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Abraham Morris Rudolph
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IN THE WORDS OF D R WILLIAM FRIEDMAN, WHO

delivered the tribute when Dr Rudolph recently
received the St. Geme award, Abe Rudolph is the

leading figure in academic pediatric cardiology. The
evaluation of Abe by Dr Julius Comroe listed this
citation: "Wherever I have been in the United States
or in foreign countries, Dr Rudolph is always listed as
the number one Pediatric Cardiologist." When Abe
was being recruited to the University of California,
San Francisco, Dr Alex Nadas wrote the following
recommendation "I have known Dr Rudolph for over
15 years. I have watched him grow, develop and reach
his full potential. Unquestionably he is the outstand-
ing investigator in Pediatric Cardiology in the
United States. In addition he is a superb clinician, as
well as a good teacher."

Abe has received numerous awards for his intel-
lect and his science, has spawned another generation
of outstanding individuals in disciplines from car-
diology to cardiovascular science and fetal medicine,
and has published prodigiously. He has received
many honors, including the E. Mead Johnson and
Borden Awards for Research in Pediatrics, the
Research Achievement Award of the American
Heart Association, the Lifetime Achievement Award
of the American Academy of Pediatrics, the Joseph
St. Geme Leadership Award of the Federation of
Pediatric Societies, the Howland award of the
American Pediatric Society, the Arvo Yllpo Award
in Helsinki, Finland, and the Jonxis Medal in
Groningen, Holland. He is a member of the
Institute of Medicine of the National Academy of
Sciences, and a former President of the American
Pediatric Society. In 1996, he received the Dokteur
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Honoris Causa Degree from the Rene Descartes
University at the Sorbonne in Paris. In 1999 he
received the Nils Rosen von Rosenstein Award from
Uppsala University, Sweden. In 2000, he was elected
a Fellow of the American Association for the
Advancement of Science.

He has published 318 manuscripts in peer-
reviewed journals, made 85 invited contributions,
book chapters or conference reports, and written or
edited 9 books, including the latest, a second edition
of Congenital Diseases of the Heart unofficially subti-
tled "The Little Red Book of Chairman Abe". He has
edited, in conjunction with Julien Hoffman, and
now his son, Colin, one of the most widely read pedi-
atric texts, Rudolph's Pediatrics.

He was the first chief of cardiac catheterization at
The Children's Hospital in Boston, and became the
Chief of Pediatric Cardiology at the Albert Einstein
College of Medicine in New York. Then, at the
University of California in San Francisco, he was
appointed Professor of Pediatrics, Director of
Pediatric Cardiology, and a Senior Staff Member of
the Cardiovascular Research Institute. He held the
chair of Neider Professor of Pediatric Cardiology,
and was a Professor of Physiology and Obstetrics and
Gynecology. In 1986, he was appointed Chairman
of the Department of Pediatrics. He is now Professor
Emeritus at the University of California, San
Francisco.

Early life

Abraham Morris Rudolph was one of five children
born to Lithuanian Jews who had immigrated to
South Africa. His father found work as a grocery
clerk, sleeping on the counter when the store closed,
finally becoming the owner of the store. His parents
encouraged their children to pursue academic careers,
and all three sons became pediatricians of stature in
the international community (Figs 1 and 2).
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Figure 1.
The three Rudolph brothers circa 1930 at the Rudolph family
home in Melville, Johannesburg. Jack is on the left, Natan is in the
middle, and Abe is on the right.

Figure 2.
The three Rudolph brothers in America. Abe is on the left, Jack
center, and Natan on the right.

After graduating Summa cum Laude in 1946
from the University of the Witwatersrand Medical
School, Abe, who was too young to practice as a
physician, had to find work in a non-patient related
area. He worked as an Instructor in Anatomy with
Dr Joseph Lannon, a surgeon, and wrote his first
paper on restrictive thoracic outlet syndrome.1

While working in the anatomy laboratory, he met
his future wife, Rhona Sax, who was a medical
student at the time.

Dr Alexander Lee McGregor, an outstanding and
thoughtful surgeon at the Johannesburg General
Hospital, offered to sponsor Abe's studies abroad,
should he wish to become a surgeon. Abe, however,
decided to first gain some experience in pediatrics.
He completed an Internship in Pediatric Medicine
at the Transvaal Memorial Hospital for Children
in Johannesburg, gaining substantial experience by

working with talented pediatricians, such as Dr Sam
Javett.2 He then decided to continue in this field.

