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Foreword to Third Edition 
Sir James Black 

Fifty years ago, I was learning the elementary 
principles of surgery as a medical student. That 
was still the era when surgery was about pus and 
blood; medicine was about prayers and poultices! 
The surgical imagination was circumscribed by 
what could be seen. The bedrock of surgery, in 
those days, was gross anatomy. Gray'sAnatomywas 
every medical student's incubus. I have to say that 
I had no interest in a career in surgery. My school 
motto was "Lux in tenebris" (light in darkness) 
and to me it was physiology, not anatomy, that I 
thought would shine light in to the dark places of 
medicine. Fifty years ago, I had no idea that il
lumination would come from a new kind of anat
omy, a chemical anatomy. The molecular and ge
netic revolution was an unimagined future. 

Today, the excitement in surgery is about es
pousing the new molecular anatomy. Surgeons 
still see the blood and gross anatomical structures 
as the operation progresses, but their mind's eye 
is now focused on invisible structures-the 
growth factors, interleukins, adhesion molecules, 
second messengers, and transcription factors
that may be disturbed by the disease and by the 
knife. Today's surgeon is an implicit molecular bi
ologist. The laboratory is becoming as important 
as the operating theater. Concerns about mea
surement, evaluation, concepts, and theories have 
led to the development theoretical surgery, a wholly 
new academic discipline. The name may sound 
like an oxymoron, but it aptly sums up the nature 

of the revolution. In addition to excursions to the 
laboratory, the database of academic surgery has 
been expanded by development of controlled 
clinical trials and clinical audit. Surgical judgment 
is constantly being sharpened by evaluation. 

Fifty years from now, what will surgery be like? 
Trauma will always be with us. So, so will surgery! 
Perhaps it will have a new millennial name, like 
"tissue engineering," but we can be sure that sur
geons as we know them today will still be around, 
and we can be sure that they will have adapted to 
changes in both understanding and patterns of 
disease. The speed with which surgeons re
sponded to the loss of their bread and butter with 
the arrival of the histamine H 2-receptor antago
nists was truly remarkable. So what will they be 
up to? Before the middle of the next century there 
will be deep insight into how the physiological 
processes of cell division, chemotaxis, and apop
tosis are controlled and regulated. The kinetics 
and rate-limiting steps of control sequences of 
commands will be common knowledge. The 
parallel-coupled interactions between simulta
neously operating linear pathways, both within 
and between cells, will be well understood. Many 
control arrangements will probably be recognized 
to have neural-net complexity, with built-in re
dundancy, operating at the edge of chaos. We can 
speak and write only in narrative form, one event 
following another in a linear pathway. Compre
hension of nonlinear, parallel-coupled, hierarchi-
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cally organized biological systems can probably be 
achieved only by mathematical models that will 
probably have become accepted by surgeons as in
dispensable working tools. Why do I imagine that 
surgeons will ever be bothered to master all this 
stuff? Because I think that then as now, surgeons 
will be where the action is. Organ transplantation, 
one of the major successes of surgery in this cen
tury, was built on the back of advances in im
munology. I imagine that, in the next century, sur
geons will be busy with programmed cell 
transplantation that will exploit advances in cell 
biology. Cells from a patient's sick sinoatrial node, 
incompetent sphincter, or diseased brain might be 
removed, cultured with specific growth factors, 
and transfected with genes for specific chemotac
tic factors to create a command center that will 
attract appropriate nerve endings when it is sur-

gically grafted back into the sinoatrial node or 
sphincter or brain. Surgical cell and tissue engi
neering could add another revolution to medical 
science. Fantasy? Probably. We can be sure, how
ever, that there will be surgeons, busy as always, 
and closely in touch with the biomedical science 
of the day. 

This book, written by an outstanding group of 
thoughtful surgical scientists, clearly indicates 
that their eyes are cocked to the surgical science 
of the future. Their energy and scholarship make 
me feel confident about the future of surgical re
search. 

68 Half Moon Lane 
Dulwich, London, England SE24 9JE 



Foreword to Second Edition 
R.L. Cruess 

This book addresses problems that are fundamen
tal to the future of surgical practice. Although the 
enormous impact of technology on the practice of 
medicine has broadened the types of therapy that 
are possible, it has tended to reemphasize the age
old pressures to make surgeons into technicians 
rather than compassionate physicians or scientists. 
Nevertheless, without an ongoing and regularly 
updated scientific basis for surgical practice, sur
geons do indeed become mere technicians. 

John Hunter became a surgeon in the late 18th 
century when surgery was a craft rather than a 
science. By the time he died, he had incorporated 
science as an essential part of surgery and had 
founded a tradition of investigation that has re
mained unbroken ever since. The pride of sur
geons in their skills and knowledge, and the in
tellectual satisfaction they gain from the surgical 
act are derived from this tradition. 

It is surgeons who must pose the questions 
about the surgical aspects of the diseases they 
treat. The nutritional problems and requirements 
of surgical patients were not defined until they 
were investigated by surgeons, and the therapeutic 
intravenous solutions we now use were developed 
in surgical research laboratories. 

Modern joint replacements are the result of sur
geons' investigations of the problems posed by ar
thritic patients, and surgeons have participated ac
tively in identifying the causes of arthritis. Much 

of our present understanding of epilepsy devel
oped in response to questions posed by neurosur
geons, and a host of other examples demonstrate 
how patients have benefitted from the questions 
surgeons ask. 

Shifts in the academic centers of surgery during 
the last 150 years have been uniformly based on 
surgeons' perceptions of the state of the surgical 
sciences throughout the world. Surgeons have 
traveled for their training and intellectual enrich
ment to the centers at the forefront at any given 
time. The European centers that had such great 
influence in the late 19th and early 20th centuries, 
the renowned teaching hospitals in the United 
Kingdom, and the great academic centers in 
North America have all been built around re
search laboratories and inquiring surgical minds. 

No operating surgeon or anaesthetist is satisfied 
with all aspects of contemporary surgical and 
clinical management. Accordingly, research is not 
just desirable, it is a necessity imposed upon us. 
The authors of this book are attempting to lay 
down a proper framework for the organization of 
surgical research. The benefits will not be for sur
geons but for mankind. 

McGill University 
Montreal, Canada 



Foreword to First Edition 
J C. Goligher 

For some readers, the title of this book will im
mediately raise the question, what exactly is meant 
by surgical research? In the very broadest sense, 
the term can be taken to include all endeavors, 
however elementary or limited in scope, to ad
vance surgical knowledge. Ideally, it refers to well
organized attempts to establish on a proper sci
entific basis (i.e., to place beyond reasonable 
doubt) the truth or otherwise of any concepts, old 
or new, within the ambit of surgery and, of course, 
anaesthesia. 

The methods used to achieve that end vary 
enormously, depending on the issue being inves
tigated. They comprise a wide range of activities 
in the wards, outpatient clinics, operating rooms, 
or laboratories, such as simple clinical or operative 
observations and clinical or laboratory investiga
tions involving biophysics, biochemistry, pathol
ogy, bacteriology, and other disciplines. Well
planned animal experimentation is exceedingly 
important, and it is well to remember the old tru

ism that every surgical operation is a biological 
experiment whose results, unfortunately, are not 
always as carefully documented and analyzed as 
they should be. When the findings of any clinical, 
operative, or laboratory study are being consid
ered, stringent statistical methods must be applied 
to ensure that any conclusions rest on a statisti
cally sound basis. 

Surgery provides an almost unlimited range of 
topics for research. Much of what is practiced and 

taught in surgery consists of traditional concepts 
passed from surgical teacher to surgical trainee by 
example, by word of mouth, or by standard texts, 
without ever having been submitted to really ob
jective assessment. Every year we see scores of 
promising new ideas emerging on the surgical 
scene to challenge orthodoxy. Although these in
novations are often greeted with great optimism, 
a factual basis for that enthusiasm is sometimes 
far from secure, and much further work is fre
quently required to discover whether we are deal
ing with genuine advances. 

The most exciting and attractive scenario for 
surgical research is unquestionably one that de
picts a successful attempt by a researcher to estab
lish the accuracy of some bold innovation for 
which he himself is responsible. Joseph Lister, 
demonstrating by clinical trial that wound sup
puration could be combated by antiseptic mea
sures, comes to mind, along with Lester Dragstedt 
showing by experimental and clinical studies that 
vagotomy could playa valuable role in the treat
ment of peptic ulcer disease. 

In all well-developed countries, and most no
tably in the United States, there is now strong 
pressure on surgeons in training to engage in a 
period of research in order to foster a critical at
titude toward the appraisal of the results of sur
gical treatment, and to stimulate a continuing in
terest in combining investigative work with 
clinical practice. 
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Hitherto, acquainting the tyro researcher with 
the methods appropriate to his or her particular 
project has usually depended on the guidance of 
more experienced colleagues working in the same 
field, and on the acquisition of a gradually increas
ing understanding of how to conduct research as 
the result of being in a research environment. It 
is very surprising that there has been no textbook 
to which the young researcher could turn to secure 
a more systematic presentation of the various 
matters of importance in undertaking surgical 
research. Hans Troidl, David Mulder, Martin 
McKneally, Walter Spitzer, and Bucknam McPeek 
are to be congratulated most warmly on their great 
perspicacity in recognizing the claimant need for 
a work providing this sort of information and, 
even more, on the supremely effective way in 
which they have met that need by the production 
of their new book. 

Principles and Practice of Research covers its sub
ject in an unusually comprehensive way that in
cludes not only the conduct of research in general, 
but also the special facilities and problems en
countered in several personal attributes that are 
conducive to success in research, such as a certain 
amount of open-mindedness combined with the 
enthusiasm and determination needed to carry a 
project through to its ultimate conclusion despite 
the various obstacles that may be encountered en 
route. Not to be forgotten in this connection is 
the decisive role played by sheer good luck in 

achieving a successful outcome in research-as is 
true of many other activities in life. An impor
tant subsidiary matter in the prosecution of in
vestigative work is how to present an account of 
that work and its results most effectively, at sub
sequent meetings or discussion groups and in 
publications; this book offers very helpful advice 
on all these points. Very appropriately, a conclud
ing section affords an inspiring appraisal of future 
prospects in surgical research by that great sur
geon-researcher, Francis Moore of Boston, whose 
contributions to surgical knowledge are legion. 

I have no doubts that Principles and Practice of 
Research will be very widely read and greatly ap
preciated, not only by surgical trainees starting on 
research work, but also by experienced researchers 
and established surgeons who will welcome the 
wealth of information it provides on every facet 
of surgical research. Since research follows essen
tially the same principles in anaesthesia, medicine, 
obstetrics, gynecology, and other fields of clinical 
activity, this book should prove equally helpful to 
beginning or established investigators in other 
branches of health care. It cannot, in my judg
ment, fail to secure an assured place in the libraries 
of all medical schools, departments of surgery, and 
clinical departments the world over, as well as in 
the studies of many individual purchasers. 

University of Leeds 
Leeds, England 
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Introduction to Third Edition 
Hans Troidl 

Six years have passed since the publication of the 
second edition of our textbook on Surgical Re
search, and it is now 11 years since the introduc
tion of the first edition. The editors and publishers 
felt compelled to present a third edition for several 
reasons. As always, there was the need to improve 
upon our work. Our friends, colleagues, and re
viewers have given us good ideas. We have at
tempted to respond by condensing discussion, 
reducing overlap, and filling in missing compo
nents. We have added topics that have recently 
come into prominence, and strengthened areas 
needing improvement. We are motivated not just 
as a reaction to deficiencies; we are writing for the 
fun of working together. We favor fun as a mo
tivating force in scholarship, balanced carefully 
with the work of learning, thinking, and writing. 

We have continued to use the format of brief 
chapters, permitting them to be comfortably read 
between dinner and bedtime. Mter 11 years of 
emphasis on the academic surgeon as our target 
audience, we realize today that every surgeon 
needs these same methodological tools, because 
every surgeon is a scientist. We have changed the 
name of the book to reflect this realization. In the 
current era, the collection of data, the derivation 
of inferences, and the communication of results is 
mandated by strong societal and economic forces. 
Every surgeon needs information management, 

communication, understanding of the analytic 
process, comparison of individual experience with 
the experience of others for quality control, audit, 
budget justification, and management of a clinical 
service. Surgeons will be more successful in their 
practice and their negotiations if they have the 
necessary methods and tools for these tasks, which 
are no longer limited in their application to lab
oratory experiments or clinical trials. 

The third edition has more than 40 new top
ics treated in new chapters, including "Devel
oping New Information in Community Practice," 
"Computer-Based Literature Searches," "Re
search in Surgical Education," and expanded sec
tions on technology assessment, outcomes analy
sis, and ethics. Sir James Black, who was awarded 
the Nobel Prize for Physiology and Medicine in 
1989, has contributed the foreword to the third 
edition. 

In this edition we try again to define surgical 
research, recognizing the limitation of definitions. 
We discuss research as a search for certainty, going 
from ideas through proofs, using the best available 
methods of validation. Our book is fundamentally 
about methods and processes. We attempt to fa
miliarize our readers with the best methods cur
rently available, as we understand them. We are 
fortunate to have over 60 international experts 
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representing 10 countries and 15 disciplines to 
help us toward this goal.1 

Our concepts and our thinking are derived 
from our teachers, including reading works of the 
great philosopher of science Sir Karl Popper, from 
the questions of our students, and objections and 
discourse with our friends and our opponents. 
Discourse, particularly among the editors, has 
been the most enjoyable and fruitful part of writ
ing this book. "First of all, it should be fun!" has 
been the first principle of the methodology of 
"how to write a book about surgical research." 

The current pressures and grinding problems 
undermining academic life as we knew it just a 
few years ago forced a change in our modus op
erandi. The organization and communication for-

lThough others define science more broadly, we will 
attempt in chapter 1 to develop the position espoused 
by Descattes and Nietzsche, viz., that methodology is 
the defining essential element of science. 

merly achieved by meeting together regularly was 
replaced in this edition by smaller, serial meetings. 
The McKneallys provided newsletters, personal 
visits and encouragement to the editors to insure 
continuity, communication, and timely comple
tion of manuscripts. I am grateful for their con
tribution. 

Though we continue to try to be broadly in
ternational, we realize that our book is driven 
largely by Western, predominantly Anglosaxon, 
scientific thinking. Other important countries and 
cultures, may be underrepresented, but they are 
not excluded intentionally. The ethical dilemmas 
created by modern technology are addressed 
briefly. Perhaps this topic will be covered better 
by our students in the next edition. This book is 
written for them, and we look to them to do a 
better job. Preparing them for this responsibility 
is our life's work. 

Cologne, Germany 



Introduction to Second Edition 
Hans Troidl 

My colleagues and I have been most pleased at 
the reception given to the first edition of this 
book. We conceived the idea for Principles and 
Practice of Research because we could not find in 
one volume a clear exposition of research methods 
for clinical disciplines. We saw a need to cover the 
principles of experimental design, biostatistics, 
epidemiology, strategies for beginning and finish
ing research, and finally the diffusion of results. 
We sought a book in which a clinician-scholar 
could find an introduction to specific research 
methods, an introduction that would start at 
square one and give a complete overview of each 
issue, ending with suggestions for further readings 
on special topics. We deliberately tried to keep our 
chapters rather brief, to permit them to be com
fortably read by a tired clinician between dinner 
and bedtime. We carefully sought authors who 
were good at exposition, who shared with us a 
special concern for helping others develop careers 
in clinical science. 

The first edition was favorably reviewed in 
journals across the world, and their reviewers 
made many helpful suggestions. In the prepara
tion of this second edition, we have tried to re
spond to them. 

We have been particularly pleased by the letters 
received from readers in many countries, some 
from old friends, many from well-known clinical 
scholars and teachers. Perhaps the most hearten
ing have been letters from young men and women 

just starting to build careers of practice and re
search. Most of our correspondents offered help
ful suggestions for future revisions. They kindly 
pointed out important topics we failed to cover, 
issues we touched on too briefly, or explanations 
that seemed unclear. Their comments have been 
of prime importance in planning, writing, and 
edition this present edition. 

When our publisher, Springer-Verlag, first ap
proached us about preparing a second edition we 
were eager to do so. Mter all, we read the book 
too, and while we were proud of what had been 
done and pleased that both reviewers and individ
ual readers liked it and found it met their needs, 
we could see ways to improve it even before our 
friends helped us by pointing out some of the 
warts and blemishes. 

After a series of planning meetings, Professor 
David Mulder from Montreal, Professor Martin 
McKneally from Albany, Professor Jack McPeek 
from Boston, and I sat down together in Chicago 
during a meeting of the American College of Sur
geons to discuss the best way of approaching a 
second edition. All of us were busy, none more so 
than Professor Walter Spitzer, who had just com
mitted himself to a year's sabbatical in the United 
Kingdom coordinating a major research project in 
epidemiology. The temptation to do only a quick 
revision, a cosmetic job, was strong, but our hearts 
were not in that. We and Springer knew that our 
readers deserved something more. More meant a 
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larger, more complete volume. To do this, we 
needed help and turned to two of the most re
spected and innovative clinical scholars in North 
America: Professor Andrew Wechsler, chairman 
of the Department of Surgery at Virginia Com
monwealth University in Richmond, and Profes
sor Charles Balch, chairman of the Division of 
General Surgery at the University of Texas-M.D. 
Anderson Cancer Institute in Houston. Andy and 
Charles agreed without hesitation. This edition 
shows the effect of their outstanding teaching and 
editorial skills. 

Thus began a busy 2-year process, at planning 
meetings in the United States, Canada, and Eu
rope, research seminars in Boston, Montreal, and 
Cologne, and correspondence with methodolo
gists and clinical scholars across the world to de
cide on a choice of emphasis, topics, and authors. 
We were indeed fortunate in again enlisting the 
collaboration of the distinguished Canadian edi
tor, clinician, and research administrator, Dr. 
N.B.]' Wiggin. Authors and editors circulated 
drafts and redrafts of chapters by telefax, courier, 
and, occasionally, by mail. Gradually a new book 
took shape. 

Over the last 6 months, as we had been putting 
the final touches on this second edition, I reread 
each of the letters sent in by readers. I wanted to 
make sure that we have responded seriously to 
readers' suggestions. We have retained the format 
you liked, revised chapters that needed to be 
strengthened, and completely rewritten others 
that required more help. We have added new 
chapters to cover areas you felt got short shrift 
before. Especially helpful have been a series of 
research seminars held for budding academicians 
at Harvard University, McGill University, and the 
University of Cologne. These young academicians 
and their teachers offered many practical sugges
tions. 

We hope that this second edition meets your 
needs and expectations. I am truly grateful to my 
friends, both old and new, who have helped in its 
preparation as critics and reviewers, authors, edi
tors, and now to you as readers. 

Cologne, Germany 
August 1990 



Introduction to First Edition 
Hans Troidl 

Early in my career as an academic surgeon, Pro
fessor H. Hamelmann encouraged me to venture 
from my home department at the University of 
Marburg to visit other academic surgical depart
ments in Germany. I was immediately struck by 
the variety of approaches to similar clinical chal
lenges and surgical research problems. When my 
good fortune took me to other university centers 
in Europe, I was particularly impressed by Pro
fessor John Goligher's philosophy and approach 
to surgical scholarship in Leeds. During the sev
eral months I subsequently spent working with 
him in 1973, I learned as much as I could about 
his way of doing clinical research and found his 
and other British perspectives especially valuable 
because my previous experience in Germany had 
been largely confined to basic laboratory research. 
The following year, Professor Wilfried Lorenz of 
Marburg accompanied me to North America to 
visit basic research laboratories, clinical depart
ments of surgery and anesthesia, and clinical re
search centers. We consulted researchers at the 
National Institutes of Health, Cornell University, 
and the University of California at Los Angeles, 
and clinicians at Albany, Chicago, and the Mayo 
Clinic. 

When I left Marburg to become first assistant 
to Professor Hamelmann in the Department of 
Surgery at Kiel, I continued my laboratory re
search activities while I acquired further experi
ence as a clinical surgeon. During this period, the 

necessity for an academic surgeon to be an ex
emplary clinician, a skilled and uncompromis
ing technician in the operating theater, an inspir
ing teacher, and a competent researcher, simulta
neously, was brought home to me. 

Once again, I was struck by the similarity of 
the unanswered questions in surgery and anesthe
sia, no matter where they arose in the world. The 
problems had common themes, but the solutions 
proposed were very different in different cities and 
countries, whether they were related to the orga
nization of medical care, levels and sources of 
funding, or the design of research studies. Even 
the organization of research facilities varies not 
only between countries, but within countries; dif
ferences among the individual units of a single 
university or hospital are the rule, not the excep
tion. 

As I traveled and corresponded with friends in 
other centers, I realized that some of the ideas and 
solutions developed in Sweden had relevance to 
the problems we faced in Marburg and Kiel. Some 
of the ideas I discovered in North America, the 
United Kingdom, or Japan could be profitably 
brought home to Germany. My colleagues at 
home showed me that only a little modification 
was sometimes required to make them applicable 
and useful in Marburg. I was delighted to find 
that colleagues around the world were curious to 
know how we cope with problems in Germany, 
and that new friends in Boston and Montreal 
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were not only open to sharing their problems but 
very receptive to ideas and potential solutions that 
my colleagues and I had worked out in Germany. 

When I became Professor of Surgery at Co
logne, I instituted an open-door policy. I invited 
senior scholars to visit us in Cologne and arranged 
for my younger colleagues to be exposed to leaders 
and new ideas elsewhere. A number were able to 
present the results of their own work and to learn, 
firsthand, the techniques that I had discovered for 
myself, earlier. 

My most trusted colleagues and I gradually rec
ognized that while research problems had much 
in common around the world and many scientists 
had developed fruitful strategies and tactics for 
dealing with the problems associated with surgical 
research, there was no readily accessible source of 
information about much of the methodology that 
was evolving so rapidly. The idea of a book on 
feasible technology for research in surgery and 
other clinical disciplines became compelling. It 
would cover the principles of experimental design, 
biostatistics, epidemiology, starting and finishing 
research, and the diffusion of results. 

Many a scholarly undertaking, whether it is a 
book or a research project, starts with an idea. 
Taking the idea from conception to fruition is of
ten aided by interactions with friends-with 
whom I am still blessed! 

The first step toward converting my idea of a 
book into a reality took place on October 14, 
1984, in a chalet nestled in the hills near St. Adol
phe, north of Montreal. My friend and host, Pro
fessor Walter Spitzer, spent half the night arguing 
with me about a possible table of contents. Early 
in the morning, we reached a consensus and 
quickly wrote down the headings and subhead
ings. When we called our mutual friend, Professor 
Jack McPeek in Boston, he immediately pro
nounced a benediction on our plan and agreed to 
work on it with us without hesitation. Professor 
Martin McKneally was the next to hear from us 
at four in the morning-it's hard to contact busy 
surgeons at any other time of the day. He was 
already up preparing slides for a paper and enthu
siastically joined our growing team as soon as he 
had heard the details. Within a few hours, Walter 
and I succeeded in reaching Professor David 
Mulder in Montreal and found that he needed no 

persuasion before volunteering to contribute his 
considerable effort and resources. 

Over a period of years, most clinical scholars 
develop an appreciation of the elements of exper
imental design and the recruitment and manage
ment of research resources. The acquisition of this 
knowledge is unpredictable in different academic 
settings and all too often is a matter of trial and 
error learning under the supervision of senior col
leagues who have also learned by the trial and er
ror method. It need not be so, because a much 
better understanding and consensus about scien
tifically acceptable methodology has been devel
oping around the world. 

The editors of this book share my concern 
about this state of affairs and my commitment to 
doing something about it. Each is a scholar with 
a special responsibility for advancing research. 
Three of us are clinical surgeons charged with the 
care of patients, the supervision of research labo
ratories, and the development of younger surgical 
research colleagues in Albany, Cologne, and 
Montreal. One is a professor with a long track 
record of clinical epidemiologic research and 
teaching who now directs the affairs of the major 
Department of Epidemiology and Biostatistics at 
McGill University. One is an anesthetist, clini
cian-teacher, and research administrator at the 
Massachusetts General Hospital and Harvard 
University. Each is single-minded about helping 
colleagues with research problems and establish
ing an atmosphere and facilities to advance ap
plied science. The underlying motive of all is to 
improve the care of patients through better un
derstanding of relevant biological phenomena. 
We all give priority to the task of nurturing the 
academic growth of younger associates. A signifi
cant number of individuals who are world experts 
in their fields have joined our undertaking. Inves
tigators in clinical disciplines, epidemiology, bio
statistics, and the basic medical sciences have cre
ated a complementary ensemble of chapters 
giving advice on how to make research the crea
tive, exciting, stimulating, intellectual endeavor it 
should be. 

We offer practical suggestions and describe ap
proaches and methods that have a proven record 
of success. The treatments prescribed for some of 
the most common ailments that afflict many well
intended clinical research endeavors are straight-



forward, but not simplistic or superficial. Most 
chapters are the product of collaborative efforts 
among clinicians and methodologists. Although 
the exposition of each topic is by no means ex
haustive, sources of additional information are 
provided. 

I sincerely hope that this book will help many 
of my colleagues, especially those who are newer 
in the field of clinical investigation, to avoid the 
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errors and frustrations I have encountered in my 
search for a deeper understanding of clinical sur
gical research. The rewards and excitement of 
seeking and finding new knowledge can only be 
accelerated and enhanced by having a roadmap in 
hand when you start on your journey of discovery. 

Cologne, Germany 
August 1986 



SECTION I 

The Surgeon 
as Investigator 



CHAPTER 1 

Toward a Definition of Surgical 
Research 
H Troidl and M.R McKneally 

The most important quality of a scientist is intellec
tual humility. 

Die Einsicht mahnt zur intellektuellen Bescheiden
heit. 

- Popper, 19841 

Writing a book about research requires some defi
nitions and formulation of the relationship be
tween research, science, and knowledge. We dis
cuss these relationships here with humility, 
recognizing that we are not experts in the philos
ophy of science. 

Historical Background 

Hippocrates's careful observations of patients' 
symptoms, the natural history of disease, and the 
outcome of treatment provide an early example of 
the scientific study of patients, leading to induc
tion of some generalizable principles about 
empyema, wound healing, and other surgical 
subjects. Hippocrates recorded no systematic 
method, but left a rich legacy of medical knowl
edge, passed on by "apprentice learning," with a 
generous dose of authoritarian dogmatism. The 
written record of formal western science may be 
said to begin with the systematic and logical ap
proach to nature documented in the essays of Ar-

istotle, who emphasized systematic catalogs and 
methodical development of knowledge through 
observation, inference, and deduction. Descartes 
helped to open the period of enlightenment by 
rejecting blind acceptance of authoritarian dogma. 
"Unable to find anyone whose opinions struck me 
as preferable to those of all others, I found myself 
as it were forced to become my own guide .... 
Like a man who walks alone in the dark, I resolved 
to proceed so slowly, and to use such circumspec
tion in all things, that even if I made but little 
progress I should at least be sure not to fall. "2 In 
his landmark "Discours de la Methode" for rightly 
conducting one's reason and seeking the truth in 
the sciences, Descartes presented four basic rules 
in 1637 (see box) that illuminate the modern era 
of western science. Many other scholars of the 
period of enlightenment fought off the darkness 
of authoritarian dogmatism at their peril (e.g., 
Galileo). It persists in other forms and carries 
other perils to the present day. 

The expansion of rationalism led to two major 
streams of scientific thinking: 

Reason and methodology. The principle-based, 
deductive, and less empirical approach to scien
tific knowledge is exemplified in the writings of 
Kant, who believed that scientific truth could be 
attained by the process of careful, logical thought. 
Nietzsche emphatically advocated the paramount 
importance of developing knowledge, in contrast 
to the acceptance of dogma ("know or die"), and 
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Descartes' Four Basic Rules 

1. Never accept anything as true without evi
dence of its truth; avoid precipitate conclu
sions and preconceptions. 

2. Divide problems into as many parts as pos
sible and as may be required to resolve them. 

3. Begin with the simplest, and ascend in an or
derly manner, step by step, to the most com
plex. 

4. Make reviews so comprehensive, and enu
merations so complete that you can be sure of 
leaving nothing out. 

Discours de la Methode, 1637 

Rene Descartes 

vividly described how resistant we are to knowl
edge that challenges our beliefs "unless it cuts 

through our flesh like a scalpel." Jaspers identified 
science with the perfection of methodology; if 

knowledge evolved using well-developed and gen
erally accepted methods, its truth became an in
escapable conclusion. The reliance on method

ology and deductive reasoning in the philosophy 

of these thinkers is still evident in contemporary 
research approaches of many scientists, especially 

in France and Germany. 
Empiricism. Bacon, Locke, and Hume took a 

different approach. While they followed Des
cartes' lead in questioning dogma from estab
lished authority as the primary source for the deri
vation of knowledge, they were inspired by the 
discoveries in the New World to look for new and 
unexpected sources of knowledge and to empha
size the empiric and observational. The recogni
tion and pursuit of entirely new phenomena out
side the accustomed sphere of knowledge and 

experience provided a pathway to new under
standing. Multiple consistent and reproducible 

observations of perceptible phenomena allowed 
inductive inference of generalizable principles. 
This major stream of thought in the history of 
ideas, the empirical, inductive approach, is pre
served in the English and American traditions of 
surgical research, with their reliance on chance or 
unexpected observations, clinical trials involving 
multiple patients, and multiple replications in lab

oratory experiments to strengthen inference. 
In this century Popper pointed out how neither 

approach, nor both of them together, suffice. He 

persuasively defended the position that positive hy

potheses cannot be proven, using the simple and 
memorable example of the swans: "no matter how 
many instances of white swans we may have ob

served, this does not justify the conclusion that all 
swans are white; you have not yet seen the black 
swan."3 In contrast, negative or null hypotheses can 
be constructed and refuted to achieve objective 
knowledge. His synthesis of the inductive and de

ductive approaches, combined with analytic testing 
of hypotheses formulated as "null" or negative 

statements, comprise the scientific method as we 

practice it in surgery today in the Western world. 

Discovery 

The experience of scientific discovery begins with 
an inspiration derived from initiators, such as in

novative ideas, observations, accidents, or prob

lems. Discovery or inspiration precedes the appli
cation of methods discussed more formally 
elsewhere in this textbook. These are psychologi

cally complex experiences that seem to come more 
easily to open-minded risk takers such as Einstein 

or Beethoven, who were often regarded by their 
more rigid and traditional colleagues as exotic or 

eccentric in their thinking: Initiators are ex
tremely important to the progress of science. 
What preparation of the mind enables chance ob
servations to lead to discovery? Why did Sem
melweiss uniquely discover the value of hand
washing, despite the knowledge and beliefs of 
science at the time? This rich and complex subject 
is an area of study beyond the scope of this book. 

Science 

From the inspiration derived from initiators, sci

ence brings us to an approximation of certainty 
through careful application of reliable methods. 

·DeBono has characterized this quality as "lateral think
ing.'" In his celebrated example of a crowded elevator 
at rush hour, many "vertical" engineering solutions are 
offered for rebuilding the transport system. The prob
lem of waiting for the elevators was solved by distract
ing the workers with mirrors added in the waiting area. 
This example is fun to discuss since the elevator is truly 
vertical, and it has become a reference standard example 
for lateral thinking. 
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Our book will focus on methods presented in an 
introductory form for working surgeons who care 
for real patients. We refer the readers to more ex
tensive sources for more complete treatment of 
the methods we discuss, and for the knowledge 
developed from their application. 

We recognize that there are limits to science; it 
does not lead to an understanding of being, even 
if it does clarifY our understanding of the universe. 
Science does not always include common sense. 
The obvious, the intuitive, and the personal rela
tionship to the patient are not learned through sci
ence. The overarching considerations of impact, 
relevance, and common sense are not necessarily 
derivable through scientific methodology, but they 
are essential for its productive application. These 
aspects are more intuitive than rational. 

The dark side of an emphasis on methods is the 
potential suppression of thinking through exces
sive application of methods. 'When you have only 
a hammer, every problem seems like a nail."5 Ex
amples in surgery are the use of the PET scanner 
for every disease, the endoscopic approach applied 
to every surgical problem, or hammering with the 
same surgical laboratory model or mediator assay 
on a mindless assortment of research questions. 
Nietzsche characterized this excess as "the victory 
of scientific methodology over science."6 

Research 

Vollmer defines research as a process or activity 
within science: "Research is scientific activity in
tended to collect new results."7 Science is a particu
lar domain of knowledge that includes research; 
surgical research is a smaller domain of science.8 

Some components of science extend outside re
search, such as texts, tables, and organizations. 
Similarly, some aspects of surgery extend outside 
science and research, such as the art of surgery. 

The Oxford English Reference Dictionary defines 
research as "systematic investigation into and study 
of materials, sources, etc. in order to establish facts 
and reach new conclusions." The American Heritage 

Dictionary introduces the possibility of employing 
the scientific method: "Research is scientific inves
tigation or inquiry." It also includes the colloquial 
usage "to study thoroughly," as in "go to the 

library and do a little research on that subject." The 
Council for International Organizations ofMedi
cal Sciences proposes this definition: "The term 're
search' refers to a class of activities designed to de
velop or contribute to generalizable knowledge. 
Generalizable knowledge consists of theories, prin
ciples or relationships, or the accumulation of in
formation on which they are based, that can be 
corroborated by accepted scientific methods of ob
servation and inference." 

Defining Surgical Research 

When the editors met as a group to plan the third 
edition of our textbook, we tried once again to 
develop a definition of the term surgical research. 
We agreed that a definition of research, such as 
those described above, could be further narrowed 
by a qualifier limiting the systematic investigation 
to subjects related to surgery, the work of our 
hands (from chirurg, meaning hand, and ergon, 
meaning work). We were troubled, however, by 
the narrowness of the definition. 

During the evolution of this book Hans Troidl 
had many conversations with Sir Karl Popper 
about this problem. We hoped Sir Karl could 
write a chapter for this edition, but failing health 
leading to his death in 1994 prevented him from 
developing a formal essay for our book. He was 
keenly interested in surgical research and held 
strong views on the necessity for surgeons to em
phasize hypothesis testing in their thinking, and 
failure analysis in their assessment of technology 
and outcomes. We will try first to explain Popper's 
thinking about definitions, and then develop our 
expanded definition of surgical research using his 
method. 

Popper on Definitions 

Narrow definitions tend to create exclusionary 
boundaries. They are useful in argument to help 
advance the definer's proposition, but they are 
limiting, somewhat artificial, and require defense 
against exceptions and variations. Popper felt that 
definitions become more durable and more easily 
defensible if they are developed not from exclu
sionary characteristics (as in "man is a featherless, 



6 H. Troidl, M.F. McKneally 

spined biped"), but from inclusive, commonsense 
lists of many defining characteristics and com
ponents. The aggregate picture developed from 
the list then serves as a tentative definition and is 
presented as a hypothetical summation (such as, 
"all this might be called surgical research"). The 
list for surgical research might include, inter alia, 
the treatment of war wounds and Listerian anti
sepsis in an earlier era, cost-benefit analysis, ro
botic surgery, and the molecular genetics of 
wound healing in the current era. This approach 
provides flexibility and leads to discussion of the 
underlying thoughts, rather than defense of a nar
rowly constructed label. Erroneous components 
can be modified by progressive refinement in the 
way that hypotheses are extended, refuted, or con
firmed in the evolution of scientific knowledge. 

Our Definition of Surgical 
Research 

Hours of thoughtful discussion, reflection, revi
sion, and critical review have led us to believe that 
the application of the scientific method to surgery 
comes closest to providing an accurate definition of 
surgical research. Surgical research examines and 
evaluates innovative and conventional ideas re
lated to surgery through scholarly analysis of data 
and the generation and investigation of hypothe
ses. The subject of surgical research includes any
thing that a thoughtful surgeon or serious scholar 
thinks will benefit the science and practice of sur
gery, including new ideas, observations, accidents, 
and problems. 

Surgical research includes laboratory experi
ments and clinical experiments. Clinical research 
may include, for example, the development of al
gorithms, decision theory, the development and 
study of endpoints, clinical trials, multicenter tri
als, meta-analysis, research in the operating room, 
research in the surgical intensive care unit, health 
services research, and the analysis of clinical 
outcomes. Laboratory research may include 
hypothesis-driven studies of patients' tissues, cells, 
and subcellular particles including genes and gene 
products. 

The goal of our book is to provide access to 

useful methods for testing hypotheses within 
these domains of surgery. 

Hypothesis testing is the essence of the daily 
life of a surgeon. We do it every time we hypothe
size the presence of acute appendicitis or a per
forated ulcer, then methodically validate our hy
pothesis using the time-proven methodology of 
surgical exploration followed by gross and micro
scopic examination of the surgical specimen. "Too 
often we test only for differences, like the differ
ences in outcome, cost, or benefit between open 
versus laparoscopic cholecystectomy, and under
value the importance of hypotheses."9 

Returning to our task of developing a defini
tion, surgical research "might be defined" as a 
searching for certainty through hypothesis testing 
in a long, commonsense list of subjects related to 
surgery, using a broad variety of methods. In the 
expanding age of technology, our list of subjects 
and methods could include a nearly infinite num
ber of problems and methods. Examples might 
include the cost and effectiveness of prehospital 
care for the trauma patient, using the techniques 
of modern economics; the optimal timing of op
erative interventions, using logistic regression; the 
immunosuppressive effects of trauma, transfusion, 
or drugs, using cellular and molecular markers; 
the complex interaction of mediators in the sys
temic inflammatory response syndrome, using the 
tools of contemporary molecular biology; the mo
lecular genetics of wound-healing deficiencies; or 
assessments of the outcome of surgery, using mea
suring instruments developed in surgical patients 
for the evaluation of pain or disability. When all 
of these and many hundreds of other components 
are summed up, we have a 1997 hypothesis for 
the definition of surgical research. It is not sur
prising that we had trouble developing a defini
tion for earlier editions.lO We are more comfort
able with Popper's broader, inclusive approach. 
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Commentary 

This chapter sets the tone for our textbook. It is a 
distillate of many discussions among the editors 
about what constitutes surgical research. It begins 
with a historical background and documents the 
development of the two major streams of scientific 
thinking, the principle-based deductive method 
and the empirical method which champions the 
development of scientific truth from observation. 
The elusive concepts of "discovery," the develop
ment of the "prepared mind" emphasized by Pas
teur, and the recommendations to surgeons from 
Sir Karl Popper are discussed. For further discus
sion of the concept of science and the pitfalls of 
sole reliance on the scientific method, the reader is 
referred to What Is This Thing Called Science? by 
A.F. Chalmers (Hackett, Indianapolis, 1982). This 
chapter finally provides the reader with the editors' 
best approximation of a definition of surgical re
search, "the application of the scientific method to 
surgery." From this chapter forward, the mission of 
the textbook will be to provide the reader with ac
cess to useful methods for testing hypotheses 
within the scientific domain of surgery. 

D.S.M. 
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The Ideal of Surgical Research: 
From the Bedside to the Laboratory 
and Back 
R.G.-] Chiu and D.S. Mulder 

A number of strategies for planning a research 
project and organizing a competent team of 
clinician-scientists to execute it are discussed in 
this book. The "horizontal interaction" approach, 
illustrated by the Marburg experiment, 1 joins a 
team of basic scientists with clinicians to attack a 
problem. "Vertical interaction," another effective 
approach, draws collaborators with differing areas 
of expertise into a study as it progresses. 

The vertical approach may be more cost
effective for a complex project, because collabo
rators are recruited as and when the need for their 
particular areas of expertise arises. Success with 
this approach depends on the availability of a wide 
variety of experts and the establishment of an ex
tensive communication network within the re
search community. An attempt to develop a new 
"biomechanically activated cardiac assist device," 
undertaken in our laboratory at McGill Univer
sity, illustrates the vertical approach to a research 
project in the North American context. 

The Clinical Problems to Be 
Addressed 

The problem addressed by our study is chronic 
heart failure, which afflicts approximately 2.3 mil
lion patients in the United States alone; 400,000 
new cases occur each year, and the five-year sur-

vival rate is about 50%. The patients who fall into 
the New York Heart Association class IV func
tional category have a one-year survival rate of 
only 50%, and half their deaths are sudden. Long
term cardiac assist devices might benefit between 
35,000 (NIH study) and 160,000 (Heart Failure 
study) patients per year. For many of these pa
tients, cardiac transplantation is the most estab
lished and acceptable mode of therapy now avail
able; but even the most optimistic estimate of 
cardiac donors is only about 2,000 per year in the 
United States for the foreseeable future. 

Despite considerable relaxation in donor crite
ria in recent years, the waiting period for donor 
organs has increased eightfold in some cardiac 
transplantation centers in North America. The 
epidemiologic impact of this mode of therapy is 
obviously very limited, without even considering 
that cyclosporin has not solved all the allograft 
rejection problems, and that continued monitor
ing with endomyocardial biopsies is required for 
all the transplant recipients. The alternative is 
to use mechanical artificial hearts or cardiac as
sist devices; but existing long-term devices are 
plagued by thromboembolic and external power 
source problems. The tethers connecting the pa
tient to the external power source limit the pa
tient's mobility and are a constant potential source 
of infection. Another approach to cardiac assist 
would be valuable, if feasible. 
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The Conceptualization 
of a Hypothesis 

We postulated that powering a cardiac assist de
vice from an intrinsic energy source, such as the 
patient's skeletal muscle, would offer many advan
tages. Accordingly, the research question of our 
project was, Can the energy generated by skeletal 
muscle be harvested and modified, if necessary, to 
activate a totally implantable cardiac assist device 
capable of producing significant hemodynamic 
improvement? 

The Rationale 

Using the patient's skeletal muscle as the power 
source would eliminate the need for donors, im
munosuppression, and external power sources; it 
also would restore patients' mobility and avoid the 
risk of infection by eradicating tethers. Careful se
lection of the assist mode could also exclude such 
thrombogenic components as artificial valves that 
now exist in cardiac assist devices. Obviously, an 
effective skeletal-muscle-powered device would 
be a useful addition to the spectrum of cardiac 
assist devices currently under development. 

Review of the Literature and 
Identification of Specific 
Problems to Be Solved 

An extensive literature review revealed that the 
idea of utilizing skeletal muscle to assist circula
tion was expressed several decades ago. Two types 
of approach were described. One uses a skeletal 
muscle flap to replace damaged myocardium, or 
to enlarge a hypoplastic right or left ventricle, and 
is called today "dynamic cardiomyoplasty." The 
second approach uses skeletal muscle to activate a 
pump device, in series or in parallel with the heart, 
to improve the circulation. Critical appraisal of 
previous experiments idt:ntified two major prob
lems that must be addressed before either tech
nique can become clinically applicable. The first 
problem is skeletal muscle fatigue; the second is 
that skeletal muscle's response to stimulation by a 

single electrical impulse is a contraction of much 
shorter duration and smaller amplitude than a car
diac muscle contraction. Nevertheless, we felt that 
recent advances in muscle physiology and elec
tronics could make these problems resolvable. 

Physiologists have discovered that electrical 
stimulation at 10 Hz for 4 to 6 weeks can trans
form type II, fast-twitch skeletal muscle fibers, 
into type I, slow, fatigue-resistant muscle fibers. 
This conferred fatigue resistance may solve the 
first problem; microchip and computer tech
nology now make it feasible to construct minia
turized, implantable, programmable electronic 
stimulators to solve the second problem. 

Our research plans were developed and pursued 
in the light shed by the work on transforming 
skeletal muscle to confer resistance performed by 
John Macoviak and Larry Stephenson and asso
ciates at the University of Pennsylvania, in col
laboration with Stanley Salmons, a muscle biol
ogist and pioneer in muscle transformation at the 
University of Birmingham. We learned the tech
nique of muscle transformation from these inves
tigators and adopted it for the purpose of cardiac 
assists, particularly the augmentation ofleft ven
tricular function. 

Simultaneously, we pushed the idea that a new 
stimulator that sensed the R-wave of the heart, 
processed the signal with appropriate delay, and 
added a burst of electrical "pulse train" stimuli, 
could produce summation of the skeletal muscle 
contraction and modulate it to match the duration 
and amplitude of a myocardial contraction. This 
would compensate for the fact that skeletal mus
cle, even after transformation, consists of indi
vidual muscle fibers and "motor units," whereas 
cardiac muscle is a syncitium in which all the 
myocytes are connected by the intercalated discs. 
To be hemodynamically effective, the pulse train 
stimuli would have to be injected precisely into 
the selected segment of the cardiac cycle. 

Preliminary Studies and the 
Animal Model 

To evaluate the feasibility of the foregoing ideas, 
we consulted an electrical engineer to work out 
the specifications for a pulse train stimulator ca-
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pable of being synchronized with the R-waves of 
the electrocardiogram. We then connected an 
available generator, the bulky model 5837 of 
Medtronics, Inc., to an Interstate Electronics 
Corporation stimulator, purchased with a modest 
grant from the O!tebec Heart Foundation, to ob
tain the desired capabilities. 

A canine model was chosen, primarily on the 
grounds of size and availability. The new stimu
lator was tested using a rectus muscle pouch; it 
produced the expected effects and was then used 
for a cardiomyoplasty approach to augmenting left 
ventricular function. The isometric left ventricular 
function was assessed by intraventricular balloon 
measurement during cardiopulmonary bypass, 
with the pulse train stimulator turned on, and 
turned off. This on-off "paired design" was ad
vantageous, because it reduced the sample size re
quired for the study. 

A preliminary report on the concept of pulse 
train stimulation timed to the cardiac cycle was 
published in 1980.2 The efficacy of synchronously 
stimulated skeletal muscle graft for myocardial re
pair was reported in 1984.3 In 1985 the feasibility 
of transforming a skeletal muscle to make it fa
tigue resistant for myocardial assist and for pow
ering an accessory ventricle was described.4 

To obtain maximum muscle stretch prior to 
contraction, and thereby derive a powerful con
tractile force (Frank Starling'S law), we selected 
the extra-aortic balloon pump as the most feasible 
design for our skeletal-muscle-powered assist de
vice. Hemodynamically significant diastolic aug
mentation was achieved with it in a canine study 
reported in 1985,5 and further improvements were 
made in subsequent years.6,7 

Progress and Interaction 
with Other Disciplines 

Throughout this project we interacted with vari
ous experts in muscle physiology and electronic 
technology. In 1985 a symposium sponsored by 
the Neuroelectric Society brought together for the 
first time international groups of investigators in 
this field and facilitated their interaction.S 

To continue the elucidation of the muscle trans
formation phenomenon, we collaborated with-

David Ianuzzo, an expert in muscle biochemistry 
at York University in Toronto, Canada, in an 
investigation of changes in phenotype expression 
of genes during transformation, species differ
ences, and the effects of various stimulation pa
rameters.9 Our concept of "working transforma
tion"-achieving muscle transformation while 
extracting a measure of hemodynamic work-has 
gained acceptance in both laboratory and clinical 
settings. 

During the foregoing we also interacted with 
electronic and device engineers at Medtronics, 
Inc., in Minneapolis and in Maastricht, Holland. 
The engineers of this leading pacemaker company 
improved and miniaturized our prototype stimu
lator; an implantable, synchronized burst stimu
lator (Medtronics model SPlO05)-the first of its 
kind-is currently undergoing clinical trial. to 

To expand the capability of our stimulator to 
muscle-powered counterpulsation systems, we 
acted as consultants to Medtronics in their project 
to develop a new generation of pacemakers; "Pro
metheus" is currently being tested in our labora
tory.ll Thus, as the project progresses, it obtains 
necessary expertise from both academic and in
dustrial sources. 

From the Bedside to the Lab 
and Back Again 

The clinical problem we chose for investigation 
was taken to the laboratory, where the feasibility 
of muscle-powered cardiac assist was demon
strated; we are now trying to bring the results back 
to the patient. 

Clinically, we perform "dynamic cardiomyo
plasty" by wrapping the latissimus dorsi muscle 
around the patient's failing heart and stimulating 
it to contract during systole. Bruce Williams, a 
plastic surgeon with experience in the muscle flap 
procedure, and John Burgess, a senior cardiologist 
who coordinates case selection and pre- and post
operative studies, joined us for this phase of our 
continuing "vertical interaction" in this project. 

By 1995, worldwide, more than 500 patients 
had undergone dynamic cardiomyoplasty. While 
a rigorous, prospective randomized study under a 
Food and Drug Administration protocol is under 
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way in North America, the cardiomyostimulator 
for this procedure is now approved for clinical use 
in Europe. With the inclusion of the cardiomyo
plasty procedure in a forthcoming textbook on 
adult cardiac surgery, this approach is now being 
accepted into the mainstream of surgical therapy. 
With an increasing number of investigators and 
companies with expertise in mechanical cardiac 
assist and artificial hearts turning to the trans
formed skeletal muscle as the possible power 
source, further research and possible clinical ap
plication can be expected in the coming decade. 12 

The Roles of Surgeon-Scientists 

"A surgical investigator is a 
bridge tender." 

