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Science, Creativity, and Serendipity
Morton A. Meyers1

All things are meaningless
accidents, works of chance
unless your marveling gaze,
as itprobes, connects and orders,
makes them divine...
Wilhelm Wilims
God Speaks [1]

In this Roentgen centennial
year, honoring the epochal dis-
covery of the X-ray in 1895 [2], it
is particularly appropriate to
reflect on the circumstances of
creativity that lead to important
discoveries in science. In radiol-

c , as in gen. . . - . ne and surgery, histories of the develop-
ment of the discipline have generally presented a chronicle of
sequential events without specific consideration of the underlying
creative impulse [3-7]. I wish to consider features of creativity that
may be relevant to us, that may enlighten us, and that may allow
us to incorporate them individually into our view of the world and
our appreciation of the grandeur of such contributions.

What is creativity? What are the factors and charactenstics that
influence it? What circumstances provide the insight, the flash of
illumination, the spark of intuition? What are the differences and
similarities in creativity in science versus in the arts? How have
discoveries come about in science? In medicine? In radiology?

Creativity can be defined simply as the ability to bring some-
thing new into existence [8]. Two distinctions, however, must be
made immediately: the psychological sense of creativity con-
cerns ideas that are fundamentally novel with respect to the
individual mind who has the idea; and the historical sense, in
which I will be using the term, applies to ideas that are funda-
mentally novel with respect to the whole of human history [9].

Creativity in discovery-the revelation of a concept inher-
ent in the natural order of things-implies both an awe of the
understanding of the universe yet to be achieved and an
aesthetic appreciation of the beauty of unlocking its myster-
ies. This was poetically expressed by no less a luminary
than Isaac Newton:

I know not what I may appear to the world, but to
myself I appear to have been only like a boy play-
ing on the sea-shore, and diverting myself in now
and then finding a smoother or a prettier shell than
ordinary, while the great ocean of truth lay all undis-
covered before me. [10]

Thoughtful analyses of the imperatives of a creative individ-
ual have been offered. Medawar [11] states that “to be good at
science one must [have] that sense of disquiet at lack of com-
prehension.” Storr [8] refers to it as “divine discontent.. .the
discomfort of dissonance.” Bronowski [12] adds, “The creative
personality is always one that looks on the world as fit for
change and on himself as an instrument for change.”

Often, at least in the popular mind, the concept of creativity is
automatically linked with the arts rather than with the sciences.
Literature, plays, and movies depict the artist as obsessed and
struggling with inchoate needs for self-expression (Fig. 1). The
scientist, on the other hand, is generally viewed as methodical
and disciplined, in pursuit of a predetermined goal to which a
certain methodology is adapted and applied.

Yet there are marked similarities in the creative impulses
that drive both the artist and the scientist [8, 12, 14-18]. Com-
mon to both are the search for self-expression, for truth, and
for order; an aesthetic appreciation of the universe; a view of
reality; and a desire for others to see the world as one sees it.
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Fig. 3.-The bearded man. Although grouping of dark and light areas may appear random and
chaotic at first, pattern may become ordered to reveal bust of bearded man. Once recognized, it is
readily apparent on repeat viewings: “We see what we know.”
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Fig. 1.-The creative urge. Henri Matisse, recovering from colonic sur-
gery [13], continues to draw on his bedroom wall in Nice-Cimiez with
bamboo stick. (Reproduced with permission from Paris Match)

Scientific hypotheses require proof; works of art do
not. Both are concerned with creating order, with mak-
ing sense out of the world and our experience of it [8].

Science is the greatest cultural institution we have.
It is imagination in search of verifiable truth... The

whole scientific enterprise has the quality of a work of
art-yet that is unintentional. How can one fail to see
the grandeur? [19]

Albert Einstein made the search for order an act of faith
when he posed his rhetorical question, “Does God play dice
with the universe?” [20]. A creative scientist believes that funda-
mental laws of nature are decipherable by human intelligence.