In February, 1949, Abe went to England for
9 months to study for Membership in the Royal
Colleges of London and Edinburgh. He attended
courses at the National Heart Hospital, and attended
the clinic of Dr Richard Bonham Carter for Pediatric
Cardiology at Great Ormond Street Children's
Hospital. Because of his interest in neurology, he
also attended clinics at the National Hospital for
Neurology in Queen Square. After becoming a mem-
ber, in 1949, of the Royal Colleges of Physicians of
both London and Edinburgh, he went to Stockholm
to work with Edgar Mannheimer at the Crown
Princess Louisa Hospital. There he continued his
studies in cardiology, and developed a special interest
in pediatric cardiovascular physiology.

After this productive sojourn, Abe returned to
South Africa, where he and Rhona were married.
In 1951, he was awarded the degree of Doctor of
Medicine by the University of the Witwatersrand.
When his application for a position of registrar in
pediatrics was not successful, the Rudolphs resolved
to further their studies abroad, and Abe applied at
three prestigious medical schools on the East Coast
of the United States of America. It was Harvard,
through the offices of Dr Charles Janeway, which
was lucky enough to accept him.

Boston

The Harvard acceptance was for an unpaid position
in Hematology or Neurology. Luckily for the future
of Pediatric Cardiology, his visa application had been
delayed, so he was unable to travel to the United
States to assume this position. While pondering his
options, he received a letter from Dr Janeway, offer-
ing him the chance to work in the Department
of Pediatric Cardiology with Dr Alexander Nadas,
recently arrived to head the new program. A bene-
factor had recently agreed to sponsor a position, with
an annual stipend of $3000, so the decision to work
in Pediatric Cardiology was easily made. He arrived
in Boston at the end of August, 1951, knowing little
about Dr Nadas, other than that he was extremely
intelligent, an outstanding interpreter of electrocar-
diograms, and was also a foreign medical graduate.
Together they would create and direct the course of
Pediatric Cardiology in the United States.

In the initial period of the Fellowship, cardiac
catheterization was not performed at the Children's
Hospital. Angiography was performed using very
primitive equipment. After injecting contrast medium
into a peripheral vein, large X-ray cassettes were
pushed manually in sequence in position under the
patient, with a film exposed every 3 to 5 s. Dr Nadas

https://doi.org/10.1017/S1047951100013020 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951100013020


Vol. 12, No. 4 Silverman et al: Abraham Morris Rudolph 395

referred the occasional patient to the Peter Bent
Brigham Hospital to be catheterized by Dr Lewis
Dexter and Dr James Dow. Only children above
the age of 4 to 5 years were referred, and only the
right heart was catheterized.

Several months after Abe started the fellowship,
the fluoroscopy room in the Jimmy Fund Building
became available intermittently to use for cardiac
catheterization. Dr Walter Goodale, an adult cardi-
ologist who had developed techniques for catheteri-
zation of the coronary sinus, was assigned to perform
the studies in children. He instructed Abe in tech-
niques of catheter manipulation, and the principles
of hemodynamics.

After a period of fellowship, Abe wanted to fur-
ther his studies in the physiology of the circulation.
After discussion with Drs Nadas and Janeway, he
began a fellowship in Physiology with Dr Clifford
Barger at Harvard Medical School. Barger was inter-
ested in sodium metabolism in heart failure, and in
the effect of digitalis on the excretion of sodium. To
separate the general effects of digitalis from its direct
effect on the kidney, Abe, with a colleague, Stan
Rokaw, developed a method for chronic catheteri-
zation of the renal artery. This permitted injection
of small amounts of digoxin into the renal artery
specifically to study its effect on the excretion of
sodium.3 This technique provided the basis for
chronic catheterization of the fetus using catheters
made of polyvinyl chloride.

In 1955, Abe returned to the Children's Hospital
in Boston as director of the cardiac catheterization
laboratory (Fig. 3). Because of the high mortality
of infants with congenital cardiac disease, he was
anxious to try to make accurate diagnoses using
catheterization. The catheters, however, were large,
at 6 to 7 French-gauge, thick-walled, and extremely
stiff. The bore was small, and the catheters clotted
easily. There was great concern about perforating the
heart. Dr Nadas thought that the risks were too
high. The creation of 4 and 5 French catheters, and
especially the Lehmann catheter, with its thinner
wall and larger lumen making it easier to manipu-
late and less subject to clotting, made it feasible to
consider doing catheterization studies in infants.