Francis D. Moore, 1958 

In projects such as this, surgeon-scientists can 
playa unique and important role in coordinating 
a multidisciplinary team, and bringing the infor
mation from the bedside to the laboratory and 
back. Nevertheless, the difficulties faced by 
surgeon-scientists have been felt for a long time. 
As far back as 1958 Francis D. Moore had been 
quoted to state that 

A surgical investigator is a bridge tender, chan
nelling knowledge from biological science to the 
patient's bedside and back again. He traces his 
origin from both ends of the bridge. He is thus 
a bastard and is called this by everybody. Those 
at one end of the bridge say he is not a very good 
scientist, and those at the other say that he does 
not spend enough time in the operating room. If 
only he is willing to live with the abuse, he can 
continue to do his job effectively.13 

By the last decade of this century, this dilemma 
faced by surgeon-scientists has become so over
whelming that they are now an endangered spe
cies facing possible extinction. This situation is 
due to developments on a number of fronts at 
both sides of the bridge. Health care cost crises in 
many countries are forcing surgeons to do more 
clinical work with less financial income, depriving 
them of time for research, and depleting the clini
cal earnings of surgical departments which used 

to be available to support surgical investigators. 
Limited research funding increases the fierce 
competition for research grants, and rapid ad
vances in science demand greater sophistication in 
research. The share of national research funding 
received by surgeon-scientists is decreasing, and 
many surgeon-scientists are being forced to turn 
to revenue-generating clinical practice. 

In order to combat this worrisome trend, efforts 
are being made to train young surgeons for re
search, and to improve their ability to compete for 
research funds. In Canada, the Royal College of 
Physicians and Surgeons approved a Clinician 
Scientist program in which surgical residents can 
be trained simultaneously as future clinical sci
entists. Seminars to upgrade grantsmanship have 
been sponsored by many surgical organizations, 
with good attendance. However, although impor
tant, these efforts are analogous to breeding an 
endangered species in zoo nurseries, which by it
self does not guarantee the survival of this species. 
Once these newly bred neophytes are returned to 
the wild, their survival depends on the availability 
of a viable habitat, as well as their ability to adapt 
to changing environments. The viable habitat for 
surgeon-scientists has to be provided by surgical 
departments and divisions. Because of the great 
time demands, it is increasingly difficult for a busy 
clinical surgeon without protected time to pursue 
strong research and remain competitive for peer
reviewed funding. The divisional and departmen
tal strategy could be to spread the goals of an aca
demic service, namely, patient care, teaching, and 
research, among the members of the faculty, 
rather than to expect each faculty member to ac
complish all three goals. A talented and well
trained surgeon should be selected, and both his 
research time and income protected, the latter by 
various means such as grants, block funding, or a 
clinical-academic practice plan. Periodic review of 
faculty members so protected may assure their 
continued productivity in research. Some depart
ments attempt to quantity the productivity by 
point systems, but the arbitrary weight of points 
as well as quantity versus quality of published pa
pers are issues that may mitigate against the va
lidity of such a system. A peer-review system of 
productivity analogous to that employed by grant
ing agencies and promotions committees may be 
more appropriate. The surgeon-scientist, on the 
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other hand, would have to focus both his clinical 
and his research activities in order to maintain 
clinical competence and achieve depth in research. 
Clearly, the life of an academic surgeon can be 
challenging, but it is also very exciting. One may 
ask, In what other job can you have the humani
tarian satisfaction of treating patients, the artistic 
satisfaction of surgery, the scientific satisfaction of 
research, and the professional satisfaction of train
ing a lot of people?14 

Conclusion 

A surgical research project can be initiated, 
guided, and coordinated by a principal investiga
tor. He or she freely consults needed experts and 
interacts with collaborators to achieve success for 
the project. Such a collaboration can be done by 
"horiwntal interaction" within a research team 
composed of a variety of multidisciplinary experts 
from the outset, or by "vertical interaction" with 
experts who are consulted and recruited as the 
project progresses. Horizontal and vertical inter
action may occur simultaneously in a large project. 
Given the increasing sophistication of science and 

technology, the ability to communicate and the 
willingness to collaborate are becoming important 
attributes in a surgical investigator. A surgeon
scientist is uniquely suited to provide the bridge 
between the patient and the bench, between the 
clinicians and the basic scientists. 
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Commentary 

This chapter describes an example of a systematic 
program of surgical research, driven by a common 
clinical problem. Ray Chiu is an established car
diovascular surgical scientist. He describes an ap
proach to the problem of heart failure based on 
the hypothesis that an intrinsic energy source, 
skeletal muscle, can be adapted to become an ef-
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fective cardiac assist device. The concept required 
the recruitment of basic scientists with expertise 
in the transformation of skeletal muscle, as well 
as a cohort of engineers who were able to develop 
pacing technology to train the muscle for contin
uous work. A senior cardiologist and a plastic sur
geon were added as the program proceeded to 
clinical application. The cooperation of industry 
and several basic scientists was required in order 
to bring the project to fruition. 

The project is now in the phase of clinical trials, 
and currently more than 500 patients have un-

dergone dynamic cardioplasty. As the technique 
is moving toward general clinical application, sev
eral new problems have evolved that required a 
return to the laboratory and the recruitment of 
new investigators. This chapter provides an ex
ample of the vertical approach to a research proj
ect in the area of cardiovascular disease and is 
an excellent illustration of the concept of the 
surgeon-scientist as a "bridge-tender," which was 
first enunciated by Francis D. Moore. 

D.S.M. 
M.RM 



CHAPTER 3 

Developing New Knowledge 
in Community Practice 
R.]. McKenna Jr. 

Introduction 

The continuous development and testing of new 
ideas and treatments is essential for progress in 
medicine. Surgeons can participate in this process 
via the creation of new technology, its early de
velopment and testing, or the initial application 
of new technology into clinical practice after it has 
been proven to be safe and efficacious. Evaluation 
of outcome by clinical trials or other analyses 
should become an inherent part of every surgeon's 
practice. This chapter discusses the opportunities 
and reasons for involvement of the community 
surgeon in clinical research. 

Case Study 

In 1994, surgery for diffuse emphysema was being 
performed by ablation with the laser (Wakabay
ashi method) and by stapled resection (Cooper 
method). There were several unresolved questions 
regarding patient selection, optimal operative 
technique, mechanism of improvement following 
the operation, and the duration of benefit. We 
established a lung-volume reduction surgery pro
gram at Chapman Medical Center in 1994 to 
study these questions. 

Wakabayashi had been performing laser bullec
tomy as a form of treatment for emphysema at 
Chapman Medical Center for four years. When 

he moved elsewhere, the hospital wanted to con
tinue the program. The hospital had an experi
enced team of anesthesiologists, a thoracic sur
geon who had assisted on most of the prior cases, 
nurses, and a rehabilitation team, but there was 
no organized research program. The results of the 
procedure had not been presented at major medi
cal meetings and had not been reported in major 
medical journals. 

The hospital administrator asked me if I was 
interested in developing the program, so I began 
making inquiries. The experienced thoracic sur
geon, anesthesiologists, nurses, and the rehabili
tation team all agreed to remain. The nurse co
ordinator for the program agreed to stay and help 
expand the program in new directions. Although 
I had clinical experience with the surgical treat
ment of emphysema, a research team needed to 
be developed. I invited Dr. Matt Brenner, a 
university-based pulmonologist with expertise in 
clinical research on emphysema, and Dr. Arthur 
Gelb, a pulmonologist who studied elastic recoil 
and exercise physiology in patients with severe 
emphysema to join the program. 

The hospital administrator understood the im
portance of the program and agreed to fund the 
development of a lung center designed to support 
both clinical and research activities. The lung cen
ter required examination rooms and physician of
fices that would allow severely debilitated patients 
to be seen by the surgeon, anesthesiologist, pul-
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monologist, internist, and psychologist in one lo
cation. The new center was equipped with the 
necessary office equipment, telephones, copiers, 
and fax machines, as well as a computer system 
and support staff to collect research data. The 
team developed protocols to study the unanswered 
questions regarding lung-volume reduction sur
gery. With the help of the hospital institutional 
review board (IRB),we began a randomized, pro
spective trial of laser lung reduction versus a sta
pled lung reduction. A weekly conference was es
tablished to screen patients for the procedure; the 
conference also served as a forum to discuss mor
bidity and mortality, patient care issues, ideas for 
directions for clinical research, and data from cur
rent research studies. 

This program was developed at a 125-bed hos
pital, based primarily on the commitment of the 
hospital and the physicians. Financial support has 
been provided by the hospital and a $10,000 re
search grant from the Heart and Lung Surgery 
Foundation. 

The research from the program has generated 
considerable interest; our data have been pre
sented at several national and international meet
ings. To date, we have published 13 papers! in 
major medical journals regarding operative tech
nique, postoperative care, the mechanism of im
provement, and the results of the procedure. The 
hospital is happy with the development of the 
program, and all members of the team are proud 
of the contribution that we are making to the un
derstanding of lung-volume reduction surgery. 

This case study demonstrates the need for as 
well as the kinds of benefits that can result from 
contributions by community physicians toward 
research and clinical study. The vast majority of 
private-practice surgeons participate in the pro
cess of advancing medicine only by their involve
ment in the integration of new treatments into 
patient care. The development and testing of new 
treatments occurs primarily in the university set
ting, but surgeons in private practice in the com
munity have made and will continue to make sig
nificant contributions to the advancement of our 
field; indeed, important changes in medicine, such 
as the development of the laparoscopic cholecys
tectomy, have come from the private sector. Com
munity surgeons have much to offer to the devel
opment and initial testing of new treatments. 

For the surgeon who is interested in clinical 
research, there is a wide range of involvement 
available, depending on the desired level of par
ticipation. With only a small time commitment, 
physicians can offer new treatments to patients at 
their local hospitals through clinical trials groups. 
This level of involvement requires that the phy
sician be aware of the available studies and request 
the assistance of the hospital research staff in en
tering patients into trials. For greater involvement 
in research, one can attend the meetings of the 
clinical trials groups, join a committee in the clini
cal trials group, or even participate in the devel
opment of new trials. 

What Are the Benefits 
of Involvement? 

Clinical research offers many rewards for the sur
geon, the patient, and hospitals. Intellectually, it 
keeps the clinical practice of surgery new and in
teresting. It helps to keep the surgeon's medical 
knowledge current and may even provide an edge 
in today's very competitive health care market. Pa
tients and their family doctors know that physi
cian participation in surgical and other research is 
critical to progress in medical care. 

Increased Patient Accrual for Trials 

The National Institutes of Health (NIH) encour
ages community outreach by clinical trials groups 
because patient accrual to National Cancer Insti
tute (NCI)-supported cancer clinical trials is cur
rently low. There is a substantial untapped pool of 
patients in the community that can provide good 
candidates for enrollment in clinical trials.2 Only 
3% of the more than 150,000 patients with newly 
diagnosed breast cancers, and fewer than 2% of 
the 160,000 patients with newly diagnosed colon 
cancers participated in clinical trials in 1991.3 
Overall, less than 3% of the 1.17 million patients 
with newly diagnosed cancers at all sites are en
tered into clinical trials.4 In medicine, the proper 
testing of ideas frequently requires large-scale, re
liable clinical trials; the advancement of medicine 
is slowed by low accrual. It is estimated that over 
90% of all cancer patients are now treated in the 
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community setting without ever being seen at a 
teaching institution.3 The inclusion of these com
munity patients into clinical research studies 
would substantially help the progress of medicine 
and would allow a much better reflection of the 
"real world." 

Dr. Bernard Fischer has clearly proven that it 
is certainly possible to enter large numbers of pa
tients into trials. The National Surgical Adjuvant 
Breast Project (NSABP) has completed multi
center trials involving over 16,000 patients. In 
1992, the NIH initiated a breast cancer preven
tion trial that involved 250 health care organiza
tions, 40 Community Clinical Oncology Programs 
(CCOPs), and 16,000 patients.s In 1992, the 
Johns Hopkins Hospital entered 2,880 of 3,508 
(82%) patients with newly diagnosed cancers into 
clinical trials.6 Large-sized trials and high accrual to 
clinical trials are possible, but they depend on the 
commitment of the institution and its physicians. 

While overall clinical trial accrual is low, accrual 
to surgical studies is even lower, and very few 
of the NIH -funded studies are surgical studies. 
There are very few examples of surgical groups, 
such as the Lung Cancer Study Group, estab
lished to run surgical studies. There have not been 
enough surgeons who have taken a leadership role 
in clinical research. Studies to compare the sur
vival of melanoma patients with and without a 
regional lymph dissection, or after mastectomy 
versus lumpectomy for breast cancer have been 
performed, but there have been relatively few tri
als that compared the efficacy of different opera
tive procedures. More surgeons are needed in 
leadership roles in clinical research to address 
these issues and to clarifY the role of various peri
operative adjuvant procedures. 

New Challenges 

After a surgeon has performed the same operation 
hundreds of times, the thrill is gone. Participation 
in the development of new treatments keeps the 
practice of medicine new and exciting. 

Keeping Current 

Medical care is constantly evolving, so, at the very 
least, practitioners need to stay up-to-date with 

these changes. Participation in clinical research 
can help keep a physician abreast of the latest 
changes in medicine. Attendance at clinical trial 
group meetings keeps the physicians' medical 
knowledge current by exposure to multiple pro
tocols in addition to the particular protocols on 
which they have personally entered patients. 

When video-assisted thoracic surgery (VATS) 
was first introduced, thoracic surgeons desiring to 
learn about the technique attended courses spon
sored by the American Association of Thoracic 
Surgery (AATS) and the Society of Thoracic Sur
geons (STS). The faculty for the courses came 
from all over the United States and Canada; they 
were often in private practice in the community. 
The opportunity to interact with faculty members 
on the frontiers in the development of these pro
cedures and share ideas about new VATS tech
niques and instruments was beneficial and edu
cational to both students and faculty. Collegiality 
and critical discussions of evolving techniques 
strengthen the initiation and diffusion process and 
provide a broader base for assessment of this new 
technology in a standardized fashion. 

Improvement of Quality of Patient Care 

Participation in clinical trials improves patient 
care in community hospitals through earlier intro
duction of state-of-the-art treatments. The phy
sician-patient relationship is strengthened by the 
patients' realization that the physician is at the 
leading edge of medical knowledge. 

Benefits for the Hospital 

Although the hospital may be reluctant to invest 
resources in clinical research, in many cases it can 
be very beneficial to the hospital and accom
plished at a minimal cost. Many patients seek 
state-of-the-art care or may feel more comfortable 
at a hospital where it is provided. The commu
nity's impression of the facility is enhanced when 
it offers state-of-the-art treatment. This can be 
emphasized in the hospital's marketing efforts. 

Involvement in clinical trials is generally not a 
significant financial burden for the community 
hospital. Clinical trials groups pay the institution 
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for each patient entered into a trial. In my expe
rience, this reimbursement can essentially cover 
the costs of the research. Patient recruitment can 
be increased at a nominal expense. For example, 
Methodist hospital in Indiana sent letters to ap
proximately 3,000 dentists and oral surgeons in 
an attempt to accrue patients for an oralleuko
plakia chemoprevention study. The mailing list 
was obtained from the Health Professional Bu
reau at a cost of $35. An initial request for pa
tients, a reminder about the ongoing study, and a 
thank you note for referrals were put in envelopes 
by hospital volunteers. The total cost of this mar
keting was only $822. This inexpensive effort pre
sented the hospital as a positive resource to the 
community; 30 new patients were entered in the 
clinical trial, and 40 additional patients were 
screened.? 

What Are the Difficulties 
with Involvement? 

Time and Effort 

The required paperwork for the studies and the 
effort required to obtain appropriate follow-up at 
the appropriate times can be time-consuming and 
frustrating. For those in private practice, there is 
no significant monetary reimbursement for the 
time, effort, and office resources spent obtaining 
institutional approval of the research project, ob
taining proper follow-up, and attending admin
istrative meetings about the research. 

In addition, clinical research involves a team 
effort by both physicians and the hospital. The 
hospital's role includes a serious philosophical 
commitment to clinical research, help with data 
management, and an active IRB, all of which can 
enormously reduce workload. These elements are 
often present in today's hospitals. If you have to 
create them, you may be considering the wrong 
hospital. If your hospital does not have these in 
place, it may not be positioned to survive the cur
rent revolution in health care with its emphasis on 
emerging technology and outcome assessment. 
Community hospitals actually have access to a 
wide variety of clinical research and support ser
vices to go along with the trials. To learn how 

hospitals have become effective contributors and 
leaders, talk to colleagues who are engaged in re
search and have taken advantage of these oppor
tunities. 

Hospital data managers greatly facilitate effec
tive participation in clinical research. They pro
vide details about existing protocols that are avail
able at the hospital and have access to information 
about additional protocols. They can help remind 
the physician of the data needed for the studies 
and can collect the follow-up data by reviewing 
charts in the physician's office. These efforts save 
the physician a great deal of paperwork and time. 
With the help of hospital data managers, minimal 
physician time, effort, and expense are needed for 
this level of participation in clinical research. 

Another helpful addition to a community re
search program is a research nurse. The nurse can 
identify patients who are candidates for the trials, 
confirm eligibility requirements, explain treat
ment to the patient, and help with data collection 
schedules.8 Research nurses may serve as full-time 
data managers, or may work part-time on the re
search protocols while holding a clinical position 
in the hospital or office. The latter role often in
creases their access to potential study patients and 
enhances accrual to research protocols. 

Obstacles to Accrual 

Obstacles to accrual of patients for clinical trials 
are related to organizational issues, health care 
system factors, patients, and physicians.2 One 
study showed that the major obstacles to patient 
accrual, in descending order, were as follows: 9 

OBSTACLES TO ACCRUAl 

Time demands on physician and staff 

Explanation of trial to patients 

Completion of flow sheets 

Perception of increased costs 

Protocol breaks 

Aids identified as potentially helpful for increas
ing accrual are as follows: 3 
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AIDS TO ACCRUAL 

Pocket-size lists of available protocols 

Computer-generated prompts 

Clinical trial specialist to explain protocol to 
patient and obtain informed consent 

Video to explain protocol to patient 

No obstacle to accrual is greater than the issue 
of cost. Some payers point to escalating costs and 
deny patient access to clinical trials by refusing to 
pay for any "experimental" treatment.10 We are 
facing the daunting prospect that health care re
form may curtail or bias future clinical trialS. ll•l2 

Consumers, providers, and politicians must be 
educated to protect and expand the clinical re
search structure so that we can continue to evalu
ate and improve patient care. 

Another cause of low accrual may be that pa
tients are concerned about the physician's primary 
allegiance being toward the trial, rather than the 
specific health needs of the patient, time or travel 
constraints, the quality of research care versus 
clinical care, consent; and a primitive fear of "be
ing a guinea pig."l1 

Developing Research Protocols 

Development of new research protocols can be 
very rewarding, but it is often impractical in the 
community hospital because the process involves 
creation and development of the concept, possible 
laboratory work to develop the treatment, drafting 
a protocol, presenting the protocol to the hospital 
IRB, conducting the trial, collecting and analyz
ing all the data, and reporting the results to the 
IRB and possibly at a medical meeting. This pro
cess can be undertaken in private practice, but it 
is very time-consuming and can be difficult in a 
community hospital with limited support for re
search. 

Increased Responsibility 

Participation in clinical research brings additional 
responsibilities regarding patient safety. After in-

formed consent has been obtained, both patients 
and families frequendy do not know the stage of 
disease and correct details of the proposed treat
ment.13•14 Patients who are desperately ill will 
agree to almost any treatment if there is a possi
bility that it might help them. Patients with severe 
emphysema who are potential candidates for 
lung-volume reduction surgery are vivid examples. 
Generally, their quality of life is so bad that they 
become severely dyspneic with eating, walking 
short distances, or attempting minimal activities 
of daily living. Be careful about offering a treat
ment that desperate patients are likely to accept 
regardless of the risk. The physician has an extra 
burden of responsibility to protect patients from 
recklessness born of desperation. 

All institutions participating in NIH research 
are required to have a current assurance that guar
antees the protection of human research subjects. 
A copy of this is kept on file at the NIH. Com
pliance with this assurance includes annual review 
of all protocols performed at the hospital. 

Involvement in clinical research carries the ex
tra burden of carefully watching for any associated 
morbidity and mortality. For example, when lapa
roscopic cholecystectomy was rapidly incorporated 
into clinical practice, early experience showed a 
significandy increased risk of biliary tract injury 
when compared to the conventional open proce
dure. Recent reports show that the current risk of 
biliary tract injury is the same for both techniques. 
This emphasizes the need for physicians to care
fully monitor the clinical outcomes of new treat
ments that they use and to stay current with any 
new measures to minimize side effects and com
plications. 

Some new treatments require little change in 
existing patterns of care, while others require ex
tensive education and the involvement of a multi
disciplinary team. For example, because of the 
promising initial results oflung-volume reduction 
surgery, it was attempted in many hospitals with 
a very high morbidity and mortality in some cases. 
This in part led to the Health Care Finance Ad
ministration's decision to stop payment for the 

procedure, and the creation of a national random
ized trial in centers of excellence to evaluate the 
safety and efficacy of the procedure. 
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How to Get Involved 

What Is the Easiest Way to Participate in Clinical 

Research? 

The easiest way is to become involved with an 
established program at your hospital. Many com
munity hospitals already have programs in place 
that provide access to research protocols. The hos
pital data manager or research nurse in the pro
gram can provide a list of all clinical trials available 
through the hospital. The data manager or re
search nurse can also help you to audit your prac
tice to determine what types of protocols would 
fit your patient mix. If there are additional pro
tocols that are not currently available at the insti
tution to which you would like to enter patients, 
the hospital data manager can obtain copies of the 
protocols from the clinical trials group and submit 
them to the IRB for institutional approval. You 
should attend the IRB meeting at which the pro
tocol is presented and discussed. 

What Clinical Groups Are There to Join? 

Community-based physicians can participate in 
many cooperative clinical trials groups sponsored 
by grants through the NCI and the NIH. Most of 
the clinical trials groups are regionally based, but 
they may also depend on hospital association (e.g., 
the M. D. Anderson Cancer Center system). Other 
cooperative groups are organized by disease type or 
treatment. Examples of cancer cooperative groups 
sponsored by the NCI are seen in Table 3-l. 

These groups have made a big difference during 

Table 3-1. List of NCI sponsored cancer cooperative 
clinical trials groups. 

Southwest Oncology Group (SWOG) 

Eastern Cooperative Oncology Group (ECOG) 

North Central Cancer Treatment Group (NCCTG) 

Brain Therapy Cancer Group (BTCG) 

Cancer and Leukemia Group B (CALGB) 

Gynecological Oncology Group (GOG) 

Radiation Therapy Oncology Group (RTOG) 

MD Anderson Cancer Center (MDACC) 

the past two decades. Clinical cancer research in 
the United States has grown; this growth has been 
enhanced by participation of community hospi
tals, practicing oncologists, and the creation of 
community cancer clinical trials organizations. 
More than 102,000 patients have been enrolled 
by community-based groupsY This is progress, 
but most community patients are still not offered 
clinical trials. 

In terms of hospitals, the NIH has established 
programs for community hospitals to participate 
in cancer clinical trials as a Cooperative Group 
Outreach Program (CGOP) hospital or as a Com
munity Clinical Oncology Program (CCOP) 
hospital. The former functions under the direc
tion of a university hospital cancer program. In 
contrast, CCOPs are more autonomous; they 
have access to a wider variety of clinical trials than 
are available to a CGOP. For a hospital to become 
a member of CCOP requires greater oncologic 
expertise, clinical trials experience, and a higher 
patient accrual. There are only 52 CCOPs 
throughout the United States. 

As either a CCOP or a CGOP, a hospital cancer 
program becomes aligned with one of the clinical 
trials groups (Table 3-1) which encourage hospitals 
to recruit patients. The clinical trials group is re
sponsible for data management, quality control, 
and registration of all patients. Hospital partici
pation in these programs requires attainment of 
baseline accrual of patients and attendance by hos
pital physicians at clinical trials group meetings. 
The groups monitor the hospitals for quality and 
quantity of contributions and performance. 

What If You Want to Actually 
Conduct Research? 

If you want to go a step further than joining a 
clinical trials group, the NIH has devised a new 
curriculum for teaching doctors how to conduct 
and report quality clinical research. Currently, the 
program is conducted at the Clinical Center at the 
NIH in Bethesda, Md. The curriculum includes 
modules on methods in epidemiology, study de
sign, ethical issues related to patients and the 
researcher's potential conflicts of interest, moni
toring research, data management and analysis, 
methods of meta-analysis, and preparation of 
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grant proposals for funding for clinical research. 
In 1996 approximately 150 physicians took the 
program for credit. In order to expand availability 
of the program to more physicians, it may soon 
be on the Internet. More information regarding 
the program may be obtained from Dr. John Gal
lin at the NIH Clinical Center (telephone 301-
496-4114). 

What Else Needs to Be Done? 

The surgical societies should playa greater role in 
encouraging surgeons to participate and help es
tablish surgical protocols. The general public and 
its political leaders need to be educated about the 
importance of funding and performing clinical 
trials. Finally, surgeons need to assume a more 
active role in clinical trials. I believe this should 
start during surgical training, with greater expo
sure to the development and performance of clini
cal trials. 
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Commentary 

McKenna's chapter exemplifies the revised mis
sion and scope of this textbook on surgical re
search. He illustrates how a surgeon in private 
practice can contribute effectively to technology 
assessment as it applies to video-assisted thoracic 
surgery. Through his leadership, a private hospital 
group established a highly credible clinical re
search team approach to the assessment of lung 
reduction surgery. He clearly defines how research 
methodology interacts with surgical practice. 

In attempting to change the mission of this 
textbook, the editors had consulted Alexander 
Walt during his tenure as president of the Ameri
can College of Surgeons in 1993-1994. He was 
an enthusiastic supporter of the concept that every 
surgeon is a scientist. In his challenging presiden
tial address delivered during the 78th convocation 
of the American College of Surgeons on October 
13th, 1994, he praised the uniqueness of Ameri
can surgical education. Most important was his 
message that since World War II there has been 
tremendous energy directed toward health sci-
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ences. He said that "basic science investigators 
returned to their laboratories and there was soon 
an unprecedented flow of new scientific break
throughs and technical advances. These successes 
were typified in the early 1950s by the advent of 
cardiopulmonary bypass and open heart surgery, 
carotid and other vascular endarterectomies and 
substitutions, the development of highly sophis
ticated intensive care units, and the wonders of 
successful organ transplantation. It is ironic that 
these university-acclaimed technical triumphs and 
acknowledged marvels of American enterprise, 
designed to improve the health of patients, are 
now significant contributors to the cost of health 
care and the clamor for the attenuation of spe
cialty training. Some cynics, or perhaps realists, 
may argue that we have succeeded too well. I 
would argue that it is not possible to train sur-

geons too well."! In his recommendations for the 
maintenance and growth of surgical education in 
North America, Walt emphasized the importance 
of teaching the history of surgery, particularly the 
history of surgical research and its accomplish
ments, and the importance of strengthening train
ing and research methodology early in the surgical 
residency program. It is not a coincidence that 
in McKenna's closing words to this chapter he 
makes a plea for further clinical research training 
in all our residency programs as the solution to 
improving the interface between surgical research 
and patient care. 

D.S.M 

1. Walt AJ. Presidential address: the uniqueness of 
American surgical education, and its preservation. 
Bull Am CoIl Surg 1994;79:8-20. 



CHAPTER 

Selected Historical Perspectives 
on the Evolution of Surgical Science 
W.R. Chitwood Jr. and D. C. Sabiston Jr. 

But when I tried the experiment, the result was dif
ferent. 

-John Hunter 

Over the years, advances in surgery have been 
made through observation, experimentation, in
novation, application, and . . . serendipity. The 
continual development of new information in sur
gery has maintained the vibrancy of our science 
and specialty. Although the history of surgery is 
lengthy, the evolution of the scientific approach is 
relatively brief, spanning just over 250 years. Sur
geons have always been on the leading edge of 
science and have served as a wellspring for new 
ideas. 

Our heritage is rich with successes; however, 
the evolution of surgical science is fertilized 
equally by failures. Many operations that sprouted 
with great promise and fanfare were discarded 
without even a footnote of remembrance. This 
chapter will focus on the accomplishments of sev
eral springboard surgeons who typify this surgical 
evolution. However, others have influenced sur
gical science just as much through their skepti
cism, negative observations, failed experiments, or 
discarded operations. Benjamin A. Barnes re
viewed the Transactions of the American Surgical 
Association between 1880 and 1942 for potentially 
promising operations that had been discarded. 1 

Subsequently abandoned operations for ptosis in
cluded suturing abdominal organs into improved 

positions and the Lane operation (excision of the 
right and transverse colon with anastomosis of the 
ileum to the left colon). Constipation was treated 
by excision of a redundant sigmoid colon, ileosig
moidostomy, appendectomy, and duodenojeju
nostomy. Peripheral nerves were stretched to im
prove circulation, and sympathectomies were 
performed as treatment for epilepsy and various 
other disorders. All of these operations were con
sidered meritorious but were cast aside, often with 
far too much delay. Discarded operations and 
failed experiments serve as reliable compasses, just 
as do the scientific successes. 

The Darkness before the Dawn 

Early surgery had little scientific basis, and em
pirical application of unproved treatments was 
routine. As the darkness of the Middle Ages de
scended, medical care in Europe was delivered by 
monks, barbers, and poorly apprenticed surgeons. 
In Britain monks were free to practice medical 
therapy without training or supervision. Surgical 
therapy consisted mainly of amputations, scarifi
cations, leechings, lithotomies, and drainage of 
abscesses. Antisepsis and anesthesia were not con
sidered until the nineteenth century. 

To protect society against charlatans and inept 
practitioners, an organized guild of surgeons was 
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formed in 1423 by the surgeon to Henry V.2 In 
1540 the Company of Barber Surgeons was 
formed by Henry VIII. With the development of 
Harveian physiology and anatomy during the first 
quarter of the seventeenth century, surgeons de
manded a broader education. The schism between 
barbers and surgeons was prompted by William 
Cheselden, the mentor of John Hunter. Through 
his efforts, the Company of Surgeons was formed, 
and the Royal College of Surgeons was to become 
its lineal descendant. During this pre-Hunterian 
era, observation was the only semblance of sci
entific procedure, and surgery improved very little 
either in England or on the Continent. 

The discipline of surgery has been fortunate in 
having had a number of investigators who have 
made significant, basic scientific contributions with 
practical clinical application. The great medical 
historian, Garrison, considered Ambroise Pare, 
John Hunter, and Joseph Lister to be the three 
greatest surgeons of all time. 

Ambroise Pare: 
An Early Clinical Trial 

Pare (Figure 4-1) reintroduced and popularized 
the ancient use of the ligature to control hemor
rhage and placed its use on a firm basis. He also 
introduced the concept of the controlled experi
ment, when treating two soldiers with similar 
wounds lying side by side in a tent near the battle
field. The first soldier's wound was managed by 
the standard method of cauterization with boiling 
oil. The second was managed by debridement, 
cleansing, and the application of a clean dressing. 
Pare wrote that he spent a restless night, worrying 
that the second patient would do very poorly since 

Figure 4-1. Ambroise Pare. 

his treatment defied the standard therapy of that 
time. The following morning, however, he found 
the second patient to be essentially without sys
temic symptoms, whereas the other had high fe
ver, tachycardia, and disorientation. When he was 
congratulated on the outcome of this new ap
proach, Pare very humbly replied, "Je Ie pansay, 
Dieu Ie guarit" [1 treated him, God cured him], a 
quotation subsequently inscribed on his statue. 

John Hunter: The Founder of 
Scientific Surgery 

John Hunter illuminated the darkness by provid
ing important experiments and clinical contribu
tions to surgery, while similarly enlightening the 
fields of comparative anatomy and natural history 
(Figure 4-2). Osler said of Hunter, "He made all 
thinking physicians naturalists. He lent dignity to 
the study of organic life, and re-established a close 
union between medicine and the natural sci
ences." Hunter's impact was realized in his time, 
and in his shadow new scientific information be
gan to change the course of surgery. QIestions 

Figure 4-2. John Hunter. In this Sharp engraving 
of Sir Joshua Reynolds's painting, Hunter is shown 
during his most productive clinical and investi
gative period. 
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became experiments and experiments became 
operations. For the first time, students came to 
learn the method rather than rote material. For 
perspective, this was the eighteenth century, the 
era of the writers Samuel Johnson and Richard 
Sheridan, the artists Thomas Gainsborough 
and William Hogarth, and the scientists Joseph 
Priestley, Henry Cavendish, Sir Humphry Davy, 
and John Dalton. The Royal Society was just 100 
years old, and science was in the cradle. It was the 
age of discovery; experimentation was replacing 
speculation. The world of science was fertile for a 
John Hunter. 

Born in 1728 near Glasgow, Hunter was inter
ested in everything, even as a youth ... except a 
formal education.3,4 He had a penchant for natural 
history and once said, 'When I was a boy I wanted 
to know all about the clouds and grasses. I 
watched the ants, bees, birds, tadpoles, and caddis 
worms. I pestered people with questions about 
what nobody knew ... or cared anything about." 
He apprenticed in London with his university
educated brother, William, who was well known 
for his expertise in anatomic dissection. At the 
Surgeons' Hall, Chese1den and Pott taught John 
the basics of clinical surgery. He had an insatiable 
scientific curiosity and thirst for new knowledge, 
as well as a fanatical enthusiasm for the experi
mental approach. Many of Hunter's detailed dis
sections and experiments remain as a time capsule 
at the Royal College of Surgeons. The Hunters 
educated the most venerated English surgeons of 
the day including Jenner, Abernethy, Cline, Bell, 
and Cooper. In America the Hunterian spirit was 
spread through his surgical students Post, Mor
gan, Shippen, and Physick, who was to become 
the father of American surgery. 

John Hunter's contributions to new knowledge 
in natural science surgery were voluminous. His 
studies in transplantation and vascular collaterali
zation typifY the Hunterian method for scientific 
analysis. He once moved the spur of one cock to 
the comb on the head of another. He also per
formed perhaps what was the first xenograft trans
plant by placing a human tooth in the comb of a 
cock. The relatively inert tooth and the highly 
vascular comb allowed the transplant to succeed 
without rejection, and subsequent blood vessel in
jections indicated revascularization. Later, he at
tempted to transplant teeth from one patient to 

another. Hunter described these collective find
ings by saying, "It is equally possible to unite dif
ferent parts of the same, or different bodies, by 
bringing them into contact under certain circum
stances." 

By examining seasonal deer antler changes, 
Hunter became interested in collateral blood ves
sel development. Using arterial injections, he ob
served that new growth enlisted neovascularity, 
and he proceeded by experiment to determine the 
"stimulus." After ligating the external carotid of a 
deer in Richmond Park, the antler velvet lost 
warmth and arterial pulsations (1785). A week 
later, warmth returned with restored blood flow. 
Hunter established that with "the stimulus of ne
cessity, the smaller channels quickly increased to 
do the work of the larger." Based on these studies, 
he operated on a 45-year-old coachman with a 
popliteal aneurysm (1785).4,5 Hunter ligated the 
superficial femoral artery in the proximal thigh at 
a distance from the aneurysm, to diminish the risk 
of hemorrhage (Figure 4-3). This provided arte
rial occlusion over a sound portion of the vessel, 
with collateral protection of the distal extremity. 

To John Hunter is due the primary credit for 
introducing the experimental method by using ani
mals to develop surgical techniques prior to their 
application to humans. His philosophy and prac
tice are appropriately summarized in his of ten
quoted response to a question from Edward Jen
ner, the developer of smallpox vaccination. When 
Jenner was speculating about hibernation in the 
hedgehog, Hunter responded tersely, "I think your 
solution is just; but why think? Why not try the 
experiment?"6 

Hunter's observations are preserved in four 
books: The Natural History of Teeth (1771), A 
Treatise on the Venereal Disease (1786), Observa
tions on Certain Parts of the Animal Oeconomy 
(1786), and A Treatise On Blood, Inflammation and 
Gunshot Wounds (1794).7-10 William Clift's tran
scriptions from his casebooks represent many of 
the best examples of Hunter's skilled deductive 
reasoningY Hunter's admonition reveals his sci
entific philosophy: 

In pursuing any subject most things come to 

light, , . , by accident, . , . that is, many things 

arise out of investigation[ s 1 that were not at first 

conceived, ' . , even misfortunes in experiments 
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have brought things to our knowledge that were 

not ... and probably could not have been .. . 

previously conceived. . . . On the other hand, I 
have often devised experiments by the fire-side, 

or in my carriage, and have also conceived the 

result . . . , but when I tried the experiment, the 

result was different ... or I found that the ex

periment could not be attended with all the cir

cumstances that were suggested. 12 

Figure 4-3. Hunterian operation. First operation 
done by Hunter for popliteal aneurysm. Four liga
tures were used to occlude the femoral artery in 
the thigh at a distance from the aneurysm. This 
specimen resides in the Hunterian Museum at the 
Royal College of Surgeons of England. Courtesy 
of Elizabeth Allen, Curator of the Royal College of 
Surgeons of England. 

Hunter died in 1793, and later the Royal Col
lege of Surgeons placed the following inscription 
on his Westminster Abbey tomb: " ... to record 
their admiration of his genius as a gifted teacher 
and interpreter of the divine power and wisdom 
at work in the Laws of Organic Life, and their 
grateful veneration for his services to mankind as 
the Founder of Scientific Surgery.4 

Lord Lister: The Discovery 
of Antisepsis 

In the 1927 Hunterian Lecture, Sir Berkeley 
Moynihan compared the contributions of Hunter, 
Lister, and Pasteur to a rugby match: "If I may 
borrow a simile from the football field to express 
the relation of these three great men ... I would 
say that it was Pasteur who made the final pass to 
Lister possible .... [However] it was Hunter's 
captaincy in the serum that placed Lister in the 
scoring position." Joseph Lister was born in 1827 
(Figure 4-4),u By this time, surgical training had 
evolved considerably. Lister obtained a university 
education and was influenced by the physiologist 
Sharpey. His first clinical post was as a house sur
geon to the master surgeon James Syme, in Ed
inburgh. At the age of 33, he was appointed Pro
fessor at the University of Glasgow. Two years 
later he became surgeon to the Royal Infirmary, 
where he made many of his lasting contributions. 
During this period his publications reflected ex
perimental and clinical observations on tissue via
bility, involuntary muscle fibers, inflammation, 
gangrene, and coagulation. On the wards he ob
served many surgical infections that stimulated 
him to experiment. From the combination of ex
amining infected surgical wounds, performing ex-

Figure 4-4. Joseph Lister. 
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periments, and applying the results clinically, he 
developed and popularized his theories on surgical 
antisepsis. 

Before application of Lister's discoveries, nearly 
every wound became infected and suppurated.14 

Union by first intention was rare, and closed 
wounds usually became reddened, painful, and 
opened spontaneously. Patients either healed sec
ondarily or developed major complications in
cluding hemorrhage, sepsis, erysipelas, tetanus, or 
septic gangrene. In the two years before introduc
tion of Lister's antiseptic techniques, the surgical 
mortality at the Royal Infirmary was 45%, and 
operations were limited to those considered life
saving. For practical purposes, abdominal and 
thoracic surgery did not exist. 

In 1865 a Glasgow chemist alerted Lister to the 
experiments of Pasteur. Lister became convinced 
that infections were caused by minute organisms 
suspended in particulate airborne material. He se
lected carbolic acid for sterilization during surgery, 
rather than dry heat, as proposed by Pasteur. In 
his first publication on the subject, he stated, "In 
the year of 1864, I was much struck with an ac
count of the remarkable effects produced by car
bolic acid upon the sewage of the town of Car
lisle."14 In March of 1865 he began his first 
clinical studies using carbolic acid-soaked dress
ings. By 1867 he had published his seminal work 
on surgical antisepsis, describing compound frac
ture patients that were treated successfully with 
carbolic acid-soaked dressings. The transcript of 
his exhaustive 1868 address to the Medico
Chirurgical Society of Glasgow provided the best 
descriptions of his experiments. His classic work 
on arterial ligations suggested that infections and 
hemorrhage should decrease markedly if absorb
able catgut was substituted for silk ligatures. Lister 
eventually expanded his antiseptic methods to in
clude vaporized carbolic acid, which became stan
dard in his operating theater. He boldly applied 
his antiseptic principles to even the most difficult 
cases, and by 1879 the surgical mortality at the 
Royal Infirmary had fallen to 1.8% from 45% 15 
years earlier. 

His successive posts in Edinburgh and London 
were achieved through persistence and dedication 
to his theory and application of surgical antisepsis. 
Despite successes in London and the United 
States, Listerism was not embraced. When he re-

turned to London in 1877, operating room con
ditions were similar to those of his student days 
20 years earlier. At the third meeting of the 
American Surgical Association in 1883, over half 
of the speakers and discussants opposed Lister's 
methods.15 Although principles of antisepsis 
evolved slowly, in some European clinics Lister
ism was adopted early. On his 1875 tour through 
Germany, he was welcomed by Volkman, Nuss
baum, Thiersch, and Mikulicz. Lister merits a 
place near the summit of scientific surgery for pav
ing the way to the surgical asepsis practiced today. 
As Osler said, "Only those who have lived in the 
pre-Listerian days can appreciate the revolution 
which has taken place in surgery." 

The Development of Formal 
Training Programs 

The original patterns of surgical training were es
tablished in Europe during the latter half of the 
nineteenth century, particularly in the university 
clinics of Germany, Austria, and Switzerland. 
The surgical masters, who were all-powerful in 
their respective hospitals, established the principle 
of stepwise assumption of responsibility in resi
dency training programs, culminating in the con
cept of full completion of the training during the 
chief residency. Bernhard von Langenbeck, pro
fessor of surgery at the University of Berlin, is 
regarded as the father of modern training pro
grams (Figure 4-5). An extraordinary teacher, 
clinical investigator, and master surgeon, he is 
credited with devising 33 original operative pro
cedures.16 At the famed Charite Hospital in Ber
lin, he attracted a remarkable group of trainees, 
including Billroth, Kocher, Trendelenburg, and 
many others (Figure 4-6). Each became a leader 
of his own school and a great contributor in his 
own right. Langenbeck was also the first to ini
tiate a journal devoted solely to surgery, Archiv for 
klinische Chirurgie, also known as Langenbeck's Ar
chiv (Figure 4-7). After completing Langenbeck's 
program, Billroth became professor of surgery at 
Zurich, and later at the University of Vienna, 
where he was chief surgeon to Allegemeines 
Krankenhaus. Theodor Kocher was appointed 
professor at the University of Berne at the amaz-
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Figure 4-5. Bernhard von Langenbeck, profes
sor of surgery at the University of Berlin. 

ing age of31; Trendelenburgwas appointed to the 
chair in Leipzig. 

William Stewart Halsted: The 
Father of the Modern Surgical 
Residency in the United States 

The intellectual life of Halsted parallels closely 
that of Lister. In the 45 years between Halsted's 
graduation from the College of Physicians and 
Surgeons in New York and his death in 1922, sur
gery advanced remarkably.17.18 This transforma
tion was due largely to his intellect, originallabo
ratory studies, and clinical application. Harvey 
Cushing's description of Halsted (Figure 4-8) 
provides an accurate insight into his character: 

He was a man of unique personality, shy, some
thing of a recluse, fastidious in his tastes and in 
his friendships, an aristocrat in breeding, schol
arly in his habits, the victim for many years of 
indifferent health. He nevertheless may be con
sidered to have established in America a school 
of surgery comparable to that of Billroth in Vi
enna .... He had that rare form of imagination 
which sees problems, and the technical ability, 

Figure 4-6. Billroth, Kocher, and Trendelen
burg: students of Professor Bernhard von Langen
beck. 

combined with persistence, which enabled him 
to attack them with the promise of a successful 
issue. Many of his contributions to his craft and 
medicine in general were fundamental and of en
during importance. 

At Bellevue Hospital, Halsted was first exposed 
to the appalling sight of suppurating surgical 
wounds. Despite overall skepticism, several sur
geons at Bellvue used some antiseptic methods. 
Through their practices, Halsted compared the 
surgical results. Thereafter, his interest in eradi
cating surgical infections developed, and these in
vestigations became a lifelong pursuit. William 
Welch, the pathologist at Bellvue, became a major 
influence on Halsted's professional training, sci
entific curiosity, and personal life. At Welch's sug
gestion he traveled to the clinics of Billroth, von 
Bergmann, and Volkmann. On his return he de
veloped the beginnings of aseptic surgery by es
tablishing the importance of minimal tissue dam
age and hemorrhage. 19 

In 1886 Halsted accepted a faculty position 
with Welch at the newly established Johns Hop
kins Medical School and worked solely in the re
search laboratory until the hospital opened 
(1889). Then Halsted was made surgeon pro tem
pore and in 1892 was elevated to Professor and 
Surgeon-in-Chief He and Welch showed that 
bacteria were still present on the skin even after 
vigorous cleansing with antiseptics. His detailed 
wound microscopic studies lead him to realize 
that careful tissue handling was as important in 
preventing infections as avoidance of bacteria. 

Halsted's life at Johns Hopkins was replete with 
multiple, independent advancements in scientific 
surgery.20 He first established experimentally that 
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Figure 4-7. Title page of the first issue of Lan
genbeck's Archiv fUr klinische chirurgie. 

strength of the intestinal wall is delivered pri
marily by the submucosa, which led to the devel
opment of improved, safer intestinal anastomoses. 
His laboratory coworker, Councilman, said of 
Halsted: 

It is difficult to think of surgery more carefully 

conducted than was this experimental surgery by 

Halsted . . .. The dog was treated as a human 

patient .... The surgery of Halsted was differ-

ent, it was scientific in that he tested by the ex

periment all theoretical conceptions of the art. 
Not since the time of John Hunter had the ex
periment been so fully useful in the development 
of surgery.21 

From his early experiments Halsted developed an 
appreciation for specific "rules" of technique in 

Figure 4-8. William Stewart Halsted. This pho
tograph shows Halsted in 1922, the year of his 
death. During his most productive investigative 
years, few portraits were made of him. 

operative surgery. For the first time, he closed 
clean wounds without drainage. His 1913 publi
cation on the use of fine silk in preference to 
catgut, the introduction of gloves, gutta-percha 
tissue, and silver foil, and the advantages of trans
fixing tissues and vessels in controlling hemor
rhage remains a classic in surgery.22 Halsted's new 
or improved operations resulted from his scientific 
approach and included the radical mastectomy, 
the radical cure for hernia, ligations of aneurysms, 
and the operation for goiter. 

In the United States, the development of sur
gical residency training programs followed the 
Langenbeck-Billroth schools, as introduced by 
William Stewart Halsted. Generally regarded as 
the most outstanding surgeon in North America, 
Halsted regularly visited the major surgical clinics 
in Europe from 1878 until the end of his life. He 
was impressed by the progressive system of sur
gical training and completely devoted to the con
cept that highly selected, bright young trainees 
should begin as interns and gradually progress 
through the residency with increasing responsi
bility. He believed that, upon completion of the 
chief residency, the trainee should have essentially 
the same abilities as the teachers in the university 



30 W.R. Chitwood Jr., D.C. Sabiston Jr. 

clinic. Consequently, many trainees were ap
pointed to prestigious academic chairs immedi
ately following their completion of Halsted's 
training program at the Johns Hopkins Hospital23 

(Figure 4-9). His astonishing success in the train
ing of surgeons was later duplicated by such other 
notable figures as Blalock,24 Wangensteen25 (Fig
ure 4-10), Ravdin (Figure 4-11), and Rhoads 
(Figure 4-12). 

Halsted said, "It was our intention originally to 
adopt as closely as feasible the German plan, 
which, in the main, is the same for all the principal 
clinics." He emphasized further, "Every facility 
and the greatest encouragement is [sic] given each 
member of the staff to do work in research." Hal
sted was deeply impressed by the contributions of 
those who involved themselves in original re
search, and he specifically cited the discoveries of 
Hunter, Pasteur, and Lister as being the founda
tion of modern surgical practice. 