Asking the Question
Visual illusions may help provide an understanding of illusions

in judgment, also known as cognitive illusions [21-26] (Figs. 2
and 3). The Gestalt psychologists have elaborated on such
things as the balances in visual perception between foreground
and background, dark and light areas, and convex and concave
contours [27]. Considered initially, an image or indeed a view of
the world may not be fully perceived in its duality or its entirety.
Once known, however, limitations in perception or in judgment
are readily overcome. This illustrates Goethe’s fundamental rule
that “we see only what we know.” The obverse of this, signifi-
cantly, is that “discovery consists of seeing what everybody has
seen and thinking what nobody has thoughr [28].

The key to thinking what nobody has thought is echoed by
a Surprising number of creative investigators. I. I. Rabi, the
Nobel prize-winning physicist, told of an early influence on
his sense of inquiry. When he returned home from grade
school each day, his mother would ask not “Did you learn
anything today?” but “Did you ask a good question today?”
[29]. Gerald Edelman [19] affirms, “. . the asking of the ques-
tion is the important thing. The taste in refining the question
is the thing I admire most about scientists... .The idea is: can
you ask the question in such a way as to facilitate the
answer? And I think really great scientists do that.” George

Fig. 2.-W.E. Hill’s “My wife and My Mother-in-
Law.’ Viewer sees either face of old woman in
profile or that of young woman partially turned
away. Both images cannot be perceived simulta-
neously. However, once each can be appreciat-
ed, the perspective can be readily shifted from
one to the other.
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Wald [30] declares, “It isn’t answers that make a scientist, it’s
questions. . . Science is a way of asking more and more
meaningful questions.” Werner Heisenberg [31] had no
uncertainty in stating, “Asking the right question is frequently
more than halfway to the solution of the problem.”

Pathways of Creative Thought

What are the pathways of thought that lead to a creative
insight [1 , 32-41]? Three major routes are generally acknowl-
edged (Table 1). Inductive reasoning, based on logical judg-
ments, represents formal ratiocination. Intuition is a less
structured, stochastic approach based on a belief that truth
underlies the appearance of things. Imagination incorporates,
even within its linguistic root, the concept of visual imagery [17,
34, 42-49]; indeed, such words and phrases as “insight” and
“in the mind’s eye” are derived from it. Yet, as Einstein has
asserted, ‘The really valuable factor is intuition. . . . There is no
logical way to the discovery of these elemental laws. There is
only the way of intuition, which is helped by a feeling for the
order lying behind the appearance” [50]. The distrust of a
purely formal or mathematical argument was shared by Niels
Bohr: “No, no,’ he would say, ‘You are not thinking; you are
just being logical.” [51]. The role of intuition was further under-
scored by Einstein: “A theory can be proved by experiment,
but no path leads from experiment to the birth of a theory” [52].

Is there a pattern, nevertheless, to creative thought? Koestler
[53] has emphasized what he terms “bisociation,” the interlock-
ing of two previously unrelated skills, or matrices of thought.
‘The real achievement [in many scientific discoveries] is seeing
an analogy where no one saw one before.” Rothenberg [54]
credits Janusian thinking, the ability to consider contradicting
ideas, concepts, or images simultaneously. In his highly influen-
tial book, The Structure of Scientific Revolutions, Thomas Kuhn
[55] introduced the concept of revolutions in science as para-
digm shifts that fundamentally follow the recognition of anoma-
lies. Indeed, it is the recognition of anomalies, discrepancies,
inconsistencies, and exceptions that often leads to the uncover-

TABLE 1: Three Pathways of Creative Thought

Reason Intuition Imagination

Logic Informal patterns of expectation
born of experience

Visual imagery

Fig. 4.-”Paradigm shifts” in circulatory system.
A, William Harvey’s representation of circula-

tion of blood, from his classic treatise Exercitatlo
Anatomica de Motu Cordis et Sanguinis in Ani-
malibus.

B, Seldinger’s depiction of technique of guid-
ed catheterization of vessel. (Reproduced with
permission from Seldinger [56])

ing of a truth, perhaps one of greater magnitude than the one
originally pursued. Writing of Charles Darwin, his son said:

Everybody notices as a fact an exception when it
is striking and frequent, but he had a special instinct
for arresting an exception. A point apparently slight
and uncorrected with his present work is passed
over by many a man almost unconsciously with
some half considered explanation, which is in fact
no explanation. It was just those things that he
seized on to make a start from [56].