When Dr Nadas was on sabbatical leave in
Groningen, Abe began catheterizing infants. After
performing catheterization in infants, and appreciat-
ing the complexity of the lesions, he realized the
importance of entering each chamber and great ves-
sel in order to define each malformation. He pro-
moted the use of the approach from the groin rather
than the arm, which was then the usual approach.
The information gained was vital for understanding
the physiology of various congenital cardiac malfor-
mations. On his return to Boston, Dr Nadas was

Figure 3.
This picture hangs in the old section of the Children's Hospital, in
Boston Massachesetts. From Left to right: Paul Lurie, Julienne
Hoffman, James Reynolds, Peter Auld, Laura Dewes-Tenchoff
Jerome Liebman, Alexandar Nadas, Art Sasahara, Abe Rudolph,
an unknown cardiology fellow, and Jacqueline Noonan.

surprised but pleased with the results, and cardiac
catheterization became established as a widely
accepted procedure for diagnosis and delineation of
hemodynamic disturbances in infants with congeni-
tal cardiac problems.4'3 The ability to perform
catheterization in infants made it possible for Abe to
investigate the role of patency of the arterial duct in
those with hyaline membrane disease. He and his
group observed that all babies with hyaline mem-
brane disease had widely patent arterial ducts. It
was not determined at that time, however whether
the patency caused the disease, or was merely an
association.

New York

In 1961, by convincing Abe and Rhona that
New York was just as safe and civilized as Boston,
Dr Henry Barnett, the Chairman of Pediatrics at the
Albert Einstein College of Medicine, recruited him
to become the Chief of Pediatric Cardiology.

It was there that Abe began his experimental
work on sheep. His studies of hemodynamics in
infants had led him to believe that the pulmonary
circulation was extremely important in determining
the course of congenital cardiac anomalies during
fetal life, and particularly after birth. He therefore
became interested in understanding the morphology
and physiology of the pulmonary vasculature in the
perinatal period. Dr Geoffrey Dawes had begun to
publish information on the pulmonary circulation
in fetal lambs, but these studies were performed
acutely in fetuses that were removed from the uterus.
In view of the extreme sensitivity of the pulmonary
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circulation to a variety of physiological changes, Abe
wondered how representative these observations
were of responses in undisturbed fetuses in their
uterine environment. He decided it was important
to try to make observations of fetuses in the womb
under circumstances in which the fetus and mother
were neither anesthetized nor stressed.

Fortuitously, at that time, Douglas Barron, well
known for his studies in fetal lambs, was up the
road, so to speak, at Yale. He and Giacomo Meschia
had developed a method for placing catheters in
the vessels of the ovine umbilical cord. They were
interested in the techniques Abe had developed for
chronic catheterization in the circulation in dogs and
puppies. He introduced them to the use of polyvinyl
catheters. In exchange, Abe learned the techniques
of spinal anesthesia and the surgical approaches to
the uterus in pregnant sheep. He decided that,
rather than placing catheters in umbilical vessels, it
would be more advantageous to place them in the
arteries and veins of the limb, and developed tech-
niques for chronic placement of catheters in the
fetus. Subsequently, this led to the development of
more sophisticated procedures in fetal surgery.

Michael Heymann joined Abe in 1963, and,
together, they began to conduct experiments on the
fetal circulation (Fig. 4). After they had perfected
their chronic fetal lamb preparation, they had to
address the issue of how to measure the flow of blood
in the lungs. Because the fetal circulation is com-
plex, methods such as dye dilution and the Fick
principle, as used in adults, could not be applied to

the fetus. The use of the Fick method combined with
infusion of antipyrine had been used to measure
umbilical blood flow, but it could not measure pul-
monary flow or cardiac output in the fetus. In 1964,
therefore, Abe began using an arduous technique
based on radioactive microspheres, performing all
calculations with very primitive equipment. After
injecting the microspheres into the circulation, radio-
activity in each organ was counted once, then the
spectrometer was re-set in order to count radioactiv-
ity a second time. Microspheres were labeled with
Cerium and Ytterbium, which had different spec-
trums of peak radiation, and thus could be discrimi-
nated. Abe recognized that the beauty of this
technique was that it was possible to calculate rela-
tive flow of blood to every organ of the fetal body.
Furthermore, if the flow of blood to any organ could
be measured by some other method, it was possible
to estimate the true flow within every organ and tis-
sue. So, he and his colleagues used the antipyrine
method to measure umbilical blood flow and thus,
in conjunction with the microsphere method, were
able to calculate the flows of blood to the organs.
The measurement of flow of blood to the lungs,
nonetheless, remained unresolved.