In his classic address, "The Training of a Sur
geon," delivered at Yale in 1904, Halsted said: 

The assistants are expected in addition to their 
ward and operating duties to prosecute original 
investigations and to keep in close touch with the 
work in surgical pathology, bacteriology, and so 
far as possible physiology .... Young men con
templating the study of surgery should early in 
life seek to acquire knowledge of the subjects 
fundamental to the study of their profession.23 

"Halsted's men" were subsequently appointed to 
the most prestigious academic posts, and his con-

Figure 4-9. Johns Hopkins Hospital as it ap
peared when built in 1889 (from an original etch
ing). 

cepts of surgical training with emphasis on clinical 
excellence, combined with research, spread rap
idly and became widely adopted.26 Emile Hol
man, his last chief resident, alluded to Halsted's 
future impact by saying, "In the world of science, 
the rewards go to the thinkers .... In the history 
of surgery, Halsted clearly and uniquely embodied 
the role of an original and productive thinker, to 
whom all surgeons the world over are deeply in
debted ... now and in the limitless future."27 

Responsibility for the training of surgical in
vestigators is an obligation of surgical faculty 
members everywhere. More than two centuries 
ago, Samuel Johnson said: 

Every science has been advanced to a perfection 
by the diligence of contemporary students and the 
gradual discovery of one age improving on an
other, either ttuths, hitherto unknown, must be 
enforced by stronger evidence, facilitated by a 
clearer method, or more ably elucidated by 
brighter illustrations. 

The distinguished Nobel laureate, Arthur 
Kornberg, in an essay entitled "Research - The 
Lifeline of Medicine," stated: 

Advances in medicine spring from discoveries in 
physics, chemistry, and biology. Among key con
tributions to the diagnosis, treatment and pre-

Figure 4-10. Owen H. Wangensteen, famed 
academic surgeon who trained many of the cur
rent leaders in surgery. 
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Figure 4-11. Isador S. Ravdin. 

vention of disease, an analysis has shown that 
two-thirds of these discoveries have originated 
with basic observations, rather than applied re
search. Without a firm foundation in basic sci
entific knowledge, innovations perceived as ad
vances frequently prove hollow and collapse. 

Surgical teachers are well advised to bear per-
sistently in mind a comment of one of our greatest 
physiologists, Julius Comroe: 

I have always believed that a main responsibility 
of a faculty member is to be a talent source-to 
determine the special abilities of medical stu
dents in clinical care, in teaching, or in research 
and then to encourage them to do the very best 
they can in their field of unusual competence. 
One field, of course, is research. I see no way for 
faculty to determine this special talent of their 
students unless students have contact with re
search while they are still in medical school. 

Qyite clearly, it is highly desirable that students 
begin investigative work as soon as practicable. 

Alfred Blalock: Discoveries in 
Shock and Heart Surgery 

Isadore Ravdin related Dr. Alfred Blalock's im
portance in this chain by saying, "Alfred Blalock 
represents the finest of the physiologically minded 

Figure 4-12. Jonathan E. Rhoads. 

surgeons who followed after the death of Dr. Hal
sted."24 Blalock was born in 1899 and graduated 

from the University of Georgia. As a second year 
student at the Johns Hopkins Medical School, he 
was influenced by Dr. Halsted. He completed his 
residency at Vanderbilt and remained on the staff 
for 16 years. There and at Johns Hopkins he de
veloped studies leading to monumental advances 
in the treatment of shock and congenital heart 
disease. 28,29 

The story of shock is fascinating. In 1925, Al
fred Blalock and Tinsley Harrison began their 
early investigations which showed the inverse re
lationship between serum pH and cardiac output. 
After contracting tuberculosis, Blalock withdrew 
from clinical work and during 1928 worked with 
Anrep and Barcroft at Cambridge where he 
learned techniques needed to complete his shock 
studies. These studies were reborn at Vanderbilt, 
and in 1930 he published his classic paper, "Ex
perimental Shock: The Cause of the Low Blood 
Pressure Produced by Muscle Injury." His twelve 
seminal papers showed that multiple conditions 
can result in shock and intravascular fluid imbal
ances. He showed that with massive soft tissue 
injury, intravascular fluids extravasate and deplete 
up to 66% of circulating blood volume. Blalock 
first determined that vasoactive toxin release was 
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not the cause of shock, and that intravenous fluid 
infusions were beneficial. 

The investigative spirit in surgery at Johns 
Hopkins had dissipated after Halsted's death. 
Everyone there considered the return of the 41-
year-old Blalock to be the renaissance of scientific 
surgery (Figure 4-13).24 Dr. Helen Taussig was 
following a large number of children with irrepa
rable cyanotic heart disease. To approach this 
problem, Blalock relied on results of an earlier 
"failed" Vanderbilt experiment. He and Vivian 
Thomas had attempted to create the histologic 
changes of pulmonary hypertension in dogs by 
performing a subclavian to pulmonary artery 
shunt. In Blalock's words, "The left lung was 
pinker than the right on gross examination during 
life. Microscopic examination revealed no note
worthy alterations in either the left pulmonary ar
tery or lung." Although pulmonary blood flow was 
augmented, he had not achieved his goal.28 The 
negative results of that study were to launch a ser
endipitous treatment for Taussig's "blue babies." 
On November 29,1944, Drs. Blalock and Long
mire performed the first successful shunt opera
tion for the tetralogy of Fallot. Later Drs. Blalock 
and Taussig reported 610 patients treated suc
cessfully by this operation. This operation, 

Figure 4-13. Alfred Blalock. This Karsh portrait 
of Blalock was made in 1950 to celebrate his 
1,OOOth "blue baby" operation. 

more than any other, became the stimulus for a 
new age in cardiac surgery. 

Will Camp Sealy: The Father of 
Arrhythmia Surgery 

A North Carolina fisherman with multiple epi
sodes of medically refractory supraventricular 
tachycardia was diagnosed at Duke University 
as having Wolff-Parkinson-White syndrome 
(WPWS). On May 2, 1968, Drs. Will C. Sealy 
and his team mapped the epicardial surface before 
instituting cardiopulmonary bypass. Boineau, a 
colleague, later wrote, 'We found the site of pre
excitation [Kent Bundle] in the right ventricle 
during sinus rhythm and in the right atrium dur
ing PSVT." Cardiopulmonary perfusion was es
tablished, and through the mapped site Sealy 
wrote, "A 5 to 6 cm incision, extending from the 
base of the right atrial appendage to the right 
boarder of the right atrium and completely tran
secting the communication between the atrium 
and ventricle, was made." Remapping showed the 
earliest activation area arising from the normal 
right ventricular location, and the point of earliest 
activation now the latest. The fisherman returned 
home with a normal pulse, and Dr. Sealy had pro
vided clear evidence that WPWS resulted from 
an anomalous pathway. Twenty-seven years later, 
the fisherman remained cured.30 

The cardiac conduction system interested and 
bewildered physiologists, cardiologists, and sur
geons for many years. Dr. Sealy played a pivotal 
role in the development of clinical electrophys
iology (Figure 4-14).30 He determined experi
mentally that abnormal conduction could be al
tered surgically. In this milieu, by meeting "the 
fisherman with a fast pulse," he and his colleagues 
at Duke University affected the first direct surgical 
cure for arrhythmias generated over an abnormal 
conduction pathway. Over the next 25 years, Sealy 
either trained or influenced a school of arrhythmia 
surgeons who perfected the surgical treatment for 
these patients worldwide. These accomplishments 
clearly established Dr. Sealy as the father of ar
rhythmia surgery. 

Prior to this success, he had contributed much 
to surgery through his experimental and clinical 
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Figure 4-14. Will Camp Sealy. This portrait was 
made duri ng the peak era of the Sea Iy operation for 
cardiac preexcitation due to the Wolff-Parkinson
White syndrome. 

work on hypothermia, aortic coarctation, and tho
racic surgery. As early as 1957, he and his col
leagues wrote extensively on both experimental 
and clinical hypothermia. Sealy's interest in car
diac arrhythmias developed from this latter work. 
He said: 

The biggest problem [during deep hypothermia] 
related to patients developing ventricular fibril
lation when their body temperature fell below 
28°C. To get them out of fibrillation, we hooked 

the 120 volt AC power from the wall directly to 
the heart and this usually converted them to a 

normal rhythm. At that time we became inter

ested in arrhythmias associated with deep hy

pothermia.30 

Sealy, Boineau, and a third colleague, Wallace, 
played pivotal roles in attempting to understand 
the electrocardiogram under different pathologic 
conditions. They asked, Why does the electrocar
diogram look different in congenital and acquired 
conditions? Sealy performed mapping on patients 
with atrial septal defects, tetralogy of Failot, and 
left ventricular hypertrophy, among other cardiac 
lesions. Experimentally, he excised the sinus node 
of dogs and attempted to define the location of 

the new intrinsic pacemaker. One of these ani
mals developed atrial flutter, and the aberrant 
electrogram whetted an interest in supraventric
ular arrhythmias. 

The early cases were done by the epicardial ap
proach. The next patient after the fisherman de
veloped an unstable arrhythmia pattern, and the 
pathway was never located. She died of intractable 
arrhythmias postoperatively, and her loss cast a 
pall over the surgical arrhythmia program.30 Ser
endipity had played a major role in the first suc
cess. In retrospect, it was discovered that the sec
ond patient had a more complex paraseptal 
pathway, and if the simpler WPWS pathology 
had not been present in the fisherman, neither 
arrhythmia surgery nor catheter ablation may have 
been launched. Techniques were modified, and in 
1974 Sealy presented the first 20 cases, with one 
death. The combined Duke series of200 consecu
tive WPWS cases operated on by Sealy and Dr. 
James Cox were detailed in 1984, and right free 
wall paths were found in only 18% of patients. 
Worldwide, over 1,000 WPWS operations were 
reported by 1987, a time when radio frequency 
ablation was beginning to replace surgery. The 
WPWS operation and the pioneering efforts of 
Sealy and his colleagues paved the way for modern 
catheter-based methods and laid the foundation 
for future successes. 

Research by Students 

The major discoveries made by medical students 
are fascinating. Andreas Vesalius (Figure 4-15) 
prepared his great anatomical text, De humani cor
poris fabrica (Figure 4-16) while a medical student 
and had it published four months after his grad
uation from the University of Padua as a doctor 
of medicine. The first microscopic observation of 
the function of the capillary circulation was made 
in 1665 by a medical student, Jun Swammerdum, 
who noted erythrocytes flowing through the cap
illary network. In 1799 Humphry Davy, a 19-
year-old medical student, prepared and inhaled 
quantities of nitrous oxide, discovered its marked 
analgesic effect, and predicted that it would some
day be used to prevent the pain associated with 
surgical operations. In 1846 another medical stu-
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Figure 4-15. Andreas Vesalius, famed scientific 
anatomist. 

dent, William T.G. Morton, administered ether 
as an anesthetic at the Massachusetts General 
Hospital. Paul Langerhans, a medical student 
working with Virchow in Berlin, first described 
the islets in the pancreas that now bear his name. 
Ivar Sandstrom, a medical student at the Univer
sity of Uppsala in Sweden, discovered the para
thyroid glands and wrote a monograph docu
menting his observations. In the team of Banting, 
Macleod, and Best, who pioneered the discovery 
of insulin, Best was a medical student, but only 
Banting and Macleod received the Nobel prize. 
Jay MacLeod was a second-year medical student 
working in the physiology laboratory of William H. 
Howell when he discovered heparin in 1916. 

In 1929 Werner Forssmann became a superb 
example of a surgical intern, making a major dis
covery with great courage, by passing a ureteral 
catheter through a vein in his left arm into his 
own heart, after failing to convince a volunteer to 
undergo the experimental procedure. Once the 
catheter was in his heart, Forssmann pondered 
whether he would be believed unless he had ob
jective proof of this daring human experiment. 
Consequently, he arose from the operating table, 
walked up several flights of stairs, had a chest ra
diograph taken (Figure 4-17), and returned to re-

Figure 4-16. Frontispiece from Vesalius' Fab
rica, published in 1543. 

move the catheter. His forthright honesty is re
flected in the last sentence of his report, in which 
he apologized to his readers because, when he re
moved the bandage from his forearm a week later, 
he had a superficial wound infection. He felt he 
must have inadvertently broken sterile technique 
during that historic procedure.31 

Louis Pasteur made the famous statement, 
"Chance favors the prepared mind." Modern edu
cational systems now approach complex subjects 
much earlier in a student's life, and child prodigies 
are becoming much more frequent. Although 
such individuals account for a small percentage of 
those who become scientific investigators, step
wise progression of education remains the usual 
and most reliable means of nurturing productive 
investigators. Many medical students now begin 
original investigation while in college and con
tinue in medical school. Although M.D.-Ph.D. 
programs have played an influential role in the 
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Figure 4-17. Chest film showing catheter self
inserted in the left antecubital vein and passed 
into the heart of Werner Forssmann. 

training of medical investigators, research fellow
ships during surgical residency training have been 
of greater significance. Many residency training 
programs foster the concept of spending one or 
more years in research, and in many centers most 
trainees obtain investigative experience. In the 
Duke University program nearly all surgical resi
dents elect to spend two full-time years in basic 
research with a member of the faculty, a group of 
researchers, or, occasionally, in a laboratory posi
tion elsewhere. Such programs have been the 
source of most recent academic surgical appoint
ees in medical schools and centers. An academic 
appointment now generally depends on demon
strated competence in research, confirmed by sig
nificant publications. 

Conclusion: The Past May 
Predict the Future! 

As the late Alexander Walt, a consummate sur
gical thinker, said in his Presidential Address to 
the American College of Surgeons, "The history 
of surgery should be taught as one would do in a 
graduate school so as to avoid repetition of past 
errors and to stimulate excitement at the recog
nition of how past challenges were overcome by 
serendipity or design."32 Unfortunately, in most 

surgical curricula today, historical relevance has 
been crowded out by the specter of managed care, 
new technology, and more complex patient care. 
We must teach ourselves and our residents to re
viewthe accomplishments and failures of the past 
before launching new experiments and operations. 
We must ask ourselves Has this been done before? 
Halsted's admonition that "the wards (and oper
ating rooms) are laboratories ... laboratories of 
the highest order" should be heeded, since these 
are the vineyards for observation and application 
that lead to surgical discovery. For any of us, a 
careful historical search will often result in a head 
start on a surgical problem, whether it is clinical 
or experimental. Hunter's innovative deer studies, 
Lister's groundbreaking use of carbolic acid, Hal
sted's meticulous observations, Blalock's failed ex
periment, and Sealy's operation have each been a 
step in the evolution of scientific surgery. We will 
continue to see excellent operations that will be 
replaced by minimally invasive or less complex 
technologic advances. However, it is our charge 
to not become discouraged, but to continuously 
add new knowledge to the area of scientific sur
gery. Remember what Sir Berkeley Moynihan said 
in his Hunterian Oration: "The young surgeon of 
today can learn almost as much from [John] 
Hunter's mistakes as from his triumphs."33 

The young surgeon planning a career in aca
demic surgery is wise to reflect upon the present 
fabric of the field and recognize that the biological 
basis of modern surgical practice grows increasingly 
significant. Depth of knowledge is particularly im
portant in the fields of physiology, pathology, bio
chemistry, immunology, pharmacology, biostatis
tics, genetics, and other emerging areas of research. 
It is difficult to make significant surgical advances 
without such knowledge of one or more of these 
disciplines, and the ability to perform and utilize 
the associated laboratory techniques. Close asso
ciation with a recognized investigator or team, over 
a significant period of time, merits considerable 
emphasis and should be thoughtfully planned in 
advance, in consultation with acknowledged con
tributors in the field and the director of the surgical 
residency training program. 

A career in academic surgery is demanding but 
is also the source of much excitement and many 
pleasures. Alfred Blalock stated this very well: 



36 W.R. Chitwood Jr., D.C. Sabiston Jr. 

No satisfaction is quite like that which accom
panies productive investigation, particularly if it 
leads to better treatment of the sick. The im
portant discoveries in medicine are generally 
simple, and one is apt to wonder why they were 
not made earlier. I believe that they are made 
usually by a dedicated person who is willing to 
work and to cultivate his power of observation 
rather than by the so-called intellectual genius. 
Discoveries may be made by the individual 
worker as opposed to the current practice of a 
large research team. Simple apparatus may suf
fice; all the analyses need not be performed by 
technicians; large sums of money are not always 
necessary. Important basic ideas will probably 
continue to come from the individual. Whether 
by accident, design or hunch, the diligent inves
tigator has a fair chance of making an important 
discovery. If he is unwilling to take his chance, 
he should avoid this type of work.24 

Finally, all those planning to enter investigative 
surgery should be continuously aware of the words 
of William Osler (Figure 4-18), generally re
garded as the greatest physician, worldwide, in the 
first half of this century; his astonishing career was 
characterized by tremendous happiness as well as 
achievement. While in his thirties, he became 
professor and chief of the department of medicine 
at McGill University and the Montreal General 

Figure 4-18. Sir William Osler, 1849-1919, Re
gius Professor of Medicine at the University of Ox
ford, England. 

Hospital in Montreal. Shortly thereafter, he was 
offered and accepted what was then the leading 
post in medicine in the United States, at the Uni
versity of Pennsylvania. Several years later, in 
1889, he was offered the position of physician-in
chief and professor of medicine at the newly 
formed Johns Hopkins Hospital and Medical 
School, with a large number of beds and labora
tories completely under his control. Since these 
beds were endowed and could be occupied by pa
tients of any economic group, selected by the 
physician-in-chief, Osler was able to introduce 
medical students to the wards and to allow them 
to perform clinical examinations on patients. He 
was also a distinguished medical scholar who ed
ited an extraordinary textbook of medicine that 
remained in publication for half a century; he was 
a skilled diagnostician, a superb speaker, and a 
clinical scientist of great renown. In 1905 Osler 
was offered the most prestigious post in medicine 
of that day, the Regius Chair at the University of 
Oxford in England. 

When asked why he had been so successful in 
his career and why he was well known by his 
friends and colleagues to be an exceedingly happy 
individual who thoroughly enjoyed all aspects of 
the medical profession, Osler simply said: 

It seems a bounden duty on such an occasion to 
be honest and frank, so I propose to tell you the 
secret oflife as I have seen the game played, and 
as I have tried to play it myself. ... This I pro
pose to give you in the hope, yes, in the full as
surance that some of you at least will lay hold 
upon it to your profit. Though a little one, the 
master-word looms large in meaning.
WO RK - It is the open sesame to every portal, 
the great equalizer in the world, the true philoso
pher's stone, which transmutes all the base metal 
of humanity into gold. The stupid man among 
you, it will make bright, the bright man brilliant, 
and the brilliant student steady. With the magic 
word in your heart all things are possible, and 
without it all study is vanity and vexation. The 
miracles of life are with it .... To the youth it 
brings hope, to the middle-aged confidence, and 
to the aged repose . . .. It is directly responsible 
for all advances in medicine during the past 
twenty-five centuries.34 
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Commentary 

This chapter provides selective historical perspec
tives on how scientific surgery evolved as seen 
from the vantage point of one of the deans of 
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American surgery and his former student, now 
chairman of a surgical department. It is not meant 
to be a comprehensive history of surgery, since 
that is available in numerous other sources. Each 
author of this chapter has written separate and 
somewhat different accounts of this material. Dr. 
Sabiston's chapter appeared in our second edition. 
With the authors' permission we have combined 
their contributions. The strengths of the chapter 
should be credited to the writers; the editors take 
responsibility for any inconsistencies or overlap 
that may have resulted from the fusion. 

The authors emphasize the contributions of 
Pare, Hunter, and Lister as being pivotal in our 

emergence from the dark days of the barber sur
geons. Halstead's leadership role in establishing 
residency programs in the United States based on 
his exposure to the classic training in the German 
surgical schools provides us with an understand
ing of the roots of current surgical residency train
ing programs. Exciting examples of the contri
butions of Alfred Blalock to the pathophysiology 
of shock, and Will Sealy to dysrhythmia surgery 
can serve as models for the young investigator fac
ing current surgical challenges. 

D.S.M 
MF.M 



CHAPTER 5 

Surgeons Who Have Won 
the Nobel Prize 
]. Yee and D. S. Mulder 

Surgery is practiced at the crossroads of clinical in
tuition and scientific deduction. Although exigency 
often dictates that irreversible decisions must be 
made within the context of incomplete or conflict
ing data, the "imprecise science" of surgery has 
demonstrated that astute observation of signs and 
symptoms and constant reappraisal of the results of 
therapy can lead to profound insights into the na
ture of illness. The rhythm of observing protean 
manifestations of disease, progressing to death or 
disability unless correctly analyzed and treated, 
forms the core of a surgeon's daily life. The re
lentlessness of this march could lead to fatalism 
when effective treatment is unavailable, or inspire 
determination to understand and influence the bio
logical forces at work. This determination has 
characterized the surgeons who have been recog
nized by the Nobel prize in physiology or medi
cine. It may seem incongruous that surgeons, with 
their very workmanlike focus on practical solutions 
to common problems, would draw accolades from 
the august world of scientists and academics, but 
the surgical specialties have produced nine Nobel 
prize winners in medical science. The reasons for 
this success are derived from the attributes culti
vated in every generation of surgeons: 

Care for the Sick; 

Scientific Curiosity; 

Concentrated Activity 

Commitment to Excellence 

The bequest of Alfred Nobel stipulated that an
nual prizes be awarded to those individuals who, 
through work in their chosen field, had "conferred 
the greatest benefit on mankind." Since 1901 the 
Nobel prize in physiology or medicine has iden
tified pivotal contributors to medical knowledge 
whose impact has been widespread and enduring. 1 

Nine surgeons have been recognized: Emil Theo
dore Kocher, Allvar Gullstrand, Alexis Carrel, 
Robert Barany, Frederick G. Banting, Walter R. 
Hess, Werner O. Forssman, Charles B. Huggins, 
and Joseph E. Murray. Some of these surgeons 
remained invisible to their contemporaries, and 
the importance of their work was recognized only 
many years later. A few were immediately iden
tified and celebrated. Despite their pursuit of dis
tinctly different interests in separate countries and 
historical eras, all of these surgeons shared the es
sential attributes that still define the profession. 
Their careers were concerned with solving human 
problems and the puzzles of nature. The Nobel 
prize would come as a recognition of a career well 
spent, but was never a goal for these men.1•2 Their 
accomplishments are recorded here as reminders 
of our profession's foundations and to serve as a 
guide for meeting the challenges of the future. 
This chapter, necessarily brief and citing sources 
mainly in the English language, can serve only as 
an introduction to their lives and work. The in
terested reader is referred to other published 
works that similarly celebrate our surgical heritage 
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in more detail. The series of articles by Jain, Swan, 
and Casey are especially interesting reading.3-8 

Emil Theodore Kocher 

Emil Theodore Kocher was born in Bern, Swit
zerland, on August 25, 1841, and graduated with 
honors from the Medical College of the U niver
sity of Bern in 1865. During the following year, 
he traveled to expand his surgical and scientific 
outlook, visiting the clinics ofBillroth in Vienna, 
Lister in Edinburgh, and Pasteur in Paris. He re
turned to Bern in 1866 to join the university's sur
gical clinic. Kocher was appointed professor and 
director in 1872, a post he held until his death 45 
years later. Widely respected as a meticulous and 
skilled technical surgeon, his career was marked 
by the breadth of his interests. He authored arti
cles on subjects as diverse as orthopedics, gastro
intestinal and biliary tract surgery, techniques of 
asepsis, the management of penetrating trauma, 
and the repair of inguinal hernia. His textbook of 
surgery was first published in 1892 and remained 
in print for four more editions.9 

Because he lived and worked his entire life in 
an area of endemic goiter, Kocher obtained ex
tensive experience in surgery of the thyroid 
gland.!O He performed more than 9,000 thyroid
ectomies with less than 1% mortality. As he re
viewed his own results on total thyroidectomy, 
which were widely regarded as unparalleled, Ko
cher identified a disturbing postoperative condi
tion he termed cachexia strumipriva. This compli
cation of hypothyroidism, now called myxedema, 
would later provide an explanation for congenital 
cretinism and form a rational basis for thyroid re
placement therapy.l1 He was awarded the Nobel 
prize in 1909 for his work on the physiology, pa
thology, and surgery of diseases of the thyroid. 

He continued as an operating surgeon until a 
few weeks prior to his death at age 75 on July 27, 
1917. The eponyms in modern surgery that cele
brate his career are the Kocher maneuver, to mo
bilize the duodenum; the subcostal Kocher inci
sion' for open cholecystectomy; the transverse 
Kocher incision, for thyroidectomy; and the Ko
cher reduction of the dislocated shoulder. 

Allvar Gullstrand 

Allvar Gullstrand was born in Landskrona, a 
small town near Copenhagen (then a part of Swe
den) onJune 5,1862. He followed in the footsteps 
of his physician father and graduated with a doc
torate in medicine from the University ofUppsala 
in 1888. His dissertation in 1890 at the Royal 
Caroline Institute on the origins of astigmatism 
formed the basis for a scientific career in oph
thalmology. In 1894 at the age of32 years, Gulls
trand became the professor and chairman of the 
newly created Department of Ophthalmology at 
the University of Uppsala and guided the devel
opment of objective laboratory tests in the clinical 
diagnosis of ophthalmologic disorders. I ,2,12 

Largely self-educated in mathematics and phys
ics, Gullstrand theorized that geometric abnor
malities in the cornea formed the basis for the dis
tortion of light and the associated disorders of 
visual perception. He correlated disparities in the 
horizontal and vertical axes of the cornea to patient 
symptoms and invented the punctual lens as a cor
rective measure. He further demonstrated that the 
process of accommodation involved a gain in the 
refractile power of the lens that was due to both a 
change in the convexity of the lens and to previ
ously undescribed changes in the internal structure 
of the lens itself Gullstrand understood that the 
existing laws of optics, based on glass and other 
homogenous materials, could not be generally ap
plied to the live tissues of the human eye. Gulls
trand developed an operation for the treatment of 
symblepharon and designed both the slit lamp and 
modern reflex-free ophthalmoscope. The slit lamp, 
through its ability to inspect the cornea, iris, lens, 
and vitreous in minute detail, represented a revo
lutionary improvement in diagnostics. 

Gullstrand was awarded the Nobel prize in 
1911 for his work on dioptrics and visual accom
modation. His remarkable achievements were de
rived from a focused application of his knowledge 
of mathematics and physics to the clinical world 
of ophthalmology. 

Alexis Carrel 

Alexis Carrel was a pioneer in surgery whose full 
impact was not truly recognized until many years 
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after his death in 1944. He was born near Lyons, 
France, on June 28,1873, and graduated from the 
University of Lyons in 1900 with a doctorate in 
medicine. In 1902 and only two years after gradu
ation, Carrel published his first article of a series 
on the anastomosis of blood vessels. He recog
nized that the keys to success in vascular surgery 
resided in delicate and meticulous operative tech
nique: the avoidance of crushing clamps and 
damage to the endothelial lining, the use of fine 
nonabsorbable suture, and careful eversion of the 
vessel edge along suture lines. The anastomosis 
was constructed using three equidistant retaining 
sutures placed to unite the ends of the vessels. "By 
traction on the threads the circumference of the 
artery can be transformed into a triangle and the 
perimeter can be dilated at will. Then the edges 
of each side of the triangle are united by a con
tinuous suture whilst they are under tension." 
This technique, as described by Carrel nearly a 
century ago, remains in use today.13,14 

Most of Carrel's work was carried out in the 
United States. Frustrated with the academic bu
reaucracy in France, he emigrated to Canada to 
raise cattle, and briefly lived in Montreal before 
eventually assuming a position at the University 
of Chicago in 1905. His work on vascular anas
tomoses attracted considerable interest and earned 
him a fellowship at the Rockefeller Institute in 
New York. Carrel became a faculty member in 
1912 and would remain at the Rockefeller Insti
tute until his retirement in 1939. The freedom 
and support offered at the Institute allowed Carrel 
to extend his studies to include interpositional 
grafting by autogenous veins, vessel patches, aortic 
surgery, tissue culture, and early animal experi
ments on the technique of organ transplantation. 
He was the first to describe the use of shunts dur
ing surgery on the thoracic aorta as a means of 
preventing paraplegia from spinal cord ischemia. 
His descriptions of valvular cardiac surgery and 
coronary artery bypass grafting were prophetic. 
Even more remarkable were his ideas for the 
transplantation of organs. Carrel's experience with 
vascular anastomoses led to experiments on limb 
reimplantation and the autotransplantation of 
various organs, including the kidney. He de
scribed how harvesting a patch of the proximal 
vessel (e.g., aorta) in continuity with the vascular 
supply of the organ could technically facilitate 

later implantation. Carrel also noted that auto
grafts survived longer than heterografts. He rec
ognized that the feasibility of organ transplanta
tion would depend on a deeper understanding of 
the biological processes that mediated the phe
nomenon of host rejection. 

The Nobel prize was awarded to Carrel in 1912 
for his work on vascular suturing and the trans
plantation of blood vessels and organs. Further 
recognition would follow as Carrel, while a vol
unteer military surgeon stationed in France during 
World War I, developed a wound-cleansing so
lution of sodium hypochlorite, with the famed 
British chemist Henry Drysdale Dakin. Carrel re
ceived the United States Distinguished Service 
Medal but failed to gain the recognition he most 
wanted from his native France. 

His book, Man, the Unknown, was published 
in 1935 and reflected his growing concern with 
metaphysics and the dehumanizing effects of ma
terialism and industrial technology. IS Carrel ar
gued that the principles of science, when applied 
to people and society, would help restore civili
zation to its intellectual and humanistic roots. 
Carrel and Charles A. Lindbergh published a 
book entitled The Culture of Organs in 1938. In 
this work, the surgeon and the famous pilot de
scribed their experiments on organ preservation.16 

Carrel and Lindbergh had worked on the concept 
of an artificial heart and hoped to develop a me
chanical pumping device that could perfuse and 
preserve excised organs. 

Conflicts within the Rockefeller Institute 
would soon force Carrel to leave the United States 
and ultimately return to France. His efforts as a 
medical advisor to the French Ministry of Public 
Health and his association with the Vichy regime 
after the fall of France in 1940 led to harsh criti
cism and later accusations of collaboration with 
the Axis powers. Carrel, the surgeon and scientist 
whose own sparkling accomplishments lay inter
twined with his disillusioned witness of two world 
wars, died in November 1944.17 

Robert Barany 

Robert Barany was born in Vienna, Austria, on 
April 22, 1876, and graduated with a doctorate in 
medicine in 1900. He studied neurology under 
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Kraeplin in Heidelberg before returning to his na
tive Austria to train in surgery at the renowned 
Vienna General Hospital. His interest in neu
rology led him to the surgical discipline of otology 
and the influence of Adam Politzer. Barany ob
served that patients developed nystagmus and diz
ziness on irrigation of the auditory canal, and that 
the ocular findings varied with the temperature of 
the irrigating solution. He theorized that tem
perature changes in the vestibular canal induced 
movement of the liquid within and resulted in the 
perception of body movement. Vertigo resulted 
when other senses, such as sight, perceived no 
such motion. Barany further hypothesized that 
this normal response to caloric stimulation would 
be lost in patients with disease of the middle ear. 
Detailed investigations on patients and normal 
volunteers substantiated his hypotheses and 
formed the basis for his Investigations on Rhythmic 
Nystagmus and its Accompanying Manifestations 
Arising from the Vestibular Apparatus of the Ear, 
published in 1906. 

During World War I, Barany was sent to or
ganize a military surgical unit. His subsequent 
management of wartime neurosurgical injuries, 
which included the heretofore unaccepted 
primary closure of debrided cerebral gunshot 
wounds, predated the essentially similar practice 
later promoted by and credited to Harvey Cush
ing, the famed American neurosurgeon. Baniny 
was captured by the Russian army in 1915 and 
interred at a prisoner of war camp in Turkistan. It 
was here that he received the news that his work 
on the vestibular apparatus had won the 1914 No
bel prize. He was released in 1916 only to return 
to Vienna and be accused by his colleagues of pla
giarism. Fully exonerated of these accusations, 
Barany chose to move to Sweden and accepted the 
rather modest appointment of assistant professor 
at the University of Uppsala. He remained in 
Sweden until his death in 1936.18 

Frederick Banting 

Frederick Banting was born November 14, 1891, 
in Alliston, a small town near Toronto, Canada. 
His parents were hardworking farmers who hoped 

that he would become a Methodist minister. 
Much to his father's dismay, Banting enrolled in 
the University of Toronto's medical school in 
1912. During World War I, Banting enlisted with 
the Medical Corps of the Royal Canadian Army 
and left for England. He saw service in France 
and was decorated with the Military Cross. De
spite sustaining a serious injury to his right arm, 
Banting returned to Toronto in 1919 and com
pleted training in orthopedic surgery under his 
mentor, Clarence Starr. He accepted a hospital 
position in London, Ontario, but soon began to 
grow restless. Lecturing at the Department of 
Physiology at the University of Western Ontario 
was his outlet. He developed a keen interest in 
diabetes mellitus and physiology of the pancreas. 
Basing his reasoning on the pathophysiology of 
gallstone pancreatitis, Banting thought that the 
endocrine function of the gland could be better 
studied if its exocrine function was somehow re
moved. He approachedJ.J.R. MacLeod, professor 
of physiology at the University of Toronto, with 
his research proposal but was rebuffed repeatedly. 
Banting persisted and MacLeod finally relented, 
allowing the young surgeon to use his Toronto 
laboratory during his absence. Charles H. Best, 
one of MacLeod's students, was assigned to work 
with Banting for the summer of 1921. MacLeod 
himself was in Scotland.19 

Banting and Best proceeded with a classic series 
of experiments that involved ligation of the pan
creatic duct and the induction of exocrine atro
phy.20.21 They found that an extract of the atrophic 
pancreas could reverse diabetic coma in dogs. In 
January 1922 a crude preparation was used to treat 
a young boy with diabetic ketoacidosis at Toronto 
General Hospital. The Nobel prize was awarded 
in 1923 to Banting and MacLeod for the discov
ery of insulin. The committee's decision to rec
ognize MacLeod and to exclude Best deeply 
wounded Banting's sense of fairness. He shared 
his half of the money award with Best and evoked 
a controversy on the anatomy of scientific col
laboration, which remains pertinent even 
now.22 

The Nobel prize, which Banting won at the age 
of 32, brought fame to the university and height
ened public optimism for research in other dis
eases. The Banting Research Foundation and the 
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Banting Institute were formed at the University 
of Toronto to concentrate medical research at 
this time of intense expectation. The onset of 
World War II led Banting to rejoin the military, 
this time to coordinate war-related research in 
North America. The Banting Institute had helped 
develop a pressurized flight suit that would protect 
pilots during high-g-force maneuvers. On his way 
to England to test this device, Charles Banting lost 
his life in a Newfoundland airplane crash. Once 
again, a life devoted to medicine and science was 
caught up in the social currents of the time and the 
inexorable rhythm of the drumbeat of war.23 

Walter Hess 

Walter Hess was born in Frauenfeld, Switzerland, 
on March 17, 1881. He received his degree in 
medicine from the University of Zurich in 1905 
and entered a residency in opthalmology during 
the subsequent year. After several successful and 
lucrative years in private practice, Hess returned 
to the University of Zurich to carry out research 
on hemodynamics and blood viscosity. The influ
ence of Max Verworn from Bonn University 
served to sharpen Hess's interest in the autonomic 
control of circulation and respiration. After serv
ing as a field surgeon in the Imperial German 
army during World War I, Hess resumed his aca
demic career in Zurich and became, at the age of 
36, the chairman of the Department of Physi
ology.24 His subsequent work concentrated on the 
use of animal studies to map the functional or
ganization of the brain. Through selective stimu
lation or ablation of areas in the midbrain, Hess 
was able to relate the anatomy of what is now 
known as the diencephalon to the autonomic con
trol of the body's vegetative functions. Insights 
were also obtained on the biological control of 
emotion, since electrical stimulation of the hy
pothalamus was found to elicit rage in experimen
tal animals. Hess was the first to assign a specific 
physiologic function to a specific area in the brain, 
a remarkable accomplishment for one who began 
his professional life in the private practice of op
thalmology.25 Hess was awarded the Nobel prize 
in 1949 for his work on "the interbrain as a co
ordinator of the activities of the internal organs." 

Werner Theodor Otto Forssman 

Werner Theodor Otto Forssman was born on 
August 29,1904, in Berlin, Germany, and gradu
ated in medicine from the Fredrich Wilhelm Uni
versity in 1928. During his subsequent surgical 
training in 1929 Forssman, after numerous ex
periments on cadavers, performed the first trans
venous catheterization of the human heart on 
himse1£ He cut down upon a vein in his left arm 
and threaded a "well-oiled ureteral catheter" to
ward the heart. He then walked through the hos
pital to the radiology department where, despite 
the ensuing alarm, an X ray was taken to prove 
the location of the catheter tip in his right ven
tricle.26 Although Forssman had originally in
tended this technique to be an aid in the intra
cardiac delivery of drugs, its potential application 
to hemodynamic and metabolic research was ap
parent. Some of his colleagues condemned him 
for pursuing what they then believed was a wild 
and dangerous avenue. 

Forssman went on to complete his training as 
a urologist and served as an army surgeon during 
World War II. Mter his capture and release as an 
Allied prisoner of war, Forssman returned to clini
cal practice in Germany.! His work on heart cathe
terization had meanwhile been elaborated on by 
Andre F. Cournand and Dickinson W. Richards 
in New York. Forssman's contribution to the de
velopment of heart catheterization was recognized 
by the Nobel committee in 1956, more than 25 
years after his original publication. He shared the 
Nobel prize with Cournand and Richards. The 
modern practice of cardiology and critical care 
thus became indebted to a urologist and his daring 
experiments. 

Charles B. Huggins 

Charles B. Huggins was also a urologist, born in 
Halifax, Canada, on September 22, 1901. He re
ceived his B.A., along with a graduating class of 
only 25 students, from the nearby Acadia Uni
versity in Nova Scotia. Huggins earned a medical 
degree from Harvard University in 1924. He 
completed a surgical residency at the University 
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of Michigan before joining the newly formed 
medical school at the University of Chicago in 
1927. Huggins studied the physiology of the ca
nine prostate gland, observing that normal pros
tatic secretion was hormonally regulated by an
drogens and estrogens. The implications of this 
on the treatment of prostatic cancer was subse
quently realized when Huggins demonstrated that 
bilateral orchiectomy or exogenous estrogen could 
lead to a decrease in the serum level of acid phos
phatase, a marker of metastatic prostatic cancer.27 
His clinical report on the results of orchiectomy 
in patients with metastatic prostate cancer showed 
that clinical improvement and even long-term 
survival could be attained after manipulation of 
the hormonal milieu.28 Huggins later applied this 
line of reasoning to his research on the endocrine 
regulation of breast cancer. Ovariectomy and ad
renalectomy, followed by cortisone replacement, 
were advocated as endocrine therapies for ad
vanced breast cancer.29 His discoveries concerning 
the hormonal treatment of prostate cancer won 
him his share of the 1966 Nobel prize for physi
ology or medicine. 

Joseph E. Murray 

Joseph E. Murray is the surgeon most recently 
honored by a Nobel prize. He shared the 1990 
award with E. Donnall Thomas for discoveries in 
the field of organ and cell transplantation. The 
first successful human kidney transplant was car
ried out between identical twins in a daring opera
tion performed by Murray on December 23, 
1954. The clarity of vision and courage required 
for this undertaking were formidable. Even today, 
more than 40 years later, the prospect of subject- . 
ing a healthy individual to a donor nephrectomy 
is not taken lightly. The reasoning and prepara
tion that were necessary, the unwavering convic
tion that a procedure of this magnitude would 
work, and the confidence that his technical skills 
would measure up to the challenge combine to 
personify the essence of the surgical ideal.30 

Murray was born on April 1, 1919, in Milford, 
Massachusetts, and graduated from the Harvard 
Medical School in 1943. His surgical internship 
at the Peter Bent Brigham Hospital in Boston was 
interrupted by service with the United States 

Army as a First Lieutenant at Valley Forge Hos
pital. He developed his skills as a plastic surgeon 
while attending to the wounded, and often burned, 
soldiers of World War II. Mter the war, Murray 
completed his residency at the Brigham Hospital 
and continued on to further training in both head 
and neck surgery and plastic surgery at, respec
tively, Memorial Sloan Kettering and the New 
York Hospital.! He returned to Boston to assume 
a clinical post in the Department of Surgery at the 
Brigham Hospital. This hospital had an active di
alysis unit and was very involved in the treatment 
of end-stage renal disease. Murray began a series 
of animal experiments that served to develop not 
only the technique of transplantation, but also 
some means of inducing host tolerance for the 
new organ. Recognizing, from the work of his col
league David Hume, that a kidney from a cadav
eric donor would inevitably fail, and drawing from 
his own experience in skin grafting, Murray con
cluded that transplantation would become feasible 
if the host's immunologic barriers were elimi
nated. The ultimate test of this hypothesis oc
curred in 1954 when a patient named Richard 
Herrick presented with both end-stage renal fail
ure and an identical twin brother willing to donate 
a kidney. The operation was a success and the pa
tient went on to live 8 more years, marrying his 
recovery-room nurse and fathering two children 
during that time. Murray would later demonstrate 
the feasibility of cadaveric renal transplantation 
within the context of drug-induced host immu
nosuppression.3! Murray's own discipline of plas
tic surgery would also benefit from his talent as 
he combined with Donald Matson, the chief of 
neurosurgery at the Brigham Hospital, to develop 
a craniofacial approach for the treatment of chil
dren with orbital tumorsY 

Conclusion 

This necessarily brief presentation on the nine 
surgeon Nobel laureates cannot do justice to the 
color and richness of their professional lives, nor 
capture their humanity as husbands, fathers, or 
friends. One cannot help but notice how their 
lives, separated as they were by time and distance, 
all resonated with common themes. Kocher, the 
master technician and dedicated surgeon, was si-
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Table 5-1. Nobel Prize Winners in Surgery. 

Country of Birth 

1901 Emil Kocher Switzerland 

1911 Alver Gul1strand Sweden 

1912 Alexis Carrel France 

1914 Robert Baniny Austria 

1923 Frederick Banting Canada 

1949 Walter Hess Switzerland 

1956 Werner Forssman Germany 

1966 Charles Huggins Canada 

1990 Joseph Murray United States 

multaneously a generalist and a highly focused 
specialist. His work ranged over many topics in 
surgery, but his approach was always characterized 
by the same meticulous attention to detail and a 
constant reappraisal of how surgery could be bet
ter done. Gullstrand, with his research on the re
fraction of light by the human eye and the devel
opment of the slit lamp, brought physics and 
mathematics to be bedside. The seven surgeons 
that followed were all variously touched by war 
and went on to serve their country. Carrel, a tech
nical innovator and a visionary scientist in vascular 
surgery and transplantation, was an enigmatic fig
ure who, despite many honors, died bitterly dis
appointed from never having gained the recog
nition he felt he deserved from his native France. 
Barany, the founder of otoneurology, received his 
Nobel prize while a prisoner of war. He too was 
criticized by contemporaries within his own coun
try and pursued the rest of his academic career 
outside of Austria. Banting was an orthopedic 
surgeon who discovered insulin. Hess was an op
thalmologist who mapped the brain and defined 
the diencephalon. Forssman was a urologist who, 
alone and upon himself, conducted the world's 
first catheterization of a living human heart. Hug
gins, a dedicated laboratory scientist and active 
surgeon, applied his bench findings at the bedside 
and established the basis for endocrine therapy in 
cancer. Murray, the plastic surgeon trained in 
head and neck oncology, performed the world's 
first kidney transplantation. (See Table 5-1.) 

Area ofInterest 

Physiology, pathology and surgery of the thyroid gland 

Dioptrics and visual accommodation 

Vascular suturing and transplantation 

Physiology and pathology of the vestibular apparatus 

Discovery of insulin 

Functional organization of the interbrain as coordinator of 
activities of internal organs 

Heart catheterization 

Hormonal treatment of prostate cancer 

Kidney transplantation 

What can we learn from these nme Nobel 
laureates? All were active participants in patient 
care. Their research was meticulous yet to the 
point. Neither easily distracted nor isolated from 
their social responsibilities, these surgeons con
centrated their skills and efforts to solve a tech
nical problem or a biologic puzzle. Like many sur
geons, seven of them served their country during 
times of war to care for the sick and wounded. 
Their scientific endeavors were characterized by 
an intellectual curiosity that respected neither the 
boundaries imposed by their formal training nor 
the limits placed around them by their colleagues. 
An openness to self-education and a childlike dis
regard of contemporary limits on science allowed 
a urologist and an orthopedic surgeon to become 
the pioneers of cardiology and endocrinology. 
Bridges were built across specialties and between 
the laboratory and the bedside. 

The speed and direction of our future progress 
in the modern practice of surgery will be linked 
not only to the efforts of individuals, but also to 
the retained values of the profession. The con
cerns and pressures faced by surgeons today are 
unquestionably severe but are no more extreme 
than those of the past. Subspecialization, the 
threat of self-interested fragmentation, and the 
political and economic forces that conspire to 
make us limit ourselves, pose real challenges to 
modern surgery. Careers combining clinical care 
and academic research seem increasingly rare as 
responsibilities for one's patients, laboratory, and 
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family compete for time and attention. The future 
of surgery will depend on how we conduct our 
lives as decisive agents of change in science and 
society. Surgeons, who rarely hide from the chal
lenges of the operating theater, often fail to rec
ognize how the tallest obstacles to progress, bias 
and self-doubt, arise insidiously from within. Pos
sibilities may lay unfulfilled unless sparked by an 
optimistic determination to learn and act. Im
pressed with the human face of disease and em
powered by a trained mind, the surgeon commit
ted to excellence in daily work will always serve 
as a public witness for what will continue to be a 
noble profession. 
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Commentary 

The Nobel prize represents the judgment of a dis
tinguished committee from a single country with 
its own historical criteria and terms of reference. 
Many in the world community of surgery have 
their own heroes in surgical science based on cri
teria that do not enter the calculus of the Nobel 
committee, such as exemplary patient care, sur
gical judgment, and technical proficiency. Perhaps 
surgery will someday have its own honor roll. 

Readers are encouraged to develop their own 
nominations to the "Nobility of Surgery." 

It is remarkable that nine surgeons have been 
recognized with the Nobel prize. This chapter is 
a refreshing look at the lives, contributions, and 
professional careers of the nine Nobel prize win
ners in surgery. They all demonstrated the com
mon characteristics of a high level of care for the 
sick, intense scientific curiosity, determination, 
and a level of concentration that allowed them to 
complete their work despite problems as large as 
those presented by two major wars. The unquali
fied commitment to excellence illustrated by each 
of their lives serves as an example to young sur
gical investigators not to be deterred by current 
concerns, pressures, and obstacles that may seem 
insurmountable. 

HT 
M.F.M. 



CHAPTER 6 

The Historical Evolution 
of Clinical Research 
A. V. Pollock 

Research! A mere excuse for idleness; it has never 
achieved and will never achieve any results of the 
slightest value. 

-Benjamin JowettI 

Surgical research, whether in the laboratory, the 
animal house, the wards, or the community, relies 
first and foremost on accurate and honest obser
vation and description. John Ruskin illustrates the 
challenge of accuracy in observation in The Stones 
of Venice: 

It is not easy to be accurate in an account of 
anything, however simple. Zoologists often dis
agree in their descriptions of the curve of a shell, 
or the plumage of a bird, though they may lay 
their specimen on the table and examine it at 
their leisure: how much greater becomes the like
lihood of error in the description of things which 
must be in many parts observed from a distance, 
or under unfavorable circumstances ... I believe 
few people have an idea of the cost of truth in 
these things; of the expenditure of time necessary 
to make sure of the simplest facts, and of the 
strange way in which separate observations will 
sometimes falsify each other, incapable of rec
oncilement, owing to some imperceptible inad
vertency.2 

Observation, alone, can lead to fallacies. We 
still say the sun rises in the east and sets in the 
west. What could be more natural to medieval 

observers than to suppose that the sun travels 
around a stationary earth? It took the genius of 
Nicolaus Copernicus to refute this theory. The 
observation was correct, but the ancient proposi
tion ignored the movements of the planets-a 
new hypothesis was needed, and Copernicus sup
plied it. 

The essence of a scientific statement is that it 
can be falsified by further observation and re
placed by a new statement. Newton gave the 
world several propositions that explained nearly 
all astronomical events. Einstein sought the ex
ceptions and propounded the theory of relativity 
to explain more observations than those supported 
by Newton's hypotheses. In Einstein's words: 

The new theory of gravitation diverges widely 
from that of Newton with respect to its basic 
principle. But in practical application, the two 
agree so closely that it has been difficult to find 
cases in which the actual differences could be 
subjected to observation.3 

The Philosophy of Research 

Two contemporary philosophers of science stand 
out-Karl Popper and Thomas Kuhn -and their 
views conflict to some extent.4 Popper proposed 
that the distinction between science and nonsci
ence is that it is possible to falsify a scientific 
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proposition. "God created the universe" is a state
ment of faith-a proposition that cannot be re
futed, but "The world was created 7,000 years 
ago" is a falsifiable hypothesis and therefore a sci
entific statement. 