Structure of Radiologic Science

In radiology, Kuhn’s paradigm shift typically has occurred
through the process of a technical advance. A new method or a
new technology-often adapted and expanded from another
field-has illuminated advances in imaging or intervention. Of all
the articles appearing in the AJR over a recent 50-year period,
the two most frequently cited [57] have been Seldinger’s work
regarding percutaneous catheter arteriography [58] and Houn-
sfield’s description of computed tomography [59]. Consequent to
the technical advance, “a base of knowledge is developed to
guide interpretation of the findings and scope of application.
Finally, the mature technique can be used in the general pursuit
of medical knowledge” [57]. Seldinger’s technique can be Iik-
ened to Harvey’s establishment of the circulation of blood (Fig.
4)-an explosive illumination that enabled vast advances. Houn-
sfield’s contribution, of course, has permitted nondissectional in
vivo detail beyond the dreams of Vesalius, Morgagni, or Virchow.

Less commonly, a theoretical basis or cognitive insight is
first established to provide the context for an orderly process
of radiologic progress [57].

Meyers’s First Law

The axiom “publish or perish” is widespread in academic cir-
des. Many articles and presentations offer little substance to an
original contribution, under the motto “publish a lot; polish a little.”

This prolixity was recently spoofed at what was headlined the
IG Nobel Prize Ceremony at the Massachusetts Institute of
Technology (Talk of the Nation, National Public Radio, 1993
MIT IG Nobel Prize Ceremony, November 26, 1993). Here, the
literature prize of 1992 was awarded to a Russian scientist who
was the author or coauthor of 948 scientific papers from 1981
to 1990, averaging one paper every 3.9 days for the entire
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TABLE 2: Meyers’s First Law

TABLE 3: Major Scientific Contributions Illustrating Meyers’s
First Law
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decade. In 1993, the prize was awarded jointly to the four
authors and the 972 coauthors of a medical research paper
published in the New England JournalofMedicine, correspond-
ing to one author for every four words in this 3700-word article.
This humor only exaggerates a recent phenomenon. The num-
ber of papers in the life sciences with more than 100 authors is
rapidly increasing, according to new figures from the Institute
for Scientific Information in Philadelphia. In medicine, there has
been a 30-fold increase in the number of “mega-author” papers
in the past 5 years, generally reporting the results of large, mul-
ticenter clinical trials [60]. A recent article in the New England
Journal of Medicine truly logged 280 authors [61].

Meyers’s First Law (Table 2) states that great conceptual con-
tributions, transcendent insights, and illuminating understandings
can be made simply and without committees. These are often
the work of one individual, and prolixity and the number of coau-
thors bear no relationship to the substance of a presentation.
This is spectacularly illustrated by major contributions to scientific
knowledge (Table 3). Roentgen’s announcement and description
of the characteristics of the X-ray, following his feverish work in
his laboratory upon its discovery, appeared in the last 10 pages
ofthe 1895 volume ofthe annals of his local physics society [62].
Einstein’s 30-page paper on [63] the special theory of relativity
was published in 1905 while he was a young clerk in the Swiss
patent office in Bern. This paper was lucidly written, with little
mathematics, few footnotes, and no references to other authori-
ties. The description of the double helical configuration of DNA
by Watson and Crick [64], leading to their Nobel prize, was stated
in fewer than 1000 words. Gerald Edelman’s paper [65] on the
interlinked “lighV’ chains and “heavy” chains of immunoglobulins,
leading to his Nobel prize in immunology in 1972, is a model of
brevity. ‘That paper had a one-sentence entry and one-sentence
conclusion, had an equation in between and a table of data, and
it changed the nature of the subject” [19]. The seminal presenta-
tion by Paul Lauterbur in Nature affirming the capability to obtain
an image through the process of nuclear magnetic resonance
was accomplished in fewer than 900 words [66].