Abe struggled with this problem of defining the
entire fetal circulation with this indicator method
for a solid weekend. Then, on the Sunday night, the
solution to the calculation of pulmonary flow came
to him (Fig. 5).7 Two simultaneous injections were
required to make this calculation, one from the supe-
rior and the other from the inferior caval vein or the

Figure 4
Abe Rudolph (right) and Michael Heymann (left) attt
of their chronic instrumented fetal lamb preparations.

to one Figure 5
Abe at the chalk-board discussing aspects of the fetal circulation.
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umbilical vein. Abe believes that the introduction of
techniques for chronic study of the fetus and the
newborn, and the technique utilizing radioactive
microspheres, are perhaps his most important con-
tributions to the understanding of fetal circulatory
physiology and the impact of perinatal circulatory
changes in congenital cardiac disease.

His sojourn in New York was happy and produc-
tive. Besides the development of methods for study-
ing the fetus in its natural environment, his team
worked on the pulmonary circulation in calves,
assessing the response of the pulmonary circulation
to hypoxia and changes in acid-base balance. They
produced the first paper showing the interrelation-
ships between these variables and pulmonary vascu-
lar changes.8

Julien Hoffman, who had worked with Abe in
Boston, joined the team in 1961. In Boston, they
had studied pressure contours in patients with con-
genital heart block,9 and in New York they collabo-
rated on clinical research, including projects such
as investigating the natural history of ventricular
septal defects.

California

Abe's reputation had grown, and in 1967, Dr Julius
Comroe recruited him to the University of
California, San Francisco. The offer was delivered
on a hand-written sheet of Governor's House Hotel
stationery, which was where Dr Comroe stayed when
serving on various committees of the National
Institutes of Health in Bethesda. Having just
received approval for a large program project grant,
he wanted Dr Rudolph to join him, because
Dr William Tooley, who was to head the nursery,
had recommended Rudolph as the ideal candidate.
Dr Rudolph and Dr Tooley had met at a conference
and exchanged ideas about the arterial duct.

Dr Rudolph moved to San Francisco accompanied
by his colleagues, Drs Heymann and Hoffman, and
there they began a large number of studies, using the
fetal sheep model to investigate the physiology of
the fetal circulation.

He was always interested in having the knowledge
he gained from solving laboratory problems applied
to patients, and vice versa. Nowhere was this more
evident than in the body of work documenting the
effect of prostaglandins on the arterial duct. A Swedish
physician, Dr Thalme, had noticed that salicylates
closed the arterial duct in rodents. Drs Rudolph
and Heymann initiated a series of studies to investi-
gate this effect in the fetal and neonatal lamb.
After gaining experience with this pharmacological
manipulation, they began to close the arterial duct
in human infants, first using aspirin, and then

Indomethacin, a more powerful inhibitor of prosta-
glandin synthetase. In tandem with Dr Friedman's
group from San Diego, they published a paper on the
use of Indomethacin in closing the duct in premature
infants.11

As well as being engaged in the Indomethacin
project, Dr Rudolph worked on the use of prosta-
glandin to keep the arterial duct open. Drs Cocciani
and Olley had published their initial observations
using isolated lamb ducts, showing that prosta-
glandin caused dilation, and Starling had reported
that the duct could be opened in human infants
by prostaglandin. Dr Rudolph's team began to pursue
and extend these observations.12

Dr Rudolph's many observations in the lamb have
enriched our understanding of the hemodynamics of
the normal circulation in the fetus, the effects of
stress on the circulation, and the effects of congenital
cardiac lesions on prenatal circulation and circula-
tory development. In addition, they have helped us
to understand the changes in the circulation that
occur after birth, and the interrelationships between
these changes and congenital cardiac anomalies. As
one example, his work on ventricular hypertrophy
following banding of the pulmonary trunk led to
further studies of the mechanisms of myocardial
growth before and after birth.13

He also contributed enormously to the field of
obstetrics, where his investigations of circulatory
physiology led to an appreciation of how different
forms of stress such as hypoxemia, cord occlusion, and
decreased umbilical flow, contributed to fetal distress.
He also made seminal contributions to many areas
of fetal physiology and biochemistry. He enjoyed
collaborating with people from different disciplines,
including collaborations in fetal endocrinology
with Dr Peter Gluckman of New Zealand.14 Also, he
collaborated with Dr Les Benet to study pharmaco-
kinetics and pharmacodynamics in the maternal-fetal
unit.15 Abe has looked upon his training of physicians
who would go on to become world leaders in fetal and
post-fetal research among his greatest contributions.