Popper sees criticism as a chief function of a 
scientist and has traced logical argument back to 
the pre-Socratic philosophers of Greece-Thales, 
Anaximander, and Anaximenes-who initiated 
the tradition of subjecting speculation to critical 
discussion that is the basis of the scientific 
method. In Popper's view, the scientific method 
comprises the following steps: 

1. Seek a problem. 
2. Propose a solution. 
3. Formulate a testable hypothesis from that pro

posal. 
4. Attempt to refute the hypothesis by observa

tions and experiments. 
5. Establish preference between competing theo

ries. 

All this means that a young scientist who hopes 
to make discoveries is badly advised if his or her 
teacher says: "Go round and observe," but he or 
she is well advised if the teacher says: "Try to learn 
what people are discussing nowadays in science. 
Find out where difficulties arise and take an in
terest in disagreements. These are the questions 
that you should take up." In other words, you 
should study the problems of the day. This means 
that you pick up, and try to continue, a line of 
inquiry that has the whole background of the ear
lier development of science behind it.S 

Kuhn, in contrast, wrote that scientific knowl
edge does not progress steadily by criticism of es
tablished hypotheses and claimed that ordinary re
search seeks only to solve puzzles within the 
framework ("paradigm") of the existing accumu
lation of scientific knowledge. This steady state of 
puzzle solving is interrupted from time to time by 
revolutions that arrive suddenly, irrationally, and 
intuitively to establish a new paradigm within 
which the new scientists do their ordinary re
search and attempt to solve new puzzles. 

Neither Popper nor Kuhn took much interest 
in biological or medical research, but we can ac
cept both their philosophies. We can try to solve 
puzzles, and we can also set up hypotheses and 

devise observations and experiments to refute 
them. McIntyre and Poppet> suggested the fol
lowing ten rules for medical practice and research: 

1. Our present conjectural knowledge far tran
scends what any person can know, even in his 
own specialty. It changes quickly and radi
cally, and, in the main, not by accumulation 
but by the correction of erroneous doctrines 
and ideas. There can be no authorities; there 
can be better and worse scientists. More often 
than not, the better the scientist, the more 
aware he or she will be of personal limita
tions. 

2. We are all fallible; nobody can avoid even all 
avoidable mistakes. The old idea that we 
must avoid them has to be revised. It is mis
taken and has led to hypocrisy. 

3. Nevertheless, it remains our task to avoid er
rors. But to do so we must recognize the dif
ficulty. It is a task in which nobody succeeds 
fully-not even the great creative scientist 
who is led, but quite often misled, by intui
tion. 

4. Errors may lurk even in our best-tested theo
ries, and it is the responsibility of the profes
sional to search for them. The proposal of 
new alternative theories can help us greatly; 
we should be tolerant of ideas that differ from 
the dominant theories of the day and not wait 
until those theories are in trouble. The dis
covery that a well-tested and corroborated 
theory, or a commonly used procedure is er
roneous may be a most important discovery. 

5. Our attitude toward mistakes must change 
because it is here that ethical reform must be
gin. The old attitude leads us to hide our mis
takes and to forget them as quickly as we can. 

6. The principle that we must learn from our 
mistakes, so that we avoid them in future, 
must take precedence even over the acquisi
tion of new information. Hiding mistakes 
must be regarded as a deadly sin. Such errors 
as operating on the wrong patient or remov
ing a healthy limb are inevitably exposed. Al
though the injury may be irreversible, expo
sure of the error can lead to the adoption of 
practices designed to prevent its recurrence. 
Other errors may be equally regrettable, but 
not so easily exposed. Those who commit 
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them may not wish to have them brought to 
light, but they should not be concealed be
cause discussion and analysis may change 
practice and prevent their repetition. 

7. We must search for our mistakes, investi
gate them fully, and train ourselves to be self
critical. 

8. We must recognize that self-criticism is best, 
but criticism by others is necessary and es
pecially valuable if the critics approach prob
lems from a different background. We must 
learn to be graceful and even grateful in ac
cepting criticism from those who draw our 
attention to our errors. 

9. When we draw the attention of others to 
their mistakes, we should remind ourselves of 
the similar errors we have made; it is human 
to err, and even the greatest scientists make 
mistakes. 

10. Rational criticism should be directed to defi
nite, clearly identified mistakes. It should 
contain reasons and should be expressed in a 
form that allows its refutation. It should make 
clear which assumptions are being challenged 
and why. It should never contain insinuations, 
mere assertions, or only negative evaluations. 
It should be inspired by the aim of getting 
nearer to the truth and, for this reason, should 
be impersonal. 

The surgeon, whether solving puzzles or refut
ing hypotheses, can seek help from three inter
dependent disciplines: bench work, animal exper
iments, and clinical practice. Many problems in 
clinical practice can be solved only in the bio
chemical and microbiological laboratories. Some 
questions can be answered ethically only by ani
mal experiments, but laboratory and animal re
search is sterile unless it has a potential for 
affecting clinical practice. The historical devel
opment of clinical research is outlined here, that 
of laboratory research in chapter 2. 

The Social Responsibility 
of Scientists 

Prometheus was punished for bringing knowledge 
into the world, and Faust for wanting it too much. 
Scientists should be aware that they are held re-

sponsible for the outcome of the knowledge they 
generate and must face up to their special respon
sibilities. 

The word eugenics was coined by Francis Gal
ton in 1883, and it generated the idea of produc
ing"a highly gifted race of men by judicious mar
riages during several consecutive generations."7 In 
1904 Charles Davenport persuaded the Carnegie 
Foundation to set up the Cold Spring Harbor 
Laboratories to study human evolution. All these 
activities were undertaken by worthy scientists, 
but it was only 30 years later that Hitler took up 
the idea of eliminating undesirable genes from the 
human stock. 

We can now insert genes into human cells. In
serting them into somatic cells gives little cause 
for argument about the desirability of such re
search, but inserting new genes into germ cells 
raises issues of such importance that the public 
must participate in the debate on its acceptability. 

Wolpert8 advocated letting the community 
share the responsibility for developing scientific 
advances, and quoted Thomas Jefferson: 

I know no safe depository of the ultimate powers 
of the society but the people themselves, and if 

we think them not enlightened enough to exer

cise that control with a wholesome discretion, 

the remedy is not to take it from them, but to 
inform their discretion. 

The History of Clinical Research 

The following statement is unscientific because it 
cannot be refuted: Our forefathers, at least as far 
back as the fifth century B.C., were no less intel
ligent than we are. Why, then, is biological and 
medical research, with a few exceptions, a product 
of the last century? 

Respect for the Doctor-Patient 
Relationship 

There was a time when a doctor was almost uni
versally regarded as being all seeing and all know
ing, and this attitude persists in some parts of the 
world. As a consequence, physicians could never 
admit that their diagnosis was conjectural or their 
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treatment ineffective. They could never confess 
ignorance; but the acknowledgment of ignorance 
is the first step toward research. 

Inaccurate Diagnoses 

You cannot do clinical research unless you can 
make precise diagnoses. Diagnostic accuracy im
proved following the discovery of the causative 
role of microorganisms in certain diseases, the in
troduction of diagnostic radiology, and the more 
recent advances in biochemistry, immunology, and 
diagnostic imaging techniques. 

Ineffective Remedies 

When physicians were powerless to influence the 
course of most diseases, they did not think of do
ing research. One placebo was as good as the next, 
and it was merely discourteous to question the 
practice of colleagues. 

Reverence for Authority 

Until the late nineteenth century, the task of 
scholars was to study and interpret the writings of 
others; reverence for authority was the outstand
ing virtue. The approach to learning was concep
tual rather than empirical. Sir Dominic John Cor
ritan,9 writing in the Lancet, in 1829, said about 
Harvey's discovery of the circulation of the blood: 
"Such, however, is the power of prejudice that no 
physician past the age of forty believed in Harvey's 
doctrine, and that his practice declined from the 
moment he published this ever-memorable dis
covery."9 Although a few original thinkers have 
challenged authority in every age in spite of op
posing social pressures, it is only recently that re
spect for logical thinking has generated skepticism 
and the pursuit of pragmatism. 

Lack of Statistical Tests 

In therapeutics, scientific testing of remedies is 
one of the strongest forces for change. The fun
damental requirement of a proper clinical trial is 
the evaluation of the outcome of a treatment regi-

men by the application of methods based on the 
mathematics of probability. 

Evolution of Population 
Statistics 

During the eight centuries between the compila
tion of the Doomsday Book (an inventory of King 
William's newly conquered English kingdom) 
and the nineteenth century, vital statistics were 
not systematically collected anywhere in Europe. 
In 1776 the Societe Royale de Medicine made one 
of the first attempts to record births and deaths 
throughout France, but a reliable system was not 
introduced until the early 1800s, and later still in 
other European countries. By 1880, individual 
cards had taken the place of highly fallible lists in 
the compiling of statistics, and the Hollerith 
punch card sorting machine was first used in a 
national census in the United States in 1890. 

It soon became evident that epidemiological 
studies were stultified by the inaccuracy of death 
certificates. Even as late as the beginning of the 
twentieth century, Sir Josiah Stamp was able to 
write: 

The government are very keen on amassing sta
tistics. They collect them, add them, raise them 
to the nth power, take the cube root, and prepare 
wonderful diagrams. But you must never forget 
that every one of these figures comes in the first 
instance from the village watchman, who puts 
down what he damn well pleases.!O 

In 1853 William Farr, who had been a student 
of Pierre Charles Alexandre Louis, inventor of the 
"numerical method," in Paris, cooperated with 
Marc d'Espine in developing the anatomically 
based system of classification of diseases that 
formed the foundation of today's International 
Classification of Diseases. 

Louis's numerical method received no acclaim 
until relatively recently. In 1835 he published a 
paper translated as "Research on the effect of 
blood-letting in several inflammatory maladies." 
His main conclusion was that bloodletting had 
little therapeutic value. ll The paper attracted ad
verse comment in the French Academy of Sci
ences, and Frans:ois Double issued a report con-
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demning the use of statistical methods in clinical 
method, and extolling Morgagni's aphorism: 
Non numerandae sed perpendendae (facts must be 
weighed, not counted). Nevertheless, in 1837 
Simon Denis Poisson wrote that if a medication 
had been successfully used in a large number of 
similar cases, and if the number of cases in which 
it had not succeeded was small compared with the 
total number of cases, it was probable that the 
medication would succeed in a new trial. 

Mathematics of Probability 

Games of chance were the original stimulus to 
sixteenth-century philosophers, including Gali
leo, to attempt to give mathematical expression to 
probabilities.12.!3 In the following century, Blaise 
Pascal corresponded regularly with a fellow 
mathematician, Pierre de Fermat, on probabilities 
in relation to card games. The first inkling of 
modern methods of statistical analysis appeared in 
1713 when Jacob Bernoulli's Ars conjectandi was 
published. He proved that the more often a test 
is repeated, the greater is the probability that the 
result will be within certain limits. 

In eighteenth-century France, Abraham de 
Moivre published Doctrines of Chance, and "The 
Petersburg Problem" was widely discussed (i.e., if 
a coin toss comes up tails several times, is it more 
likely to come up heads the next time?). In 1785 
the Marquis de Condorcet declared in his "Essay 
on the Application of Mathematics to the Theory 
of Decision Making" that probability calculus 
"weighs the grounds for belief and calculates the 
probable truth of testimony or decisions." 

The French mathematical philosopher Pierre 
Simon, Marquis de Laplace, published his Ana
lytical Theory of Probabilities in 1812 and wrote, 
''The theory of probabilities is fundamentally only 
good sense reduced to calculation." 

By 1870, statistical analysis of whole popula
tions was well advanced, but the problems of sam
pling had not been tackled. Then, the new science 
of microbiology temporarily eclipsed interest in 
the application of statistics in medicine, and the 
development of statistical methods for analyzing 
samples shifted to brewing and agriculture. The 
term random was first applied in a statistical sense 
at the end of the nineteenth century. 

The Development of 
Clinical Trials 

Historical Controls 

Most great advances in therapeutics have been 
made by contrasting the results of a new regimen 
with those of previously documented treatment. 
The enormous benefits of general anesthesia, the 
reduction of surgical infection rates by asepsis, the 
cure of many infections by penicillin, and numer
ous other advances have needed only careful docu
mentation and comparison with previous experi
ence to become accepted. 

If a new treatment is immeasurably better than 
the old, historical controls are not only sufficient, 
they are the only ones that are ethical. Once it had 
been shown that penicillin could cure bacterial 
endocarditis-previously uniformly lethal, not 
treating all cases with penicillin was unacceptable. 
Random control trials are justified only if there is 
a therapeutic dilemma. Ignorance is essential. 

The inappropriate use of historical controls can, 
however, lead to false conclusions. This is par
ticularly true if the results of surgical treatment 
are compared with previous experience with 
medical treatment of the same disease. There is a 
selection bias in such a study; the surgeon operates 
only on patients who are fit enough to have the 
operation. The results cannot be compared with 
those of all patients in a previous series treated 
medically. 

An example of this bias was published in the New 
England Journal of Medicine in 1948.14 Among 
patients with bleeding esophageal varices caused 
by cirrhosis of the liver, Linton reported better 
survival figures for those who were treated by por
tacaval shunts than for a control group treated 
medically in previous years. The surgical patients 
were those who survived long enough to be op
erated on; those who never became fit for surgery 
or died before it could be performed were not re
ported. Linton's conclusions were subsequently 
repudiated by the Boston Liver Group,15 who ran
domized patients fit enough for operation and as
signed them to standard medical treatment or to 
portacaval shunting. The results were not signifi
cantly different in the two groups but were vastly-
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superior to those in a group of patients not fit 
enough to be recruited into the trial. 

Contemporary Nonrandom Controls 

Many questions about etiology and epidemiology 
can be answered only by comparing a group of 
people subject to certain risks with another group 
that is not. Sometimes, the evidence from such 
comparisons is sufficiently compelling to demand 
acceptance (e.g., the association between cigarette 
smoking and bronchial carcinoma, or exposure to 
asbestos dust and mesothelioma). Epidemiologi
cal research using case controls can, however, pro
duce more questions than answers; witness the 
confusion about the connection between diet and 
atherosclerosis, or between oral contraceptives 
and breast cancer. 

A carefully conducted case-control study 
showed a significant influence of prolonged use of 
oral contraceptives on the development of breast 
cancer in women under the age of 35 years. 16 The 
authors were careful to minimize biases, but their 
conclusions are at odds with those of other epi
demiological studies and with the absence of a rise 
in the overall incidence of breast cancer during the 
years of wide usage of oral contraceptives. 

In therapeutics, all contemporary nonrandom 
comparative studies are suspect because outcomes 
depend on so many factors. The population sam
ple in the study group may differ from that in the 
control group with respect to the incidence of risk 
factors, an uneven distribution of the variables as
sociated with treatment, and variations in the 
methods of assessment of events. Although the 
conclusions reached in such studies can be ten
tative only, they may form the basis for hypotheses 
to be tested in random control trials. 

Normann et alY published an example of such 
a study. The two surgical departments of Ulleval 
Hospital in Oslo followed different regimens for 
the treatment of perforated appendicitis. In one, 
appendicectomy was completed by inserting a 
drain into the appendix fossa; in the other, it was 
followed by two days of peritoneal dialysis. The 
drainage group recorded 1 death, 6 pelvic ab
scesses, 1 intraperitoneal abscess, 4 cases of para
lytic ileus, 4 repeat laparotomies, and 1 fecal fis
tula, for a total complication rate of 17 in 77 

patients. In the lavage group, the complications 
comprised 1 death, 3 pelvic abscesses, 1 paralytic 
ileus, and 1 repeat laparotomy, for a total compli
cation rate of 6 in 78. Firm conclusions about the 
superiority of peritoneal dialysis are not justified, 
however, because of the strong likelihood of im
portant undisclosed variables. 

Random Control Clinical Trials 

Ronald Aylmer Fisher was the first to recognize 
that many pitfalls in nonrandom trials can be 
avoided by allocating subjects to each arm of a trial 
strictly by chance and allowing the investigator no 
control over the randomization process.18 

Fisher was a mathematician and biologist who 
studied physics under James Jeans at Cambridge, 
but he chose a career in biology. In 1919 he be
came statistician to Rothamsted Agricultural Ex
perimental Station, where field trials had been 
carried out since 1843 without ever being sub
jected to statistical analyses. Fisher undertook the 
task of analyzing earlier trials and designing new 
trials free from bias. He wrote widely on the sta
tistical analysis of trials and worked out the exact 
probability test that bears his name. In 1925 he 
published Statistical Methods for Research Work
ers,19 which dealt with the design and analysis of 
controlled trials. His second book, The Design of 
Experiments,2o appeared in 1935 when he was 
Galton Professor at University College, London. 

In 1937 Austin Bradford Hill published in the 
Lancet a series of papers that were reprinted in a 
book entitled Principles of Medical Statistics. Its 
tenth edition is renamed A Short Textbook ofMedi
cal Statistics. 21 Hill's name has become synony
mous with the proper ethical and statistical design 
of clinical trials. One of his greatest achievements 
was the organization in 1947 of the Medical Re
search Council cooperative trial on the treatment 
of pulmonary tuberculosis by streptomycin.22 Be
cause the short supply of streptomycin in Britain 
precluded its being offered to all patients with tu
berculosis, a random control trial in which the 
control group was treated by the best current stan
dard methods was ethically justifiable. Central 
randomization was used for the first time, and the 
trial was a brilliant success. 
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Where Do We Go from Here? 

The doctor's duty to each patient must always 
come first. It is only within the framework of this 
duty that controlled trials are proper, and numer
ous measures exist to safeguard the welfare of pa
tients. National and international rules are laid 
down for the conduct of clinical trials; financial 
support will not be provided for unethical trials; 
and lastly, peer review bodies judge and, if nec
essary, amend protocols of clinical trials to ensure 
their ethical acceptability. 

Ethical principles in surgical research, includ
ing the ethical requirements of informed consent 
for the various forms of clinical trials, are dis
cussed in chapter 60. 

Ethical restraints and resistance by patients and 
surgeons to allowing chance to decide the choice 
of operation-or the choice of operative versus 
nonoperative treatment-mean that we will have 
to rely increasingly on complete, accurate, and 
honest audit of the outcome of diseases treated in 
different ways. There must be no exclusions, no 
excuses, and no concealments. 
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Commentary 

Pollock's career-long scholarly interest in surgical 
history and the conceptual basis for clinical re
search are reflected in this thoughtful essay, com
bining philosophy of science with the history of 
statistics and the evolution of trials. It is repro
duced with little change from the second edition. 
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He speaks from a rich experience in clinical prac
tice. Like many thoughtful surgeons, he has con
cerns about bias that can creep into clinical trials, 
even those that are randomized. We will discuss 
this important issue in a subsequent chapter on 

clinical trials (chapter 26). Dr. Pollock's highly 
readable, short book on audit is recommended as 
a guide to outcomes research (see reference 9 in 
chapter 56 [Dziuban]). 

M.F.M. 



SECTION II 

Reading and 
Writing 



CHAPTER 7 

Appraising New Information 
M. T. Schechter, RE. LeBlanc, and V.A. Lawrence 

Every year thousands of articles appear in the sur
gicalliterature. While many present the results of 
careful investigations based on good method
ology, many others report studies whose results are 
either invalid because of defects in their conduct 
or analysis, or ungeneralizable to other settings 
because of biases in the way they were executed. 
This chapter describes a framework within which 
the validity and generalizability of published re
search can be appraised and judged. We will ex
amine two frequently published types of research, 
controlled trials of therapeutic interventions and 
review articles, according to six easily remembered 
appraisal criteria: 

APPRAISAL CRITERIA 

Why? 

How? 

Who? 

What? 

How many? 

So what? 

Controlled Trials 

Why? The Study Question 

As a critical appraiser, you should always begin by 
considering the reasons for the study and deter-

mining whether sufficient evidence is presented to 
justify it. In the absence of clear statements of the 
purpose of the study and of the study hypothesis at 
the outset, you may well consider moving on to an
other article, because such statements are essential 
for two reasons. First, the design of the study, which 
includes the population to be studied, the variables 
to be considered, and the method of analysis to be 
utilized, depends very heavily on the purpose of the 
study. Second, you must be able to determine 
whether the hypothesis was specified in advance 
(i.e., a priori) or arose out of the data (i.e., a pos
teriori). The study hypothesis should also indicate 
whether the study is intended to be hypothesis
generating or hypothesis-testing. 

Studies of therapeutic interventions should 
clearly state whether efficacy or effectiveness is being 
considered. Efficacy studies seek to determine 
whether an intervention results in a specific out
come under ideal circumstances, that is, in prop
erly diagnosed and properly treated patients who 
are compliant. Effectiveness studies seek to de
termine whether an intervention does more good 
than harm in patients under normal clinical cir
cumstances, that is, in patients who are diagnosed 
and treated, as in the community, and who may 
or may not comply, as in the community. In gen
eral, the outcome measures used in efficacy studies 
tend to be short-term and specific while those in 
effectiveness studies are longer term and more 
global. Both types ofstudy have their merits. Efficacy 
studies usually have their place in the early investi-
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gation of new therapies. It is the results of effectiveness 
studies that indicate whether a given intervention 
should be adopted. Much of a study's methodology, 
especially the population to be studied and the 
outcome to be assessed, will be determined by 
which approach (i.e., efficacy or effectiveness) is 
chosen. 

Consider a study investigating coronary artery 
bypass surgery as a treatment for coronary artery 
disease. To study the efficacy of this intervention, 
one would ideally utilize a treatment group con
sisting of patients with clearly documented coro
nary stenoses, all of whom undergo coronary artery 
bypass surgery. To test efficacy, one would consider 
short-term outcomes that this intervention is de
signed to produce, namely increased myocardial 
blood flow, relief of anginal symptoms, and so 
forth. In such a study, anyone who was assigned to 
receive the surgery but did not actually receive it, 
perhaps because of intervening illnesses, would not 
be included in the treatment group because any 
subsequent benefit could not be attributed to the 
efficacy of the intervention itself 

On the other hand, when one considers effec
tiveness, one is challenging not merely the in
tervention itself, but the policy of using this in
tervention in the study population. This is 
sometimes known as the "intent to treat" princi
ple. A study of the effectiveness of coronary artery 
bypass surgery should consider a wider spectrum 
of outcomes, including long-term survival, quality 
of life, and level of function. In such studies, pa
tients who are allocated to receive medical therapy 
but are given surgery at a later date should be ana
lyzed within the medical group because it is the 
policies of initial treatment with medical versus 
surgical therapy that are being compared. 

It is important to understand the difference be
tween efficacy and effectiveness studies for two 
other reasons. Results of analyses from both per
spectives often are reported and discussed in the 
same article; they may conflict and lead to differ
ent conclusions. Disagreement among colleagues 
may be due to interpretations from the differing 
perspectives of efficacy and effectiveness. 

How? Study Methodology 

You should next endeavor to determine the type 
of study methodology. The types of study design 

you are most likely to encounter in relation to 
therapeutic interventions include (a) case studies, 
which simply report the results of a series of cases 
treated with a given intervention; (b) before-after 
studies, which compare the patients' condition be
fore and after the intervention, either in entire set
tings or within individuals; and (c) controlled trials, 
which compare the results in groups treated with 
experimental and standard therapies. In con
trolled trials, you should carefully assess how the 
patients were allocated to the experimental or the 
control group. Was the allocation truly random
ized? If randomization was not employed, could 
any biases have occurred in the allocation of the 
patients? Be on the alert for quasi-random alloca
tion in which patients are assigned on the basis of 
some seemingly random process, (birth date, chart 
number, day of week, etc.). Subtle biases can be 
introduced in such situations and there is no rea
son for not using a true randomization. 

You should also attempt to determine what type 
of blindness was employed and carefully assess 
whether any lack of blindness might have led to 
an expectation bias that distorted the results. Sin
gle blindness refers to studies in which only the 
patient does not know whether the experimental 
treatment or the "control" therapy was received. 
When double blindness is used, both the patients 
and the care providers are unaware of the alloca
tion. In triple-blinded studies, the patients, the 
care providers, and those who assess the outcome 
are all unaware of what treatment was given. In 
studies of surgical interventions, blinding of the 
patients and care providers is not always possible, 
but, at the very least, those who perform the out
come assessment can be blinded to the treatment 
the patient received. 

It is important to determine whether significant 
prognostic variables were equally allocated to the 
treatment and control groups. Although most 
prognostic variables will be equally distributed in 
large studies employing randomized allocation, 
maldistribution can occur in small studies. Con
sequently, it is wise for investigators to use prog
nostic stratification, a method in which patients are 
first stratified with regard to an important set of 
prognostic variables, then randomized from each 
stratum. This method usually guarantees equal 
distribution of the prognostic variables to the 
treatment and control groups. 



Consider a clinical trial comparing two differ
ent treatments for astrocytomas. To make the 
comparison fair, the groups to which the respec
tive treatments are applied should be comparable 
with regard to tumor grade, because histological 
grade is a very important predictor of prognosis 
in this disease. Since the number of available pa
tients is likely to be small, a maldistribution could 
occur with simple randomization because an ex
cess of patients with grades III and IV astrocy
toma might be allocated, by chance, to one of the 
treatments. Prognostic stratification would avoid 
this; that is, patients entering the trial would first 
be stratified by the grade of their lesion, and then 
randomized to treatment from within each grade. 
This would guarantee a more equitable distribu
tion of the grades to the two treatment groups. 

Who? The Patient Population 

Understanding the type of patient studied is one 
of the most important aspects of critical appraisal. 
You must determine whether the type of patient 
included in an investigation was sufficiently rep
resentative to allow the results to be applied to all 
patients in similar clinical situations or to your 
patients. 

Representativeness can be assessed in a number 
of ways. Is the source population from which the 
study sample was drawn clearly described and 
suitably representative? Are demographic details 
of the catchment area provided? Was the study 
sample drawn from a primary, secondary, or ter
tiary referral center? Did the study sample repre
sent the full spectrum of the disease, or only a 
small subsample? 

Are clear and replicable inclusion and exclusion 
criteria specified, and do they match the goals of 
the study? If clear and replicable inclusion and 
exclusion criteria are not given, you cannot know 
exactly what type of patient was studied or to 
which of your patients the results can be applied. 
The inclusion and exclusion criteria should define 
a study population that matches the type of pa
tient the investigators intend should benefit from 
the results. Mter the exclusion and inclusion cri
teria have been applied, compare the type of 
population that remains with the stated goals of 
the study, to see if they match. 
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Do the authors account for every patient eli
gible for the study who did not enter it? This is 
critically important. Typically, eligible patients 
(i.e., those meeting the inclusion criteria and not 
rejected by the exclusion criteria) are approached 
for informed consent, and some decline. If the 
proportion of refusals is small (i.e., <10%), it is 
oflimited importance; but volunteer bias can occur 
if a significant proportion of eligible patients do 
not agree to participate. Participating patients 
tend to be more motivated, more compliant, and 
destined for better outcomes than those who de
cline. Investigators should recruit a minimum of 
90% of all eligible patients or provide evidence 
that those who declined had outcomes similar to 
those who volunteered; either approach provides 
some evidence that volunteer bias was not a sig
nificant factor. 

Finally, determine whether the baseline com
parability of the treatment and control groups has 
been documented. Although randomization of 
large numbers of patients should produce rela
tively equal distributions, maldistributions of im
portant prognostic variables can still occur, espe
cially with smaller sample sizes. The investigators 
should provide an assessment of the baseline com
parability of the two groups; if any prognostic 
variable has been maldistributed, the analysis 
should take it into account. 

What? InteNention and 
Outcome Measures 

This aspect of critical appraisal centers on two 
questions. What intervention is under study? 
What outcome measures are being assessed? 

Investigators should provide a clear definition 
of the intervention; without one, you cannot really 
know what is being assessed. Some measure of 
compliance should also be included, even in trials 
of surgical interventions if such components of 
care beyond the surgical procedure as follow-up 
care, self-care, and adjunct medications require 
patients' compliance. Examine how noncompliers 
were analyzed. In effectiveness trials, noncom
pliers should be analyzed within the treatment 
arm to which they were randomized; in efficacy 
studies, it may sometimes be more appropriate to 
omit noncompliers from the analysis. Investiga
tors should attempt to monitor contamination 
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(patients assigned to the control arm who subse
quently underwent the experimental interven
tion), cointervention (additional therapies that 
were made available to patients in either arm of 
the trial), and all side effects. 

All withdrawals (patients removed by the in
vestigators) and dropouts (patients removed on 
their own volition) should be documented, along 
with the reasons for departure. Crossovers occur 
when a patient in one arm of the trial receives the 
intervention assigned to another arm of the trial; 
for example, in studies of surgical versus medical 
treatment of coronary artery disease, patients 
originally assigned to medical therapy may dete
riorate and subsequently undergo coronary artery 
bypass surgery. Determine whether withdrawals, 
dropouts, crossovers, and poor compliers were an
alyzed in accordance with the goals of the study. 
In an effectiveness study of coronary artery bypass 
surgery, patients initially assigned to medical 
therapy who cross over and receive the surgical 
intervention should be analyzed within the medi
cal therapy arm to which they were originally ran
domized. 

To critically appraise the outcome measures as
pect of a study, determine whether all clinically 
relevant outcome measures were used and 
whether they matched the study's goals. A study 
comparing two interventions may focus on the 
subsequent three-week mortality in the treatment 
and control groups, but an improvement in the 
three-week mortality with the intervention would 
not provide any reassurance about the long-term 
survival of patients. If you are deciding whether 
to use the intervention, you will want to know if 
the quality of life is improved for those under
going the intervention. Was the measurement of 
the outcomes precise? This may not be an issue if 
the outcome was length of survival, because the 
endpoint (death) is clear. But if the outcome mea
sured was severity of pain, quality oflife, improve
ment of clinical signs or symptoms, and so forth, 
you should determine whether a reliable and valid 
method was used to gather such information. 
Those who assess the outcome can usually be 
blinded to patients' allocations for the purpose of 
making unbiased assessments. Ascertain whether 
the process of observation required to assess the 
outcome could have influenced the outcome. 

How Many? Statistical Significance 
and Sample Size 

Determine whether statistical significance was 
considered, whether the statistical tests used were 
applied appropriately, and whether the authors 
considered the methods of analysis and sample 
size requirements prior to initiating the study. The 
more analyses performed on a data set, the more 
likely it becomes that a significant result will be 
obtained by chance. Accordingly, a significant re
sult obtained from a single pre specified analysis is 
much more meaningful than one derived from a 
series of analyses suggested by the data. Check for 
the possibility of the multiple comparisons problem, 
which occurs when investigators consider several 
different outcome variables and, by so doing, in
crease the likelihood of a significant result arising 
by chance. In such instances, the investigators 
should adjust their alpha level. 

Where no statistically significant differences 
are found between the treatment and control 
groups, investigators must consider the possibility 
of a beta (i.e., type II) error and estimate the 
probability of its occurrence. If a type II error is 
not considered, you may well ask whether the 
study was large enough to detect important dif
ferences. All too often, investigators conclude that 
there is no difference between the experimental 
and control treatments when all they are justified 
in concluding is that their study failed to detect a 
difference. 

Small sample size frequently leads to trials with 
weak power to detect important differences in 
outcome between treatment groups. Freiman and 
colleagues! found that in half the articles reporting 
no significant differences between the therapies 
studied, a 50% improvement in performance 
could easily have been missed. They concluded 
that type II errors and small sample sizes are ubiq
uitous in the medical literature. When no statis
tically significant difference was found, and you 
know the study was strong enough to have had a 
good chance of detecting a clinically important 
difference, you can conclude that the matter is 
fairly well settled. If the authors do not discuss 
the power of their trial, you have the right to sus
pect the study was not large enough to detect im
portant differences. 



So What? Clinical Significance 

The heading "So what?" reminds you to form 
some overall conclusion about the importance of 
the information provided in the article and its 
relevance to your own clinical practice. 

If differences were detected, was their clinical sig
nificance discussed? Clinical significance refers to the 
magnitude of the difference observed between 
treatment and control groups measured in clinical, 
rather than statistical, terms. If a statistically sig
nificant difference is also clinically significant, it 
implies that a change in clinical behavior is war
ranted. For example, a study may observe survival 
rates of 55% in the treatment group and 50% in 
the control group. Iflarge numbers of patients are 
involved, this difference may be statistically sig
nificant. If the intervention is exceedinglyexpen
sive, however, or entails considerable morbidity, it 
may be hard to justifY using it to obtain such a 
marginal gain in survival, that is, the difference is 
not clinically significant. 

Assessing clinical significance is a matter of 
judgment and depends on the severity of the ad
verse outcome we are seeking to avoid. Consider, 
for example, an experimental surgical intervention 
that lowers the mortality in a certain condition 
from 0.5 under conventional therapy (denoted Pc) 
to 0.4 under the experimental treatment (denoted 
Pe). How are we to evaluate the clinical impor
tance of this change? 

There are several measures that are of use in 
assessing the strength of a treatment effect. The 
first is the absolute risk reduction, which measures 
the difference between the two rates, that is, Pc 
- Pe. In the example above, one would say that 
the experimental surgery gives rise to an absolute 
mortality reduction of 0.10. A second measure, 
the relative risk reduction, measures the absolute 
reduction as a percentage of the original risk and 
is given by the following expression: 100% . (Pc 
- Pe)/Pc. In the example, one would say that the 
experimental intervention has yielded a relative 
mortality reduction of 100% . (0.5 - 0.4)/0.5, or 
20%. The latter measure is an indicator of the 
relative impact of new interventions on existing 
outcomes but can lead to distortions, for example, 
when rates are low. A 25% relative risk reduction 
can sound impressive, but less so if it represents 
only a 0.01 absolute decline in mortality from 0.04 
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to 0.03. An intuitively appealing alternative to the 
above treatment measures is the reciprocal of the 
absolute risk reduction, namely, 1/(Pc - Pe). 
This has been denoted the number needed to treat 
(NNT),2 because it represents the number of 
patients who need to receive the experimental 
therapy before one additional adverse event is pre
vented. In the example, the NNT is the reciprocal 
of 0.1, or 10, indicating that 10 patients would 
need to receive the experimental surgery in order 
to avert one additional death (4 deaths expected 
under experimental surgery versus 5 deaths under 
conventional therapy). 

Were the patients included and analyzed in the 
study sufficiently representative to allow the results to 
be generalized to other patients? By considering the 
source population from which the study sample 
was obtained, the method by which patients were 
recruited, the inclusion and exclusion criteria, the 
possibility of volunteer bias, and the patients ac
tually analyzed, you should be able to decide 
whether the type of patient studied was suffi
ciently similar to your patients to make the results 
applicable to them. A simple rule of thumb is that 
THE TYPE OF PATIENT INCLUDED AND 
ANALYZED IN ANY STUDY IS THE ONLY 
TYPE OF PATIENT TO WHICH ITS RE
SULTS CAN BE APPLIED. 

Was the intervention as performed in the study 
sufficiently feasible that the results can be generalized 
to other settings? Is the intervention available in 
other settings? Were those who performed the in
tervention highly specialized? If the study in
volved highly motivated, highly trained, and com
pliant care providers, questions may arise as to 
how well the intervention will be performed on a 
community-wide basis. This is particularly true in 
studies of surgical interventions performed in spe
cialized settings by highly skilled surgeons who 
are practiced in the technique under study and 
supported by highly specialized adjunct care. 

Are the outcomes assessed in the study adequate to 
establish which of the therapies under study does the 
most good? If six-week mortality was the outcome 
variable of central interest, you may not consider 
that the results justifY incorporating the interven
tion into your clinical practice; you may well pre
fer to await evidence that the benefit is not only 
a short-term reduction in mortality, but also a 
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long-term improvement in survival, morbidity, 
quality of life, level of function, and so forth. 

In conclusion, the goals and hypotheses (the 
"why") on which a study is based are inexorably 
linked to several crucial methodological compo
nents of the study design, namely, the source 
population to be sampled, the inclusion and ex
clusion criteria, allocation methods, appropriate 
handling of various events (withdrawals, cross
overs, etc.), outcome assessment, methods of data 
analysis, and interpretation of clinical significance. 
A clear understanding of study goals and hypoth
eses is fundamental to good research methodology 
and astute critical appraisal. 

Summary: Controlled Trials 

Why? The Study Question 

Is sufficient evidence presented to justifY the 
study? 

Is the purpose of the study clearly stated? 
Is the study hypothesis clearly stated? 
Is it clearly outlined whether the study is consid

ering efficacy or effectiveness? 

How? Study Methodology 

What exactly is the study design? 
If it is a controlled trial, is the allocation truly 

randomized? 
If it is not a controlled trial, are there any biases 

in the allocation to treatment? 
What type of blindness is employed (single, dou

ble, triple, etc.)? 
Was prognostic stratification used? 

Who? The Patient Population 

Is the population from which the study sample 
was drawn clearly described? 

Are inclusion and exclusion criteria specified and 
replicable? 

Do the criteria match the goals of the study? 
Do the authors account for every eligible patient 

who did not enter the study? 
Is the baseline comparability of the treatment and 

control groups documented? 

What? Intervention and 
Outcome Measures 

What, exactly, was the intervention performed? Is 
it clearly defined and replicable? 

Was compliance with the intervention(s) mea
sured and were noncompliers analyzed appro
priately? 

Were contamination and cointervention consid
ered? 

Were all patients who entered the study accounted 
for? 

Were withdrawals, dropouts, crossovers, and poor 
compliers analyzed in accordance with the 
goals of the study? 

What outcomes were assessed in the study? 
Were all relevant outcomes utilized? 
Could the process of observation have influenced 

the outcome? 

How Many? Statistical Significance 
and Sample Size 

Was statistical significance considered in the 
study? 

Were statistical tests applied appropriately? 
Did the authors consider the methods of analysis 

and the sample size requirements prior to the 
study? 

When no statistically significant differences were 
found, did the authors consider the possibility 
of a beta (type II) error and estimate its proba
bility? 

Was the study large enough to detect important 
differences? 

So What? Clinical Significance 

If differences were detected, was their clinical sig
nificance discussed? Were the patients entered 
and analyzed in the study sufficiently represen
tative to allow the results to be generalized to 
other patients? 

Was the intervention, as performed in the study, 
sufficiently representative to permit generaliz
ing the results to other settings? 

Do the outcomes assessed in the study provide an 
adequate basis for establishing which of the 
studied therapies does the greatest good? 



The framework presented in this chapter for as
sessing articles about new therapeutic interven
tions is by no means the only approach that can 
be taken. The Evidence-Based Medicine Work
ing Group has provided another such frame
work3,4 which is summarized in Table 7-1. In this 
approach, readers ask three fundamental ques
tions: (1) Are the results of the study valid? 
(2) What were the results of the study? and 
(3) Will the results help me in caring for my pa
tients? Under the rubric of these three fundamen
tal questions, there are subquestions aimed at elu
cidating whether basic criteria are met. For 
example, under the first question regarding va
lidity of study results, there are a number of other 
questions involving randomization, full account
ing of patients and use of the intent-to-treat prin
ciple, blindness, baseline comparability, and 
equivalence of cointerventions. Readers interested 

Table 7-1. Readers' guide to an article about therapy 
(from the Evidence-Based Medicine Working Group)3-4 

Are the results of the study valid? 
Primary guides 

Was the allocation of patients to treatments 
randomized? 

Were all patients who entered the trial properly 
accounted for and attributed at its conclusion? 

Was follow-up complete? 

Were patients analyzed in the groups to 
which they were randomized? 

Secondary guides 

Were patients, health workers, and study 
personnel blind to treatment? 

Were the groups similar at the start of the trial? 

Aside from the experimental intervention, were 
the groups treated equally? 

What were the results? 

How large was the treatment effect? 

How precise was the estimate of the treatment 
effect? 

Will the results help me in caring for my patients? 

Can the results be applied to my patient care? 

Were all clinically important outcomes considered? 

Are the likely treatment benefits worth the 
potential harms and costs? 
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in structured critical appraisal are encouraged to 
utilize any framework with which they feel com
fortable. 4 

Review Articles 

A review article requires a special type of critical 
appraisal. Given the volume of medical literature, 
clinicians and researchers depend on review arti
cles to keep them abreast of medical knowledge 
across specialty boundaries and within their own 
areas. The review article is a special type of study 
or research tool. It should synthesize or carefully 
evaluate a body of information. Its quality de
pends on the extent to which evidence is system
atically and critically evaluated. You will want to 
judge the validity and generalizability of review 
articles carefully, to maximize your knowledge and 
efficiency in handling the literature. Assess a re
view article using the appraisal criteria described 
above5,6 (see chapter 38). 

Why? The Study Question 

The purpose or question being addressed by the 
review article should be clearly stated. You must 
have a clear statement of the question to give you 
a frame of reference for choosing types of inves
tigation to review (e.g., using only data from con
trolled clinical trials for a review of a particular 
therapy). 

How? Review Methodology 

For a review, the data are published investigations. 
You should be given clear information on (1) how 
published studies were identified (personal knowl
edge or computerized literature databases such as 
MEDLINE), (2) inclusion and exclusion criteria 
used in selecting articles for review, and (3) how 
methodological validity was assessed. Without 
this information, you cannot determine how rep
resentative the reviewed material is in relation to 
all the available literature, whether relevant ma
terial may have been excluded, or whether selec
tion bias may have been present. In this setting, 
"selection bias" refers to the degree to which re
viewers preferentially choose data that supported 
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their own opinions. There should be explicit cri
teria with respect to how published studies, once 
identified, were included or excluded from review. 
Articles rejected from consideration should be 
logged, like patients excluded from a clinical trial. 
In addition, systematic appraisal of the quality of 
the studies covered by the review is necessary for 
accurate conclusions and to determine their ge
neralizability to your own patients. If we are to 
depend on the reviewers' expertise and ability to 
read and appraise the literature for us, the review 
article must describe a systematic process and 
standardized criteria for judging articles. 

Who? The Patient Populations 

The review should include information about the 
types of patient and clinical settings in the pub
lished investigations being reviewed. The range of 
patient characteristics and the spectrum of disease 
should be described. When such information is 
lacking, it is difficult to assess the quality of the 
original data, the reviewer's expertise in collation 
and integration of data, or the generalizability of 
the reviewer's conclusions to your clinical setting. 
If a quantitative assessment is to be carried out by 
pooling the data, the authors must establish that 
the populations are sufficiently homogeneous to 
make such a process valid. 

What? Interventions, Outcome 
Measures, and Synthesis 

The interventions and outcome measures used in 
the individual studies covered by a review article 
are major factors in the synthesis of data to reach 
conclusions about a body of evidence. The review 
should provide adequate information about dif
ferences in patient populations among studies, 
specific interventions, and the limitations and in
consistencies in the data. You must have this in
formation before you can place your confidence in 
the reviewer's ability to identify good quality data, 
integrate information from a variety of sources, 
and explain conflicting results among studies. 

If a quantitative assessment is to be carried out 
by pooling data, the review's author(s) must also 
establish that the interventions, outcomes mea
sured, and measurement techniques were suffi
ciently homogeneous to permit such pooling. 

How Many? Quantitative Review 

Information synthesis may be qualitative (review 
article) or quantitative (meta-analysis). Critical 
assessment of both types of review article is simi
lar up to this point. In qualitative reviews, the au
thor(s) should weigh the value of each study ac
cording to the appropriateness of the statistical 
methods it used and its power to detect important 
differences. Meta-analysis adds an extra quanti
tative dimension by formally pooling data from 
several studies. In such analyses, the reviewer 
should use or derive a common unit of compari
son and be able to assess statistical variance in 
every study used as a source of data for inclusion 
in the pooling process. The best overall estimate 
of the treatment effect is not obtained by simply 
averaging the individual estimates or by combin
ing the number of treatment successes across the 
trials. Some form of pooling that takes account of 
individual variances in the estimates is preferable 
(e.g., the Mantel-Haenszel procedure or other 
methods of combining contingency tables). 

An advantage of meta-analysis is its ability to 
identify small effects in subgroups that may be 
statistically undetectable in individual small stud
ies. You should be wary, as usual, of the multiple
comparisons problem, that is, the likelihood of a 
false-positive result increases with the number of 
subgroups analyzed. 

So What? Clinical Significance 

When you read a review article, you should decide 
whether any summary differences found were 
clinically significant, whether the combined study 
patients were sufficiently similar to your own, 
whether the intervention was feasible and repre
sentative in your setting, and whether the out
comes establish which therapy does the greatest 
good. In a review article, clinical significance rests 
not only on the validity, magnitude, and gener
alizability of the conclusions, but also on the iden
tification of unanswered questions. Conclusions 
are valid only when the review process has been 
scientific. A good review article directs our atten
tion to a research agenda so that subsequent in
vestigations will maximize methodological quality 
and will not be redundant or address unresolved 



issues. The overwhelming breadth of the medical 
literature compels us to rely on "ghost readers." If 
review articles are viewed as scientific endeavors 
in their own right, and their quality withstands 
critical appraisal, we can be more confident that 
such ghosts are scientific spirits. 

Summary: Review Articles 

Why? The Study Question 

Is the purpose or question addressed by the review 
article clearly stated? 

How? Review Methodology 

Is the method used to select articles clearly de
scribed? 

Are the inclusion and exclusion criteria for se
lecting articles clearly stated? 

How was the quality of the studies under review 
evaluated? 

Who? The Patient Populations 

Are the populations of patients clearly described? 
If data have been pooled, did the author{s) estab

lish the homogeneity of the patient popula
tions? 

What? Interventions, Outcome 
Measures, and Synthesis 

Is adequate information provided about differ
ences in patient populations among studies, in
terventions used, and data limitations and in
consistencies? 

If data have been pooled, did the author(s) estab
lish the homogeneity of the interventions, out
comes, and methods of outcome assessment? 

How Many? Quantitative Review 

In qualitative reviews, have the authors appraised 
the quantitative methods and the power of each 
study? 
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In pooled analyses, have the authors combined the 
results in a way that takes account of individual 
variances? 

In subgroup analyses, have the authors taken ac
count of the multiple comparisons problem? 

So What? Clinical Significance 

Are any d€tected overall differences clinically sig
nificant? 

Were the patients in the combined studies suffi
ciently representative to permit generalization 
of the results? 

Are the interventions reviewed sufficiently feasi
ble and representative to permit generalization 
of the results to other settings? 

Were the outcomes sufficient to establish which 
therapy does the greatest good? 

Did the authors identity key questions and outline 
a future research agenda that follows logically 
from the present state of knowledge? 
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Commentary 

A senior epidemiologist and his team provide us 
with the methodology they personally use for as
sessing the many new articles that appear in the 
surgical literature annually. Their framework can 
be used to analyze any paper, though it is particu
larly effective when the subject is a controlled trial. 
The analysis is based on six easily remembered 
appraisal criteria. These are demonstrated by ex
ample during the course of this chapter. 

Over the years, advances in surgery have been 
made through observation, experimentation, in
novation, application, and serendipity. Although 
the history of surgery is long, the evolution of a 
scientific approach to surgery spans only 250 
years. Understanding the validity and importance 
of this information requires disciplined and sys
tematic analysis. This insightful chapter presents 
useful questions and approaches that can sharpen 
the focus of discussion at a surgical journal club 
and strengthen critical thinking. John Yancy's 
''Ten Rules for Reading Clinical Research Re
ports" (Am J Surg 1990;159:533-539) and his 
recommended references provide a rich source of 
complementary material. See also chapter 8 by 
Rothmund and Stinner, "How I Read and Assess 
a Scientific Paper." 

D.S.M 
M.RM. 



CHAPTER 8 

How I Read and Assess 
a Scientific Paper 
M. Rothmund and B. Stinner 

This chapter is a focused discussion of how I sort 
through and evaluate a stack of scientific articles 
when faced with the need to gain detailed reliable 
information in a field (for example, when prepar
ing a presentation, making an important decision 
for my hospital, or writing a scientific paper). It 
is not about how I browse through and select from 
the hundreds of articles that cross a surgeon's 
desk. That task is quite personal. Selecting credi
ble background articles to develop or defend a po
sition on buying equipment or developing a new 
program is not. 

Retrieval systems can help you save time in se
lecting the appropriate original articles. Review 
articles provide a more logical, thematic approach 
than key word searches. Regardless of the search 
strategy, the result will be a large number of sci
entific papers claiming solutions for the problem 
in question. This chapter will focus on the critical 
assessment of scientific papers assembled in this 
way, emphasizing the value of their contribution 
toward solving your problem. 

Initial Sorting 

Titles 

Most authors try to give sufficient information 
about the content of their article in the title. Some 

market their work with titles that promise more 
than is provided by the text. In a review of 45 pa
pers dealing with antibiotic prophylaxis in surgery, 
7 titles (15.5%) could be identified as totally mis
leading.! Titles, even those claiming a definite re
sult, should be considered simply as "eye-catchers." 