The Ten Commandments 103 words
The Lord’s Prayer 53 words
The 23rd Psalm 118 words
Lincoln’s Gettysburg Address 266 words
U.S. Govt. Order on Cabbage Prices 26,911 words

Roentgen [62] Ueber eine neue art von Strahlen 10 pages
Einstein [63] The electrodynamics of moving

bodies
30 pages

Watson and Crick A structure for deoxyribose nucleic 943 words
[64] acid

Edelman [65] Dissociation of v-globulin 384 words
Lauterbur [66] Image formation by induced local

interactions: examples employing
nuclear magnetic resonance

840 words

Serendipity

Scientific knowledge may be pursued by many means. A
popular conception is the image of a scientist diligently pursuing
a result step-by-step in a deliberative, deductive manner. In pur-
suit of the “magic bullet” for the cure of syphilis, Ehrllch tested
one organic arsenical compound after another, finding the suc-
cessful one, arsphenamine (Salvarsan), only on the 606th
attempt [67]. The photograph of Marie Curie laboriously stirring
a huge vat of pitchblende over years to recover minute amounts
of radium has become an icon in the popular imagination.

Yet there is a powerful, often unacknowledged dynamic
underlying a stunning number of significant scientific discoveries
[32, 68-71]. This circumstance is conspicuously not generally
noted and appears to be the great secret of creativity in science.
It is the process known as serendipity. The term is derived from
a fairy tale told by Horace Walpole in 1754, entitled ‘The Three
Princes of Serendip” (Serendip representing the name for what
is now Sri Lanka). The key point of the phenomenon of seren-
dipity is illustrated in Walpole’s tale: “As their highnesses tray-
eled, they were always making discoveries, by accident or
sagacity of things which they were not in quest of [72, 73]. Its
counterpart, accidental discoveries of ways to achieve an end
sought for, may be appropriately termed “pseudoserendipity”
[74]. Yet another mechanism to which the receptive mind is alert
is illustrated by Meyers’s Second Law, which states

I have the answer!
What is the question?

The use of the inverse question, of turning an observation
inside out, of seeking the problem that fits the answer, may
be surprisingly creative.

The prime example of serendipity in the great age of explora-
tion was Columbus’ discovery of the New World. Columbus is
said to have not known where he was going, where he was
when he got there, or where he came from upon his return (Fig.
5). Only a few thoughtful participants in the fields of scientific
investigation have been forthright about the role of serendipity:

Probably the majority of discoveries in biology and
medicine have been come upon unexpectedly, or at
least had an element of chance in them, especially
the most important and revolutionary ones....
Although it is common knowledge that sometimes
chance is a factor in the making of a discovery, the
magnitude of its importance is seldom realized and
the significance of its role does not seem to have
been fully appreciated or understood. . . . Books have
been written on scientific method omitting any refer-
ence to chance or empiricism in discovery [34].

There is no body of literature to which one can
turn. . that reveals or collates the factors of chance
and serendipity in research [75].

Any scientist who is not a hypocrite will admit the
important part that luck plays in scientific discovery [12].

But luck alone is not enough. A chance observation or an
inadvertent result can be intellectually exploited only by a mind
that is open, receptive, and appreciative of its possibilities [69,
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Fig. 5.-Statue of Christopher Columbus In Barcelona, Spain. Fig. 6.-”M. Babinet prev#{233}nupar sa porti#{233}re
A and B, Upon his return from the New World, Columbus reported to King Ferdinand de Ia visite de Ia com#{233}te”by Honor#{233}Daumler. If

and Queen Isabella in Barcelona. Monument commemorates this serendipitous dlscov- single-mindedness is too focused, It will not al-
cry. However, Columbus Is depicted pointing not across the Atlantic to the Western low “the chance observation failing on the recep-
Hemisphere but across the Mediterranean toward Libya. tive eye” [76].

TABLE 4: Serendipitous Discoveries

1492
1774
1786
1828

1835
1844
1885
1889

1928
1937

1938
1965
1980
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70, 76] (Fig. 6). This was astutely framed by Louis Pasteur: “In
the field of observation, chance favors the prepared mind.” [77].

The roster of serendipitous discoveries of fundamental phe-
nomena in earlier centuries and of now commonplace commer-
cial products absorbed into our culture has been recounted in
several popular publications [74, 78, 79] (Table 4).