After 30 years as Chief of Pediatric Cardiology,
Dr Rudolph assumed the position of Chairman of
the Department of Pediatrics. He took on the role
of educator seriously, devoting substantial energy to
improving the residency training program. He also
supervised a number of candidates for the degree
of Doctor of Philosophy in physiology and pharma-
cology. Abe recalled particularly his supervision of
Drs Laurene Wang and Harold Klopfenstein.16

The variety of committees, research boards, and
councils on which he has served are too numerous to
enumerate (Fig. 6). Of the prizes he has received, he
feels honored particularly by receiving the prestigious
Howland Award for Pediatrics, bestowed on him by
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Figure 6.
Photograph taken at the conference to discuss the future ofpediatric
cardiology, held at the University California, Los Angeles, circa
I960. Front Row: Forrest Adams, Dan MacNamara, James
DuShane. Sidney Blumenthal. Back Row: William Rashkind,
Abe Rudolph, Norman Talner, Paul Lurie.

the American Pediatric Society in 1999, and the
Research Achievement award, given by the American
Heart Association in 1991, because it reflects the
esteem of his peers.

The man

One of Abe Rudolph's refreshing attributes is that
he always kept an open mind about research. His
conferences with colleagues, fellows and students
often sounded more like discussions, and he encour-
aged people to voice their opinions, listening to
them with respect. He was never dogmatic, but was
open to accepting different ways of approaching
problems, and providing alternative solutions, an
attitude that encouraged independent thinking in
his students while giving him the opportunity to
rethink his conclusions. He always had a special
affection for his fellows, who have since populated
Departments of Cardiology, Physiology, Endocri-
nology, Neonatology, Gynecology and Obstetrics
around the world. His fellows have a special affection
for him too.

Abe is a sought after internationally as a speaker,
and has been invited to lecture all over the world. Of
his many experiences, he regards his first trip to China
in 197'A, invited by the Chinese government, as one of
the most memorable. The country had just begun a
complete change in its direction, which he was privi-
leged enough to experience first-hand (Fig. 7).

Throughout his career, Abe has been aided and
supported by his wife Rhona, a physician of stature

Figure 7.
Abe Rudolph on his trip to China in 1974-

in her own right. Abe acknowledges that Rhona
has had to sacrifice a great deal, including academic
aspects of her own career. For example, she relin-
quished an academic position in the field of dis-
ability in Pediatrics when Abe came to San
Francisco. Anyone who has met her has no doubt
about her forceful character and intellect. Although
her devotion was clear, she was never afraid to speak
her mind to anyone, including Abe. She has also
been intensely involved in the nurturing of their 3
children and their 4 grandchildren.

Abe and Rhona share many interests outside of
medicine. Supporters of the Arts, they regularly
attend the symphony, ballet and theatre. Both are
ardent readers and adventurous travelers, and have
seen much of the world. They have a home in
Sonoma County, California, a stone's throw away
from some of the finest California wineries, whose
products they both enjoy (Fig. 8). In addition, Abe is
a passionate gardener, his healthy annuals, perenni-
als, and vegetable patch offering testimony to the
same "golden touch" previously evident in his clini-
cal and animal work.

Abe's work in the laboratory has been a model for
all those who have ever worked with him, because
he aspired to lead by example. He was the consum-
mate research worker, conducting his own research,
participating in experiments from incision to patch-
placement to completion of physiological manipula-
tions. He was able to modify experiments-in-progress,
being familiar with all aspects of the work. He oper-
ated on all of his own preparations, and many of
those of his fellows, and wrote his own papers, which
were nearly perfect from the first draft. He rewrote
those produced by his fellows, including those of one
of the authors (Fig. 9). Within a day or two of their
arriving on his desk, many of these papers were
miraculously transformed and clarified after his
editing. Last, but not least, he kept his work area
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Figure 8.
A current photograph of Abe and Rhona at their home, called
"Kialami", in Sonoma, California.

Figure 9.
Abe Rudolph with of one of the authors, Norman Silverman, at the
time of writing this article.

spotlessly clean, a remarkable feat for anyone who
knows how messy sheep and fellows can be!