Authors and Institutions 

The institution a paper originates from can give 
weight to credibility. Honorable and well-known 
institutions usually have some internal reviewing 
process to guarantee a certain standard of scien
tific work. The same is true for several principal 
investigators whose names stand for solid, care
fully performed work. The first author may not 
be the person bearing full responsibility for the 
quality of the work. The accountable person is 
sometimes identifiable only by the address given 
for correspondence. It is a common practice to 
place the ultimately responsible investigator, often 
the head of the research unit or department, at 
the end of the line of contributing authors. Before 
publishing a paper, highly ranked research jour
nals require a written statement from all coauthors 
guaranteeing the reliability and authenticity of 
their work. However, care has to be taken with 
multiinstitutional publications; all of the material 
cannot be reviewed and approved by each author, 
particularly under the pressure of deadlines for 
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preliminary communications or concerning large 
data sets. Lack of interinstitutional communica
tion and a cumbersome publication process may 
compound this problem. In general, papers pub
lished in highly ranked journals, authored or 
coauthored by respected experts in the field and 
generated in known institutions deserve to be 
taken more seriously, but still need critical evalua
tion. 

Abstract 

The abstract of an original article should provide 
enough information to select a paper for further 
evaluation. It is not sufficient to use the infor
mation presented there when drawing scientific 
conclusions. Abstracts preceding full papers are 
more reliable than published meeting abstracts. 
The latter are written under time constraints, with 
a primary goal of getting the study accepted for 
presentation at the meeting. In Evans and Pol
lock's study, 9 (20%) of the 45 original articles 
reviewed had abstracts that omitted important in
formation or implied conclusions unjustified by 
the data presented.! Abstracts should be consid
ered as preliminary presentations of the topic; they 
do not allow a critical examination of the analysis, 
and they can lead you to the wrong conclusion. 
The initial sorting process eliminates a substantial 
number of superficial or unrelated papers. Let's 
look more closely at the rest. 

Close Analysis 

General Problems 

I use three criteria in assessing a scientific paper 
for its individual value: correct methods, justifiable 
conclusions, and scientific and/or clinical relevance. 
Do not critique the results at this stage; if ob
tained through proper methods, they reflect the 
real findings of the authors. 

Methodological correctness for laboratory work 
is usually assured when the presenting authors are 
experts in their field. Laboratory errors and mis
calculation are generally filtered out by the review 
process. This is much less true for the statistical 
analyses. In 45 papers submitted to the British 

MedicalJournal, only 5 (11%) were considered to 
have applied acceptable statistical methods at sub
mission, whereas 38 (84%)-but not all-had 
met good statistical standards at publication.2 In 
this review, one major fault was lack of informa
tion on the sample size calculation. Trials pub
lished in general surgical journals were found to 
be most frequently deficient in reporting the 
methods used to generate treatment assignment 
and the power of the investigation to detect treat
ment differences.' Similar problems have been 
demonstrated in leading medical journals.4 

Once the methods are judged to be correct, it 
has to be decided whether the conclusions drawn 
are justified. Conclusions are endpoints of mental 
data processing and may be wrong, even if the raw 
data and observations are correct. A simple his
torical example of misinterpretation was the geo
centric theory that the sun rotates around the 
earth (incorrect conclusion based on correct and 
accurate observations of the daily sunrise and sun
set). If you distrust the conclusions, try to draw 
your own interpretations from the raw data given 
by the author. If you cannot, do not accept any of 
the information or interpretations offered in the 
paper. 

If the methods and conclusions are formally 
correct, a further decision has to be made as to 
their scientific or clinical relevance. Relevance 
cannot be inferred from sound methods and con
clusions, but is a matter of scientific and clinical 
judgement. The author can offer an opinion on 
relevance. Your judgement on this issue may be 
guided by editorial opinions, but will be the final 
determinant of the place of the paper III your 
thinking and practice. 

The Magic "P" 

Most conclusions given in biomedical papers are 
strengthened by inferential statistics yielding a 
p-value. The p-value has a very simple meaning: 
p <0.05 tells you that there is only a less than 5% 
chance the null hypothesis being tested is true, for 
example, that there is no effect, or no benefit for 
the population from which one has a random 
sample. This "magic bullet" of biomedical analysis 
has several important requisites. In addition to the 
usual requirements of random sampling and ran-
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dom allocation of treatments, there are many 
methods by which this p-value can be obtained. 
Some may not be appropriate for the particular 
data set you are reading about. What appears to 
be common sense but is generally omitted is the 
precise definition of the null hypothesis to be ac
cepted or rejected. It is a commonsense rule, too 
frequently ignored, that precisely defined ques
tions limit the range of possible answers. 

The p-values are affected by the magnitude of 
effects under investigation in the sampled data 
(this is what they are usually used for), but they 
are affected much more by the magnitude of the 
sample, the variability of data, and the particular 
methodology used to derive them. For adequate 
assessment of scientific data it is mandatory to see 
the raw and not the processed data in the article 
under review. Even with this information, only a 
crude estimate of the distribution of these data 
points is possible, and without this information, 
no conclusions should be drawn. The recom
mended format for presenting distribution is the 
estimation of confidence intervals and probable 
magnitudes of effects5 (see also chapter 37). 

Even if correct, the magnitude of a p-value does 
not give any indication whether the result re
ported is clinically relevant. In practice, neither 
the presence nor the absence of statistical signifi
cance has any reliable relationship to the magni
tude of a treatment effect or to the extent of clini
cal importance. If one needs a sample size of1,000 
patients in each group to obtain a treatment dif
ference that is statistically significant, this result 
may not be relevant in treating the individual pa
tient. Clinical importance is well illustrated by the 
first controlled clinical trial, conducted by James 
Lind in 1749. Lind took 12 seamen suffering 
from scurvy and allocated them to six groups of 
two persons each. One group was provided or
anges and lemons; these two seamen recovered 
from scurvy-none of the others improved. The 
clinical importance and relevance of Lind's con
clusions are enormous, but if Fisher's exact proba
bility test is applied, it is statistically significant at 
the 0.05 but not the 0.01 level, which means it is 
not "highly significant" in the statistical termi
nology of biomedical research. This conflation of 
statistical probability with biologic significance is 
sloppy and confusing language. 

Yancey's useful set of recommendations for ana-

lyzing clinical research articles deals primarily 
with statistical pitfalls.6 These recommendations 
can be easily applied to the analysis of other areas 
such as health policy, technology assessment, or 
laboratory research. Table 8-1 summarizes some 
of the recommendations for critical analysis from 
five papers on the subject. 

Assessing Completeness 
and Validity 

Peer Review as Insurance 

It is reasonable but not completely reliable to infer 
that a paper published in a well-established jour
nal has passed a sophisticated peer review process, 
or that the general quality of the journal provides 
a guarantee of the quality of individual papers. 
Sixteen percent of the manuscripts published in 
the British Medical Journal between January and 
June of 1988 were judged to be either inade
quately revised or of dubious validity.2 Surgical 
journals3 and medical journals were systematically 
reviewed using a list of 11 important criteria for 
design and analysis of therapeutic studies.4 

In the surgical journals, only 59% of the 11 
items were clearly reported, 5% were ambiguously 
discussed, and 36% were not reported; the results 
were mirrored in the medical papers (56%, 10%, 
and 34%, respectively). The reporting was in both 
cases most deficient in methods used to generate 
the treatment assignment and in the power of the 
investigation to detect treatment differences. 

Peer review does not eliminate external influ
ences, bias, or error. The personal interests or the 
interests of a granting institution may influence 
the amount and composition of published data.? 
The persistent effects or retracted invalid scien
tific literature may mislead the conclusions of se
rious authors. A review of 84 retracted articles re
vealed that, compared to a control group, the 
subsequent citation of this invalid information 
was reduced by only 35%, demonstrating an ap
parent lack of sufficient attention to manuscripts 
by some authors, reviewers, and editors.8 This 
study did not take fraud into account, but it is an 
important additional source of misinformation for 
which prevention guidelines are remarkably rare 
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in academic settings.9 Even at the highest level of 
biomedical publication, the peer-reviewed paper 
in a reputed journal may contain what Evans and 
Pollock call the "type three error" in which "no 
data were obtained to support the conclusion ex
pressed."l 

Rapid Communications 
and Summary Reports 

Some biomedical journals have instituted "rapid 
communications" to facilitate the publication of 
very important data in a concise form, usually fol
lowed by a more comprehensive report to validate 
methods and inferences. Substantial numbers of 
clinical trials continue to be reported only as sum
maries or abstracts. In these reports, sufficient 
methodological details to permit informed judge
ment about the likely validity of the conclusions 
are generally lacking. Be very cautious about using 
these presentations to support your own data or 
conclusions in biomedical work. Half of the stud
ies reported in summary form are never subse
quently published in full. Regrettably, study re
sults that have been reported only in summary 
reports are as likely to be cited as results that are 
reported in full papers.10 The only feature that 
makes a summary report more likely to be fol
lowed by a full paper is a large sample size of the 
population under investigation; this is obviously 
only loosely associated with valid information.11 

Publication Bias 

A sound conclusion can be drawn only if all actual 
information available is reported to the scientific 
community. Underreporting of scientific results 
has been estimated at a ratio ranging from 1:128 
to 1:5, the last appearing slightly optimisticY Se
lection bias for publication is a multifactoral pro
cess involving personal motives of authors, grant
ing agency interests, or simply the fact that a 
"positive result" appears to be more attractive to 
reviewers and editors. This subject is discussed 
further in chapter 9 ("Publications do not always 
reflect the real world"). 

Gold Standards 

What can we use as a gold standard for validity? 
Full papers meeting the criteria in Table 8-1 
should provide reasonable reliability. Publication 
bias is lessened when the protocol for a study deal
ing with a therapeutic approach of major conse
quence is published before the trial. The pub
lished protocol is then open for public discussion 
and leads to performance of the study and timely 
publication of results. This sequence has been rec
ommended by the University of Chicago group 
for innovative therapies such as organ transplan
tation from living related donors, allowing public 
review of ethical issues. 13•14 It is occasionally used 
to initiate large prospective clinical trials. 

Conclusion 

Reading a scientific paper should be a well
structured, individualized, intellectual process. 
Neither the stature of the publication nor the 
character of the "guru" presenting the information 
guarantees that the scientific claim is true or rele
vant. Be positive but skeptical-these are charac
teristics of an inquiring but critical reader. Be eco
nomical-check the title and summary for 
congruence with your target issue first. Critically 
analyze the complete paper-peer review even in 
good journals does not guarantee proper methods 
and adequate conclusions. Draw your own conclu
sions from the raw data given - if this is not pos
sible, don't accept the conclusions of the paper. 
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Commentary 

This chapter describes the personal approach of a 

busy general surgeon and outlines a method that 

he utilized to read and assess scientific papers in 

terms of their contribution to important decisions 

influencing his clinical practice or research. This 

provides an interesting contrast to the previous 

chapter written by Schechter, an experienced 
methodologist. I have concerns related to Dr. 

Rothmund's technique, as on many occasions I 

have found that only after I have seen the original 

data and read some aspects of the discussion will 

I discard a paper or not review it further. The 

author emphasizes the unreliability of judging the 
true contents of the paper based on the title or the 

abstract. He also underlines many of the statistical 

inadequacies of papers in the surgical literature. 

Rothmund highly values peer review, which in my 

mind may not always be justified. His concluding 
advice is useful: be positive but skeptical; select 

papers on the basis of title and abstract, depending 

on your needs; critically analyze the whole paper, 
look at the data, and draw your own conclusions. 
John Yancey's "Ten Rules for Reading Clinical 
Research Reports" is strongly recommended as a 
valuable tool for appraising information in the lit
erature. 

D.S.M. 



CHAPTER 9 

Publications Do Not Always 
Reflect the Real World 
M.P. McKneally, S.D. Cassivi, and H Troidl 

The human intellect . . . is more moved and excited 
by affirmatives than by negatives. 

-Francis Bacon, 1621 

Introduction 

The "literature," a tool used by surgeons and sci
entists to advance knowledge and to improve 
practice with a maximum of information and a 
minimum of error, is not always what it seems. 
Journal publications rank high in the hierarchy of 
information sources for decisions regarding health 
care funding, research endeavors, and, ultimately, 
improved patient care. Editors and readers of 
peer-reviewed journals expect authors to maintain 
objectivity. Authors are required and expected to 
notifY readers, for example, in a footnote on the 
first page of a report, if they have a financial in
terest in the company producing an instrument or 
treatment described, or to identifY the company's 
contribution in subsidizing the research reported.! 
Consumers of the literature expect to be alerted 
to any potential bias. 

There are special venues for biased information 
or opinion, such as letters to the editor, invited 
commentary, editorials, or recorded discussion of 
comments from the audience of a paper presen
tation. We will develop the argument that bias is 
subtly present outside these venues as well. 

Much of this section discusses the approach to 

the literature as part of our methodology, includ
ing critical assessment and reading and writing 
techniques. In this chapter we discuss some of the 
pitfalls and limitations of the literature. 

Objectivity of the Literature 

From direct personal experience to international 
conferences to throwaway journals prepared by 
profit-making publishers and industry, the sources 
of surgical information are as varied in form as 
they are in reliability. The peer-reviewed litera
ture, contained largely in journals, is often used as 
the foundation for the acquisition, maintenance, 
and dissemination of surgical knowledge. 

We use the literature as the basis for teaching 
students and residents about medicine and sur
gery, often by unguided forays ("Go look it up in 
the literature"). These unguided adventures may 
be illuminating or confusing to the naive reader. 
To reduce confusion, we may unconsciously in
troduce bias (as in "Go look up what Wong has 
written about esophagectomy"). In the way that 
political convictions guide our selection of news
papers, magazines, or columnists, we tend to se
lect articles, journals, or authors that reinforce our 
beliefs or our specialty's inclination. Whereas 
Hans Troidl might direct his students toward ar
ticles emphasizing the impoverishment of the 
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quality oflife by radical cancer surgery or chemo
therapy, Charles Balch, the director of a cancer 
center, might select articles emphasizing prolon
gation of survival by radical surgery. Following 
this selection, both might use the same critical 
appraisal criteria in their statistical analyses and 
inferences, creating an illusion of objectivity and 
freedom from bias. 

Obligation to Publish 

One of the fundamental tenets of academia is that 
acquired knowledge must be disseminated. For 
some, this is viewed as a moral obligation to pub
lish all of our findings in one form or another, 
thus providing a mechanism for growth of ac
quired knowledge.2 In contrast, Claude Organ, 
the editor of the Archives of Surgery, argues that 
there are too many journals contributing to the 
proliferation of too much writing about too little 
information.3 Indeed, some surgeons publish at a 
rate that would require them to be writing papers 
almost continuously. Some who are more skilled 
in writing than in operating may have more time 
to publish, based on this imbalance in their ca
pabilities. 

The "case report" as a form of publication may 
be the answer to those who seek a wide dissemi
nation of information. Though often considered 
low on the hierarchy of evidence-based medicine 
because of its inherent anecdotal nature, the case 
report, presented in brief articles or letters to the 
editor, can have a profound effect on practice, ini
tiate important investigations, or enrich the un
derstanding of disease processes and treatments.4 

Nevertheless, some journals are sufficiently biased 
against case reports that they maintain a policy of 
excluding them categorically. 

Bias of Omission 

The systematic or policy-driven exclusions of 
some forms of publication such as case reports 
leads not only to a loss of a certain kind of infor
mation but, more importantly, to a systematic bias 
of omission. The most common form of this bias 
is the tendency to exclude negative results from 
the published literature. 

Editors and reviewers participate in the devel
opment of a filtered view by encouraging the pub
lication of positive results and rejecting negative 
or suboptimal results. Mahoney5 conducted an 
empirical study of the influence of positive results 
on the opinions of referees. Similar manuscripts 
were developed and randomly assigned. Some re
viewers received only the methods section, while 
others received a manuscript with the same meth
ods section but results that were either negative, 
positive, or mixed. It was found that the results 
section significantly influenced the scores given 
for methods, data presentation, and publication 
merit. A simplified summary of Mahoney's find
ings, adapted from Dickersin's article on publi
cation bias, is presented in Table 9-1. Indirect evi
dence of bias against the publication of negative 
results comes from surveys of authors conducting 
trials in cancer treatment, perinatology, and psy
chotropic drug therapy.6.7 

As a corollary, there is an inherent bias toward 
the publication of small positive trials. This ten
dency amplifies type I errors of small trials. When 
the power of a study is small and a p-value of 0.05 
is accepted as the threshold for statistical signifi
cance, 1 of every 20 trials will be a false positive. 
Over the course of conduct of 1,000 trials, 50 false 
positive trials might be published. Because of edi
torial bias toward selecting positive trials, there is 
less counterbalancing influence toward publica
tion of the 950 negative trials. Thus, the bias to
ward publication of positive results leads to sys
tematic error. The statistical basis for this effect 
and the influence of sample size are well described 
by Mitchell Gai1.s 

An example of this is the small randomized trial 
of regional postoperative immunostimulation 
with intrapleural bacillus Calmette-Guerin after 
resection of lung cancer conducted by one of the 
authors (MM).9 The trial indicated a benefit from 
the innovative treatment. The demonstration that 
this was a false positive trial required a large mul
tiinstitutional study.10 The misleading excitement 
associated with positive results in smaller trials 
and the cost of the large confirmatory trials un
derline the need for mechanisms that can accom
modate the systematic evaluation of new treat
ments as an ordinary component of practice. Sir 
Karl Popper gave us his famous example of the 
observer who sees four white swans on a lake 
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Table 9-1. Ratings for the same manuscript in varying presentations 

Mean ratings (0-6, low to high) 

Presentation No. of reviewers Methods Publication merit 

Positive results 

Negative results 

Methods only 

12 

14 

14 

Adapted from Dickersin6 summary of data of Mahoney.' 

4.2 

2.4 

3.4 

(a small observational study) and then makes the 
erroneous inference that all swans must therefore 
be white. 

The current enthusiasm for assessment of out
comes among insurers, hospitals, and govern
ments might be. used to advantage to develop such 
a program. An interesting system for large-scale, 
systematic evaluation without a complex trial 
structure has been described by Duncan Neuhau
serY His proposal is random assignment of pa
tients to sections of the hospital or to health care 
teams that use different treatment strategies. Sub
sequent comparisons of outcome are then more 
credible because of the prior randomization. The 
natural, inevitable tendency toward publication of 
positive results in small studies, and negative re
sults in large studies has gradually lead to a cyni
cism among readers and practitioners that might 
be countered with a more orderly and general 
mechanism for treatment evaluation in the prac
tice community. 

Also within the category of bias by omission is 
the tendency of authors to omit publication of 
mishaps in research or surgical practice. It is a rare 
experience to read of a clinical error that has been 
made, though often these "disasters" can be very 
illuminating.12 Human nature is such that we 
would rather suppress our personal foibles than 
publish them. The potential threat oflegal action 
further reinforces the bias toward publication of 
good results, and filters out frank disclosure of 
negative results. It is dangerous to publish a di
sastrous outcome in an environment that person
alizes failure to the surgeon. This has the unfor
tunate effect of allowing similar mistakes to be 
repeated unnecessarily. Subsequent meta-analyses 
will be incomplete and literature reviews will be 
unbalanced because these negative results or haz-

3.2 

1.8 

3.4 

ardous outcomes have been suppressed, leaving 
their relative weight unknown. 

Narrow Pool of Authors 

As an example of a surgeon's use of the literature, 
one might decide to learn laparoscopic appendec
tomy based on a paper from Germany,13 or to treat 
appendicitis nonoperatively, based on a published 
randomized trial in Finland.14 The information 
we give to patients about risk and benefit is often 
based on the literature, and not necessarily on our 
own experience, which may not be as quantita
tively and critically reviewed as a published series. 
This particular application emphasizes and, in
deed, depends on the importance of unbiased in
formation in the literature. However, as we have 
explained, the literature seems to be intrinsically 
biased toward publishing better results than those 
that are achieved in routine practice. 

Surgeons tend to cite the results of experts who 
publish very large series, such as the experience 
with esophagectomy of John Wongl5 or the sur
vival results after pulmonary resection of the Lung 
Cancer Study Group.16 The implication is that the 
mortality risk faced by their own particular patient 
is similar to the low risk faced by the patients in 
these published series. In contrast, considerably 
higher mortality rates have been published using 
Medicare data from nationwide (United States) 
retrospective studies of lung resection for lung 
cancer.17 Institutions performing higher volumes 
of certain procedures may well be able to achieve 
better results, as is suggested by Luft et al.,18 but, 
nevertheless, this has the effect of skewing the 
portrayal of reality in the literature. In addition, 
there is a positive bias toward established views. 
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Like Pavarotti, who can sing any time and draw 
a crowd, prominent surgeons are given opportu
nities to opine in invited commentary, editorials, 
and observational studies for reasons that might 
be called "reputation bias." 

Academic physicians and surgeons tend to pub
lish far more than their counterparts in commu
nity practice because this behavior is reinforced 
within the social structure of their institutions. 
Advancement, academic salary, grants, and invi
tations to appear as a visiting lecturer depend 
upon publication. Established experts publish the 
opinions they have expressed in conferences and 
lectures, emphasizing their own excellent results, 
at least in part to reinforce their reputation for 
expertise. 

In what could be referred to as a form of com
mercial bias, it is also in the interest of large 
centers to publish favorable reports of their ex
perience with various treatments, in order to 
strengthen their referral network. Emphasis on 
low mortality, few complications, and a good out
come influence the selection of a topic ("We seem 
to have unusually good results with this proce
dure, let's write them up for publication"). The 
bias toward good results of a given procedure in 
the literature may be further reinforced by con
scious or unconscious exclusion of less successful 
endeavors. 

A far smaller percentage of publications come 
from community hospitals, although 80% or more 
of patients are treated there by doctors who do 
not publish as a part of the pattern of their pro
fessionallife. Surgeons in a busy practice are not 
as likely to publish their results because of the lack 
of incentive in their practice setting (see chapter 
3). The literature is impoverished as well as biased 
by this lack of information from busy clinical sur
geons; we feel they should share their experience 
and thereby strengthen the overall practice of sur
gery. Data collection for audit and quality assur
ance provides a mechanism that can facilitate this 
contribution. Some nonpublishing virtuoso com
munity surgeons, such as Leroy19 in France, set a 
very high standard toward which other surgeons 
could aspire if they were able to share the knowl
edge and skills of the virtuoso. 

The motivation of the author to produce a pub
lished document is variable, ranging from altruism 

to avarice. Some manuscripts are written by authors 
who wish to become well known, secure an aca
demic position, or accrue patients for their surgical 
practice. These motives, as discussed above, can 
lead to a bias toward the compilation and publi
cation of positive results, strengthening the bias in 
the literature toward results that are better than the 
real-world experience of the literature's readers. 

When surgeons achieve a good result in a 
"headline-making" area, the tendency toward 
overemphasis of positive results may be reinforced 
by reports in the lay press sensationalizing what it 
perceives as "a good story." Vulnerable members 
of the public, particularly those with cancer, may 
be misled to seek imagined cures when small ad
vances are tentatively described in the scientific 
literature but exaggerated by news reporters. Con
flicts of interest may lead surgeons, vulnerable to 
the lure of self-promotion and notoriety, to be less 
critical than they should in restraining the press. 

Editorial Bias 

Through their role as critic and gatekeeper to the 
literature, editors and reviewers have an immense 
amount of power and a daunting responsibility. 
This process of sifting and filtering of submissions 
is as vulnerable to error as any other step in the 
course of publication. A memorable example was 
the elucidation of the Krebs cycle; this work was 
rejected by a noteworthy journal before it won the 
Nobel prize after publication in another journal. 
Important additions to surgical knowledge may be 
rejected for publication and thus delay their gen
eral dissemination. In a similar way, biases against 
or for a particular author may influence the extent 
to which published information is accepted. 

Editors can also be influenced by current fads 
and trends. This incursion of subjectivity can be 
seen when results from private clinics or reviews 
of nonuniversity practice are for no other reason 
rated less highly than those from universities. Like 
the suggestion that the very first patient to un
dergo a new surgical procedure should be ran
domized,2° this reflects a deficiency of familiarity 
with the real-world context of surgery. 

The time to publication has a damaging effect 
on communication. Some of the best journals take 
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pride in requiring a long time from submission to 
publication. Semm's paper on the first laparo
scopic appendectomy13 was delayed in publication 
for one year. It was finally published in Current 
Problems in Obstetrics and Gynecology through the 
intervention of an American surgeon. A 15-
month delay in the review of the landmark studies 
of breast-conserving surgery by Fisher and his col
leagues in the National Surgical Adjuvant Breast 
Program withheld valuable new information and 
more appropriate treatment from thousands of 
patientsY Decisions about which journal to sub
mit a manuscript to are too often made on the 
basis of the known publication delay of one jour
nal over another. This may significantly alter the 
final audience of the research paper. 

Language is also a barrier and leads to ignorance 
of publications from other countries. The country 
of origin, or ethnicity of the patient group being 
studied or of the surgeon presenting the research 
may provide a source for subliminal or overt soci
etal bias. This particular form of prejudice has been 
well described by the editor of Scientific American, 
where he demonstrates that a researcher has a 
much greater likelihood of being published de
pending on his or her country of origin.22 

Specialty barriers themselves may prevent rec
ognition of advances. Dissemination of informa
tion about changes in the eye of diabetics may not 
be recognized by endocrinologists or nephrolo
gists who do not read ophthalmology journals. 

EDITORIAL BIAS 

Editors and reviewers may delay or even suppress 
publications for unscientific or political reasons: 

• Selection of reviewers may influence the ed
iting or even selection of publications. 

• Journal policies and journal politics may influ
ence what is published. 

• Ultimately, editors or reviewers may simply 
not have a grasp of the particular novel subject. 

Proprietary Bias 

Increasingly, proprietary interests have been af
fecting the content of current publications. The 
private surgeon in Monaco may not want to pub-

lish a "how I do it" article that will give away the 
basis of an exclusive practice. Similarly, those who 
have made a substantial investment of money and 
time developing an instrument of analysis, such 
as the Apache III program for assessing illness 
severity, are not inclined to openly publish their 
findings. In fact, in some jurisdictions, prior pub
lication may preclude the author from obtaining 
a patent for any components of the research that 
was published. The tendency toward protection 
of intellectual property for profit is increasing. 
This protective bias may be reinforced by con
tractual imperatives when research is conducted 
in collaboration with industry. Important findings 
might be delayed or even suppressed by this col
laboration unless contractual safeguards are in 
place. 

This intellectual protectionism seriously under
mines not only the timeliness of publications but 
the very open, free flow of research findings that 
is so vital to the advancement of surgical knowl
edge. Given these trends, are we very far from a 
pay-per-view literature? In contrast, the many au
thors of this book, who are busy surgeons and 
experts in their fields, continue to strengthen the 
professional tradition of altruistic sharing of in
formation. 

Reader Bias 

Curiously, published work is often ignored. Sig
nificant contributions may go unread or may be 
read but discarded or misunderstood. The inertial 
force of customary practice, and a free and unfet
tered approach to the practice of medicine, which 
distinguishes it as a profession, allows practition
ers to say, "Yes, I have seen the evidence but I don't 
believe it; if this patient were my wife, she would 
have a radical mastectomy no matter what they 
say." 

In a spirited exhortation on minimizing pub
lication bias, Chalmers23 identifies this source of 
bias as sloth. Recommended remedies for sloth, 
ignorance, greed, hubris, the application oflower 
standards to practice than to trials, and the bias 
of reviewers and authors are well presented in his 
challenging essay. 
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POTENTIAL BIAS IN THE LITERATURE 

• Positive results are favored over negative re
sults. 

• Findings, both positive and negative, for dif
ferent and varied reasons often do not find 
their way into the literature. 

• More ~han 80% of the surgical workload by 
"frondine" surgeons is never published. 

• Predominance of "experts" over frondine prac
titioners. 

• Clinical disasters are rarely, if ever, published. 
• Medico-legal concerns restrict the free flow of 

information. 
• Proprietary interest leads to publication pro

tectionism. 
• Outside influences such as professional pres

sures or personality conflicts can lead to hasty 
publication either of unknowingly erroneous 
results or, worse yet, knowingly wrong results. 

Solutions 

1. We should always be mindful that scientific 
publications are part of the real world in which 
bias is a coinhabitant. We as practitioners have 
to recognize and handle this problem, rather 
than blindly accepting the literature. 

2. Our biases should be identified with our pa
tients, our students, and our readers. 

3. Editors should recognize their bias toward the 
elite. Less highly ranked members of the prac
tice community might be encouraged to pub
lish through policies stated in the journal 
guidelines. As editors, we are directing our 
book toward the 80% of surgeons who do not 
publish, to facilitate the communication of 
their own experience. 

4. Easy access, for example by electronic com
munication, will facilitate more rapid dissemi
nation of important information and misin
formation. Peer-review mechanisms and jour
nal policies will need to be adapted to the age 
of the Internet. 

5. Just as a "white spot" is often reserved on the 
program of some European meetings to allow 
unexpected new findings to be featured with
out displacing other papers, a similar news 
page of preliminary results might be saved in 

our standard medical journals. When an un
expected but dangerous development (such as 
tumor implants at trochar sites in laparoscopic 
or thoracoscopic surgery) is discovered, it will 
then be possible to disseminate the informa
tion more widely and more rapidly. An appro
priate disclaimer can be offered at the begin
ning of the news page to emphasize the risks 
of publishing preliminary or unconfirmed data. 

6. There should be a more widespread and ac
cepted policy on retraction and modification as 
a component of journal publication. Perhaps a 
page should be available for this purpose, so 
that the policy seems more welcomed. We have 
a section for corrections in many journals, but 
it is usually focused on minor differences in 
data, misspellings, or misstatements of the ti
tles or addresses of authors. These retraction 
citations should then be linked to the original 
article in all electronic and subsequently printed 
material (e.g., MEDLINE indexes) so thatthe 
retraction or correction becomes integrated 
with the original submission. 

7. Financial incentives: When payment for care 
becomes more directly linked to guidelines and 
standards of practice, there will be more atten
tion paid to their publication, including timely 
modifications. This incentive may raise the 
level of discourse and the extent of participa
tion by practitioners. 

8. It is ethically appropriate and useful to society 
to disclose poor results as well as good results 
in a nonadversarial setting. Dissemination of 
information about unsatisfactory outcomes 
should be protected from malpractice litigation 
on a contingency fee basis. 

9. Negative results should be provided a venue for 
publication when they are relevant and have 
sufficient power to support their conclusions. 

Conclusion 

The scientific literature, when critiqued as a 
method, has remarkable influence and significant 
drawbacks. Publications remain an important res
ervoir of knowledge. We have attempted to give 
a realistic appraisal of the literature's weaknesses 
as well as its strengths. 
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Blind acceptance of the literature can be more 
misleading than ignorance of it. Understatement 
in the literature is good science; publication of bad 
results and discussion of the reason for the results 
are ethically required, though they may remain le
gally dangerous. Such publication can prevent fu
ture mishaps and should be protected in society. 

As consumers and contributors to the literature, 
we must remain vigilant toward potential bias. 
Healthy skepticism does not mean cynicism, but 
our appraisals should be informed and cautious. 
Just as good surgeons must know their limitations 
in order to be safe surgeons, readers and contribu
tors must always be cognizant of the literature's 
inherent limitations in order to make effective and 
prudent use of it. 
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CHAPTER 10 

Computer-Based Literature 
Searches 
P. w.T. Pisters and KJ Hoffman 

The dramatic increase in scientific and medical 
publications over the past three decades makes it 
imperative that scientists and clinicians have a fo
cused and defined strategy for searching the sci
entific and medical literature. The creation of 
computerized databases has provided increased 
access to the literature and has facilitated orga
nized approaches to searching the literature. The 
majority of relatively simple and small searches 
can be performed directly on-line without the 
need to leave the office or the home. This is in 
sharp contrast to the long, tedious hours spent in 
the library searching Index Medicus-a practice 
quite common less than two decades ago. 

This chapter outlines the basic sources of on
line scientific and medical literature and provides 
generalized guidelines for planning and executing 
computer-based searches. The appendices (10-1 
through 10-6) provide lists of major North 
American and international providers of on-line 
scientific data and sites of interest on the World 
Wide Web. 

Sources of Scientific and 
Medical Literature 

The "big four" biomedical databases are 
MEDLINE, EMBASE, BIOSIS Previews, and 
SciSearch (see Table 10-1). These databases 

have different scopes, as described below, and are 
readily accessible on-line through a variety of 
search services. DIALOG and Ovid are examples 
of two such search services that offer access to 
MEDLINE and other on-line databases (Appen
dix 10-1). 

MEDLINE 

MEDLINE is the first database of choice in many 
health science libraries. It covers about 3,700 in
ternational biomedical journals in the fields of 
medicine, basic sciences, nursing, dentistry, allied 
health, behavioral and social sciences, and health 
planning and administration. Journal articles are 
indexed for MEDLINE, and their citations are 
searchable using the National Library of Medi
cine's controlled vocabulary, MeSH (Medical 
Subject Headings). MEDLINE contains all ci
tations published in Index Medicus. Citations in
clude English abstracts when these are published 
with the articles (approximately 74% of the cur
rent file). 

In-depth indexing is one of the unique features 
ofMEDLINE. The entire article is indexed, not 
just the title or the abstract. The MeSH descrip
tors also include check tags for gender, age 
groups, human or animal studies, article type, and 
so forth. In addition to the controlled vocabulary 
terms, text words or free-text terms may be used 
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Table 10-1. Major medical databases. 

Years of coverage 
Database update frequency 

BIOSIS Previews 1969-presentlbiweekly 

EMBASE 1974-presentlbiweekly 
(Excerpta Medica) 

MEDLINE 1966-presentlweekly 
(Index Medicus) (Jan-oct); monthly 

(No~Dec) 

SciSearch 1974-presentlbiweekly 
(Science Citation Index) 

for retrieval from the title, abstract, author's ad
dress, and other parts of the citation. Exploded 
tree words, which are the hierarchical arrange
ment of MeSH, can also be used for retrieval of 
broad categories of information. Every medical 
subject heading has at least one corresponding al
phanumeric code or tree number that determines 
its location in the hierarchically arranged Tree 
Structures. In the Permuted Medical Subject Head
ings, each significant word of a MeSH term is 
isolated, and all of the MeSH terms in which that 
word exists are listed. 

EMBASE 

The biomedical database EMBASE is the on-line 
version of Excerpta Medica. EMBASE, a database 
of international coverage and broad subject scope, 
offers citations from more than 4,500 journals 
published in 110 countries. Based in Europe, Ex
cerpta Medica covers journals not included in 
MEDLINEllndex Medicus. Citations from all 44 

Source documents 

Sources from over 100 countries; selective indexing of over 
8,000 journal titles per year, plus symposia papers and 
abstracts, reviews, data surveys, notes, bibliographies, 
keys, monographs, case reports, and letters (when 
referenced and in a note format). 

Sources from over 110 countries; 4,500 journal titles per 
year; 3,500 core journals screened cover-to-cover. Books 
indexed 1975-1980. Reports of drug-related congresses, 
symposia, and meetings, abstracts, dissertations, and 
annuals selectively covered. Letters that report original 
research are indexed. 

Sources from over 70 countries; 3,700 journal titles per 
year, approximately 1,700 of which are indexed cover
to-cover. About 31,000 new citations added each 
month. Some chapters and articles from selected 
monographs are found in earlier years. 

Sources from over 50 countries; virtually cover-to-cover 
indexing (all significant items) of 4,100 journal titles per 
year, plus selected multi-authored books, conference 
proceedings, etc. 

sections of Excerpta Medica, the Drug Literature 
Index, and Adverse Reactions Titles cover human 
medicine, basic sciences, pharmaceutical sciences, 
and drugs. Coverage of the drug and pharmaceu
tical literature is extensive and comprehensive, 
with 46% of the citations in this area. Other 
unique coverage is in the areas of environmental 
and occupational health and forensic sciences. 

EMBASE may be searched by controlled vo
cabulary, free-text terms, drug trade names, or 
drug manufacturer names. MALIMET (Master 
List of Medical Terms) is the controlled vocabu
lary used to search EMBASE. In addition to 
MALIMET, broad concepts are indexed with 
EMCLAS or EMTAGS. EMCLAS is a hierar
chical classification scheme of the 46 subject sub
files that make up the sections of the printed Ex
cerpta Medica. EMTAGS comprises 220 codes 
that represent general concepts such as groups, 
gender, organ systems, experimental animals, and 
article type. Free-text searching of abstracts, titles, 
and other elements of the citations is especially 
valuable because a large number of citations have 
an abstract. 



Chapter 1 0 Computer-Based Literature Searches 85 

BIOSIS Previews 

BIOSIS Previews, another biomedical database, 
contains more than 8.3 million citations from the 
Biological Abstracts, Biological Abstracts/RRM (re
ports, reviews, meetings [BAlRRMj) , and Bio
Research Index (BioI), the major publications of 
BIOSIS (BA/RRM is the successor to BioI be
ginning in 1980). Together, these publications 
provide comprehensive worldwide coverage of re
search in the biomedical sciences. Biological Ab
stracts includes approximately 280,000 accounts of 
original research from 7,600 primary journal and 
monograph titles. BA/RRM includes an addi
tional 260,000 citations per year for meeting 
abstracts, reviews, books, notes, letters, selected 
government reports, and other research commu
nications. U.S. patents are also included from 
1986 through 1989. Abstracts are available for re
cords from the Biological Abstracts portion of the 
database starting in 1976, and for book synopses 
in BA/RRM starting in 1985. Most BA/RRM re
cords do not contain abstracts, and no BioI records 
contain abstracts. 

Sci Search 

SciSearch is a multidisciplinary database that cov
ers the international literature of science and tech
nology from more than 4,100 journals and ap
proximately 1,400 multi-authored books and 
conference proceedings. All significant items are 
indexed, including articles, letters, meeting re
ports, editorials, and cited references from about 
3,300 journals that correspond to the "Source In
dex" of the Science Citation Index. The other 800 
journals are from the lSI Current Contents publi
cations, including Current Contents/Clinical Sci
ences and Current Contents/Life Sciences. Subject 
access is by natural-language free-text terms from 
titles of articles in the "Source Index" of the Sci
ence Citation Index. 

SciSearch is distinguished by two important 
and unique characteristics. First, the indexed jour
nals are carefully selected on the basis of several 
criteria including citation analysis, resulting in the 
inclusion of 90% of the world's significant scien
tific and technical literature. Second, reference ci
tation indexing is provided. This allows retrieval 

of newly published articles through the subject re
lationships established by an author's reference to 
prior articles. 

Internet 

Although the Internet has evolved in the scientific 
community over more than 20 years, only recently 
have resources and on-line databases of interest to 
large numbers of biomedical researchers become 
accessible via the Internet. Through tools such as 
electronic mail (E-mail and listservs), access to 
remote systems (Telnet), file-transfer protocol 
(FTP), and menu-driven or hypertext interfaces 
(such as Gopher and the World Wide Web), the 
Internet provides new links to colleagues, on-line 
services, and information. 

The traditional on-line services such as a 
DIALOG, Ovid, and the National Library of 
Medicine's MEDLARS were among the first 
resources to become available over the Internet. 
Although traditional services for searching bib
liographic databases are accessible through direct
modem dial or value-added networks (VANs) 
such as Tynet, Telenet, and Compuserv, a direct 
connection to the Internet offers advantages such 
as faster communications, a more reliable connec
tion, and the elimination of a need for a telephone 
line or modem. Once communications are estab
lished through the Internet, using appropriate 
software, the users interact with the search system 
just as if the connection was established with a 
modem. 

The World Wide Web is one of the most ex
citing components of the Internet. The Web was 
originally developed by and for researchers at 
CERN, a major scientific research center in Swit
zerland. It has evolved into a major international 
network of computers and now offers literally mil
lions of information sites for not only biomedical 
resources but also general reference, government, 
business, news, education, entertainment, sports, 
travel, and weather-related information with an 
international scope. Navigation of the World 
Wide Web requires a type of specially designed 
software known as a web browser that allows 
mouse and menu-driven browsing of multimedia 
Web sites. The software also provides interfaces 
with other Internet services such as E-mail, list-



86 P.W.T. Pisters, K.J. Hoffman 

servs (mailing lists that send a copy of all messages 
to each subscriber), and FTPs. Each site on the 
World Wide Web has a unique address, known 
as a URL (universal resource locator), that allows 
anyone with a web browser such as Netscape 
(Netscape Communications, World Wide Web 
URL: http://home.netscape.com) to view the 
contents of the site. Specific mouse-driven path
ways at each web site allow viewing and down
loading of specific data, image, and even video and 
audio files. 

The National Library of Medicine (NLM) was 
among the first major biomedical resources to 
make many of its existing services available over 
the Internet. The NLM is now using the Internet 
to offer more than 200 publications free of charge, 
including fact sheets, biomedical subject bibliog
raphies, AIDS information, systems manuals, 
and newsletters. Publications may be retrieved in 
both plain-text format and PostScript format 
which permits printing of the publication in its 
original format. In addition, the NLM has made 
its on-line catalog available over the Internet. The 
NLM locator (Telnet to locator.nlm.nih.gov) 
allows menu-driven Internet access to NLMs 
CATLINE (cataloged records of monographs and 
serials), AVLINE (audiovisuals), and SERLINE 
(serials owned by NLM and by member libraries 
of the National Network of Libraries of Medi
cine). Together, these databases represent the 
NLM collection that has been available on-line 
for many years to MEDLARS users. The NLM 
has several home pages available on the World 
Wide Web. In addition to a general information 
site (http://www.nlm.nih.gov), there is a National 
Center for Biomedical Information (NCBI) 
home page (http://www.ncbi.nlm.nih.gov) de
signed to serve the biotechnology community. 

Many hospitals and academic institutions are 
also establishing World Wide Web sites for dis
semination of biomedical information. At this 
time, there is no formal organization of these Web 
sites, and thus the user is handicapped in his or 
her ability to perform a comprehensive subject
specific search on the Internet. The only presently 
available method to search the World Wide Web 
requires use of a Web search engine (Appendix 
10-6). Although these search engines allow access 
to 8 billion words found on 16 million Web pages, 
the capacity to focus the scope of searches using 

Boolean operators or other techniques is limited 
and rather crude (by conventional literature search 
standards). Appendix 10-5 provides a limited list 
of relevant World Wide Web sites at the time of 
this publication. Additional sites are being added 
literally on a daily basis. 

Searching the Biomedical 
Literature 

The basic principles of scientific literature search
ing are the same, regardless of whether a search 
is done manually or by computer. The searcher 
must have a thorough knowledge of what the 
databases contain, how they are organized, what 
the access points are, and how to use the vocab
ularies. 

The very nature of a research-level scientific 
literature search prescribes that it should be as 
comprehensive as possible. Therefore, a combi
nation of manual and computer-based searching 
may be desirable. One of the most important ad
vantages of manual over computer-based search
ing is that manual searching allows inclusion of 
older materials, whereas on-line databases often 
cover only relatively recent time periods. How
ever, computer-based searching offers the ad
vantages of speed, currency, more access points, 
coordinate searching, and access to multiple da
tabases. Since computer-based literature search
ing is the method most frequently chosen in the 
health sciences field, this chapter will focus on the 
principles and techniques of on-line searching. 

Who Will Perform the Search? 

Computerized literature searching tends to take 
place in one of three ways: (1) a medical librarian 
interviews the client and then performs the search 
alone, (2) the medical librarian and the client 
work together in planning and running the search, 
or (3) the client performs the search alone. 

Many libraries offer access to on-line databases 
as well as classes on how to do on-line searching. 
Novice searchers usually find it beneficial to take 
one of these classes before embarking on a com
prehensive computer-based literature search. 
Many searchers also enlist the help of a medical 
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librarian or other professional searcher to perform 
the search for them. Medical librarians have 
knowledge of the medical literature, and they are 
also very familiar with on-line searching proto
cols. An experienced professional can evaluate 
overall on-line strategy, look for logic errors, pin
point vocabulary problems, and advise on particu
larly difficult questions. 

Regardless of who performs the search, there 
are several critical decision points in the search 
process: 

1. Clarifying the information need and search 
objective 

2. Identifying relevant databases 
3. Compiling the search terms 
4. Formulating basic search logic and planning 

the search strategy 
5. Evaluating the search results 

Planning the Search 

To clarify the information need and search objec
tive, it is helpful to first write a description or 
summary of the research topic. The description 
should be written in the searcher's own words. It 
is much more efficient to translate something con
crete into the vocabulary of the on-line system 
than to force an unwritten idea into the written 
language of the system. Next, the summary state
ment should be divided into separate concepts. 
And, finally, the searcher should think about what 
limitations to place on the search. For example, 
searches can be limited to human or animal stud
ies and by language, sex and age of patients, and 
publication dates. Examples of known citations 
that are relevant to the search topic provide an 
excellent way to help plan the search strategy. By 
first retrieving known items from the database, 
the searcher can examine the index terms used and 
include them in the search strategy (Table 10-2). 

Selection of the appropriate database comes 
into consideration next. There are numerous 
machine-readable databases, and vendors make 
frequent updates and enhancements to them to 
improve search interfaces, coverage, and so forth. 
Selection of appropriate databases includes several 
factors: (1) subject scope, (2) publication years of 
source documents indexed, (3) frequency of file 
updates and lag time between source publication 

Table 10-2. Steps in planning the search. 

1. Write a summary statement describing the topic. 
Example: Articles on the use of doxorubicin in the 
treatment of breast cancer. 

2. Divide the statement into separate concepts. 
Example: Doxorubicinlbreast cancer 

3. Decide what limitations to place on the search. 
Example: Limit to articles published between 1991 
and present; English language only; both human 
and animal studies. 

4. Find relevant citations and examine their index 
terms. 

5. Select an appropriate database. (A different strategy 
may be needed for each database selected.) 

6. Select search terms to describe each concept of the 
topic. 

and on-line access, (4) resources indexed (i.e., 
types and total number of publications included), 
(5) geographic origin and language of sources cov
ered, (6) availability of abstracts on-line, and 
(7) added indexing/access points provided. 

Basic Principles of On-line Searching 

To perform an effective on-line search, the 
searcher must understand the key concepts of on
line searching. They include elements such as 
(1) use of controlled vocabulary, synonyms, free
text, and truncation; (2) exploding MeSH tree 
categories; (3) use of Boolean connectors; and 
(4) use of positional connectors. 

Database-specific and system-specific require
ments will affect the formulation of the search 
strategy. First, the searcher should determine 
whether the database uses a controlled vocabulary 
to index each document. If it does, the thesaurus 
for that database should be consulted to select the 
appropriate terms describing the topic. If the 
database does not use a controlled vocabulary, the 
searcher will need to make a list of synonyms to 
describe each concept in the topic. Using more 
synonyms will usually result in the retrieval of 
more citations. Also, the thesaurus should be con
sulted to find out if the database allows searches 
to be limited by date of publication, sex, age 
group, animal or human study, or review article. 
Another technique that the searcher should con
sider is truncating the search terms selected. In
stead of searching several synonyms with the same 
root, many databases allow searchers to truncate 
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the root in order to retrieve variations of the term. 
This is a particularly useful technique when 
searching author names. For example, by entering 
the name "Silver," followed by the appropriate 
truncation symbol, a search will retrieve all au
thors whose names begin with the root "Silver" 
(e.g., Silverman, Silverstein, Silvers, Silverberg, 
and so forth). 

A primary advantage of on-line searching over 
manual searching is the system's ability to coor
dinate any number of different concepts in the 
same search. Using Boolean logic, search terms 
can be combined in various relationships. The 
major Boolean connectors are AND, OR, and 
NOT (see Figure 10-1). 

AND is used to combine concepts and narrow 
a search. It will retrieve records containing both 
terms or sets of terms in a combination. For ex
ample, BURNS AND EMERGENCY MEDI
CAL SERVICES will retrieve articles discussing 
both "burns" and "emergency medical services." 

To broaden a search, the Boolean connector OR 
is used to search for articles containing one or 

Boolean "ANO" : Both subjects are present In each article. 
Use to narrow a search. 

INFLUENZA AND COUGH 

Boolean · OR· : Either subject Is represent.ed In each article 
retrieved. Use to broaden a search. 

INFLUENZA OR COUGH 

Boolean "NOT" : Retrieves articles on subject "A·, not Indexed 
to subject "B". Use to exclude Information. 

INFLUENZA NOT COUGH 

Figure 10-1. The Boolean operators "and," "or," 
and "not." 

more of the concepts. For example, BURNS OR 
EMERGENCY MEDICAL SERVICES will 
retrieve all articles about either "burns" or "emer
gency medical services." 

The Boolean connector NOTis used to exclude 
information. For example, BURNS AND NOT 
EMERGENCY MEDICAL SERVICES will 
retrieve all articles on "burns" that are not indexed 
to "emergency medical services." 