Serendipitous Discoveries in Medical Disciplines

It is my thesis, after researching multiple sources including
numerous personal interviews, that many of the significant
discoveries in the major disciplines of medicine (Table 5)
have come about through the process of serendipity (Meyers
MA, Leo Rigler Memorial Lecture, October 1994). Three
examples illustrate this dramatically.

First, the circumstances of the discovery of the bactericidal
nature of penicillin by Alexander Fleming have become leg-
endary. While working with cultures of Staphylococcus aureus
in his laboratory in 1928, a mold entered from the London air
through an open window, settled on one of his Petri dishes,
and destroyed some bacterial colonies. Fleming later noted:
“But for the previous experience [with lysozyme; see refer-

Discovery of the New World (Christopher Columbus)
Discovery of oxygen (Joseph Priestly)
Discovery of electric current (Luigi Galvani)
Synthesis of urea: foundation of organic chemistry
(Friedrich Wohler)
Invention of photography (LJM Daguerre)
Vulcanization of rubber (Charles Goodyear)
Saccharine (Constantine Fahlberg)
Discovery of role of the pancreas in diabetes
(von Mering and Minkowski)
The Pap test (George Nicholas Papanicolaou)
Nylon (Wallace Hume Carothers)
Cyclamates (Michael Sveda)
Teflon (Roy J. Plunkett)
Aspartame (James Schlatter)
Minoxidil (Anthony Zappacosta; Virginia Fiedler-Weiss)

ence 80], I would have thrown the plate away, as many bacte-
riologists must have done before. . It is also probable that
some bacteriologists have noticed similar things. . but in the
absence of any interest in naturally occurring antibacterial
substances, the cultures have simply been discarded. . .“ [74].

Second, the era of cancer chemotherapy was also entered
inadvertently. In World War II, a Liberty ship docked in Bari, Italy,
and loaded with 100 tons of mustard gas was bombed. Leukope-
nia developed in many of the sailors who were recovered from
the water. This observation led to the initial uses of nitrogen mus-
tard compounds in selected cases of lymphoid neoplasms [81].

Third, the use of lithium in treating bipolar disorders is an
outstanding example of pseudoserendipity. John Cade, an
Australian psychiatrist, conjectured that a disorder of purine
metabolism was the basis of the manic-depressive syn-
drome. Using the most soluble urate salt, lithium urate, and
subsequently lithium carbonate in crude animal investiga-
tions, he falsely attributed beneficial results to what now
seems to have been a toxic effect. It was not until over 20
years later that extensive application to patients in the
United States proved the success of the lithium ion [82-84].

Creativity in Radiology: Imaging and Intervention
Multiple factors have contributed to creative advances in

radiology: serendipity, “the prepared mind,” visual imagery,
concepts of synthesis, ingenuity, and inverse thinking.

TABLE 5: Major Disciplines of Medicine in Which Serendipitous
Discoveries Have Played a Major Role

Antibiotics
Anesthetic agents
Anticoagulant drugs
Chemotherapy of neoplastic diseases
Psychotropics
Psychedelics
Antiepileptic drugs
Cardiovascular drugs
Immunology
Cell biology
Radiology
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Fig. 7.-Wilhelm Conrad Roentgen. thing made commercially for quite a while.

Discovery of the X-Ray

The discovery of the X-ray itself is a prime example of ser-
endipity. Intent on his work on the Crookes’ tube, Roentgen
(Fig. 7) nevertheless remained alert to the unexpected fluo-
rescent glow in the corner of his darkened laboratory, think-
ing at first that it was due to sunlight creeping beyond his
window shutters: “I discovered by accident that the rays pen-
etrated the black paper” [85].

Tomography

Ziedses des Plantes [86, 87] extended the principles of
optics to radiology. In peering through a microscope and
focusing on a plane in a glass slide, he conjectured that the
same possibility of viewing an internal plane within the body
could be achieved by X-rays. On the way home from a party,
it occurred to him that superimposition of structures could be
avoided by simultaneous movement of the X-ray tube and
plate. He approached the chief of the X-ray service with his
idea; it was considered of no practical value. He lost interest
in “planigraphy” for several years, only later to design an
apparatus with spiral movement for the process now more
widely known as tomography (Rosenbusch G, personal
communication).