References
1. Lannon J, Rudolph AM. "Axillary-subclavian vein" compres-

sion in the costoclavicular interval. S Afr Med J 1947; 21:
441-447.

2. Heymann SC, Javett SN, Rudolph AM. Salicylate overdosage and
intoxication in infants and young children. S Afr Med J 1954; 28:
1092-1099.

3. Rudolph AM, Rokaw SN, Barger AC. Chronic catheterization of
the renal artery: technic for studying direct effects of substances
on kidney function. Proc Soc Exp Biol Med 1956; 93: 323-326.

4. Rudolph AM, Paul MH. Pulmonary and systemic vascular
response to continuous infusion of 5-hydroxytrypramine (sero-
tonin) in the dog. Am J Physiol 1957; 189: 263-268.

5. Hoffman JIE, Rudolph AM, Nadas AS, Paul MH. Physiologic
differentiation of pulmonic stenosis with and without an intact
ventricular septum. Circulation I960; 22: 385^04.

6. Rudolph AM, Drorbraugh JE, Auld PAM, et al. Studies on the
circulation in the neonatal period. The circulation in the respira-
tory distress syndrome. Pediatrics 1961; 27: 551—566.

7. Rudolph AM, Heymann MA. The circulation of rhe ferus in
utero. Circ Res 1967; 21: 163-184.

8. Rudolph AM, Yuan S. Response of the pulmonary vasculature to
hypoxia and H + ion concentration changes. J Clin Invest 1966;
45:399-411.

9. Scarpelli EM, Rudolph AM. Hemodynamics of congenital heart
block. Prog Cardiovasc Dis 1964; 6: 327-342.

10. Hoffman JIE, Rudolph AM. The natural history of ventricular
septal defects in infancy. Am J Cardiol 1965; 16: 634—653.

11. Heymann MA, Rudolph AM, Silverman NH. Closure of the
ductus arteriosus in premature infants by inhibition of prosta-
glandin synthesis. N Engl J Med 1976; 295: 530-533.

12. Heymann MA, Rudolph AM. Ductus arteriosus dilatation by
prostaglandin El in infants with pulmonary atresia. Pediatrics
1977; 59: 326-329.

13. Rudolph AM, Roman C, Gournay VA. Perinatal myocardial
DNA and protein changes in the lamb: effect of cortisol in the
fetus. Pediatr Res 1999; 46: 141-146.

14. Gluckman PD, Kaplan SL, Rudolph AM, Grumbach MM.
Hormone ontogeny in the ovine fetus. I. Circulating growth
hormone in mid- and late-gestation. Endocrinology 1979; 104:
162-168.

15. Wang LH, Rudolph AM, Benet LZ. Distribution and fate of
acetaminophen conjugates in fetal lambs in utero. J Pharmacol
Exp Ther 1985; 235: 302-307.

16. Klopfenstein HS, Rudolph AM. Postnatal changes in the circula-
tion, and responses to volume loading in sheep. Circ Res 1978;
42: 839-845.

Selected chronological bibliography
Rudolph AM, Nadas AS, Borges WH. Hematologic adjustments to

cyanotic congenital heart disease. Pediatrics 1953; 11: 454—464.
Rudolph AM, Paul MH. Chronic catheterization of pulmonary and sys-

temic circulations: a technic for repeated measurement of cardiac
output and pulmonary and systemic pressures in the unanes-
thetized dog. J Appl Physiol 1957; 10: 327-328.

Rudolph AM, Paul MH. Pulmonary and systemic vascular response to
continuous infusion of 5-hydroxytryptamine (serotonin) in the
dog. Am J Physiol 1957; 189: 263-268.

Rudolph AM, Paul MH, Sommer LS, Nadas AS. Effects of tolazoline
hydrochloride (priscoline) on circulatory dynamics of patients
with pulmonary hypertension. Am Heart J 1958; 55: 424^32 .

Rudolph AM, Mayer FE, Nadas AS, Gross RE. Patent ductus arterio-
sus. A clinical and hemodynamic study of patients in the first year
of life. Pediatrics 1958; 22: 892-904.

Rudolph AM, Cayler GG. Cardiac catheterization in infants and chil-
dren. Pediatr Clin North Am 1958; 4: 907-943.

Rudolph AM, Kurland MD, Auld PAM, Paul MH. Effects of vasodila-
tor drugs on normal and serotonin-constricted pulmonary vessels
of the dog. Am J Physiol 1959; 197: 617-623.