Some database services also permit the use of 
"positional connectors." Positional connectors are 
special operators used to indicate more precise re
lationships between certain terms in a reference. 
They can be used to further limit a search. The 
positional connector SAME is used by some 
search services to limit terms to the same para
graph, while the positional connector WITH is 
used to limit terms to the same sentence. For ex
ample, in the search strategy BURNS SAME 
EMERGENCY MEDICAL SERVICES, both 
the word "burns" and the phrase "emergency 
medical services" must be present within the same 
paragraph or field; in the search strategy BURNS 
WITH EMERGENCY MEDICAL SER
VICES, both the word "burns" and the phrase 
"emergency medical services" must be present 
within the same sentence. 

Many databases allow free-text searching. Free
text searching offers several advantages, but it is 
important to understand the limitations of this 
search technique. Free-text searching can be most 
beneficial when an exhaustive search is required 
on a subject, because free-text searching retrieves 
all records containing the selected terms even if 
those terms were not considered sufficiently cen
tral to the topic of the record to have been as
signed as index terms. Free-text searching is also 
advantageous when a subject represents a new 
concept that is not uniquely represented in the 
controlled vocabulary of the database. Free-text 
searches can lead to retrieval errors, however, due 
to unanticipated spelling variations, synonyms, 
and multiple meanings of words. On -line retrieval 
studies have shown that computer-based literature 
searches can be significantly enhanced by selected 
combinations of indexing terms and free-text 
words. 

There are three main ways to construct a search 
strategy: (1) the "building block" approach, 
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(2) the limiting of a concept through the "succes
sive fractions" approach, and (3) the "citation 
pearl growing" approach. Searchers will often use 
a combination of all of these. 

In the building block approach, each concept 
of the search is formulated separately, and the re
sults are combined to reach the final search result. 
The successive fractions approach is used when 
the topic covers a broad subject area, but it is nec
essary to narrow down the subject to make it man
ageable. A searcher uses the successive fractions 
approach by running a general search that re
trieves a large set of hits and intersecting this set 
with other concepts until the result is a narrow 
enough search. And, finally, citation pearl grow
ing is the method used when a searcher begins 
with a known relevant citation, retrieves it on
line, and then examines the indexing terms, which 
can then be plugged back into the search to obtain 
similar or related citations. 

Analysis of Search Results 

No matter how carefully planned, most searches 
require some modification in strategy. It is im
portant to analyze the search results to determine 
whether the search strategy should be amended. 
One method frequently used to assess the results 
of a search is to measure the results in terms of 
"recall" and "precision." Recall pertains to the ra
tio between the number of relevant records re
trieved by the search compared with the total 
number of relevant records in the database. Pre
cision pertains to the ratio of relevant records re
trieved compared with the total number of records 
retrieved. When conducting a comprehensive 
search, high recall is desired, even at the expense 
of retrieving some irrelevant documents. The 
search strategy can be modified to achieve a 
higher recall by (1) using free-text words rather 
than index terms, (2) including as many synonyms 
as possible, and (3) reducing as much as possible 
the number of terms linked by the use of the Bool
ean operator AND. Searches resulting in too many 
citations can be modified to achieve a higher pre
cision level by (1) using index terms that are at 
the narrowest level of specificity, (2) using terms 
that appear in the title field only, or (3) linking as 

many terms as possible with the Boolean operator 
AND. Limiting searches by factors such as lan
guage, document type, or publication date will not 
necessarily improve precision, but it will reduce 
the number of citations retrieved. 

Other reasons for poor search results include 
(1) selection of an inappropriate database for the 
subject of the search; (2) inappropriate selection 
of search terms; (3) inadequate attention to syno
nyms and spelling variations, particularly with 
free-text searching; and (4) inappropriate use, or 
lack of use, of Boolean operators and positional 
connectors. 

After the Search: Computerized 
Reference Management 

Once a search is complete and the file has been 
downloaded, the file can be manipulated in several 
ways. These include simple viewing or printing of 
the file with any word-processing or notepad-type 
software. More important, however, the down
loaded file can be imported into reference man
agement software designed to facilitate creation 
and maintenance of individual reference data
bases. 

Reference management software has become 
an essential component of any researcher's core 
software. References of any size can be stored with 
or without abstracts. The software allows use of a 
variety of criteria to locate references within the 
database, including user-defined keywords as well 
as standard criteria such as journal name or au
thor. Reference management programs interact 
with common word-processing programs to gen
erate automatic bibliographies in predesigned bib
liographic formats that fit the specific styles of 
hundreds of journals. Two popular reference man
agement programs are Reference Manager (Re
search Information Systems, World Wide Web 
URL: http://www.risinc.com) and EndNote 
(Niles and Associates, Inc., World Wide Web 
URL: httpllwww.niles.com). Complete and up
to-date information on these programs is available 
at the Web sites noted above. Figure 10-2 outlines 
the utility and central role of these software pro
grams in the manipulation of downloaded refer
ences. 
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Download Literature 
Search Capture File ~ 

~~ 
r---~----------~ 

Import into Reference 
Management Software 

ViewlPrint Using 
Notepad or Word 

Processing Software 

/ 
PrintlView References by Specific 

Search Criteria 

Create Reference 
Database(s) 

Create Journal-Specific Bibliography 
by Direct Interaction with 

Manuscript File Word-Processing Software 

Figure 10-2. The multiple uses of reference management software and central role of 
this software in reference management. 

Conclusion 

Computer-based literature searching is a powerful 
and comprehensive resource. It is important, 
however, to understand that using this resource 
may involve trade-offs between efficiency and 
comprehensiveness. It is strongly recommenced 
that beginning searchers obtain instruction in on
line searching methods or consult a medical li
brarian. Before starting a search, it is important 
to learn the fundamentals of Boolean logic and 
how the use of Boolean connectors will affect the 
outcome of searches. The searcher should become 
familiar with the controlled vocabulary of the 
database that will be searched. Sufficient time 
should be invested in preparing the search strategy 
before going on-line: (1) briefly state the search 
topic in a sentence or two, (2) identifY the basic 
concepts or key words within the topic, (3) list 
synonyms for each concept, and (4) translate key 
words into the controlled vocabulary of the data
base. It is advisable to run the search and then 
display a few citations to evaluate initial results. If 
the results are not as expected, the searcher should 
modifY the search strategy and try running the 

search again. And if, after several attempts, the 
search results are still unsatisfactory, the searcher 
may want to seek the aid of a medical librarian. 
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Commentary 

This chapter was written by a surgical oncologist 
and the executive director of the research medical 
library at the University of Texas-M. D. Ander
son Cancer Center in Houston. Their practical 
discussion provides the reader with an excellent 
description of the current sources of scientific and 
medical literature available through computer 
searches, and the authors' evaluation of the four 
main database sources of scientific and medical 
literature. The authors emphasize the important 
role of collaboration with a medical librarian dur
ing the earliest phase of the proposed research 
study. A clear description of the research proposal, 
and clear identification of key terminology enable 
the librarian to carry out an effective computer 
search of the literature. 

There are many helpful tips on using the com
puter for reference management, along with a fail
ure analysis approach. Useful appendices at the 
conclusion of the chapter allow the reader to ob
tain practical entry via phone, fax, E-mail, and 
Internet to the libraries of the world, in addition 
to providing all of the international MEDLARS 
centers. I suspect that these appendices will be the 
most frequently used section of this book. 

The references by Hewitt and Chalmers in the 
bibliography, and Hewitt's chapter in the second 
edition of Principles and Practices oj Surgical Re
search are recommended for further reading. 

The authors' brief but clear statement that 
manual searching gives access to important older 
material excluded from these databases deserves 
underlining. Naive researchers sometimes con
clude that an observation or idea has never been 
reported in the literature if it is not available 
on-line. A pithy and humorous book review by 
Frank P. Grad, L.L.B., provides a memorable 
image of this problem: 

Just as the burning of the great library of Al

exandria wiped out much earlier knowledge, the 

creation of computer databases around 1979 or 

1980 put earlier materials out of easy reach of 

researchers. Fortunately, this knowledge is avail

able if [they] leave their computer consoles to 

browse in the library. 1 

D.S.M 
M.RM 

1. Grad FG. New EnglJ Med 1996;335:140. 

Appendix 10-1. Main Offices of Major Vendors of MEDLINE 

Address 

U.S. National Library of Medicine 
MEDLARS Management Section 
8600 Rockville Pike 
Bethesda, MD 20894 

DIALOG Technologies, Inc. 
Knight-Ridder Information Inc. 
World Wide Headquarters 
3460 Hillview Avenue 
P.O. Box 10010 
Palo Alto, CA 94303-0993 

Ovid Technologies, Inc. 
333 Seventh Avenue 
New York, NY 10001 

Telephone/F ascimile/E-MaillW eb Site 

800-638-8480 (toll-free tel) 
301-496-0822 (fax) 
ntsiegal@nlrn.nih.gov 
http://www.nlm.nih.gov 

800-3-DIALOG (toll free tel) 
415-858-3785 (telephone) 
415-858-7069 (fax) 
Info@WWW.dialog.com 
http://www.dialog.com 

800-950-2035 (toll free tel) 
212-563-3006 (telephone) 
212-563-3784 (fax) 
sales@ovid.com 
http://www.ovid.com 
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Appendix 10-2. Intemational MEDLARS Centers 

Country Telephone Fax E-mail 

Australia 61-06-273-1180 61-06-273-1180 
Canada 613-993-1604 613-952-7158 cisti.medlars@nrc.ca 
China 861-512-8185 861-512-8176 

Egypt 202-355-7253 202-354-7807 
France 33-1-4521-1044 33-1-4658-4057 
Germany 49-221-472-4264 49-221-41-1429 

India 91-11-4362-359 91-11-4362-489 !uunet!nicnet!medlac!slc 
Israel 972-2-758-790 972-2-784-010 

Italy 39-6-4990 39-6-446-9938 

Japan 81-3-3581-6411 81-3-3593-3375 
Korea 82-2-740-8043 82-2-744-0484 cek@sobackhananm.kr 
Kuwait 965-533-8610 965-533-8618 
Mexico 525-598-9875 525-598-9959 gladys@redvax1.dgsca.unam.m:x 
New Zealand 64-4-496-2000 64-4-496-2340 
South Mrica 27-021-938-0339 27-021-938-0315 gmilliga@Eagle.mrc.ac.za 
Sweden 46-8-728-8000 46-8-330-481 mic%Micforum@mica.ki.se 
Switzerland 41-31-301-2572 41-31-301-6556 dokdi@dm.rs.ch 

United Kingdom 44-71-323-7074 44-71-323-7018 

Bireme 55-11-549-2611 55-11-571-1919 celia@brm_1.bireme.ansp.br 
Pan American 202-861-3301 202-223-5971 gamboa@lhc.nlm.nih.gov 

Health Org. 
Intergovernmental 886-2-737-7690 886-2-737-7664 nsc_51@ + wnmoeLedv.tw 

Organization 

Appendix 10-3. Intemational DIALOG Centers 

Country Telephone Fax E-mail 

Australia 61-2-212-2867 62-2-281-5427 jean_tyan@corp.dialog.com 
Bahrain 966-1-477-0477 966-1-476-6337 lisa_parramore@corp.dialog.com 
Botswana 27-12-84-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
Brazil 55-11-257-2157 55-11-258-6990 claudio_pinto@copr.dialog.com 
Brunei 852-868-0877 852-810-5861 wynne_choi@corp.dialog.com 
Canada 416-445-6641 416-445-3508 mary _corcoran@corp.dialog.com 
Carribbean Countries 52-5-682-2395 52-5-687-7355 claudio_pinto@corp.dialog.com 
China 86-21-372-3678 86-21-372-4333 jean_tyan@corp.dialog.com 
Colombia 57-1-312-5802 57-1-255-1017 moseresr%dialogvm@mcimail.com 

Equador 61-2-212-2867 61-2-281-5427 belinda_benson@corp.dialog.com 
Europe 44-71-930-7646 44-71-930-2581 
Hong Kong 852-868-0877 852-810-5861 wynne_choi@corp.dialog.com 
India 91-22-218-0831 91-22-218-8175 iipl@soochak.ncst.ernet.in 
Indonesia 852-868-0877 862-810-5861 jean_tyan@corp.dialog.com 
Israel 972-3-695-0073 972-3-695-6359 claudio_pinto@corp.dialog.com 

Japan 813-3439-0123 813-3439-1093 

Kenya 27-12-841-3007 27-12-841-3604 michele_foster@corp.dialog.com 
Korea 82-2-220-7272 82-2-796-8811 yamanaka%dialogvm@ciail.com 
Kuwait 966-1-477 -04 77 966-1-476-6337 lisa_parramore@corp.dialog.com 
Lesotho 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 

(continued) 
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Appendix 10-3. Continued 

Country Telephone Fax E-mail 

Malawi 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
Malaysia 852-868-0877 852-810-5861 wynne.choi@corp.dialog.com 
Mauritius 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
Mexico 52-5-682-2395 52-5-687-7355 claudio_pinto@corp.dialog.com 
Mozambique 27 -12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
Namibia 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
New Zealand 61-2-212-2867 61-2-281-5427 jean_tyan@corp.dialog.com 
Oman 966-1-477 -04 77 966-1-476-6337 lisa_parramore@corp.dialog.com 
Peru 61-2-212-2867 61-2-281-5472 belinda_benson@corp.dialog.com 

~tar 966-1-477-0477 966-1-476-6337 lisa_parramore@corp.dialog.com 
Saudi Arabia 966-1-477 -04 77 966-1-476-6337 lisa_parramore@corp.dialog.com 
Singapore 852-868-0877 852-810-5861 wynne_choi@corp.dialog.com 
South Africa 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
Sri Lanka 91-22-218-0831 91-22-218-8175 lisa_parramore@corp.dialog.com 

Swaziland 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 

Tanzania 27 -12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
Taiwan 852-868-0877 852-810-5861 wynne_choi@corp.dialog.com 
Thailand 852-868-0877 852-810-5861 wynne_choi@corp.dialog.com 

Uganda 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 
United Arab Emirates 966-1-477-0477 966-1-476-6337 lisa_parramore@corp.dialog.com 

United States of America 415-254-7000 415-254-7070 
Venezuela 61-2-212-2867 61-2-281-5472 belinda_benson@corp.dialog.com 
Zambia 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 

Zimbabwe 27-12-841-3007 27-12-841-3604 michelle_foster@corp.dialog.com 

Appendix 10-4. International Ovid Offices 

Region/Country 

North Central/So. America 

United Kingdom, Ireland 
Middle East, & Africa 

Continental Europe 

France 

Australia, New Zealand, Asia, 
& Pacific Rim 

Telephone 

212-563-3006/800-950-2035 

44-(0)-181-748-3777 

31-20-672-0242 

33-14-722-4249 

800-22-6474/800-44-6106 
800-44-6106/ 

+ 61 (0)-2-231-5086 

Fax 

212-563-3784 

44-(0)-181-748-2302 

31-20-673-8041 

33-14-722-4309 

61-(0)-2-231-5599 

E-mail 

sales@ovid.com 

info@ovid.co.uk 

info@cdplus.nl 

nicolasb@ovid.com 

aussie@ovid.com 
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Appendix 10-5. Representative World Wide Web Sites of Biomedical Interest 

Organization 

National Library of Medicine 
(United States) 

National Cancer Institute (United States) 

University of Pennsylvania Oncolink 

Oncolink List of Hospitals and Medical 
Universities 

Nature (the journal) 

World Health Organization 

Appendix 10-6. World Wide Web Search Engines 

Search Engine 

WebWorm 

Lycos 

Alta Vista 

Yahoo Search 

Web Crawler 

InfoSeek 

Excite 

CUl W3 
Catalog 

World Wide Web URL 

http://www.nlm.nih.gov 

http://www.nci.nih.gov 

http://cancer.med.upenn.edu 

http://cancer.med.upenn.edu 

http://www.nature.com-l 

http://www.who.ch 

World Wide URL 

http://www.mcb.cs.colorado.edulhome/ mcbryanlwww.html 

http://lycos.cs.cmv 

http://www.altavista.digital.com.edu 

http://www.yahoo.comlsearch.html 

http://www.webcrawler.com 

http://www2.infoseek.com 

http://www.excite.com 

http://cuiwww.unige.chl cgi -binlw3catalog 



CHAPTER 11 
. ..} 

Facing the Blank Page/Screen 
M.F. McKneally and fA. Bennett 

Reading maketh a foil man, conference a ready man, 
and writing an exact man. 

-Francis Bacon (1561-1626) 

Writer's Block Is a Good Thing 

We try to be exact when we write, because writing 
carries the onus of permanently associating the 
author with a final product that will be read by an 
audience of potentially unlimited size and critical 
powers. This imaginary readership intimidates the 
writing process in a salutary way, because it re
duces the presentation of totally spontaneous, ill
considered rubbish. In this sense, the writer's 
block that prevents easy generation of the written 
word is probably beneficial to society. The trait is 
certainly conserved in the evolution of surgical 
scholars, as 77% of our authors described blocking 
symptoms in response to a questionnaire about 
writing their chapter for the second edition of this 
book (Figure 11-1). 

The contributors who experienced writer's 
block were all widely published in their fields of 
concentration. It seems that blocks are the rule 
rather than the exception, and effective ways have 
been found to help the writer overcome them. 

This chapter discusses the problem as experienced 
by our authors, and provides some suggestions 
that have been helpful to them and to others who 
were faced with the task of communicating their 

ideas in writing. A more extensive discussion of 
the subject is well presented in the very helpful 
book entitled Overcoming Writing Blocks. 1 

Pathogenesis 

The pathogenesis of writer's block has been de
scribed as intimidation by the internal critic. Since 
the skill of writing is developed by trial and error, 
with a heavy emphasis on correction by the 
teacher, students of writing develop an internal 
critic that censors words being selected to express 
an idea before the words reach the page. This cen
sorship, especially in surgeons, who tend toward 
perfectionism, can severely restrict the ability to 
formulate ideas in written words even when the 
ideas are well developed. The power of the inter
nal critic is actually helpful to the writer if it can 
be inactivated during the drafting stage and saved 
for the editing phase. 

Getting Started 

Starting the flow of words generally requires a 

considerable amount of preliminary reading and 
thought, and a locus that separates the writer from 
interruptions and distractions. The distractions of 
daily practice and life are extremely tempting be-
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cause they are immediate, concrete, circum
scribed, and familiar. A ritualized reorganization 
of the environment seems to be quite helpful and 
necessary for many writers. Pencil-sharpening, 
desk-clearing preparations can become signifi
cantly elongated into procrastination. Mary 

Severe 
5 Figure 11 -1 . Responses of 

contributors to this book to the 
question: "Did you have block
ing symptoms preparing your 
chapter?" 

Evans, one of our prolific authors, advises that 
procrastination indicates inadequate mental prepa
ration for the writing task: she recommends that 
we not take our blocks too seriously when they 
occur, but leave the writing task alone for a few 
more days, reading or thinking about the assign-

Everyone has trouble - -
how we get our writing done. 

Outlines help 

Lists 
popular 

Spoke wheel easier 

spontaneous disorganized 

I 
fix later 

When done, 
blocking gone 

Writing blocks are good. 

prevent rubbish 

conserved In evolution 

Daunting Counteract distraction 

First Draft The rlg6m: 'The right place 

DENY! Call it 
"zero draft" 

"new" time 

Defer critical review; 
i. e., turn off 
internal critic 

\~ 
"new" space 

Figure 11-2. Spoke-wheel outline. 



ment more extensively before readdressing the 
blank page. 

The intellectual process of assembling the back
ground information is carried out in many ways by 
different authors. Popular techniques include keep
ing a large legal folder or loose-leaf notebook into 
which are entered references, useful phrases, "single 
pages with single ideas," any subsequent notes on 
such ideas, and blackboard brainstorming sessions 
with coauthors or students; dinner with a friend 
to discuss the writing project-particularly use
ful when the friend is a coauthor; or giving a 10-
minute lecture to a real or imaginary audience, fol
lowed by writing down an outline of the lecture, 
developed from notes on the blackboard. Present
ing the ideas for a paper or chapter to an audience 
generally unfamiliar with the topic can be helpful 
for getting started, as well as for clarifYing and sim
plifYing the message. 

The Outline 

Following the prewriting phase, some authors 
found it most effective to develop an outline, but 
many of our authors found writing the outline as 
difficult as writing the first draft. Scattered pages 
of notes with a separate page for each individual 
topic can serve as a surrogate or prelude to the 
outline. This technique has been developed into 
a popular computer software program (Infoselect; 
Micro Logic Corp., Hackensack, NJ 07602), that 
allows the author to summon up notes on various 
subtopics within the writing assignment by means 
of a keystroke, and to work on them individually 
in the way some of us work on randomly scattered 
pages. A miscellaneous but progressively more 
structured set of lists replaces the outline for Dr. 
Mosteller. This chapter was developed using the 
less intimidating "spokewheel" outline first (Fig
ure 11-2), followed by the more orderly but de
manding "conventional" outline (Table 11-1). 
When the conventional outline is finished, block
ing symptoms diminish and writing proceeds 
more smoothly for many authors. Dr. Neugebauer 
said, "When my outline is complete, my symp
toms disappear and I am happy!" The easier flow 
of words that com~s once the thinking is clarified 
illustrates Boileau's axiom: Whatever is well con-
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Table 11-1. Facing the blank page. 

Introduction: Writer's block is a good thing. 

Writing is permanent. 
Audience intimidates. 

Blocking is good. 
Most of us have it. 

Pathogenesis? The internal critic. 

Internal critic like our teachers. 
Defer criticism. 
Write a letter, or dictate. 

Getting started 

Preliminary reading and thought 
Procrastination and pencil-sharpening 

Collecting information; examples 
Brainstorming 

The outline 

Conventional 
Spoke-wheel 

Pages of notes 

Lists 

Drafting 

"Zero draft" 

Order 
Key phrases 
Distracting thoughts 
Capturing the right words 
Signposts 

Editing 

Reread, rewrite. 
Get critique from others. 
Save "diamond chips." 

Environment for writing 

Right time; schedule 
Divide assignment 
Set deadlines 
The right place 

How we do it 

David Mulder's list 
C21totes from authors 
End with Francis Moore 
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ceived is clearly said, and the words to express it 
flow with ease (The Art of Poetry, 1673, canto 1, 
line 53; Nicolas Boileau-Despreaux, 1636-
1711).2 We are rarely searching for the right word; 
our search is for the right thought. 

Drafting 

To get the first draft complete, it is crucial to get 
the words out past the critic, regardless of how 
they sound, averting the review or editing process 
as much as possible. Some writers get started by 
writing a letter that describes the writing assign
ment to an imaginary, unconditionally accepting 
friend. Many speak into a tape recorder, because 
the critic has far less influence over the spoken 
word compared to the written word in most peo
ple's experience. Our editors prefer to consider the 
first version the "zero draft," whose principal 
function is to violate the blank page/screen and 
provide material for editing and reworking. Since 
the zero draft is not permanent, you can proceed 
without interruptions, never seeking the perfect 
word or spelling or reference until the draft is 
complete. Some of us put parentheses around in
completely developed thoughts or poorly chosen 
words, deferring critical review until the whole 
draft is in hand for editing. Most authors found 
editing far easier than drafting or oudining. The 
symptoms of anxiety associated with writer's block 
seemed to diminish progressively as the manu
script moved from the prewriting phase through 
first draft, outline, and progressively edited re
writes. (Figure 11-3) 

The conventional oudine forces an ordered 
prioritization of ideas, which is very helpful for 
drafting some writing assignments. The rigid for
mat of an original article on a scientific subject 
provides a basic outline generic to all such articles. 
The order in which these main headings are 
drafted (introduction, methods, results, discus
sion, abstract) varies with the preference of the 
author. Many of our authors recommend that, like 
Alice in Wonderland, we begin at the beginning 
and continue until the end, then stop! A larger 
number preferred beginning with some very con
crete and simple segment, such as the methods or 
the tables and figures, which "trick" us into over-

coming procrastination. Writing about more ex
citing and interesting points first energizes the 
writing process. In this phase, key phrases and 
words that communicate your ideas effectively 
should be captured on paper, even in incomplete 
or awkward sentences if they seem to fit the ideas 
well, regardless of the flow. As you write, let your 
thoughts evolve, and accept the fact that the lan
guage to communicate the thoughts is also evolv
ing. Remind yourself, "It is not a finished prod
uct," and you need not expect the perfect sentence 
to communicate the drift of your ideas. As you are 
developing your draft, you will have many 
thoughts that do not fit the outline or the segment 
you are working on. It is useful to have a second 
table or to use an electronic notepad for text 
memoranda so that well-expressed thoughts can 
be recorded or reintroduced later. A third tablet 
or pad of Postit self-sticking removable notes for 
recording important distractions is useful to keep 
you from leaving the writing task simply because 
you remembered another obligation. 

Writing assignments travel with us, and the 
right words or the best fit of ideas often comes at 
unexpected moments: while driving home, walk
ing the corridors, in the operating room, or sleep
ing at night. Have a note pad or recorder available 
to capture these words and thoughts as they ap
pear. Frequent rereading aloud of what you have 
already written on the topic helps to keep your 
conscious and subconscious mind focused as you 
develop the draft. If the process is interrupted, 
leave signposts in the margin that briefly advertise 
the upcoming sequence of thoughts. These can be 
one-word descriptors, short phrases, drawings, or 
the names of authors of references containing the 
ideas you wish to discuss. Signposts and reading 
aloud facilitate reentry into the drafting process at 
your next sitting. 

Editing 

In the editing stage, reread the work several times 
yourself, rewriting where necessary, and then give 
the draft to others who are experienced in writing. 
To be sure that you are not misunderstood, you 
can tell them what you want the written work to 
communicate and ask if it succeeds. Alternatively, 
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Stage 

Figure 11-3. When the "zero draft" is done, blocking symptoms disappear. 

you can ask them to read it and communicate the 
main points of the work back to you. At this stage 
it is important to loosen your ownership over the 
piece and welcome criticism. Remember that the 
ultimate objective is to communicate your ideas to 
the readers. If different words or different ar
rangements of them accomplish this better than 
your original attempt, accept the new formulation. 
It is important that the writing be as reader
friendly as possible. The work is already friendly 
to you as author, since it is a part of you. The 
objective input of others is needed to season the 
work to the tastes of your readership. 

Most writers are extremely well informed by the 
time they overcome their writer's block and move 
into the editing phase. As you consolidate your ma
terial, be sure your familiarity with the subject does 
not cause you to omit the logical, transitional steps 
you made in your own thinking. John Bailar ad
vises, "Focus on the message received, not the mes
sage sent by the writer. Take pains to be sure that 
you are not misunderstood." Don't presume that 
the logic of your readership is the same as your 
own. You may well have a pattemed thought pro
cess that is not necessarily communicated in the 
words you selected to describe your thinking, al
though it is intuitively obvious to you. Align the 
readers with your thinking and logic by using con
nectors such as, "Based on these findings we con
cluded that ... ," "It seems reasonable to conclude 
that ... ," and "These data support the view .. "; 

it is easy to be too telegraphic when you are well 
informed about a subject. 

When phrases, sentences, graphs, tables, and 
ideas dear to your heart are eliminated in the ed
iting process, think of them as diamond chips that 
can be saved for use in future masterpieces. This 
will make the editing process easier to handle, and 
your treasury of unpublished material may provide 
the impetus or text for further development of 
your ideas in a subsequent publication. 

The Environment for Writing 

Most readers of this chapter do not write for a 
living, and their environment is not ideally suited 
to the writing process. Making your environment 
safe for consecutive thinking is a very challenging 
project. This is particularly true when critically ill 
surgical patients are part of the environment. 

The Right Time 

Time has to be created for writing. Ideally, this 
time should be sufficient to allow you to establish 
momentum. Writing time should be placed in a 
fresh, creative phase of your biological cycle. Most 
of our authors preferred writing early in the morn
ing, but some found it useful to write late at night. 
"Creating a new time" is very desirable. Ideally, 
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this is done by completing a previous assignment 
and devoting the newfound time to your next 
writing assignment. It is important to realize, 
when you are accepting a large writing assign
ment, that some other activities in your schedule 
will have to be eliminated. Without this conscious 
acceptance and reorganization of time, you will 
find yourself stealing time to write and resenting 
the writing assignment. Generally, writing time 
can be used more efficiently if the assignment is 
broken down into smaller, more manageable 
parts. Placement of deadlines for completion of 
each part helps to sustain motivation, prevent pro
crastination, verifY productivity, and provide a 
feeling of accomplishment. 

The Right Place 

The locus for writing is a powerful factor in success. 
Some authors found that working outdoors or in a 
new setting, such as a library office or a colleague's 
conference room, out of the routine venue of daily 
practice helped to stimulate the writing process and 
prevent distraction. Airplane trips provide a very 
satisfactory form of isolated, protected time for 
writing with minimal interruption. 

The ideal writing space should be large enough 
to allow notes, pads, outlines, and books to be 
spread out. A dictionary, thesaurus, and appro
priate reference books should be within easy arm's 
reach. Immediate feedback from preliminary 
drafts keeps the writing process moving. Those 
who dictate need ready access to transcription, 
and those who use word processors need imme
diate printouts, to review their work in progress. 

Some writers find it helpful to have inspira
tional pictures in the environment, such as highly 
respected and productive mentors, leaders in the 
specialty, notable writers, thinkers, or family 
members. It is useful to have space in which to 
walk, to pace the floor while dictating or thinking 
about the next iteration of a draft. For many au
thors, this kind of physical activity is an outlet for 
the creative tension of writing. Some respondents 
mentioned the dining room table at home as a 
practical place for writing. This broad expanse, 
free of the clutter of the daily routine in the office 
or laboratory, provides a comfortable and reassur
ing setting for writing. 

Taking control of your writing environment 
puts confidence and efficiency into the writing 
process. Periodic changes of position, short walks, 
and timed small rewards (such as a walk around 
the block, a cup of coffee, or a 10-minute break 
to talk to friends or family) will sustain your en
ergy and keep your writing fresh and energized 
for a longer period of time. 

How We Do It 

David Mulder's recommendation to surgical resi
dents is as follows: 

1. Gather all the reprints about the subject; high
light or underline important points. Choose 
additional references from the bibliography; 
read and reread them. 

2. List the points you want to make; this will 
serve as your rough outline. 

3. Based on this background and outline, create 
a long form of the zero draft, triple-spaced. If 
you dictate, be sure you speak in written lan
guage. Mary Evans makes the point that writ
ten language is different from spoken language 
and that "much bad writing comes from a fail
ure to make this distinction!" 

4. Revise by cutting, pasting, and deleting from 
the long zero draft. 

5. Stop writing and let the project mature in your 
subconscious mind for the next several days or 
weeks, depending on the time pressure. 

6. Proceed with the definitive revisions. 

Writing in longhand is still popular, particu
larly for writing the introduction. When the in
troduction is written and a rough or complete out
line is available, many authors prefer to switch to 
dictation or word processing to accelerate the pro
cess. Walter Spitzer says, "Sit down, let it flow, 
then stand up, pace the floor, and dictate. Con
sider the first printed draft as zero time. Then go." 
Ray Chiu advises, "Read extensively. Concentrate 
on organization and message, and then allow your 
subconscious to work it over. When you are ready, 
complete the whole essay rapidly." Mary Evans 
suggests, "Fill five pages before you stop .... Edit 
five times." In our brainstorming sessions, idea 
circles on the blackboard or on large, conspicuous 



pieces of paper seemed to facilitate the creative 
process. 

The computer facilitates outline development 
for some authors, and a few aggressively expand 
their outlines into the final text without ever turn
ing to paper. This is the exception. As a general 
rule, facile word processing alone does not meet 
all of the needs of our writers. Most need to see 
the printout and do some manual editing to get 
"the eagle's view, not the frog's view, of the 
swamp" (Hans Troidl). The printout shows us 
where to go on screen for detailed editing. David 
Fleiszer uses a (paper) pocket notebook for a week 
while thinking about the assignment, then makes 
a handwritten outline before he goes on screen. 
Thereafter he uses a split screen and multiple lay
ers of windows to maintain an overview and to 
check back on previous material. Some authors 
find the typing and technical demands of word 
processing drains the creative energy they need for 
writing, so they navigate around the computer us
ing more traditional methods. There is a general 
consensus that technical editing is easier on 
screen, but conceptual editing for flow of ideas 
may best be done on paper. David Hackam says 
the physical sensation of pencil on paper helps 
him induce the writing process. Once it is started, 
and the outline is complete, the word processor 
can sustain the momentum. 

Many of our authors identified critical sessions 
with their mentors who were "liberal with red ink 
and time" as the most important training for sci
entific writing. Many felt that their medical 
school training "militated against good writing" or 
provided no useful background for writing. Writ
ing essays in undergraduate school or theses in 
graduate school for Ph.D. degrees was very help
ful. Interestingly, some felt that Latin and math
ematical training provided pattern recognition 
and discipline that was very useful in writing. 
Reading Fowler's Modern English Usagil and 
Pope's "Essay on Criticism"4 were specifically 
cited as important tools for writers. 

Some authors felt that having multiple writing 
assignments under way simultaneously allowed 
them to keep the creative process going when 
progress was slowed on one of the projects. Most 
authors, however, seemed to feel that juggling 
more than one writing assignment is detrimental. 

Clearly there are many ways to overcome 
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writer's block, and successful authors develop an 
approach that works most reliably to unlock their 
creative energies. The inspiration for this chapter 
was Francis Moore's description of playing the pi
ano wildly to help himself get started writing 
when he was producing his landmark textbook 
The Metabolic Care of the Surgical Patient. 5 Thirty 
years later, his response to our questionnaire il
lustrates the consummate conquest of writer's 
block, and provides a fitting conclusion for this 
essay. Dr. Moore writes, "Most of my friends feel 
that I have written too much in my lifetime, and 
they would be convulsed with laughter if they 
thought I were answering a questionnaire on 
writer's block." 
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Commentary 

This is a practical chapter produced by two senior 
surgical scientists, based on their own experience 
and a survey of some of the authors of the second 
edition of this book. We all face an enormous hur
dle when attempting to clearly express our 
thoughts in a written form. One of our senior au
thors had difficulty meeting the deadline for this 
textbook because he wanted his chapter to be the 
"Mona Lisa" in his particular area of research, a 
definitive and memorable contribution. Meeting 
with a surgical colleague focused his attention on 
critical aspects of what was required. They created 
an outline that was simple but not superficial. 
Like a well-drawn sketch, the outline led to a 
completed work in a reasonably short time. This 
emphasizes the important role of the outline in 
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overcoming writer's block. Several leading medi
cal writers share valuable tricks they use to over
come writer's block. The authors favor the spoke
wheel outline which is illustrated in the chapter. 

The importance of creating the environment 
for writing was driven home for us when the edi
tors worked together away from the pressures of 
administrative or surgical tasks; productivity in-

creased dramatically. Similarly, when working 
with a colleague to develop a paper or an idea, the 
results are often synergistic and usually consider
ably more satisfying. Read this chapter to warm 
up your writing arm the next time you are trying 
to communicate the results of your research. 

D.S.M. 



CHAPTER 12 

Getting Your Abstract 
on the Program 
B.A. Pruitt Jr. and A.D. Mason Jr. 

An abstract should be a concise distillate or syn
opsis of the work being reported and must em
phasize what was done, how it was done, the re
sults obtained, and how the author interprets 
them. In most instances, the organization or pub
lication to which the abstract is submitted defines 
its length (usually one standard-size, double
spaced typewritten page, i.e., approximately 200 
to 250 words), and that limit is inviolable. This 
required brevity precludes all extraneous material. 

Recently, what are called structured abstracts 
have been increasingly used for papers to be pre
sented at professional meetings, and particularly 
for publications reporting the results of clinical 
research.1 Such abstracts typically include specific, 
concise statements about the objective of the 
study, the experimental design and setting, the de
mographic characteristics of the study subjects, 
and the intervention or interventions made. Out
come measures, results, and conclusions are also 
succinctly presented.2 In the name of simplifica
tion the New England Journal of Medicine reduced 
the required sections to background, methods, re
sults, and conclusion, and permits the methods 
and results to be combined.3 

Mechanical and technical factors, as well as 
presentation and content, determine the strength 
and attractiveness of an abstract. If the source of 
the abstract is to be "blinded" to the reviewer, the 
originating institution should not be surrepti
tiously identified in the body of the abstract. A 

dot matrix printer should not be used to prepare 
an abstract since most reviewers find a typed ab
stract easier to read. A grammatically correct ab
stract, free of typographic errors, jargon, and 
colloquialisms, will be viewed with favor but re
quires meticulous proofreading of each successive 
draft-capricious word processors have been 
known to drop out words, phrases, and even entire 
sentences. Acronyms should be used sparingly 
(never in the title) and only if widely accepted. 
Each acronym must be presented in parentheses 
after its first citation in the abstract. Data tables 
should be easily read, with entries kept to the es
sential minimum, units of measurement defined, 
the number of entries or observations stated, and 
levels of statistical significance defined and indi
cated by conventional symbols. 

Format 

The format of an abstract is usually that of a sci
entific report or presentation: title, introduction, 
materials and methods, results, discussion, and 
conclusions. An interesting or even clever title can 
enhance attractiveness, but cuteness is to be 
avoided at all costs. It is sometimes appropriate 
for the title to be presented as the question ad
dressed by the reported research, thus reducing or 
even eliminating the need for an introduction. In 
general, the introduction should be limited to a 
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sentence or, at the most, two sentences that es
tablish the importance of the problem addressed 
and the rationale for the study. 

The abstract should emphasize results and ma
terials and methods, in that order of importance. 
Materials and methods should be described in ge
neric or categorical terms, with specific details of 
data processing, experimental procedure, and fine 
points of technology or technique left for the pre
sentation or publication. Control or comparison 
groups or proposed models should also be de
scribed in general terms, but with sufficient detail 
to verifY relevance and appropriateness. All the 
information contained in these two sections must 
be covered in the presentation and the final pub
lication. The abstract itself must focus on the re
sults of greatest importance and widest applica
bility and provide the basis for any conclusions 
drawn. The materials and methods and results 
sections of an abstract are customarily written in 
the past tense, but in the other sections the present 
tense can be used, as appropriate.4 

The discussion should focus on the present 
study and explain in concise fashion the applica
bility of the results to the problem addressed, 
omitting needless reference to the work of others 
or even the author's previous work in that field. 
The word significant should be applied only when 
a difference has been statistically verified. 

The conclusions section should consist of one 
or, at the most, two sentences and should be con
fined to the work being reported. In the conclu
sions section, hypotheses should be clearly sepa
rated from facts/ and one should not make 
unwarranted extrapolations of the findings be
yond the point supported by the data presented. 
In the case of a clinical study, the conclusions 
should make clear how the results influence pa
tient management or outcome. In the case of a 
laboratory study, the conclusions should explain 
the importance of the findings to understanding 
of biologic processes and disease mechanisms or, 
if relevant, clinical application. 

Study Design 

It is obvious that the potential quality of an ab
stract is directly related to the quality of the study 
being reported. Any clinical or laboratory study 
should be conducted according to an experimental 

design that will permit appropriate statistical assay 
and answer the question being asked. A priori sta
tistical comparisons reported in the abstract must 
be comparisons that were planned before the 
study began: a posteriori comparisons should be 
clearly identified. Serial comparison of multiple 
nonindependent test groups by means of t-tests 
without appropriate adjustment is considered to 
be a fatal flaw by many reviewers. The attribution 
of a trend to data that approach but do not reach 
a level of statistical significance is apt to be re
garded by reviewers as wading by the "no swim
ming" sign. In the preparation of an abstract re
porting a chronologically lengthy series of cases, 
one should keep in mind improvements in general 
care and changes in treatment modalities that 
have occurred across time and then stratifY pa
tients within appropriate time segments. 

Topic Relevance 

The acceptability of an abstract will be enhanced 
if the abstract topic is related to the subject of the 
meeting, conforms to the interests of the mem
bership of the sponsoring organization, and deals 
with a subject that has not been featured at recent 
meetings of the organization to which it is being 
submitted. Topics of clinical relevance and signifi
cance will be most favorably considered for pro
grams in which clinical medicine is emphasized. 
Similarly, laboratory studies will be most favorably 
reviewed for programs in which research and the 
understanding of disease processes are empha
sized. An abstract addressing a nonexistent, ar
chaic, or even a recently well-covered problem or 
one that could be perceived as a reinvention of the 
wheel will elicit little enthusiasm on the part of 
reviewers. Single case reports are similarly lightly 
regarded unless the information presented illus
trates a general principle or reports a spectacular 
result of importance to an entire class of patients. 
Negative studies will, in general, receive little con
sideration unless they refute established dogma, 
break icons, gore oxen, or dispel myths. 

Things to Avoid 

There are certain features of an abstract that are 
likely to dampen the enthusiasm of all but the 
most inexperienced reviewers.6 Although brevity 
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is essential, an abstract should not read like a tele
gram. The abstract should not represent merely a 
review of the work of others or address a self
created straw man. In the introduction, one 
should avoid sentences that begin "The following 
experiment was performed to ... ," since it should 
be obvious from the introduction and body of the 
abstract why the experiment was performed. In 
the discussion section, space should not be de
voted to things "not done" or "not found," and 
one should consider only the data that were gen
erated in the study being reported. There should 
be no surprise endings with conclusions unrelated 
to the information provided in the abstract or not 
supported by the data presented. The conclusions 
can usually be stated without a preamble such as 
''The results of this study showed .... " 

The abstract should not intermix materials and 
methods with results or conclusions; the integrity 
of each section should be maintained. The ab
stract should not promise any answer that is not 
provided, and the authors should not request carte 
blanche for "work in progress" or "to be done." 
Vague generalizations regarding data to be pre
sented, results to be discussed, experience to be 
reviewed, or techniques to be described should be 
avoided. References to a nondescript "extensive 
experience" or self-denigrating comments regard
ing a "limited" or "modest" experience will not 
excite the enthusiasm of reviewers. It goes without 
saying that the abstract should contain only in
formation at hand, since subsequently generated 
data may significantly alter the results and inter
pretation of the research and necessitate an em
barrassing withdrawal of an accepted paper. Im
portant research results are not so perishable that 
one cannot delay submission until the research is 
completed. 

Reviewing and Editing 

In an abstract, it is much more difficult to describe 
the key aspects of a study than to write the paper 
for publication. A first draft is never submittable, 
and even the final draft should be reviewed by 
each coauthor as well as selected peers. Even in 
these antipaternalistic times, it is a courtesy to of
fer the department chairman the opportunity to 
review the abstract, particularly if he or she will 

have to answer to colleagues for the results and 
conclusions. Good abstracts are made better by 
rewriting, and the need for this "aging" process 
speaks against writing the abstract the night be
fore the submission deadline. Though robust re
sults often speak for themselves, even the best are 
enhanced by an outstanding presentation; the fate 
of a report of more fragile results frequently hinges 
on the quality of the abstract. 

The Rejected Abstract 

Because more abstracts are submitted to program 
committees than can be accepted for presentation 
at professional meetings, almost every author will 
receive a rejection notice sooner or later. When 
you have recovered from the emotional impact of 
being rejected, you must decide whether to at
tempt resuscitation of the failed abstract. 

An understanding of the sorting and selection 
process followed by a program committee is help
ful when you are performing such a triage. The 
committee will unanimously approve 10-15% of 
every batch of abstracts and reject 20% or so, with 
equal enthusiasm. Abstr~cts prepared hurriedly at 
the last minute, and those reporting marginal 
modifications of previously published material 
usually fall into this ill-fated 20% and are best left 
to die unmourned. The reasons for the rejection 
of the n;maining 65 - 70% vary, and some of this 
material will deserve rescue. 

Postpone revision of your potentially viable ab
stract for a few weeks; you may be asked to serve 
as an invited discussant of similar papers accepted 
for presentation. By the time of the meeting, if 
your series is larger than the one to be reported in 
an accepted paper, or if you can present a different 
and well-supported conclusion, you may be able 
to savor the pleasure of being one up. 

Diagnosing and Correcting the Problem 

Rejection may reflect a surfeit of recent papers on 
your topic at meetings of the society you chose or 
in the literature. As an author, you will usually be 
aware of such focused increases in publication 
density; but if you are in doubt, a search of the 
literature, by title, over the past five years, will 
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Table 12-1. Abstract "detractors." 

1. Typographic, grammatic, and spelling errors 
2. Use of jargon and colloquialisms 
3. Failure to define acronyms 
4. Failure to define units of measurement or identify 

numbers of cases, experimental subjects, or obser
vations 

5. Extensive review of the work of others 
6. Excessive experimental detail 
7. Needless reference to earlier work of author or 

other investigators 
8. Inclusion of what was "not done" or "not found" in 

the discussion 
9. Intermingling of hypothesis and facts 

10. Unwarranted extrapolation of findings 
11. A surprise ending 
12. Promises of work "to be done" 

usually clarifY the situation. If your subject is 
faddish or a commonly encountered surgical 
problem, undertake a revision of your abstract 
only if your results illuminate significant patho
genetic factors, validate a new treatment, or sig
nificandy enhance understanding of the area you 
have studied. Even if you think that your abstract 
does fit into one or more of these categories, you 
should honesdy try to identifY why these sterling 
qualities were not perceived by the program com
mittee. 

Some abstracts fail because they are messy. Or
ganization, neatness, grammar, and spelling really 
do count; careful revision and reorganization will 
sometimes reveal the prince within the toad. 
Every sentence should be reviewed for clarity and 
economy of wording.7 Invite uninvolved col-

Table 12-2. Abstract "enhancers." 

1. A clever, specific, and concise title 
2. Conformity to interests of program committee and 

sponsoring organization 
3. Emphasis on new or unique findings and obser-

vations 
4. Grammatically correct, error free typescript 
5. Easily read, minimal entry data tables 
6. Properly defined and appropriately applied statis

tical assessment 
7. Definition of all measurement units 
8. Identification of number of cases, experimental 

subjects, and observations 
9. Use of graphic display to emphasize important re

lationships 
10. Use of "typeset" format 

leagues to review your abstract and correct any 
deficiencies they find. Shear away the "detractors" 
listed in Table 12-1 and incorporate as many of 
the "enhancers" in Table 12-2 as possible.s In ad
dition to the listed abstract "detractors," common 
reasons for the rejection of abstracts of papers be
ing considered for presentation at professional 
meetings include prior presentation or publication 
of the paper, too lillie data, inadequate controls, 
insignificance of the research question, and lack 
of conformity with abstract requirements. Pre
senting your data in a table will often rid your 
abstract of a jumble of abbreviations and wordy 
descriptions. A graphic display, easily produced by 
desktop publishing and computer enhancement 
techniques, is even better; a picture worth a thou
sand words can be put in the space required for 
sixty. The same techniques allow you to employ 
stylish arrangement, font selection, and laser 
printing to enhance the appearance of your ab
stract. Significandy higher acceptance rates are re
ported for such "typeset" abstracts.9 While the ne
cessity for such embellishments may be inversely 
related to the importance of the content of your 
first submission, the extra effort is almost certainly 
desirable for your revised abstract. 

If there were few observations in your original 
abstract, make every effort to buttress your new 
one with more data, even if gathering them entails 
some delay. The new material should include sup
plemental observations that confirm an initially 
tenuous hypothesis or logically extend your origi
nal data. Next, review your conclusions to ensure 
that they are appropriately supported by the data 
you have presented and that they relate your re
sults to a topic that interests the organization to 
which you are submitting your abstract. 

Accepting a Second Rejection 

If your diagnosis of the cause of your abstract's 
rejection is correct, these prescriptions may save 
it. If, however, a second rejection ensues, consider 
your abstract moribund and move on to more 
fruitful endeavors. At such a time, you may find 
it comforting to remember that almost every suc
cessful scientist has, tucked away somewhere, a 
copy of an abstract that only he or she still cher
ishes and believes to be important. 
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Commentary 

Reviewers judged this to be one of the most ef
fective chapters in previous editions of this text
book. It provides practical information and advice 
that will advance you toward your goal of getting 
on the presentation program. The list of abstract 
detractors and abstract enhancers is invaluable for 
authors whether they are preparing their first ab
stract or are seasoned investigators like Drs. Pruitt 
and Mason. This concise essay should be required 
reading for residents before they bring their ab
stract to senior colleagues for review. 

D.S.M. 



CHAPTER 13 

Writing a Scientific Paper 
A. V. Pollock and M. Evans 

Anybody who suggests that writing a scientific 
paper is easy has never written one. Even more 
bizarre is the belief that the gift of writing is given 
to some people and not to others, so if you don't 
have the gift there is no point in trying hard. Both 
these statements are false. Be assured that to pro
duce good scientific writing is always difficult. It 
always takes a long time, and it always needs re
vision after revision after revision. But you have 
done a nice bit of research, and you did not find 
that particularly easy or quick. No, you were me
ticulous in drawing up your protocol, following it, 
and analyzing your results. You must not be sur
prised that the writing up of those results is no 
easier than the research itsel£ 

General Aims 

What are you aiming at? Well, above all you aim 
to tell the truth as you found it (and a pox on 
modern-day philosophers who proclaim that 
there is no such thing as truth). You try to be as 
accurate as possible -you do not conceal data 
that are out of line, and you disclose any faults 
and errors in the performance of your research. 
For instance, it is far better to write that you 
dropped and broke the flask on your way to the 
bench than merely to write that that result was 
not available. 