Subtraction Method

In the clinical applications of angiography, opacified vessels
are frequently obscured by superimposed bony structures.
Like a sculptor removing material to reveal and enhance the
core of a form [88], Ziedses des Plantes [89] devised a tech-
nique to solve the problem. While sitting near the Opera
House in Vienna and drinking a beer, he was suddenly struck
with the idea of covering an angiogram with a diapositive of
the plain roentgenogram, leaving only the opacified vessels
(Rosenbusch G, personal communication).

Cholecystography

In Warren Cole’s pursuit of the goal of opacification of the
gallbladder in the early 1 9205, serendipity played a key role.
Cole has recounted the incident [90]:

I must have injected as many as 200 dogs and rab-
bits without obtaining a single gallbladder shadow....

After four and a half months of negative results we
finally obtained a gallbladder shadow in one of our
dogs. . . . I injected two or three dogs on each of the
next few succeeding days but not a single shadow
was obtained. I. . could find no lead as to why we
should obtain an excellent shadow of the gallbladder
in one animal but none in any of the others.

Finally, in desperation, I looked up Bill (the animal
caretaker) and asked him if he had done anything to
that particular dog which we had not done to the oth-
ers. . . . “Well, Dr. Cole, there was one thing somewhat
different. I forgot to feed that dog the morning you
injected him”. . . . Subsequent experiments during the
next few days proved that the role of food in the pre-
vention of filling of the gallbladder was an all-powerful
one. . . . We moved rapidly to develop a technique
which could be utilized in the human being.

Development of Oral Cholecystography from Recognition of
Enterohepatic Circulation

The progression of Cole’s intravenous route, with its multi-
pie disadvantages, to an oral method was brought about by
yet another fortuitous observation:

In doing a routine gastro-intestinal series follow-
ing cholecystography by intravenous injection, Sos-
man noticed that the gall-bladder shadow, which
was absent at 24 hours, had reappeared at the end
of 72 hours. This indicated that after salt had been
excreted by the biliary system some of it was
absorbed from the alimentary canal and again
excreted in the bile, thus allowing a second chole-
cystogram 72 hours after the first [91].

Hypotonic Duodenography and Catheter Retrieval of Foreign
Body from the Gastrointestinal Tract

Detailed study of the atonic duodenum was advanced with
great ingenuity by guided catheterization of the gastrointestinal
tract with a homemade nasogastric tube and wire guide [92].
Reflecting on her work with Charles Dotter, Marcia Bilbao con-
veys the elegant simplicity and enthusiasm of her innovations:

When the need for a duodenal tube came up,
Charles Dotter reached in his waste basket and pulled
out a length of Belden insulation that had been
stripped from some intercom wire. The inside of it was
rifled from fitting to the twisted wires. I think that made
it work better. We tied a tip onto it from some other
tube and a luer lock fitting. It worked better than any-
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Fig. 8.-Sven-lvar Seldinger. Fig. 9.-Joseph R#{246}sch.

The guide wire for the tube was adapted from a
Volkswagen speedometer cable by removing the
outer two layers of wire, soldering and smoothing
the front end and putting a knob on the back end.

We adapted that wire to retrieve a foreign body
(tube fragment) from the GI tract by soldering a
safety pin to it [93].

It was wonderful fun to make things to fit the need
at hand. (Bilbao M, personal communication).

Double-Contrast Gastrointestinal Studies

In Sweden, a landmark study in 1963 based on double-
contrast barium enema by Wetin et al. [94] refined the identif i-
cation and understanding of the serial growth of colorectal
polyps. About 10 years later in Japan, where gastric carci-
noma is a common disease, Shirakabe [95] detailed double-
contrast studies of the stomach. A forceful synthesis was not
provided, however, until Laufer’s monumental and widely pop-
ular book [96], with valuable extensions of the applications.
Comparing the aesthetic simplicity of minimalist art with
Shirakabe’s concept of point, line, and area as the basic build-
ing blocks for the interpretation of mucosal patterns displayed
by double-contrast studies, Laufer explains his impetus:

There was a need for simplicity, to bring every-
thing-the disparate parts-into the same frame-
work, and carry it over to other conditions such as
ulcers and inflammatory bowel disease (Laufer I,
personal communication).