Rudolph AM, Drorbraugh JE, Auld PAM, Rudolph AJ, Nadas AS,
Smith CA, Hubbell JP. Studies on the circulation in the neonatal
period. The circulation in the respiratory distress syndrome.
Pediatrics 1961; 27: 551-566.

https://doi.org/10.1017/S1047951100013020 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951100013020


400 Cardiology in the Young July 2002

Barger AC, Yates FE, Rudolph AM. Renal hemodynamics and sodium
excretion in dogs with graded valvular damage, and in congestive
failure. Am J Physiol 1961; 200: 601-608.

Rudolph AM, Auld PAM, Golinko RJ, Paul MH. Pulmonary vascular
adjustments in the neonatal period. Pediatrics 1961; 28: 28—34.

Rudolph AM, Nadas AS. The pulmonary circulation and congenital
heart disease. N Engl J Med 1962; 267: 968-974.

Gootman NL, Scarpelli EM, Rudolph AM. Metabolic acidosis in
children with severe cyanotic congenital heart disease. Pediatrics
1963; 31: 251-254.

Rudolph AM, Scarpelli EM, Golinko RJ, Gootman N. Hemodynamic
basis for clinical manifestations of patent ductus arteriosus. Am
Heart J 1964; 68: 447^58 .

Danilowicz D, Rudolph AM, Hoffman JIE. Delayed closure of ductus
arteriosus in premature infants. Pediatrics 1966; 37: 74—78.

Rudolph AM, Heymann MA. The circulation of the fetus in utero.
CircRes 1967; 21: 163-184.

Rudolph AM. The changes in the circulation after birth: their impor-
tance in congenital heart disease. The Lewis A. Conner Memorial
Lecture, Dallas, Texas 1969. Circulation 1970; 41: 343-359.

Rudolph AM, Heymann MA. Circulatory changes with growth in the
fetal lamb. Circ Res 1970; 26: 289-299.

Rudolph AM, Heymann MA, Teramo KAW, Barrett CT, Raiha NCR.
Studies on the circulation of the previable human fetus. Pediatr
Res 1971; 5:452-465.

McMurphy DM, Heymann MA, Rudolph AM, Melmon KL.
Developmental changes in constriction of the ductus arteriosus:
responses to oxygen and vasoactive substances in the isolated
ductus arteriosus of the fetal lamb. Pediatr Res 1972; 6: 231—238.

Shinebourne EA, Vapaavuori EK, Williams RL, Heymann MA,
Rudolph AM. Development of baroreflex activity in unanes-
thetized fetal and neonatal lambs. Circ Res 1972; 31: 710—718.

Danilowicz DA, Rudolph AM, Hoffman JIE, Heymann MA.
Physiologic pressure differences between main and branch
pulmonary arteries in infants. Circulation 1972; 45: 410—419.

Rudolph AM, Heymann MA, Spitznas U. Hemodynamic considera-
tions in the development of narrowing of the aorta. Am J Cardiol
1972; 30: 514-525.

Kitterman JA, Edmunds LH Jr, Gregory GA, Heymann MA,
Tooley WH, Rudolph AM. Patent ductus arteriosus in premature
infants: incidence, relation to pulmonary disease, and manage-
ment. N Engl J Med 1972; 287: 473-477.

Silverman NH, Lewis AB, Heymann MA, Rudolph AM. Echo-
cardiographic assessment of ductus arteriosus shunt in premature
infants. Circulation 1974; 50: 821-825.

Cohn HE, Sacks EJ, Heymann MA, Rudolph AM. Cardiovascular
responses to hypoxemia and acidemia in fetal lambs. Am J Obstet
Gynecol 1974; 120: 817-824.

Rudolph AM, Heymann MA, Fishman MD, Lakier JR. Formalin infil-
tration of the ductus arteriosus: a method for palliation of infants
with selected congenital cardiac lesions. N Engl J Med 1975;
292: 1263-1268.

Levin DL, Rudolph AM. Heymann MA, Phibbs RH. Morphological
development of the pulmonary vascular bed in fetal lambs.
Circulation 1976; 53: 144-151.

Heymann MA, Rudolph AM. Effects of acetylsalicylic acid on the
ductus arteriosus and circulation in fetal lambs in utero. Circ Res
1976; 38: 418-422.

Lewis AB, Heymann MA, Rudolph AM. Gestational changes in pul-
monary vascular responses in fetal lambs in utero. Circ Res 1976;
39: 536-541.