You will find that a lot of teachers ask you to 
write well enough to be understood. We think 
that it is much more important to write in such a 
way that it is impossible for your words to be mis
understood. And, finally, you will aim at an ele
gant presentation. It should not need saying that 
every bit of the manuscript (including tables and 
references) must be double-spaced. Some com
puters default to 1.5 line spacing; this makes the 
job of the copy editor much more difficult. 

Above all you must read the "instructions to 
authors" of the journal to which you intend send
ing the manuscript, and you must consult a recent 
issue of that journal. Editors have better things to 
do than put contributions into house style. 

You must obey the rules of composition at all 
times, but try to impart personality into the dis
cussion. This is when you can display some ele
gance. Avoid hedging and too much use of "may" 
and "might." On the other hand, do not be over
presumptuous. Modest conclusions may be more 
effective than bold claims that the research that 
you are reporting will transform the diagnosis or 
treatment of some disease. Take a hint from writ
ers such as Alexander Fleming who concluded 
that "Penicillin, in regard to infections with sen
sitive microbes, appears to have some advantages 
over the well-known chemical antiseptics"l; or 
Watson and Crick: "It has not escaped our notice 
that the specific pairing we have postulated im-
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mediately suggests a possible copying mechanism 
for the genetic material."2 

You must, when you report your research, use 
the IMRAD formula: introduction, methods, re
sults, and discussion. When you have finished you 
must write an abstract and give the paper a title. 
Because the abstract always comes before the in
troduction in a scientific paper, we are going to 
consider it first, but you will write it only when 
you have finished writing and editing the text. 

Abstract 

More and more journals are adopting the struc
tured abstract, but whether the journal that you 
are going to send your paper to uses the structured 
form or not you must be absolutely sure that the 
whole message of your work comes across in the ab
stract. It is sad but incontrovertible that the part 
of a research paper that is most likely to be read 
is the abstract.3 No editor of a medical journal is 
naive enough to believe that all his readers will go 
through each issue, article by article, and word by 
word. It is probable that they will scan the list of 
contents for subjects that interest them, then look 
at the abstract to see if the paper has the potential 
to add to their knowledge. If the abstract lacks 
vital information, their interest will wane and they 
will go and browse elsewhere. 

Probably the most popular places for browsing 
are the computer databases such as MEDLINE, 
which publish only abstracts. When one is seeking 
information, these are the places to start, and 
vague or incomplete abstracts will merely be over
looked. This could be one explanation for the fact 
that only about half of all published papers are 
ever cited.4 

From ignorance rather than design, those who 
practice medicine in the developed world may not 
consider fully the needs of colleagues in the Third 
World. There are many centers in which the only 
journals that are available are abstracting journals. 
Indeed it has been said that there have been oc
casions when patients were treated solely on the 
basis of information given in abstracts. 

All the more reason, then, for abstracts to be 
clear and succinct, and answer all of Bradford 
Hill's questions: 

1. Why did you start? (Introduction). 
2. What did you do? (Methods). 
3. What answer did you get? (Results) 
4. What does it mean? (Discussion).5 

Prompted by the ever-increasing number of pa
pers published each year (over two million in 
about 20,000 journals), a working group was set 
up at McMaster University in Canada to improve 
the quality of information in abstracts.6 This 
group was greatly helped by Edward]. Huth, then 
editor of Annals of Internal Medicine, who became 
the first editor to introduce the "structured ab
stract".7 Within the next couple of years other 
journals adopted the general format, though not 
necessarily with the same headings. g 

Structured abstracts help not only the readers 
but also the authors, because they remind them 
what the essential data are and in which order they 
should be put. The following are the headings and 
required content of a structured abstract. Each 
heading should start a new paragraph, and all ex
cept the last two may be written in note form. All 
numbers should be written as numerals, even if 
they are less than ten, and abbreviations may be 
used if they are spelled out first. References should 
not be given. 

Objective. This should give, usually in one sen
tence, a precise statement of why the study was 
done. It should be possible to make a connection 
between the conclusion and the objective. 

Design. This should provide a few words de
scribing the type of study (for example, "double 
blind trial," "prospective randomized controlled 
trial," "retrospective analysis," "open study") and 
whether the study was from a single center or was 
multicentric. 

Setting. So that readers can assess the applica
bility of the study to their own circumstances, this 
paragraph should state whether the setting was 
the community, a university department, a district 
hospital, a regional or tertiary referral center, or 
private practice. 

Subjects or material The total number of pa
tients, subjects, or animals should be given, to
gether with a note of whether they were selected 
(and if so, how) or consecutive. This will give the 
reader an idea of the generalizability of the results. 

Interventions. This should include a description 
of any intervention including, for example, the 
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technique of an operation or the duration and 
dosage of a drug regimen. Generic names are pre
ferred, but trade names may be given as well in 
case there is some difference in the formulation 
from country to country. 

Main outcome measures. Methods by which pa
tients were assessed or the success of experiments 
judged should be mentioned. 

Results. The main results should be given, to
gether with a note of the fate of exclusions and 
withdrawals. Numerical results should be stated 
as "mean (SD)" or "mean (SEM)" in the case of 
normally distributed data, and median (range or 
interquartile) if the data are skewed; 95% confi
dence intervals (CI) and the level of significance 
should be indicated. If the differences in the main 
outcome measures between two (or more) groups 
are not significant, the 95% CI for the difference 
should be given and any clinical inference stated. 

Conclusion(s). Only those conclusions supported 
by the data that are presented should be given, fol-

lowed by a short statement on the possible clinical 
applications of the work, bearing in mind the limi
tations of the study (for example, size of sample, 
number of withdrawals, or length of follow up). 

It should be possible to put the whole abstract 
on one double-spaced sheet of A4 or quarto paper, 
and no abstract should contain more than 
400 words, because that is the limit set by 
MEDLINE. 

Qyite apart from being of immense help to 
readers and speeding up the refereeing process 
(thereby shortening the time from submission to 
publication), structured abstracts help authors to 
know what is expected of the design, conduct, and 
analysis of a research project. 

Title 

The generation of a good title is important. It 
must above all allow people who merely glance 
at the contents of a journal or the screen of a 
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Table 13-1. Percent graft survival after first cadaveric 
renal transplantation. 

Age 

Months <55 years > 55 years 
postoperatively (n = 444) (n = 63) 

1 90 90 
3 77 80 
6 70 77 

18 65 70 
24 65 65 
36 60 65 
55 55 60 

MEDLINE search to know what your paper is 
about. It is only when you are senior enough to 
be asked to write review articles that you can af
ford to put in coy titles. There is no place in the 
title of a research paper for wit or double entendre. 

Introduction 

It is only when you are writing a thesis for a higher 
degree that you are allowed to put in more than a 
few sentences in this section. In a research paper 
the introduction must set out what you aimed to 
achieve, and why you pursued the goal in that 
particular way. It is not a review of "the literature." 
It is usually an only slightly protracted version of 
the opening sentences of your experimental pro
tocol. 
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Figure 13-2. Actuarial graft survival for 5 years 
in 444 under-55-year-old C.) and 63 over-55-
year-old C • ) first cadaver renal transplant recip
ients, Reprinted with permission of Butterworth & 
Co., publisher, from Lauffer G, Murie JA, Gray D, 
Ting A, Morris P J. Br J Surg 1988;75:984-987. 

Methods 

The methods section can be a slightly edited ver
sion of your protocol. Unless you have been using 
an esoteric test or intervention, it can usually be 
condensed into a few sentences and referenced. 
Make sure that the description of the methods 
that you used (including the statistical tests) is 
clear enough to ensure that the work can be rep
licated.* 

Results 

The results section is, of course, the most impor
tant part of the paper. You have tabulated your 
data, but these tables obviously must be simplified 
for publication. You must decide whether the sim
plification is best done as tables or as graphs. On 
the whole there are only two absolute indications 
for a graph rather than a table: when you want to 
present a scattergram (see Figure 13-1), and when 
you want to present a complicated life table. A life 
table that is simple and has few measurements is 
probably better given in tabular rather than 
graphic form (compare Table 13-1 with Figure 
13-2). 

When you are preparing the artwork for a 
graph (for which there are many computer pro
grams), do observe the fundamental rules enun
ciated by Tufte9: above all else, show the data; 
maximize the data-to-ink ratio; erase non-data 
ink; erase redundant data ink; revise and edit. 
Good graphs use as little ink as possible, consis
tent with getting their message across. Tufte used 
the concept of "data ink" to describe ink on a 
graph that cannot be erased without losing the 
meaning of the graph. Non-data ink can be erased 
without loss of information. Compare Figure 
13-3 with Figure 13-4. The former is eminently 
suitable for the annual report of a business, but by 

·When laboratory experiments require novel or com
plex methods, they should be clearly presented in this 
section. For sequential investigations it is useful and 
economical to publish a clear account of your methods 
separately and cite the publication. Rarely, a methods 
paper may be prepared and made available on request. 
It is misleading to other investigators if the description 
is oversimplified to meet publication requirements. 
M.F.M. 
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Figure 13-3. There is too much 
non-data ink. 

_ Italy ~ Greece 0 Australia 

erasing all the non-data ink (Figure 13-4), the 
concentrations of beta carotene in the various 
countries in smokers and nonsmokers are much 
more easily found. The three-dimensional layout 
in Figure 13-3 is acceptable for a slide for verbal 
presentation, but not for a figure for publication. 

A figure that shows means and standard devia
tions (or standard errors) of a variable over a pe
riod of time is not as accurate as a table that gives 
the actual figures. Compare Figure 13-5 with Ta
ble 13-2; the figure shows immediately that there 
is a difference, but the size and significance of that 
difference is better appreciated in the table. On 
the other hand, when the size of the difference is 
unimportant, a graph such as that shown in Figure 
13-6 is excellent and easily allows the reader to 

Mean serum beta carotene (nmol/I) 
1000 

Current Past 

Smoking status 

_ Italy ~ Greece 0 Australia 

speculate on the reason why some measurements 
went down after a meal and others went up. 

There are four absolute rules about tables: 

1. Tables must not repeat results that you have 
already detailed in the text. 

2. Each table must stand on its own and not re
quire reference to the text to explain it-it 
must have a title and it must not have abbre
viations. The numbers must add up. 

3. Each table must disclose whole numbers, with 
or without percentages; percentages alone are 
not acceptable. 

4. Tables, like everything else in the manuscript, 
must be typed double-spaced; you must not 
rule vertical lines, since they would only have 
to be removed by the editor. 

Figure 13-4. All non-data ink 
has been erased. 
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Table 13-2. Natural killer cell activity against K562 
before and after operationi values are expressed as 
mean (SEM). 

Activity 

Control Interferon 
group ex group p 

(n = 15) (n = 15) value value 

Before 
operation 38 (6) 41 (6) .35 >.50 

Postoperative 
day 1 15 (4) 33 (5) 2.81 >.01 
day 3 16 (5) 36 (5) 2.83 >.01 
day 5 16 (5) 30 (5) 1.98 >.05 
day 10 22 (4) 22 (5) 0 1.0 

Discussion 

It is the discussion section in which it is so tempt
ing to let yourself go and show what a tremendous 
amount of reading you have done. A new syn
drome-the MEDLINE syndrome-has be
come recognized in recent years. It is not neces
sary to mention every paper that your search has 

o 
l!) 

50 

identified. Be selective (and that does not mean 
biased) and on no account quote a paper that you 
have not read in the original. 

Try to contain your enthusiasm. Editors like 
concise contributions and will give you no credit 
for a discussion that is twice as long as the rest of 
the paper put together. Don't repeat your results, 
but comment on them in the light of substantial 
contributions from other workers. And, finally, 
conclude circumspectly, but make sure that you 
do not commit a type III error10: "The conclusions 
drawn are not supported by the data presented." 
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Commentary 

This chapter contains the advice of two authors 
whose wealth of experience is immediately evi
dent in the content of the chapter. They properly 
emphasize the importance of your abstract, which 
is too frequently the only component of the work 
that is read and cited. They clarify the distinction 
between an abstract of your scientific paper and 
the abstract sent to entice a program committee 
to accept your work for presentation at a meeting. 
The value of a structured abstract is emphasized. 
Regardless of the format, it is essential that the 
entire message of your scientific work be pre
sented clearly in your abstract . 

Important information is provided about art
work for graphs; the reader should also be aware 
of the chapter by McGovern et al. (chapter 21), 
in which more details about the preparation of 
slides and other visual materials are presented. I 
personally like the advice quoted from Tufte, and 
the concept of "data ink" presented in his classic 
book The Visual Display of Quantitative Informa
tion. This is a text that I go back to time and time 
again when looking for new methods to present 
clinical or research data. 

The discussion section of a scientific paper is 
the place for the research work to answer the 
Bradford Hill question 'What does it mean?"; or 
as my former chief Professor Frazer Gurd put it 
bluntly as I emerged triumphantly from the lab, 
"So what?" Combining this paper with "Facing 
the Blank Page/Screen" (chapter 11) should pro
vide constructive help for preparing a scientific 
paper. 

The International Committee of Medical Jour
nal Editors has recently reissued its Uniform Re
quirements for Manuscripts Submitted to Biomedical 
Journals,l summarizing the criteria of over 500 
journals. This source document simplifies manu
script preparation for most major journals. 

D.S.M. 

1. International Committee of Medical Journal Edi
tors. Uniform requirements for manuscripts submit
ted to biomedical journals. New Engl J Med 
1997;336:309-315. 



CHAPTER 14 

Where Should You 
Publish Your Paper? 
M. Rothmund, D. Bartsch, and W Lorenz 

Introduction 

In contrast to a recent cartoon from The New 
Yorker (Figure 14-1), when most surgeons see a 
patient and make a diagnosis, they do not think 
about a journal in which a manuscript may be 
published or even about preparing the manuscript 
itself However, the clinical challenge of a particu
lar patient often inspires related research at the 
laboratory bench or by the design of clinical trials. 

Authors often think about where clinical or ex
perimental material should be published only after 
they have reviewed their raw data and have inter
preted the results. Writing the first draft of the 
manuscript probably begins after the first author 
has discussed the selection of an appropriate jour
nal with fellow authors and especially with the 
senior investigator. Scanning the Current Contents 
Journal Citation Reports may assist in deciding 
upon a journal. Every journal has specific "instruc
tions for authors" concerning text and bibliogra
phy, which will be essential in preparing the final 
draft. The journal should have been selected on 
the basis of features such as scope, specialty, repu
tation, and impact factor, but also on the char
acteristics of the manuscript, for example, quality, 
content, or format. The following chapter will 
cover all of these considerations and will also 
discuss the special concerns of non-English
speaking authors, as well as the issue of electronic 
publishing. 

What Is Your Manuscript Like? 

When you are selecting a journal, you should 
know quite precisely the features of your manu
script; this is easy as far as content and format are 
concerned. Usually you first identify a journal re
lated to the topic and specialty of medicine you 
are addressing. Then you might consider whether 
your work is clinical, a clinical trial, experimental 
data, or a report on a new surgical technique, and 
whether it is patient related or basic science. This 
is important because some journals publish exclu
sively or mainly clinical work, whereas others are 
more devoted to publication of experimental data. 
Only a few are willing to publish manuscripts 
from both fields. The journal should also be cho
sen to suit the format of your manuscript. Is it a 
collective review, a case report, or an original pa
per, for example, a manuscript following IMRAD 
organization (introduction, materials and meth
ods, results, and discussion)? Almost all journals 
prefer original papers because these have a strong 
influence on the journal's reputation and impact 
factor. The majority of reviews are published by 
request only, and few journals will publish reviews 
that have not been solicited by them. Unfortu
nately, most journals have limited space and they 
therefore avoid case reports, which are considered 
to be of minor scientific value. Hence, you should 
determine whether the journals in your field con-
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''Mr. Wilkins, I believe that your condition is going to get us both 
into the Journal 0/ the American Medical Association.' " 

Figure 14-1. 

tain case reports (often indicated in the "infor
mation to authors" section of the journal). 

The most important aspect of your manuscript 
is its quality. In order to avoid being biased toward 
your own work, let others such as senior investi
gators or friends working in the same field take a 
look at your manuscript. They should put it in one 
of the quality categories indicated in Table 14-1.1 

If the manuscript meets the criteria of category 
1 you should hasten to send it to the best journal 

in your field. This journal should also be able to 
publish your material within a short period of 
time. In this case it would also be wise to let the 
editor know in your covering letter about the im
pact the information in your article may have on 

your specialty. For general clinical research, the 
appropriate journal would certainly be either 
number 1 or 2, as indicated in Table 14-2, that is, 
the New England Journal if Medicine or Lancet. 

Most of us will never produce and publish such 
a paper. If we are bright, keen, hardworking, and 

lucky we might be able to write a manuscript that 
qualifies for category 2. Most papers are suited to 
the other categories. The plethora of medical 
journals suggests that it should be possible to get 
your manuscript published unless it is entirely in
adequate. Some authors resubmit a rejected 
manuscript over and over, from one journal to an
other, until the article is finally accepted. In a pub
lication from the field of dermatology addressing 
this issue of resubmission, the authors wrote, 
"There are 32 dermatologic journals indexed in 
the Index Medicus. We feel that a paper is not 
really rejected until you have a letter from at least 
32 editors."2 

There is a better way to deal with the rejection 
of your manuscript. You should use the review, 
which is usually competent, accompanying the re
jected manuscript to improve your work so that it 
may be accepted by another journal of similar 
quality. 

Journals tend to shun papers that contain nega
tive results (for example, a manuscript that reports 



Chapter 14 Where Should You Publish Your Paper? 121 

Table 14-1. Categories of surgical publications. 

1. Original and exciting discovery that may have a pro
found effect on the practice of surgery 

2. Clinical trial or experiment whose results will 
change, though perhaps not revolutionize the prac
tice of surgery 

3. Carefully compiled observation suggesting that cur
rent surgical practice should be revised 

4. Describes modification of diagnostic or therapeutic 
approach, having assembled a small collection of 
unusual cases or having reviewed your own expe
nence 

5. Superficial review of your institution's experience of 
a common surgical condition 

LudbrookJ, Aust N ZJ Surg (1991).1 

that the effect of substance X on serum levels ofY 
could not be demonstrated, as you or others might 
have predicted), even though negative results are 
sometimes as important as expected ones. Even if 
the study was well designed and carried out, and the 
manuscript is well written, it will probably end up 
in a journal category several ranks below the one 
you expected simply because the positive effect 
could not be observed. In the future, the limitless 
capacity of the Internet might allow electronic pub
lication of negative results. 

What Is the Purpose 
of Your Publication? 

The publication of your manuscript will probably 
have more purpose than the purist's goal of in
forming the scientific community about your data. 
You may want to demonstrate to the community 
that you are a great scientist in order to increase 
the chance for renewal of your grant or to promote 
your academic career (a clinical trial that makes 
the principal investigator famous is a "good trial"), 
or you might just want to advertise for referrals. 

If your goal is only to inform, you can take your 
time with the manuscript. You should not worry 
about which journal in which to publish, as long 
as it is listed in one of the literature retrieval 
systems such as Current Contents (Current 
ContentS/Life Sciences or Current Contents/Clinical 
Medicine), or Index Medicus (available with 
MEDLARS or MEDLINE). It would be bene-

Table 14-2. Internal medicine journals ranked by im
pact factor. 

1 New Engl] Med 
2 Lancet 
3 Ann Intern Med 
4 ]AMA-] Am Med Assoc 
5 Diabetes 
6 Diabetologia 
7 Brit Med] 
8 Arch Intern Med 
9 Medicine 

10 Annu Rev Med 
11 ] Vasc Res 
12 Diabetes Care 
13 Am] Med 
14 ] Lab Clin Med 
15 Eur] Clin Invest 
16 Who Tech Rep Ser 
17 Q] Med 
18 Maturitas 
19 Mayo Clin Proc 
20 ] Clin Epidemiol 
21 ] Intern Med 
22 Brit Med Bull 
23 Adv Internal Med 
24 Brit] Gen Pract 
25 Lupus 
26 Prev Med 
27 Diabetic Med 
28 Can Med Assoc ] 
29 MedJ Aust 
30 Ciba F Symp 
31 Ann Med 
32 Med Clin N Am 
33 Aust N Z] Med 
34 Clin Investigator 
35 ] Roy Coll Phys Lond 
36 DM-Dis Mon 
37 ] Fam Practice 
38 Am] Med Sci 
39 KEn Wochenschr 
40 ] Gen Intern Med 
41 Med Clin-Barcelona 
42 ] Pain Symptom Manag 
43 Harvey Lect 
44 S Afr Med] 
45 ]RSocMed 
46 Am ] Prev Med 
47 Deut Med Wochenschr 
48 New Zeal Med] 
49 Support Care Cancer 
50 Presse Med 

"IF, impact factor, CH, cited half-life. 

22.673 
17.332 
9.887 
6.863 
6.260 
4.988 
4.411 
4.137 
3.900 
2.829 
2.768 
2.755 
2.703 
2.244 
2.224 
2.179 
2.069 
1.975 
1.814 
1.641 
1.622 
1.577 
1.475 
1.402 
1.293 
1.288 
1.277 
1.243 
1.174 
1.145 
1.129 
1.083 
1.000 
0.963 
0.932 
0.917 
0.904 
0.897 
0.889 
0.862 
0.801 
0.773 
0.750 
0.742 
0.697 
0.617 
0.605 
0.545 
0.519 
0.503 

6.2 
6.3 
7.0 
6.3 
6.1 
5.8 
7.2 
6.9 

>10.0 
7.2 
2.2 
4.4 
8.7 

>10.0 
6.2 
9.7 
8.7 
5.8 
7.8 
4.2 
3.6 
9.2 
6.5 
2.8 
2.2 
7.0 
4.1 
9.1 
6.4 
7.2 
3.4 
8.4 
6.1 
2.2 
4.8 
5.6 
6.2 

>10.0 
8.3 
4.4 
4.1 
3.7 

>10.0 
8.4 
5.7 
4.9 
7.0 
6.2 

6.7 
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ficial to choose the journal that might best address 
your target group. If you want to let your surgical 
colleagues know that your scalpel prowess sur
passes that of most others, or that you have found 
and tested a new surgical method, then you should 
think of a surgical journal of the respective spe
cialty. Recently, the endocrine surgeons of the 
Mayo Clinic reviewed their data on surgical treat
ment of Graves's disease in children and observed 
excellent results that questioned the priority of 
conservative treatment preferred by pediatricians. 
When asked why they published their results in a 
surgical journal for a supportive audience instead 
of in, for example, Pediatrics, they argued that the 
manuscript would likely have been rejected by the 
reviewers of this journal. 

If your work describes a diagnostic method or 
deals with the pathophysiology or overall treat- . 
ment of a certain disease (surgical and nonsurgi
cal), a general medical journal should be favored. 
If the subject of your article is a highly specialized 
aspect of surgery, a select journal sponsored by 
one of the large specialty associations or socie
ties should be chosen, for example, Surgical Endo
scopy for laparoscopic techniques. These society
sponsored journals usually have a high circulation 
rate. 

The selection of the appropriate journal for 
your article might also depend on the time be
tween submission and publication. Journals tend 
not to divulge the length of time they require for 
editorial review and printing. However, a rough 
idea may be derived from the frequency of the 
journal. The publication lag of a monthly journal 
is usually shorter (6 to 8 months) than that of a 
quarterly journal (9 to 12 months). Colleagues ex
perienced with the particular journal you are con
sidering may be helpful. Some journals publish 
the manuscript receipt date or even the date of 
acceptance after revision. 

An important purpose in publishing an article 
might be medical "advertisement." If you have de
veloped a new operation, have modified the sur
gical approach to a disease, or you have achieved 
excellent results performing a demanding proce
dure (for example, 100 consecutive Whipple 
operations without mortality), and you want to 
inform internists about your results to increase 
your referrals, then you should publish the manu
script in a general or internal medicine journal. 

Alternatively, publishing in a surgical journal will 
not increase your caseload but might foster respect 
among your colleagues-or cause possibly nega
tive reactions such as professional jealousy. Pub
lishing in a surgical journal may also serve to edu
cate, provided the manuscript is well written, 
honest, and detailed, and the author is courageous 
enough to report not only his or her brilliant re
sults but also the problems, pitfalls, and compli
cations that were encountered and how they were 
resolved. 

The Prestige Factor 

Assuming that your manuscript is considered to 
be at least interesting by your peers or the senior 
investigator, you would of course want to publish 
in the best journal possible. The "best" journal 
may have many different features that make it a 
fine publication, but the most important criterion 
for journal quality in the medical community is 
the "impact factor" (IF). Published by the Insti
tute for Scientific Information (lSI) in Philadel
phia, the IF is a number calculated from the num
ber of citations from a particular journal that 
appear in biomedical journals each year. Mathe
matically, it is defined as the mean number of ci
tations from a specific journal divided by the num
ber of articles published by the journal. In other 
words, the IF approximates the number of times 
an article published in a particular journal will be 
cited, on average, in the 2 years following the pub
lication of this article. "Citation half-life" indi
cates the time lag between the publication of ar
ticles in a specific journal and their citation in 
other articles. 

Politicians use the IF to evaluate medical and 
other faculties, while grant-providing organizations 
use it to assess the scientific performance of a de
partment, a group of investigators, or a single sci
entist, even though the IF is related to only a single 
journal. For the assessment of a particular person, 
the Science Citation Index is probably much more 
appropriate because it tells how often the articles 
published by a certain author are quoted by others. 
Rating a person by the IF is only an approximate, 
less-encompassing evaluation based on the sum of 
the IFs of the journals where he or she published 
articles during a certain time period. 
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There are several factors that affect the IF of 
journals, as follows: 

1. The IF is influenced by the specialty the jour
nal covers. In the fields of biochemistry and 
molecular biology, there were 62 journals with 
an IF of more than 2 in 1992. Only 8 in the 
field of surgery fulfilled this criterion, and none 
in orthopaedics, otolaryngology, traumatology, 
geriatrics, or rehabilitation medicine. Since 
only articles that are cited within 2 years after 
publication contribute to the IF, journals pub
lishing short-term studies are favored, and 
clinical journals are considered less valuable.3 

The best clinical journal in surgery, Annals of 
Surgery (IF for 1994: 4.166) will never be able 
to compete with the New England Journal of 
Medicine, which ranked number 1 in general 
and internal medicine (IF for 1994: 22.673), 
or with basic science journals such as Clinical 
Research (IF for 1994: 57.778) or Cell (IF for 
1994: 39.191). Therefore, determining the 
"importance" of journals by using the IF can 
be accomplished only within a given specialty. 

2. Since the IF is calculated by dividing the mean 
number of citations by the total number of ar
ticles published in a particular journal, it fol
lows that a journal containing few articles 
(source items) would have a higher IF than a 
journal containing many articles, if both jour
nals had the same number of citations. It was 
recently shown that the internal ranking of 
biomedical research journals (basic science and 
clinical), performed by 50 NIH scientists, dif
fered enormously from the IF ranking, mostly 
because the scientists did not refer to the av
erage number of source items appearing in the 
particular journa1.4 

3. The IF certainly favors English-language jour
nals. The first non-English surgical journal 
and the first non-English general and internal 
medicine journal to appear in the lSI ranking 
both were listed at number 39 in 1994 (Tables 
14-2 and 14-3). It is probable that they would 
have ranked somewhat higher if they were 
English-language publications. 

As long as these points are kept in mind, the IF 
is a very useful method to assist in choosing a 
journal for publication. 

Table 14-3. Surgical journals ranked by impact fac
tor. 

1 Ann Surg 
2 Am] Surg Pathol 
3 ] Neurosurg 
4 Transplantation 
5 Arch Surg-Chicago 
6 ] Thorac Cardiov Surg 
7 Endoscopy 
8 Surgery 
9 ] Vase Surg 

10 Am] Surg 
11 Surg Endosc-Ultras 
12 Brit] Surg 
13 Neurosurgery 
14 Ann Thorac Surg 
15 World] Surg 
16 ] Bone Joint Surg Am 
17 Laser Surg Med 
18 Surg Clin N Am 
19 Surg Gynecol Obstet 
20 ] Bone Joint Surg Br 
21 ] Surg Res 
22 Plast Reconstr Surg 
23 Curr Prob Surg 
24 Clin Transplant 
25 Transplant P 
26 Head Neck] Sci Spec 
27 ] Pediatr Surg 
28 Clin Orthop Relat R 
29 Arch Otolaryngol 
30 Eur Surg Res 
31 Cleft Palate-Cran] 
32 Acta Neurochir 
33 Ann R Coil Surg 
34 Eur] Vascular Surg 
35 ] Dermatol Surg One 
36 Otolaryng Head Neck 
37 Oral Surg Oral Med 0 
38 Can] Surg 
39 Chirurg 
40 Surg Neurol 
41 Semin Surg Oneol 
42 Theor Surg 
43 Am Surgeon 
44 Hepato-Gastroenterol 
45 Brit] Plast Surg 
46 Langenbeck Arch Chir 
47 Skull Base Surg 
48 Brit] Neurosurg 
49 Eur] Surg 
50 Pediatr Neurosurg 

"IF, impact factor, CH, cited half-life. 

4.166 
3.775 
3.296 
2.929 
2.402 
2.389 
2.096 
2.038 
1.972 
1.927 
1.854 
1.778 
1.670 
1.651 
1.507 
1.462 
1.429 
1.428 
1.302 
1.264 
1.205 
1.174 
1.040 
0.891 
0.885 
0.855 
0.846 
0.844 
0.836 
0.795 
0.785 
0.748 
0.740 
0.721 
0.718 
0.714 
0.703 
0.658 
0.657 
0.625 
0.618 
0.606 
0.581 
0.577 
0.558 
0.556 
0.552 
0.534 
0.534 
0.532 

9.8 
5.7 
9.2 
4.8 
8.9 
8.2 
4.9 
9.2 
5.3 
9.5 
2.9 
7.4 
6.7 
5.1 
6.4 

>10.0 
5.0 
8.9 

>10.0 
>10.0 

6.2 
9.6 
6.9 
4.4 
4.6 
6.7 
6.4 
8.8 

>10.0 
7.5 
7.8 
6.5 
7.5 
3.6 
6.6 
5.9 
9.8 
8.5 
4.1 
9.7 
4.7 
3.8 
7.5 
4.8 
9.8 
6.2 

4.4 
2.3 
4.9 
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To send a manuscript to a certain journal be
cause you know a member of the editorial board 
personally is not a good idea. Almost all journals 
have adopted the peer review system, most in a 
blinded manner (the reviewers know about the 
authors, but the authors do not know the review
ers), a few in a double-blinded manner (the re
viewers are also not aware of the authors). Even 
if he or she so desires, this system does not allow 
a member of an editorial board to force the pub
lication of an article that is not recommended for 
acceptance by the reviewers (which are usually two 
or three in number). Reviewers rarely disagree in 
their judgement of an article. In these rare cases 
the editor will often ask another person to review, 
and if this does not lead to a decision, most edi
torial boards will hold a deciding conference 
known at the British Medicaljournal as the "hang
ing committee."5 

Submitting Your Manuscript 
to the Wrong Journal 

If one does not follow the above recommenda
tions, and the manuscript is unwittingly submit
ted to the wrong journal, there are several possible 
outcomes. The first is the least troublesome: the 
editor realizes the mistake and returns the manu
script immediately to you with the comment that 
your manuscript is outside the scope of the jour
nal. The situation is worse if the manuscript is 
rejected after several months of reviewing, and is 
even worse if you receive an incompetent or unfair 
review because the editorial board of the journal 
is not familiar with the work. This may lead to an 
unjustified rejection or to a comment that does 
not provide appropriate suggestions for improving 
your article. Alternatively, your paper may be ac
cepted despite the fact that it needs improvement, 
as determined by competent review. The worst 
situation occurs if your paper is accepted by an 
entirely inappropriate journal, and you soon dis
cover that it has been printed in a publication that 
your peers do not read.6 

Special Concerns of the 
Non-English-Speaking Author 

Few would argue with the fact that English is the 
current lingua franca of international science. 
Studies by the lSI have shown that the majority 
of all scientific literature is written and published 
in English and that English-language literature is 
by far the most cited. According to the IF, an 
English-written publication will be cited, on av
erage, 3.7 times, whereas German, French, and 
Japanese publications will be cited, on average, 
only 0.6, 0.5, and 0.5 times, respectively. Thus, 
an English-written article meets with a more than 
six times higher response than, for example, a 
German-written article.7 This language barrier in 
medical research has three important conse
quences. First, authors not reading and writing 
English risk being simultaneously unaware of and 
overlooked by mainstream international research. 
Second, English-speaking authors risk being ig
norant of significant findings reported in foreign 
languages. Third, it is still a fact that in some 
countries, for example, Russia, Germany, and 
France, most physicians read journals written in 
their native language almost exclusively. There
fore, the most important step for the non
English-speaking author or the author who does 
not speak English as a first language is to decide 
the purpose of his or her manuscript. Is the goal 
to promote one's academic career by contributing 
to international medical science, or is it to achieve 
national reputation? The only way to get around 
this problem is probably "double" publication, 
that is, domestic and international. However, this 
could be construed as ethically dubious and might 
cause the rejection of a manuscript. If the paper 
is published in one language and is subsequently 
submitted in another language to another journal, 
this journal must be notified that the study was 
previously published in a different language. 

Another significant problem for some non
English-speaking authors is their inadequate 
knowledge of the English language. If you want 
to address an English-language journal you must 
be able to read and write medical English. It is 
not feasible to write the manuscript in your native 
language and then have it translated into English 
by a commercial translator. This is expensive and 



Chapter 14 Where Should You Publish Your Paper? 125 

involves a significant danger in that the meaning 
and message of your manuscript may be altered or 
lost in the translation, simply because most trans
lators lack comprehension of your medical spe
cialty. If you are not very familiar with the English 
language you should choose an English-language 
journal that provides editorial assistance in opti
mizing your English style, for example the World 
Journal of Surgery. It is obviously very important 
to prepare your manuscript in the best English 
style possible. 

Researchers are under great pressure to publish 
their work. More than ever before, careers and 
funding depend on publications ("publish or per
ish!"). Journal offices receive mountains of manu
scripts. A few are of great scientific value, some 
are poor in quality, and most are average. Manu
scripts in the first two categories are generally easy 
to spot, but editors spend a great deal of time 
deciding which of the average manuscripts merit 
publication. Undoubtedly, good writing style and 
attention to detail can improve the chances of an 
average manuscript being selected for publication. 
The author for whom English is not a first lan
guage must be especially careful to write a concise, 
clear, and easy to read paper. Editors do not enjoy 
rewriting manuscripts because of poor English, 
nor do they have the time. Therefore you should 
ask one or more colleagues who are familiar with 
the English language to review the manuscript 
and to point out areas that require clarification. 
Any ambiguities can then be eliminated before the 
paper is submitted. 

In 1994, one-third of the articles published in 
the New England Journal of Medicine originated 
from non-English-speaking Europe.s This fact 
might be an incentive for non-English-speaking 
authors to choose the more laborious route of 
publication-in English-language literature. 

Electronic Publishing 

In the early 1970s, it was predicted that by the 
end of the century the traditional paper journal 
would have been replaced by the electronic jour
nal. Of course, this prophecy has not yet been fully 
realized, but many physicians now use E-mail as 
well as the Internet, and it is likely that electronic 

publishing will become critically important in 
medicine. 

What will be the advantages of electronic pub
lishing via the Internet? First, the volume of in
formation that can be published becomes essen
tially infinite. The number and length of articles 
is of little concern on the Internet. Reams of raw 
data from experiments can be added to papers, 
and perhaps case reports and negative findings 
will be much more acceptable for publication. 
Second, the speed of information exchange will 
continue to accelerate incredibly; in theory, arti
cles could be delivered to the journal, edited, ref
ereed over the Internet, and published in a single 
day. Third, targeted access will allow the reader to 
preselect topics on a need-to-know basis. Fourth, 
interactivity between the electronic journal and 
the reader will allow instant comment by the latter 
on the published material for the benefit of both 
editor and reader. Fifth, the availability and cir
culation of the journal will be enhanced. Readers 
and libraries, currently submerged by costs and 
the sheer weight of published material, may wel
come the potential that easy access to information 
without the need for physical storage implies. 
Sixth, an electronic journal distributed via the In
ternet would be much less expensive than the clas
sical paper journal. 9 

For about 15 years, physicists have been com
municating preliminary results ("preprints") via 
the Internet. The Los Alamos National Labora
tory computer has become a vast repository for 
physics manuscripts. The physicists submit and 
replace their preprints and make changes when
ever they want. This system functions like an 
electronic journal which allows individual com
munications to be consistently revised by the inves
tigators. Such a publication system is probably not 
desirable for medical publishing. Electronic pub
lishing of medical preprints bypasses peer review 
and increases the risk that the data or interpretations 
of a study will be biased or even wrong. Such a sys
tem could also invite manipulation or possibly fraud. 
The comments of multiple, anonymous users of the 
Internet is no replacement for peer review. The wide 
distribution of unedited medical preprints could 
have an immediate and disastrous effect on the pub
lic health.lO,l1 

To date, however, most physicians haven't even 
dipped their toes into the world of electronic com-
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munication. In the future, when the Internet is 
widely used by physicians, new medical informa
tion will most likely be best transmitted through 
this medium. A fertile marriage between the tra
ditional paper journal and its electronic counter
part could result in a system that involves the pub
lication of abstracts in a paper journal that 
describes the full article that appears simulta
neously on the Internet, with both forms of the 
article having received an appropriate peer review. 
Such a system would provide easy and precise ac
cess to evaluated research results for all interested 
readers. The availability of information has been 
and always should be the primary purpose of 
medical publishing. 
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Commentary 

The authors present a practical approach to the 
process of selecting a journal for your manuscript 
as a series of questions: What is the quality? What 
is the purpose of your publication? Where will it 
best serve your particular intents? Which journals 
are most prestigious, or have the greatest impact 
factor? 

The section on the special concerns of the non
English-speaking author outlines three important 
consequences of publishing in a language other 
than English. Perhaps the most important is the 
observation that North American authors are fre
quently ignorant of significant findings reported 
in foreign-language journals. The authors make 
valuable suggestions about this problem and also 
raise the issue of the ethics of double publication 
(when the same article is published in two differ
ent languages, for domestic and international con
sumption). We favor the view that this form of 
double publication is a solution, not a problem. 

The authors take us into the future of electronic 
publishing. This section combined with the chap
ter by Pisters (chapter 10) on computer-based lit
erature searches will challenge surgical investiga
tors to accelerate their entry into the world of 
electronic communication. 

D.S.M. 
M.F.M. 



( HAPTER 15 

What to Do When You Are 
Asked to Write a Chapter 
B. Lewerich and D. G8tze 

When you receive an invitation to contribute a 
chapter or section of a book, allow yourself 10 
minutes to feel flattered. Then, read the letter 
again and try to figure out exactly what the editor 
or senior author wants you to do. Most invitation 
letters are rather vague because, for understand
able reasons, the inviting editor does not want to 
give away too much information about the project 
before gaining a prospective author's agreement to 
participate. Before you answer the invitation, ask 
yourself a few specific questions and try to answer 
them honestly. 

Do I really have the time to take on another ob
ligation? 

Is it likely that I will be able to complete the re
quired work by the stipulated deadline? 

Do I want to write about the topic suggested, or 
will the editor permit me to alter it in some 
satisfactory way? 

Accept the invitation only if you are able to 
answer "Yes" to all these questions. A good friend 
may feel offended if you reject such a request, but 
your friendship will suffer much more if you have 
to ask for repeated extensions beyond the dead
line. Be aware that experts in delaying contribu
tions soon earn a "special" reputation among edi
tors and publishers. 

Before you agree to write a chapter for a book, 
make sure you ask the inviting editor at least the 
following questions: 

What kind of readership do you want to reach? 
What is the complete outline of the book like? 

(Ask for as much detailed information as is 
available.) 

How many pages will the publisher allow for my 
chapter? 

How many figures and how many tables am I al-
lowed to use? 

How many references are allowed? 
Must I prepare camera-ready figures? 
Is the use of color figures permitted? 
Has a sample chapter been prepared, which would 

help to clarify any further questions? 

Since some editors feel that their job is finished 
when the outline of the book has been drawn up 
and the authors have been invited, ask your editor 
for a detailed explanation of how your chapter 
should be structured. 

The more detailed the editor's advance instruc
tions are regarding your chapter, the less difficulty 
there will be in incorporating your contribution 
into the book, and the fewer revisions you will 
have to make. As indicated above, an editor is well 
advised to send participating authors a sample 
chapter at the beginning to give them some idea 
of what their work should look like. It can be 
taken as a general rule that the less specific and 
the less strict a book editor is in approaching au
thors, the less acceptable the book will be. 

When you have received answers to all the fore-
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going questions, start work as soon as possible. 
Good authors have many demands on their time 
and energy. Do not postpone writing the article 
until two days after the deadline. The excuse that 
you can work only under pressure is a very bad 
one. Grapes and cheese produce excellent results 
when put under pressure, but brains behave dif
ferently. 

There are several things you can easily do as 
soon as you agree to prepare a contribution: 

Develop your own manuscript outline and check 
it with the editor(s) to make sure you really un
derstand your assignment. 

Start a bibliographic search and collect relevant 
reprints. Speak with other experts for fresh 
ideas or to learn about recent work you are not 
aware of 

Look into other books on the subject to see 
whether a similar contribution has been pub
lished before. 

Think about how your contribution could be bet
ter. 

At an early stage, start developing sketches of the 
figures you are going to use. 

If you want to use figures that have already been 
published, seek permission for their reproduc
tion from the author or publisher, now. 

Obtain author's instructions for the preparation of 
manuscripts from the editor or publisher to 
avoid inconsistencies of format within the book 
as a whole. 

Technical Considerations 

Type the text of your contribution double-spaced 
with broad margins on both sides to allow space 
for the editor's and the copy editor's corrections. 
The compositor will have fewer difficulties 
when your text is not crammed together too 
closely. 

Most authors use word processors to produce 
their papers, and some books are produced by 
turning authors' diskettes over to a conversion 
company, which uses computers to print the 
material, rather than the labor of compositors. 
If the publisher has not already sent you infor-

mation as to whether diskettes are to be used 
for typesetting the book, you should ask which 
programs are preferred. Some publishers have 
designed special software to make your secre
tary's work easier. 

Attach figures, diagrams, and tables on separate 
sheets. These parts of the book are handled sep
arately in the production process, and providing 
separate sheets will make things easier for the 
compositor or printer. 

Make sure that each page and each figure carries 
your name. It may happen that some figures 
will get mixed up, but yours never will. 

See that all your figures and tables are cited in your 
text by number. The book editor may change 
the numbering, if necessary, but your material 
and its sequence can always be identified. 

Be sure that the way you cite references complies 
with the instructions given by the publisher. Be 
even more careful about giving correct page 
numbers, volume numbers, and publication 
years. 

See that all the references listed at the end of your 
chapter are mentioned in the text, and vice 
versa. Make sure that all references are com
plete, with names of all authors, title, publica
tion date, volume, and pages. If books are 
quoted, supply authors' names, editors' names 
where appropriate, book title, pages referred to, 
publication date, and publisher's name and lo
cation. Ask your editor or publisher which ci
tation system you should use (e.g., Vancouver 
or Harvard guideline for the preparation of 
manuscripts). Regardless of how the references 
will appear in the printed book, in your manu
script they must be double-spaced, like the rest 
of the text. 

No one else can verifY the sources you have used 
as well as you can. Readers who order a reprint 
of a paper you have referred to will be anything 
but pleased when they receive a photocopy of 
an article on water pollution, when your article 
was about surgery of the pancreas. 

A final important rule to be heeded when you 
are involved in the writing of a book is this. Do 
not tell the readers what you know about the subject; 
tell them what they should know about it. 

When you have delivered the complete manu-
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script to the editor or publisher, you are not quite 
clear of your commitment, yet. Your manuscript 
will be checked by the editor and publisher for its 
content, consistency, completeness, and clarity. 
You may get your manuscript back, marked with 
queries and flags. Even if you consider the queries 
inappropriate, try to answer them as clearly and 
positively as possible. If someone has misunder
stood a point, do not attack the messenger; accept 
the opportunity to explain the point more lucidly. 
In most instances, this will improve the book's 
readability, promote readers' understanding, and 
facilitate production. Make sure to adhere to the 
deadline set for the return of the revised manu
script. The manuscript that comes in last sets the 
pace for the whole publication. 

When the final copyedited manuscripts of all 
contributors are in the hands of the publisher and 
everything is ready for composition, the publisher 
will notify you of the date on which you can expect 
to receive galley and/or page proofs so that you 
can plan time for proofreading. If you will be un
able to do the proofreading at the indicated time 
(you may be on holiday, at a congress, etc.), let 
the publisher and editor know immediately so that 
an alternate date can be arranged. 

When you receive the proofs, do the following: 

Check them carefully for correct spelling, com
pleteness, correct structuring (headings, sec
tions, paragraphs), and optimal arrangement of 
text, figures, and tables. 

Respond to all queries even if you think some of 
them require no comment. 

Do not add new material (text, figures, or tables), 
because this may necessitate a complete new 
"paste-up" of the whole book. This will not 
only delay publication but probably will cause 
you to be billed for the extra costs so incurred. 

Return proofs by the requested time (usually 48 
hours after you received them). Publishing a 
book is a team effort that involves not only the 
author(s), editor(s), and publisher, but also the 
less visible and equally important compositors, 
printers, and binders. If anyone's work is not 
delivered on time, the schedule of everyone else 
is disrupted, progress comes to a halt, publica
tion is delayed, and costs soar, sometimes as
tronomically. 

Conclusion 

Do not agree to contribute to a book unless you 
honestly believe you will be able to complete the 
task by the stipulated deadline. Moreover, do not 
agree until you have received, from the editor, a 
detailed outline of the planned book, as well as 
sufficient information about the intended read
ership and the type of material desired. Write ex
actly what you have been asked to write. Show 
understanding toward your readers and mercy to
ward your coworkers in the production of the 
book. 

Commentary 

I advise young surgeons against writing book 
chapters until they become quite senior a~d ex
perienced. They can make a much better mvest
ment of their energy and thinking skills bywriting 
peer-reviewed articles and grant applications. 
Academic departments and societies give far less 
credit for book chapters than for original articles 
because chapters are not peer reviewed at the same 
level. 

Senior academicians should write chapters 
preferably with younger members who can benefit 
from their tutelage and mentorship, which pro
vide the balance, judgment, and wisdom lacking 
at the early stage of a career. They can avoid pon
tification, hazy recollection, and bias by critically 
reviewing the material with their younger coau
thor. This two-way street becomes a productive 
experience for all concerned, including the readers 
of the chapter. 

Never write a chapter out of a sense of obli
gation to help a colleague fill a gap in his or her 
book, and never promise a chapter you can't de
liver. 

Be careful not to invest your energy in a book 
that will not come to publication. Publishers like 
to look for trendy topics and invite rising stars 
who have written important papers within these 
domains to organize a book. This entrepreneurial 
approach provides an opportunity for you to waste 
your time and energy writing a chapter that never 
reaches publication. 

MFM. 



CHAPTER 16 

Organizing Your 
Reference Material 
R. Lefering and E.A.M. Neugebauer 

As both a scientist and a physician, you have to 
deal with a seemingly endless stack of new papers, 
articles, and other important literature from jour
nals, the library, your department or clinic, from 
companies or colleagues aware of your field of in
terest, and from computer searches. In order to 
get efficient use of and maximum benefit from 
this information, you need to organize your ref
erence material. 

The availability of information has two comple
mentary aspects: storage and retrieval. The only 
reason for storing material is to have the ability to 
retrieve it later, and the amount of effort invested 
in proper storage determines the ease of retrieval. 
Conversely, retrieval needs should determine the 
type of storage used. Both of these aspects will be 
discussed here, from the viewpoint of an individual 
user as well as from the departmental perspective. 
At the end of this chapter, you will find criteria 
that may be helpful in selecting the appropriate 
software for literature organization. 

Individual Literature 
Organization 

After having examined an article carefully, con
sider whether this article is worth storing, or is 
ready for the trash can. Articles you have decided 
to read will usually contain some useful remarks 

or comments and should be stored. For articles of 
minor importance, if the original can be easily 
reaccessed (for example, if the journal is in your 
library), it may be more efficient not to store these 
papers but to copy them when needed. 

The amount of effort devoted to storing papers 
you have amassed is related to the frequency and 
type of retrieval requests you make, and to the 
average amount of time needed to make a suc
cessful retrieval from your collection. If you decide 
to use one of the systems described below, weigh 
the number of your real requests (not the possible 
ones) made using such a system against the time 
and effort needed to input information and update 
your system. 