Percutaneous Guided Angiography

Seldinger (Fig. 8) can pinpoint virtually the precise second of
his revelation regarding his technique of percutaneous angiog-
raphy [97]. Initial attempts to fit a needle into the end of a cathe-
ter through a side hole, thereby introducing the catheter within

the artery and subsequently removing the needle, proved
unsuccessful. Even with the use of a guidewire through this
entrance, difficulties were encountered. “I stood in the lab quite
sad with the three items in my hand: the needle, the guide wire
and the catheter” [97]. Then, in what Seldinger whimsically
attributes to “a severe attack of common sense” (Seldinger S-I,
personal communication), “suddenly I was aware of how they
should be properly used. So if you put it that way, the time con-
sumed for the invention was approximately one second” [97].

“My grandfather was a talented mechanic and constructor
of tools and similar things. As a boy I spent many days at the
little factory and attained a fondness of things, of the clever
and cunning kind” (Seldinger S-I, personal communication).

In that moment’s transcendent insight, this “fondness” for
ingenuity and creativity established a medical milestone.

Transjugular Intrahepatic Portosystemic Shunting

The contribution of “the prepared mind” in recognizing the
value in what others might see as a distraction or a complica-
tion is made vivid by the experience of Joseph ROsch (Fig. 9):

In Prague, I had interest in portal hypertension and
had been involved in many studies of splenoportogra-
phy. I was recruited to Portland, Oregon by Charles
Dotter who widened my orientation. Then, as a Visiting
Professor working with William Hanafee at UCLA, we
developed the technique of transjugular cholangiogra-
phy. This was a good technique with fewer compIica-
tions than the percutaneous trans-hepatic approach.
However, occasionally we inadvertently punctured the
portal vein. Following aspiration of blood, injection of
contrast showed opacification of the portal vein. I imme-
diately saw this as a way for access to the portal
venous system. Over that year, we developed the tech-
nique of transjugular approach to the portal venous sys-
tem, creating the shunt with dilating coaxial catheters
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(Wallace 5, personal communication). Fig. 10.-Godfrey Hounsfield.

and rigid tubes. I published this as a Work in Progress
in 1969 [98]. It was initially rejected by three surgical
journals (they thought I was crazy!) and finally was pub-
lished as a complete and well-documented scientific
article [99] in 1971 (ROsch J, personal communication).

Selective ArterialEmbolization forAcute Gastrointestinal Bleeding

This innovation represents a leap in thinking born of necessity.

In the control of gastrointestinal bleeding, intraarterial
infusions of vasopressin were often unsuccessful.

In 1970, in a cirrhotic patient with a bleeding gastric
antral ulcer, infusion of epinephrine into the common
hepatic artery stopped the bleeding, but it recurred
severely. The idea occurred to me that I must some-
how occlude the bleeding vessel, meaning I needed to
embolize it. Whatto use? Her own blood clots! I knew I
must go across the limits of normal thinking beyond
the conventional approach. This case was reported
[100] and since then, embolism is a widespread tech-
nique (R#{246}schJ, personal communication).

Transcatheter Arterial Embolization of Tumors

The major advance of transcatheter embolization of
tumors came about not through a carefully designed investi-
gative protocol but through the windfall of serendipity.

Years ago in a patient with hepatocellular carci-
noma, selective angiography resulted in dissection of
a branch of the hepatic artery to the tumor. One month
later, the patient had much improved and a follow-up
arteriogram showed that we had occluded the artery. It
was this recognition that led to attempts to achieve
intra-arterial embolizations at M.D. Anderson Cancer
Center (Wallace 5, personal communication).

Gianturco Coil for Embolization and Z-stent

Gianturco stainless steel coils (Cook, Bloomington, IN) for
transcatheter arterial embolization were developed in a series
of ingenious steps, by adding cotton fibers to short segments
of stainless steel tubing to increase their thrombogenicity, cut-
ting the tips of the guidewire and angulating the mandril to
create a helical formation, and adding wool fibers as a nidus
for thrombosis [101]. This technique [102] was ultimately suc-
cessfully applied to hypernephromas in patients to reduce
bleeding during nephrectomy and a range of other conditions
(Gianturco C, Wallace 5, personal communications).