Heymann MA, Rudolph AM. Ductus arteriosus dilatation by
prostaglandin Ej in infants with pulmonary atresia. Pediatrics
1977; 59: 326-329.

Levin DL, Hyman AI, Heymann MA, Rudolph AM. Fetal hyper-
tension and the development of increased pulmonary vascular
smooth muscle: a possible mechanism for persistent pulmonary
hypertension of the newborn infant. J Pediatr 1978; 92:
265-269.

Edelstone DI, Rudolph AM, Heymann MA. Liver and ductus venosus
blood flows in fetal lambs in utero. Circ Res 1978; 42: 426—433.

Fishman NH, Hof RB, Rudolph AM. Models of congenital heart
disease in fetal lambs. Circulation 1978; 58: 354—364.

Clyman RI, Mauray F, Heymann MA, Rudolph AM. Developmental
response to oxygen and indomethacin. Prostaglandins 1978; 15:
993-998.

Lister G, Walter TK, Versmold HT, Dallman PR, Rudolph AM.
Oxygen delivery in lambs: cardiovascular and hematologic devel-
opment. Am J Physiol 1979; 237: H668-H675.

Clyman RI, Mauray F, Rudolph AM, Heymann MA. Age-dependent
sensitivity of the lamb ductus arteriosus to indomethacin and
prostaglandins. J Pediatr 1980; 96: 94-98.

Clyman RI, Mauray F, Roman C, Rudolph AM, Heymann MA.
Glucocorticoids alter the sensitivity of the lamb ductus arteriosus
to prostaglandin E2. J Pediatr 1981; 98: 126-128.

Rudolph AM, Itskovitz J, Iwamoto HS, Reuss ML, Heymann MA.
Fetal cardiovascular responses to stress. Semin Perinatol 1981; 5:
109-121.

Fisher DJ, Heymann MA, Rudolph AM. Regional myocardial blood
flow and oxygen delivery in fetal, newborn and adult sheep. Am J
Physiol 1982; 243: H729-H731.

Rudolph AM. Hepatic and ductus venosus blood flows during fetal life.
Hepatology 1983; 3: 254-258.

Itskovitz J, LaGamma EF, Rudolph AM. Baroreflex control of the cir-
culation in chronically instrumented fetal lambs. Circ Res 1983;
52: 589-596.

Breall JA, Rudolph AM, Heymann MA. Role of thyroid hormone in
postnatal circulatory and metabolic adjustments. J Clin Invest
1984; 73: 1418-1424.

Teitel DF, Sidi D, Chin T, Brett C, Heymann MA, Rudolph AM.
Developmental changes in myocardial contractile reserve in the
lamb. Pediatr Res 1985; 19: 948-955.

Wang LH, Rudolph AM, Benet LZ. Pharmacokinetic studies of the
disposition of acetaminophen in the sheep maternal-placental-
fetal unit. J Pharmacol Exp Ther 1986; 238: 198-205.

Teitel DF, Iwamoto HS, Rudolph AM. Effects of birth-related events
on central blood flow patterns. Pediatr Res 1987; 22: 557—566.

Hawkins J, Van Hare GF, Schmidt KG, Rudolph AM. Effects of
increasing afterload on left ventricular output in fetal lambs.
CircRes 1989; 65: 127-134.

Townsend SF, Rudolph CD, Rudolph AM. Changes in ovine hepatic
circulation and oxygen consumption at birth. Pediatr Res 1989;
25: 300-304.

Teitel DF, Iwamoto HS, Rudolph AM. Changes in the pulmonary circu-
lation during birth-related events. Pediatr Res 1990; 27: 372-378.

Itskovitz (Eldor) J, LaGamma EF, Bristow J, Rudolph AM.
Cardiovascular responses to hypoxemia in sinoaortic-denervated
fetal sheep. Pediatr Res 1991; 30: 381-385.

de Vroomen M, Takahashi Y, Gournay V, Roman C, Rudolph AM,
Heymann MA. Adrenomedullin increases pulmonary blood flow
in fetal sheep. Pediatr Res 1997; 41: 493^97 .

van Bel F, Sola A, Roman C, Rudolph AM. Perinatal regulation of the
cerebral circulation: role of nitric oxide and prostaglandins.
Pediatr Res 1997; 42: 299-304.

Rudolph AM. Myocardial growth before and after birth: clinical impli-
cations. Acta Pediatr 2000; 89: 129-133.

https://doi.org/10.1017/S1047951100013020 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951100013020

