of fastidious surgeons who 
have had to become expert at managing 
risk”

Jim Tweddell, Milwaukee
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Could we do now what we did then?
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