One of the earliest uses was quite dramatic.

A patient with an A-V fistula between the carotid
artery and the jugular vein was admitted to a hospital
across the street from M. D. Anderson Cancer Cen-
ter and Cesar Gianturco and I were called in consul-
tation. An oil man had fallen through a window and
glass had punctured his neck. A local MD sutured
the laceration but weeks later he developed a loud
bruit. The patient thought he had an oil gusher in his
ear! We used coils to successfully close the fistula.

At this point, these clinical investigators at M. D. Anderson
Hospital were able to ask themselves the reverse question.
Having successfully closed a vessel with an abnormal commu-
nication, how would a stenotic site be opened? This pursuit over
several years led to the development of the balloon-assisted
Flex-Stent and the metallic self-expanding Z-stent [103-105].

Computed Tomography

Godfrey Hounsfield (Fig. 10) applied his knowledge and
experience in engineering to the basic goal pursued by radi-
ologists daily in their visual search: pattern recognition.

I was given the opportunity to. . think of other
areas of research which I thought might be fruitful.
One of the suggestions I put forward was connected
with automatic pattern recognition, and it was while
exploring various aspects of pattern recognition and
their potential, in 1967, that the idea occurred to me
which was eventually to become the EMI-Scanner
and the technique of computed tomography [106].

Magnetic Resonance Imaging

In 1952 BIoch and Purcell were awarded the Nobel prize for
physics for nuclear magnetic resonance. Twenty-one years later,
Paul Lauterbur (Fig. 11), a chemist atthe State University of New
York at Stony Brook, in a landmark announcement, established
thatthis process could be used to produce an image [66] (Fig. 12).

I had had much experience for many years in
nuclear magnetic resonance: molecular structures
and similar applications.

In 1971 I was observing another investigator study-
ing relaxation times in strips of tissue from certain
tumors, following up Damadian’s paper that some ani-
mal tumors have remarkably long water proton NMR
relaxation times, and I wondered how to measure
NMR relaxation times within a living animal. Encoding
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Fig. 11.-Paul Lauterbur.
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I am indebted to Victor Weisskopf’s memoir [1] for the citation of
the poem at the beginning of this article.

B
Fig. 12.-First published images produced by nuclear magnetic resonance. (Reproduced with per-

mission from Lauterbur [66].)
A, Two glass tubes of water In field of magnetic gradients.
B, Spatial image of protons. Lauterbur forecast that these “techniques should find many useful

applications in studies of the Internal structures, states, and compositions of microscopic objects.”

frequency by using an inhomogeneous magnetic field
in principle provides methods of determining where
the signals come from. The question was how to make
a complete image from a number of encodings. In
September 1971 , I used a variety of linear gradients
with different orientations from which an image could
be computed and worked out a mathematical algo-
rithm for this; the calculation was based on equations
in the literature for the signal-noise ratio. Then I looked
at the magnet literature and there were designs mdi-
cating the feasibility that an apparatus for a uniform
low magnetic field could be built. Everything fell into
place! (Lauterbur PC, personal communication)

The exhilaration in the statement “Everything fell into
place!” conveys multiple parameters: an incisive and recep-
tive mind, the joy of insight, the aesthetic elegance of a syn-
thesis, and the introduction of a new view of the universe.

Conclusion
Creativity in science shares with the arts many of the same

impulses: self-expression, an aesthetic appreciation of the uni-
verse, and a search for truth and a view of reality. As Matisse
said “all art worthy of the name is religious” [107], so may it be
said of science. It is “imagination in search of verifiable truth”
[18], requiring a “feeling for the order lying behind the appear-
ance” [50]. Synthesis, rather than analysis, may be the key to
creative achievement. An epiphany occurs to a single individ-
ual. There follows understanding into the nature and dynamics
of events and thereby their predictability, management, and
consequences. Scientific revelation brings order to chaos.
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