Literature Storing 
and Retrieval Systems 

A Single Stack of Paper 

This system is included only to familiarize you 
with cost-benefit analysis for measuring the use
fulness of a storing and retrieval system. The 
"cost" is the effort involved in adding each new 
paper to your collection. In this example, the cost 
is nearly zero because putting a paper on top of a 
stack requires no work. The benefit can be mea
sured by the system's ability to meet different 
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types of requests, as listed in Table 16-1. Retrieval 
operations could be divided into two main areas: 
(1) looking for a certain paper, probably with in
complete knowledge of the specific reference; and 
(2) getting an overview of a certain scope. The 
ability to execute these operations and the time 
required to do so determine the benefit of a lit
erature storage and retrieval system. A simple 
stack responds very poorly to any type of request. 
But as long as your collection is small, this type 
of storage may be the most effective one. 

Paper-Based Systems 

The usual way to organize literature involves 
paper-based systems. Typically, you identify the 
different fields or topics that cover your domain 
of interest. If the number of articles in a certain 
field is small enough, you can organize them as a 
stack; when the number is large, alphabetic stor
age by the author's name is more appropriate. 

There is no generally accepted rule for choosing 
an optimal classification system for medical lit
erature. Some people like to organize their litera
ture by organ systems or diseases, but other cate-

gories, for example, animal studies, surgical 
techniques, X ray, statistical methods, and so 
forth, may be more suitable. Others prefer to store 
all material for a specific paper or lecture-fig
ures, slides, and bibliography-under its own 
category. 

Problems arise when papers could be filed un
der several headings. A paper describing the di
agnostic value of ultrasound for detecting stones 
in the common bile duct could be stored under 
"ultrasound," "diagnostic tests," or "gallbladder 
diseases." You could file a copy under each head
ing (which requires additional effort in storing) or 
choose the most relevant heading and face addi
tional effort when the time comes to retrieve the 
article. 

There are two guidelines for the selection of 
your individual system of headings. First, choose 
headings with as few overlaps as possible. This 
will minimize the problem of double storing de
scribed above and enhance the effectiveness of re
trieval. Second, be sufficiently specific but avoid 
excessively narrow categories. Restrict the number 
of headings as much as possible. 

Paper-based systems have very clear advantages 

Table 16-1. Differences of literature organizing systems to meet certain retrieval requests. 

Task Stack 

Retrieve a certain paper 
with complete citation 
with author known 
with coauthor known 
with tide (word) known 
about a certain topic + 
other (year, journal, etc.) 

Retrieve all papers 
of a certain author 
with a certain tide-word 
about a certain topic 
other (year, journal, etc.) 

"-, Impossible or very time-consuming. 

• + , Possible but with restrictions. 

, + +, Performable within reasonable time. 

d + + +, Very quick and easy. 

Paper-
based 

+h 
+ 

++ 

+ 

++ 

Type of system 

Computer-
Card- Computer- assisted with 
index assisted keywords 

+ +' + + +d +++ 
++ +++ +++ 

+++ +++ 
+ +++ +++ 

++ ++ +++ 
+++ +++ 

++ +++ +++ 
+ +++ +++ 

++ ++ +++ 
+++ +++ 
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for those who are uncomfortable with computers, 
especially if no research support staff is available. 
They offer a cost-effective solution with little time 
needed for storage and adequate retrieval results. 

Card-Index Systems 

Since working with condensed and relevant infor
mation is much more comfortable than handling a 
stack of original papers, people often use cards con
taining the particulars of an article as well as in
dividual remarks and comments. This approach re
quires considerably more effort than a simple filing 
system, and the improvement in retrievability is 
small (see Table 16-1). In addition, you will have 
to establish a procedure to find the original article. 
One commonly used procedure is to number every 
paper and store the originals in sequence. This al
lows the quickest retrieval. Another procedure is a 
"signature" system with predefined headings as de
scribed in paper-based systems. 

Computer-Assisted System 

Many boring tasks are now assigned to computers, 
including time-consuming searches of specific 
topics (see chapter 10). Computers are also used 
to manage personal literature collections, replac
ing card-index systems. The act of storing an ar
ticle is comparable to filling out a filing card, but 
retrieval of information is remarkably easier, even 
if you store only the citation without keywords or 
comments (see Table 16-1). All stored items, or 
any combination thereof, can be used as search 
criteria. 

As described for card-index systems, you will 
have to establish a procedure to identify the origi
nal paper in your files from the information stored 
in the computer. This requires maintaining two 
systems: the references in the computer and the 
originals. Changes in one of them require the 
same changes in the other, or retrieval operations 
will not be successful. 

The time needed for storing articles in your per
sonal database should not be underestimated. The 
widespread use and accessibility of large medical 
databases such as MEDLINE, EMBASE, or Cur
rent Contents on Diskette offer the possibility of 
reducing this time because many programs can 

read the specific formats and import selected ref
erences (see the criteria for selecting the appro
priate software at the end of this chapter). If re
search staff is available, the storage of selected 
articles can be delegated as a routine task. 

Computer-Assisted System 
Using Keywords 

The computer-assisted system can be used with
out knowing anything about a paper beyond its 
author(s) and title. This may be an advantage if 
you are short on time, but the retrieval options are 
limited. Your list of papers dealing with a specific 
subject, such as "meta-analysis," will be incom
plete because many relevant articles will not con
tain your search word in their titles (for example, 
Peto's paper entitled 'Why do we need systematic 
overviews of randomized trials?"l). Methodology 
is rarely mentioned in a title; if you are looking 
for an example of the application of discriminant 
analysis, searching title words will not be very 
fruitful. A successful search for special topics re
quires a short examination of each paper to enable 
you to attach a few keywords covering the main 
issue(s). These keywords and a certain amount of 
discipline in choosing them will result in an ef
fective retrieval. Some computer programs allow 
keywords to be arranged hierarchically; for ex
ample, a search for papers dealing with "bacteria" 
will also yield all entries with the keywords "E. 
coli, " "Streptococcus," and so forth. 

The task of providing a broad overview about a 
certain topic may be more efficiently served by the 
big commercial medical databases (MEDLINE, 
etc.) which have, in addition, the advantage of 
containing the most recent publications. The 
combination of a MEDLINE search together 
with quick subsequent identification of those ar
ticles contained in one's personal file is the most 
efficient strategy. 

Consider Dr. Readsalot who has collected his 
literature in files divided into many small fields. 
He chose this method because he didn't want to 
have to look through a large file if he needed a 
certain piece of information. Many of his papers 
could be classified under several headings, and he 
always chose one field as the main topic. Gradu
ally, he came to realize that his files on a specific 
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topic did not include all the relevant literature he 
had stored, so he decided to switch to a computer
assisted system. To start, he prepared a checklist 
of his requirements and visited some of his col
leagues who used computers to organize their lit
erature. When he had chosen an appropriate sys
tem, his next decision was whether to use 
keywords. He soon realized that attaching key
words retrospectively to all his old papers would 
consume an enormous amount of his time, even 
if the input of basic reference data could be done 
by someone else. Consequently, he decided not to 
use keywords. 

The typical procedure Dr. Readsalot follows 
when adding papers to his system is the following: 

1. Scan the article and assign it to a field of in
terest. 

2. Mark this field as a label on the paper itself. 
3. Add the paper to the stack of other papers 

awaiting registration. 
4. Mter the information has been stored in the 

computer, the paper is immediately filed in the 
place indicated by the signature. 

When papers registered in the computer are 
filed together with papers that are not, marking 
the articles available in the computer is useful. 
Note that, to Dr. Readsalot's advantage, the old 
filing structure did not have to be reorganized. Dr. 
Readsalot learned the search operations of his 
software without much difficulty. He can now use 
his more effective system and feels pleased at the 
growing power of his database. 

How to Develop a Literature 
Storage System 

The following list summarizes the basic approach 
to developing a practical literature storage and re
trieval system. 

• Keep only those papers you probably will use; 
throwaway the rest. 

• Organize the remaining literature by different 
topics or headings. 

• When the time required for searching or the 
number of unsuccessful searches becomes in
tolerable, change to a computer-assisted sys
tem. Card-index systems produce poor results 
compared with computers. 

• Compare the expense (time) required to sum
marize the content of a paper and assign some 
keywords, with the benefit to be derived when 
you need a high-quality search on specific top
ICS. 

Note that the increasingly common ability to find 
a paper via computer searches will lower the im
portance of individual literature collections. 

Departmental Literature 
Organization 

A joint system for the common use of all collabo
rators in a department or unit will never have all 
the advantages of an individual collection but may 
offer several additional advantages in some cases. 
A collaborative system has limited justification if 
there are only two or three colleagues; individual 
literature systems and personal communication 
will yield better and more immediately relevant 
answers, helpful remarks, and advice. If the areas 
of interest of the group have little overlap, a joint 
literature administration will likely yield no bene
fit. If the unit is large, an enormous effort is re
quired to keep a joint system up-to-date. Shared 
systems are generally more vulnerable to piracy 
and incompleteness than private systems, espe
cially if access is not limited. Each member of the 
unit will understandably give priority to keeping 
his or her own system current. 

What are the benefits of a joint system, if it 
won't replace individual ones? First, it will provide 
complete documentation of the literature available 
within your department, save some trips to the 
university library, and speed up your work. Sec
ond, those colleagues who do not store their ref
erences on a computer will gain the advantages of 
electronic searching if the central database is com
puterized. Third, a central system will relieve ev
eryone from holding a large number of papers 
classified somewhere between "important" and "of 
no interest." Knowing that these kinds of "per
haps" papers are still retrievable if you need them 
can help you to concentrate on more important 
things. Finally, should one of your colleagues 
leave, his or her references will not be lost to the 
department. 

You should have no illusions about the time and 
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cost of maintaining such a system. Keeping it cur
rent requires several hours per week; this is pref
erably the responsibility of a special librarian or 
research secretary who facilitates access to the lit
erature. 

The system installed in our research depart
ment, comprising five collaborators working in re
lated fields, will serve as an example. We have in
troduced a paper-based joint filing system that is 
independent of each member's personal literature 
files. We have agreed on 11 different headings 
such as "pain," "quality of life," "meta-analysis," 
and so on. Each team member scans new articles 
as they arrive. If a paper is worth storing, it is 
assigned to one or more of the predefined head
ings. We make a separate copy for our own files 
if it is a very important paper. If there is any doubt 
about storing an article and we believe a colleague 
might make a different decision, we send it to the 
colleague for review. At our library the papers are 
copied and filed according to their assigned head
ing(s). This procedure helps to keep one's personal 
literature files lean and offers the possibility of 
finding additional important articles by scanning 
through our joint literature files. It is also an ef
fective tool for students or clinical colleagues who 
seek a basic set of important papers about a certain 
topic. 

Criteria for Choosing Literature
Organizing Software 

Many programs are available, ranging from low
cost public domain software to systems for huge 
libraries, and are continuously changing and im
proving. We cannot provide a complete list of cur
rent programs and do not wish to favor particular 
products, but we can present some options to con
sider when you are making choices. 

Fields 

The different components of a reference will be 
stored in "fields"-one field for the title, one for 
the author(s), and so on. Write down the com
plete reference when you want to store it. Does 
the program you are considering provide fields 
that are adequate for your needs? The fields in 

some programs are fixed, that is, their names and 
lengths cannot be changed; other programs allow 
adaptations to be made by the user. 

Search 

Before you test a program, define some typical 
patterns of searching you will want to use on your 
database. Don't forget to ask about the program's 
ability to find a certain word within different fields 
and to incorporate previous search results. 

Duplicates 

The capability to identify duplicates is a very help
ful tool for assisting data input, but if the program 
recognizes only completely identical entries, it is 
worthless. Identification of duplicates using only 
year, journal, and pages is a very useful tool. 

Keywords 

Storage of some keywords is offered by nearly 
every program, but if you really want to work with 
keywords, look for the capacity to define a catalog 
of keywords or to structure them hierarchically. 

Output 

Several output formats should be available for dif
ferent purposes, and it is advantageous to have 
them adjustable to meet your requirements. Some 
programs have the feature of being able to create 
a reference list from the database, which is very 
helpful when you are writing a paper. This list can 
be produced in the format required by the journal 
you have selected, or stored in a file that can be 
transferred to your word-processing system. 

User Friendliness 

It is a big advantage, especially for those who do 
not work with the software every day, when the 
information presented on the screen is largely self
explanatory. It should be easy to perform standard 
operations such as search procedures without hav-



136 R. Lefering, EAM. Neugebauer 

ing to study big handbooks. A context-sensitive 
help function should be available also. 

Protection 

If you have reason to fear abuse of your literature 
data bank, or if you want to restrict the use or 
manipulation of your data, choose a program with 
protection mechanisms such as passwords. 

Volume 

Try to estimate how much data your system will 
have to handle. Will the performance of the sys
tem still be satisfactory a few years from now? 
How long does it take the program to perform an 
operation such as performing a special search 
within a large database? 

Import of data 

If you want to take over an existing database or in
sert data from other databases (e.g., MEDLINE), 
look for a program with this capability. An addi
tional module is often available. 

Tasks 

In addition to administration of literature, some 
programs can be modified to execute other tasks, 
such as organizing your books, slides, or lectures. 

It is a distinct advantage if the system that is fa
miliar to you is usable for other purposes. 

Testing 

The manufacturers oflarge software programs of
ten distribute a low-cost test or demo version that 
may help you to decide how practical or valuable 
it would be in meeting your requirements. It is 
much better if you have the opportunity to watch 
colleagues work with the system and ask them for 
their evaluation of it. 

References 
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Commentary 

The biomedical literature increases each year, and 
the availability of copying machines and computer
assisted literature searches seems only to add to a 
continuously increasing flow of papers across your 
desk. Even if you are quite selective about what 
you retain, let alone what you read, large piles of 
paper accumulate around you; someday you will 
want to return to it. Dr. Lefering and Prof. Neuge
bauer offer some helpful ideas about the manage
ment of material for future reference. We can prof
itably review our own reference storage and 
retrieval capacities and benefit from their sugges
tions. 

B.M 



CHAPTER 17 

Reviewing Books and 
Refereeing Scientific Papers 
].R. Farndon 

Experience is fallacious and judgement difficult. 
- Hippocrates: Aphorisms, I 

In reviewing articles or books, influential judg
ments are made about the scientific worth and 
value of colleagues' written work. This should be 
done with a more than adequate background 
knowledge and a desire to be fair and just. Hip
pocrates correctly tells us that experience alone is 
fallacious and any reviewer must also agree that 
"judgement is difficult." From the perspective of 
the journal using referee comments to decide 
upon the fate of a paper or deciding whether to 
publish a book review, other criteria must obtain. 
One hundred years ago the editorial columns of 
the New York MedicalJournalwere "controlled by 
the desire to promote the welfare, honour and ad
vancement of the science of medicine, as viewed 
from a standpoint looking to the best interests of 
the profession. Nothing is admitted to its columns 
that has not some bearing on medicine, or is not 
possessed of some practical value." These parame
ters have probably changed little since 1892 and 
apply equally to specific surgical disciplines. 

The review process is dynamic and varies in 
certain details when applied to journal articles or 
books. It is dependent upon reviewer character
istics, the work being reviewed, and the ethos and 
criteria stipulated by the journal. 

Book Reviews 

Most surgical journals receive copies of newly 
published books each month with an invitation to 
review them. The unwritten and unspoken desire 
is that a favorable review will be published and 
read by all subscribers to the journal who will flock 
in their thousands to buy a copy of the tenth edi
tion of Buggins' Laparoscopic Surgery of the Lift 
Kidney. This is not quite how things happen. 

First, the journal will be selective in which 
books it sends out for review. Publishers appear to 
use a scatter bomb technique and send all newly 
published surgical textbooks to all surgical jour
nals. Each journal is likely to have a review editor 
who will decide whether the book should be re
viewed. Laparoscopic Surgery of the Lift Kidney is 
unlikely to be reviewed in a plastic surgery journal, 
for example, but would probably be reviewed by 
the Euroland Journal of Urology. 

Second, the journal will have instructions to 
book reviewers that will stipulate requirements of 
the review and the format of submission. There 
is usually a word limit that must be followed. It 
is advisable for potential reviewers to be aware of 
the style of book reviews. Some journals will have 
a cold clinical approach and will not allow a light
hearted or jocular approach. This detail may not 
be stated in instructions but is clear on reading 
copies of previous journal issues. Be sure to do so 
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and avoid wasting your time writing an inappro
priately styled review. 

Third, most journals designate two to four 
pages toward the end of each issue for book re
views. These pages tend to be lighter reading 
(along with correspondence columns) after the 
more strenuous pages of scientific articles, but one 
should not assume this as fact. 

How to Begin 

When you receive the book and the review in
structions, examine both carefully. Decide whether 
the book needs to be read. It will be easy to read 
a 100-page text on undergraduate surgery; it 
would be impossible for most to read 2,700 pages 
of postgraduate text. A strategy must be adopted 
that will allow the foundation of an opinion. In a 
larger work, especially ifit is multi-authored, care 
must be taken that the whole work is sampled 
such that strengths and weaknesses can be iden
tified. 

The heading or title of the review may be given 
by the journal and, in any event, should include 
the title of the book, the author(s), the publisher, 
the number of pages, whether it is illustrated or 
not (color or black and white), and the cost. The 
ISBN is sometimes given; it is a useful component 
of the heading. The journal may allow a super
script eye-catching headline title such as "indis
pensable for surgeons." The review editor will de
cide or advise on this last point. 

Before embarking on the task, read the preface 
of the book carefully and in full. Note whether 
this is a new book or a subsequent edition. If deal
ing with the fifth edition try to obtain the first 
and fourth for comparison. In the preface, read 
about the target readership, (e.g., surgeons inter
ested in the left kidney) and whether readers are 
expected to be at undergraduate or postgraduate 
level. Be sure to see if the aims and objectives of 
the book are set out clearly. See if the authors state 
how the fifth edition is better than the fourth and, 
hopefully, the first. Is the book to be national or 
international? These points are essential parame
ters on which to base the review. If they are not 
determined, it may not be worth going on to the 
next page. 

What Next? 

Try to find time away from distractions to study 
the book in as much detail as you can. As the 
reviewer you must then construct a short descrip
tive article covering the main points of the book 
(Table 17-1). This information may influence a 
reader of the review to buy or consult the book, 
or acquire it for a department library. 

It is easy to praise outstanding works but 
"judgement is difficult," especially when dealing 
with mediocrity. Let it be hoped that reviewers 
never have to deal with a poor product. Publisher 
astuteness and shrewdness should prevent poor 
books being produced. 

If defects are found then these should be de
scribed. If major deficiencies are present these 
should be checked by a colleague to be certain that 
they are appropriately and correctly identified. 
Remember that the production of a book will have 
taken much hard work; level your criticisms with 
diplomacy and humanity. Remember that authors 
are often reviewers. Do unto others as you would 
have done unto you! 

Table 17-1. Some helpful questions for book 
reviewers. 

Is the book pitched at the appropriate level? 

Is the content national or international? (i.e., 
applicable to the specified audience) 

Is the text clear and well written? 

If a multi-authored book, is the editorial direction 
sufficient to unifY style, content, and illustrations? 

What is the quality of the illustrations? 

Is the book worth the price? 

If a new book, does it fill a market niche or 
requirement? 

If a subsequent edition: has it aged? 
is it still appropriate? 
has it been brought up to 

date? 

What about the fabric of the book and the quality of 
paper and covers? 

How does the book compare with its nearest 
competitors? 
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Is It Worth It? 

There is usually little inducement for undertaking 
a review. A few journals pay a nominal sum, av
eraging about $1.23 for each hour spent on the 
task. Most journals make a donation of the book 
to the reviewer or the department library. As the 
reviewers for the New York Medical Journal did 
100 years ago, your work is done "to promote the 
welfare, honour and advancement of the science" 
of surgery. 

A Unique Solution 

Instead of writing just a preface to their book The 
Parathyroid Glands and Metabolic Bone Disease, 
Albright and Reifenstein wrote a "Preface and 
Critical Review Combined": 

On starting to write the preface, it occurred to 

the authors that it might be well to incorporate 

their own critical review. The thought existed, it 

must be admitted, that, by pointing out the 

shortcomings in particular, the wind might be 

taken out of the sails of those of the reviewers 

who will be impressed largely by the faults of this 

work. In other words, we are incorporating a lit

tle prophylactic criticism.! 

Refereeing Scientific Papers 
for a Journal 

Most will remember the thrill and pride of re
ceiving the first letter of acceptance of their first 
surgical article. This meant that the editors of the 
journal and a process of peer review accepted the 
work as worthy of publication and dissemination 
in the world literature. For a few, one or more of 
those papers would be the initiation of nominal 
immortality (e.g., Zollinger-Ellison syndrome, 
Blalock procedure, etc.). For most it would be a 
pleasure that the work had been "admitted to its 
columns" and judged to have "some bearing on 
medicine or is possessed of some practical value." 

The number of journals available to receive ar
ticles increases week by week. In addition to those 
that appear in line with new technology, others 

arrive with new organ-specific titles that mirror 
growing specialization. Most surgical journals, 
however, will employ similar peer review pro
cesses. Journals may have rejection rates as high 
as 70%. How are papers rejected and, more im
portantly, what criteria are used to identifY "suc
cessful" papers? 

The editors in charge of running a journal are 
likely to be surgeons in day-to-day practice, with 
a special interest in publication. They will be sup
ported and guided by an editorial board that de
fines the scope of the journal and guides publish
ing strategy. These should be described in some 
preface piece in each issue of the journal. The 
stated strategy might allow editors some prelimi
nary control over whether to reject or accept pa
pers, for example, it may be policy not to carry 
case reports or review articles. 

Working behind this editorial team will be a 
panel of referees that should be compatible with 
the circulation and strategic aims of the journal. 
For example, a journal that says it is "European" 
should have appropriate editorial and referee 
membership; an international journal should have 
global representation. This is not always readily 
achieved. The panel of referees is charged with 
the peer review process. 

The Current Climate of Publication of 
Surgical Research 

In an editorial in April 1996 Richard Horton de
scribed a study he had undertaken examining the 
work published in one issue of nine surgical jour
nals. Excluding letters and book reviews, there 
were 215 articles of which 175 contained original 
research. Only 12 papers (7%) reported results of 
a randomized trial, case series comprised 80' pa
pers (46%), and experimental work 31 papers 
(18%). Horton asked "Does surgical research have 
a future?" and stated "Only when the quality of 
publications in the surgical literature has im
proved will surgeons reasonably be able to rebut 
the charge that as much as half the research they 
undertake is misconceived."2 

There are acknowledged difficulties in evalu
ating new surgical procedures,3 but understanding 
the principles of observational epidemiology not 



140 J.R. Farndon 

only helps critical appraisal of research reports but 
guides design and execution of studies that will 
be scrutinized by our peers.4 

The Unbiased Referee 

In acting as a referee, remember that surgeons 
contribute low proportions of articles describing 
randomized controlled trials. This may reflect a 
lack of expertise by surgeons in clinical trials, lack 
of funds for surgical trials, methodological prob
lems peculiar to surgical trials, or a need for adop
tion of other research designs to assess surgical 
therapies.s Bias must not be introduced during re
view because a study does not conform to the for
mat of a prospective, double-blind, randomized 
trial. Inevitably, flaws will be detected and should 
be reported fairly. Between 1988 and 1994, 364 
surgical trials were reviewed, and less than 50% 
made comment about an unbiased assessment of 
outcome, gave an adequate description of the ran
domization technique, or provided a prospective 
estimate of the sample size. Economic factors 
were described in only 6.5% of the trials, and only 
2% attempted some measure of the effect of the 
intervention on the quality of life of patients.6 

Against this background a referee should weigh 
and report the strengths and weaknesses of a study 
in context, remembering that "experience is fal
lacious and judgement difficult"! 

The Referee Process 

If asked to be a referee, it is likely that you are 
nationally or internationally recognized as an ex
pert in a particular field, and you have been "no
ticed" by an editorial board. After you have al
lowed your chest to deflate from pride remember 
that an expert is someone who knows everything 
about very little. Be pleased, but keep a sense of 
perspective. 

You are likely to be one of a pair or triplet of 
referees, so you are not alone. A good journal will 
cross-circulate referees' comments with the re
sulting decision on publication. Differences of 
opinion occur (Table 17-2). 

Note the skewed distribution toward rejection, 
as well as the discord. Learn from this process. 
Go back to your own comments, balance and 

Table 17-2. Referee concordance for pairs of ref
erees for a sample of 200 papers (80 accepted) sub
mitted to the British Journal of Sursery. 

Referee 1 

Minor Major 
Referee 2 Accept faults faults Reject 

Accept 1 3 4 5 
Minor faults 5 20 13 
Major faults 19 19 
Reject 22 

measure them against those of your coreferee with 
respect to agreement or discord. Discord is re
solved by third or fourth referees and the advised 
judgment of the editors. Measure your own ac
curacy by the editors' final decision. Remember 
that rejection rates vary from journal to journal, 
and standards of quality of publication vary. This 
variation in "quality" is measured to some extent 
in performance figures such as "impact factor" and 
"citation index." These indices are important to 
editors and publishers; referees indirectly affect 
these by their integrity, incisiveness, and critical 
powers. 

What to Do Next? 

Take the duty seriously, set time aside to carry out 
the work and return the paper with your com
ments as soon as you can. Editors will often advise 
on the time frame; stay within it. If it were your 
paper you would like it in print next month! 

Read the referee instructions carefully and fol
low them exactly. Most journals will guide you on 
the parameters to be assessed. Table 17-3 provides 
an example from Surgical Endoscopy, published by 
Springer-International. 

Novelty 

Most journals do not want to publish material that 
is not new or innovative (Table 17-3, question 1). 
As an expert you will be expected to be au foil 
with current bibliography (Table 17-3, question 
4) and thereby able to assess the novelty factor. 
You must advise editors if you suspect dual pub
lication. 
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Table 17-3. Example of referee guide to assessment of a paper. 

yes no n/a yes no n/a 

General Results 

1) Does the paper contain new 
findings or ideas? 
If no, does it present old material 
better? 

2) Are the findings or ideas important 
to the academic medicine 
community? 

3) Is the material clearly presented, 
without excessive jargon? 

4) Are the major relevant recent 
references included? Please specify 
omlSSlOns 

Introduction 

5) Is the objective of the paper, or the 
purpose or hypothesis of the study, 
clearly stated? 

Methods 

6) Are the sample and sampling 
method adequately described? 

7) Is the research design adequate to 
achieve the objective of the study? 
(Consider, for example, definition 
of variables, sample selection, 
sample size, data-collection 
instruments, length of study.) 

Style 

The clarity of the written style is important (Table 
17-3, question 3), and editors appreciate advice 
on appropriateness of tables and illustrations (Ta
ble 17-3, questions 9-13). Note whether any du
plications occur. For example, it is unnecessary to 
present the same data in text, table, and graph. Is 
the text clear and is the English of good quality? 

Scientific Validity 

This is the most important area (Table 17-3, 
questions 5-8, 14), and your criticisms here need 
to be sure and justified. If you are not sufficiently 
adept at statistical methodology but "sniff a rat," 
advise the editor to obtain a statistical opinion. 
Most surgical journals have a statistical adviser. 
Remember that statistical methods applied to 

8) Is the opinion of a statistical 
consultant needed? 

9) Are the results clearly presented 
(e.g., are the important results 
highlighted) ? 

10) Are the tables and/or figures 
useful? 

Which, if any, could be deleted? 

11) Would the figures reproduce well? 

12) Is color necessary? 

13) Do the tables and/or figures agree 
with the text (in general and 
specifically)? 

Discussion and Conclusions 

14) Are the conclusions or 
generalisations adequately 
supported by the paper's findings 
or arguments (e.g., does the author 
exaggerate their importance)? 

some retrospective or observational studies are not 
appropriate. 

You must be sure that any conclusions are jus
tified. The escape into print of inappropriate or 
unjustified conclusions has allowed authors to "get 
away with it" despite subsequent letters invalidat
ing the conclusions and berating the incompe
tence of the editors for not spotting biases and 
flaws in the work. Few researchers find and quote 
correspondence. As a referee you are an important 
guard of the integrity of surgical science-keep 
your visor down and your sword at the ready. 

Other Issues 

Examine the title and give advice on revision if 
necessary. O!testions as titles and "snappy" titles 
should be avoided. Compare, for example, "Should 
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cholecystectomy be carried out through a mini
open incision or by laparoscopy?" or "Laparoscopic 
cholecystectomy is the business," with "A prospec
tive randomized trial comparing mini-open with 
laparoscopic cholecystectomy." 

How many authors are there? There is a trend to
ward increasing the number of authors for an article, 
and this does not appear to be due to an increase in 
the complexity of work that needs wider collabo
ration. It is reasonable for a referee to question the 
contribution of authors, with respect to either the 
work or the writing tasks.7 

Examine and comment on ethical issues. Should 
an ethics committee have been approached to agree 
to the study? If animals were involved did their han
dling and management, and the experimental pro
cedures performed follow national guidelines as well 
as the regulations of the hospital, institute, or uni
versity? 

Relatively new issues covered in surgical publi
cations include health care policy, quality of life is
sues, and economics. Relevant specialty guidelines 
need to be understood and cited by authors and peer 
reviewers.8 

Editors will expect a final decision concerning the 
reviewed paper. This is usually noted by the reviewer 
in a section "not for transmission to authors," as fol
lows: 

Accept as is. Outstanding. 
Accept with minor modifications. 
Accept with major modifications. 
There are major deficiencies. Probably reject. 
Beyond redemption. Reject. 

Reviewers must summarize their feelings about a 
paper by choosing one of these categories. Very few 
articles will qualify for "accept as is"; overall rejec
tion rates for popular journals can be as high as 60-
70%. There is often a space on a review form that 
will allow transmission of confidential comments 
to the editor. In this section, criticisms can be free 
flowing. Conversely, remember that in "comments 
to authors" you should not state anything regarding 
the quality of the article or whether you think the 
article is worth publishing. Remember that your 
comments should help authors reconstruct a better 
article. Make suggestions in an objective, caring 
way. "Do unto others as you would have done unto 
yourself!" 

Conclusion 

A reviewer is an indispensable aid to an editor, and 
all good reviewers should aspire to becoming an 
editor. "Editing is Fun" according to Richard C. 
Bennett, Editor Emeritus, Australian and New 
Zealand Journal of Surgery. 9 

To make the life of reviewers and editors easy, 
refer authors to other chapters of this book for 
guidance in methodology and reporting. Submis
sions might become so exemplary that reviewers 
and editors would become defunct! 
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Commentary 

Farndon emphasizes that reviewing a book and 
refereeing a scientific paper are two distinctly dif
ferent tasks. A book review asks the reviewer to ex
amine a completed work. It is hoped that the con-
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tributors, editors, and publishers have guaranteed 
a high level of quality. The reviewer's task then is 
to determine the book's target audience, its 
strengths and weaknesses, and whether it would be 
a useful addition to your own library. It is helpful 
to compare the text to others in its field, to provide 
the reader with an assessment of this new text. 

Refereeing a scientific work is a very responsible 
undertaking. I agree completely with the aphorism 
with which Farndon begins the chapter, that ex
perience is fallacious and judgment difficult. The 
primary prerequisite of a reviewer is to be fair and 
just. It is proper to criticize the work on a scien
tific basis, but always with a constructive purpose 
in mind and a high degree of intellectual humility. 
Remember that the non-English -speaking author 
may have presented an extremely good idea that 

may be misunderstood because of a language bar
rier. When a paper is poorly written according to 
the reviewer's standards but contains valuable 
ideas or information, the reviewer should provide 
helpful advice to the author for revision. This is 
particularly important for authors from other 
countries or cultures. Be sure to word your re
marks so they will stand up to public scrutiny. It 
is easy to be hypercritical, and you should perhaps 
think that your commentary may be published 
and subject to the critique of other readers. 

Farndon's vast experience as editor of the Brit
ish Journal of Surgery and consultant for the World 
Journal of Surgery makes this chapter an especially 
useful contribution to this edition of the text. 

HT. 



SECTION III 

Speaking and 
Listening 



CHAPTER 18 

The 10-Minute Presentation 
A. V. Pollock and M.E. Evans 

You have finished your research project. Now you 
want to tell people about it. There is no better 
way than to present your work at a scientific meet
ing, after which you can think about writing it up 
for publication. Most scientific societies aim to 
present four papers an hour, so the presenter has 
10 minutes, and each paper is followed by 5 min
utes of discussion. 

PREPARING A 10-MINUTE PRESENTATION 

1. Writing the abstract 
2. Preparing the talk: IMRAD 

- Introduction 
-Methods 
-Results 
- Discussion and conclusion 

3. Visual aids support and speed your message 
-Overhead projection 
- Slides: appropriate, accurate, legible, com-

prehensible, well executed 
4. Techniques of presentation, appearance, and 

manners 

The first thing you must do is write an abstract 
(see chapter 12). The society that you have chosen 
probably has its own rules about the structure of 
abstracts, and you must abide strictly by those 
rules. The universal rule remains that the abstract 
must be a complete abbreviated statement of the 

aim, methods, results, discussion, and conclusion 
of your work. You must take as much care in the 
preparation of the abstract as you did in carrying 
out your research. You should edit it several times 
and show it to a friend or two. Make sure that 
what you have written can not only be understood, 
but also cannot be misunderstood. 

When the letter of acceptance of your paper 
arrives, waste no time. Start to prepare your talk. 
Obviously the prime consideration must be sci
entific reliability, but it is wise to remember that 
there are differences between the spoken and the 
written word. Both must, of course, be intelligible. 
Both must be honest and accurate. But whereas a 
reader can select and concentrate on parts of a 
paper, you have got to hold an audience's attention 
for the whole of your presentation. It is not a bad 
rule to say what you are going to say, say it, and 
then say what it is that you have said. 

The presentation must to a greater or lesser ex
tent follow the IMRAD pattern (introduction, 
methods, results, and discussion and conclusion). 
Sometimes you must spend more time on one of 
these aspects, for example, if you are describing a 
new method or if your results point to a new in
terpretation of phenomena. You will, however, al
ways be guided by the need to never be obscure, 
never be boring, and never come to conclusions 
that are not justified by your work. Don't hedge. 
If your results suggest a certain conclusion, it is 
better to come straight out and say, "In our opin-
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ion these data support the hypothesis that .... " 
This is always more acceptable than to reach such 
a woolly conclusion that nobody can contradict 
you. 

If you are going to get your message over in 10 
minutes you have got to take a few short cuts. One 
of these is to use overhead transparencies (acetates) 
and slides intelligendy and not to show them merely 
to remind you of what you want to say. 

Overhead Projection 

There are few indications for the use of overhead 
transparencies in preference to slides, and none at 
all when you are giving a 10-minute presentation. 
Overheads can sometimes be used to good effect 
if you are giving a review lecture. Their merit is 
that you can use overlays and you can reveal in
formation as you discuss it. They should be 
printed on acetate in Helvetica 18 point, using no 
more than 12 lines and no more than seven words 
in each line. See also chapter 21. 

Slides 

The quality level of slides at surgical meetings has 
improved enormously in the past 20 years, but you 
still find people who put up a slide that resembles 
a railway timetable. They generally say, rather de
murely, "This slide may look a bit complicated," 
when they ought to say, "I should never have made 
this slide." 

Slides provide background, evidence, and illus
tration. l They must be appropriate, accurate, legi
ble, comprehensible, and well executed. Occa
sionally one sees a slide that is also interesting and 
memorable, but that is rare. Most slides should 
be in "landscape" format (wider than they are 
high), and the proportion of width to depth is 
always 1.59:1 (35:22). This proportion is close to 
the "golden rectangle" of aesthetics, which has a 
proportion of 1.62:1. 

What is the place of dual projection? It is cer
tainly not to allow you to present twice as many 
slides in your 10 minutes (don't forget that it takes 
5 seconds to read even a well-designed slide). It 
is an obvious courtesy to an audience whose first 

language is not English to present at least the 
most important slides in the language of the coun
try you are in, and occasionally it may be accept
able to have one screen showing a photograph or 
line drawing while the other shows data in tables 
or graphs. If you do have dual projection, make 
sure that both projectors can be advanced simul
taneously. That generally means that you will have 
to have some blank or duplicate slides. 

There are four kinds of slide that you may need 
in a 10-minute presentation: 

• Photographs (particularly portraits and photo
micrographs) 

• Line drawings (particularly to show details of 
an operation or an experimental method) 

• Graphs 
• Slides with nothing but words on them 

The first two of these do not depend on comput
ers or word processors, but they do require a good 
camera and a good artist. Slides that are made by 
photographing electrocardiographs and charts 
such as temperature charts always show too many 
irrelevant lines. They should be redrawn to elimi
nate the unnecessary lines. Radiographs should be 
of good quality, and it is sometimes necessary to 
point out lesions by using arrows. Ultrasound im
ages should always be accompanied by line draw
lOgS. 

There are many computer programs that will 
make graphs and word slides, including Power
point and Presentation Express. With these pro
grams, however, we find that it is easy to produce 
slides that have too many colors and too jazzy a 
background. The most attractive word slides are 
made by using a word processing program in a 
computer. The font should be 24 point and sans 
serif (Helvetica is suitable), and printed by a laser 
or ink jet printer in bold italic in landscape format 
on standard size white paper. 

The resulting art work is then photographed 
using Kodalith film to produce negative transpar
encies. These are mounted and projected as white 
letters on a black background, or they can be ju
diciously colored with a felt-tipped pen. It is most 
important not to overdo the color. We find that 
light blue, yellow, and orange are good colors. Red 
and green do not project well. Above all, however, 
remember that you are aiming at legibility above 
all, and a lot of color and a fancy background both 



detract from legibility and distract the audience 
from the information on the slide. 

Graphs 

Tufte wrote the definitive work on the visual dis
play of data.2 He demanded the following: 

• Graphs must not lie. 
• The data must be shown. 
• The data-to-ink ratio must be maximized. 
• All non-data ink must be erased. 
• Redundant data ink must be erased. 
• Lettering must be horizontal, not vertical. 

The data-to-ink ratio is the ratio of the parts of 
the graph that disclose the data to the total 
amount of ink used to make the graph. For ex
ample, you should never make a slide from a graph 
drawn on graph paper, because the squares of the 
graph paper do not help in understanding the 
data, they merely overcrowd the slide. A large 
amount of data can be shown most effectively by 
a scattergram, which should include a mean and 
standard deviation if the data are normally dis
tributed, a median and interquartiles if they are 
not, or a correlation line when that is appropriate. 
For the graphic display of proportions, bar dia
grams and pie charts are suitable, but life tables 
should always be drawn in steps. In graphs for a 
lO-minute presentation it is allowable to use 
percentages without whole numbers, but there 
should be some measure of the confidence that 
the data can command, such as 95% confidence 
intervals. There should always be a denominator. 

It is inevitable that you will use a computer to 
make your graphs. There are several programs to 
choose from, two of the common ones being Har
vard Graphics (Software Publishing Corporation, 
Santa Clara, CaliE) , and GraphPad (GraphPad 
Software, San Diego, CaliE). Whatever you do, 
make sure that you follow Tufte's rules. 

Technique of Presentation 

Should you read from a manuscript, or should you 
take to the lectern only a few jottings to remind 
you? This is controversial. On the one hand, pro
ponents of reading from a manuscript claim that 
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it eliminates inaccuracy and allows accurate tim
ing. On the other hand, there are those who find 
that a presentation that is spoken is more likely to 
be lively and interesting. The rule must be to fol
low the custom of the society to which you are 
making your presentation. Whichever method 
you use, you should know enough about your sub
ject to not need a manuscript. If it falls on the 
floor you should not have to tolerate the embar
rassment of trying to retrieve it. 

Personal Appearance 
and Manners 

Burkhart wrote the following description of an 
inept lecturer: "Verbosity overtakes conciseness; 
disorganised presentation overtakes clear thinking 
and careful preparation; mumbles overtake articu
lateness; and, worst of all, you can't read the slides 
beyond the third roW."3 You should make sure that 
the audience is concentrating on your presenta
tion, not your appearance. You should therefore 
dress conventionally. You should keep still so that 
nothing distracts attention from your words and 
your slides. It is a good idea to ask a friend to 
video record you during a rehearsal of your pre
sentation. This will alert you to little irritating 
mannerisms that you must correct. When you 
watch an experienced television presenter inter
viewing somebody who has never been televised 
before, you cannot fail to notice that the inter
viewer keeps still whereas the tyro waves his or 
her arms about. You can make a good presentation 
and avoid being boring by modulating your voice. 
You do not need gestures. 

There is no place for jokes in a lO-minute pre
sentation, nor is it your place to be rude about a 
previous speaker or anybody else. During question 
time it is not unusual for somebody in the audi
ence to make disparaging remarks about your 
work. However vexed you feel and however un
justified the criticism, you will gain a lot more 
sympathy from the rest of the audience by thank
ing the questioner for his or her observations. 

The ideal speaker does not wander about the 
platform as if searching for a way out and does 
not wave the arms (or the pointer) about for em
phasis. What a good speaker does is to establish 
rapport with the audience by being enthusiastic 
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about the subject and, if necessary, by referring to 
a previous speaker's talk. The presentation will 
have a beginning, a middle, and an end. 

Although speakers who follow all these rules 
make it look easy, you can be sure that they have 
taken a lot of trouble to make their manuscripts 
and slides accurate; they have rehearsed with their 
slides in front of a critical audience of colleagues; 
they have changed the order of their slides several 
times; they have not memorized their speech like 
an actor, but will always have room for a spon
taneous remark. 

It is just as important to present your work in 
a polished form as it is to conduct your research 
carefully. Making a presentation is an integral part 
of any research project, and it can be a stimulating 
exerCIse. 
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Commentary 

Few writers and speakers of the English language 
have done more to improve the quality of presen
tation of scientific data at surgical meetings than 
the scholarly surgeon Alan Pollock and the medi
cal editor Mary Evans. Their appearance on a list 
of speakers or writers promises clear, lively, and 
pleasant communication-a real treat. 

Reference 2 in this chapter, Edward R. Tufte's 
book The Visual Display of Quantitative Informa
tion is a beautiful work; every scientist should own 
a copy of this masterpiece. 

B.M. 



CHAPTER 19 

Asking and Responding 
to Questions 
A. S. Wechsler 

Scientific societies usually afford authors the op
portunity to present their work in the format of a 
10-minute talk. A program committee has invari
ably reviewed the work on the basis of submitted 
abstracts and has chosen it because it will inform 
the audience or provoke discussion. Members of 
the audience are encouraged to ask the speaker 
questions at the conclusion of the talk, and those 
who are knowledgeable about the work or the field 
have an obligation to make constructive com
ments and pose appropriate questions. 

Asking Questions 

Critical discussion is a source of important new 
knowledge. The program director frequently en
courages younger members of the audience to 
comment on work that touches on their own in
vestigations. Commenting in this context in
creases the knowledge of other members of the 
audience and directs attention to the speaker. De
pending on how a comment is made, it may be 
favorable, constructive, or detrimental. We offer 
some fundamental philosophy, in the form of the 
following list of "dos and don'ts": 

Do 

1. Do be sure you understand the data before 
you comment. 

2. Do formulate a question that clarifies or con
trasts the data, or puts the data into perspec
tive. 

3. Do write your question out in advance. 
4. Do initiate discussion that is likely to be of 

general interest. 
5. Do feel a responsibility to participate if the 

field is within your area of expertise or close 
to your own work. 

6. Do remember that criticism can be politely 
raised in the form of a question. 

7. Do put yourself in the speaker's position. 
8. Do, if you wish, bring a simple, highly per

tinent slide, but prearrange for its projection 
to avoid creating a delay in the flow of the 
program. 

9. Do know and follow the rules of the meeting. 
10. Do let the chair know, in advance whenever 

possible, that you wish to discuss the paper. 
11. Do feel comfortable about referring to a spe

cific slide used by the speaker. 
12. Do realize the importance of the discussion 

to the science, the speaker, and yourself 
13. Do prepare yourself in advance by carefully 

reviewing the abstract(s) prior to the meeting. 

Don't 

1. Do not take more than your fair share of the 
session time. 
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2. Do not personalize your comments; deal with 
the scientific data only. 

3. Do not use your comments for self-glorifi
cation. 

4. Do not waste time with excessive compli
ments. 

5. Do not ask incriminating questions. 
6. Do not set up a series of questions to make 

your point. 
7. Do not bring a handful of slides. 
8. Do not give another paper. 
9. Do not even consider using a public forum to 

vent personal animosity or attempt to embarrass 
another scientist. 

10. Do not entertain your colleagues with tutorial 
comments as an alternative to standing and 
contributing to the quality of the session. 

Responding to Questions 

The program moderator will usually organize this 
facet of a presentation and should protect speakers 
from excessively long, abusive, or inappropriate 
forms of commentary. You, as a speaker, will have 
to do some thinking on your feet, but thoughtful 
preparation will payoff. We offer some helpful 
advice: 

Do 

1. Do jot down critical aspects of questions, as 
they are asked. 

2. Do try to anticipate questions by talking with 
your peers and others prior to the meeting. 

3. Do remember that the knowledge gradient is 
in your favor for your focus paper and do not 

be disconcerted by the sudden appearance of 
an "expert" in the audience. 

4. Do recognize each questioner visually, or by 
name. 

5. Do give the shortest answer possible. 
6. Do answer the question specifically, and do not 

use it as an opportunity to speak about mar
ginally related topics. 

7. Do prepare a couple of slides you think you 
may need, but keep them simple. 

Don't 

1. Do not waste time thanking questioners ex
cessively. 

2. Do not belittle the question or the questioner, 
no matter how off-the-mark the question may 
be. 

3. Do not be afraid to admit a lack of knowledge 
or data. 

4. Do not promise to do the suggested experi
ment next year. 

5. Do not be afraid to ask for clarification of a 
confusing question. 

6. Do not use the question period as an oppor
tunity to show how much you know. 

Commentary 

Often the most helpful part of a scientific meeting 
is not the presentation, but the discussion that a 
speaker's data and the message provoked. This is 
especially true when new or controversial infor
mation is discussed. Professor Wechsler's clear dos 
and don'ts should set the standard for discourse at 



CHAPTER 20 

The Longer Talk 
]. Alexander-Williams 

The conventional maximum time for oral presen
tation of a scientific paper is 8 to 10 minutes. Any
thing longer than that can be defined as "a longer 
talk.» A longer talk is usually by invitation and is 
a review. It may be an eponymous lecture or des
ignated by such terms as state of the art or quad
rennial review. 

You are usually asked to deliver a longer talk 
because you are considered to have a balanced 
view on the subject or have made an important 
personal contribution. However, sometimes you 
are asked at the last minute because the first or 
even second-choice speaker has withdrawn. Gen
erally, but not always, it is an honor to be invited, 
and usually you have your expenses paid for travel, 
registration, and accommodation. If you are the 
star attraction of the meeting or are sponsored by 
a member of the biomedical industries, you may 
also receive an honorarium. 

Shall I Accept? 

The first reaction to the receipt of an invitation to 
give a longer talk is one of honor to be so selected. 
Your feelings may soon be tinged by the pervasive 
doubt as to whether you have the qualifications or 
the time to do justice to the invitation. 

The decision to accept or reject such an invi
tation warrants careful consideration. First, an
swer the following three questions: 

DECIDING TO ACCEPT AN INVITATION TO SPEAK 

1. Can I make a success of it? 
2. Have I time to prepare adequately? 
3. What's in it for me? 

If you grade your answer to each of those three 
questions on a 1 - 3 scale, you need to have a total 
of more than 5 points and preferably more than 7 
points before accepting. Before answering the sec
ond question remember that those in our profes
sion who are invited to give longer talks almost 
invariably do not have sufficient time to prepare 
them adequately. Those of you who have scored 
4 or fewer points on my scale should decline and 
read no further. 

It is advisable first to give a tentative reply and 
ask for further details. Find out all the details of 
the meeting at which you will be speaking; find 
out who else will be giving papers and on what 
subjects and find out how your contribution fits 
into the overall pattern of the occasion. Make sure 
that the material that you have to offer will be 
able to excel in the context of the meeting and of 
the other speakers. Ifitwon't, then draft a defini
tive, polite letter of declination. Do not miss the 
opportunity of suggesting an alternative talk on a 
vaguely related subject in which you know that 
you can excel. 

Before you make a definite answer to the ques-
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tion "Do I have time?" consider whether the talk 
is a repeat of one that you have already given, a 
reconstruction of a number of subjects on which 
you have already lectured, or a totally new lecture 
that you have never given before. Repeating a lec
ture you have already given will involve a little 
time spent in revision of not only the text but also 
the illustrations. A reconstruction of previous re
lated talks will take longer and involve a funda
mental rearrangement of the arguments. A totally 
new subject will require a lot of time spent on the 
literature, research, writing, and revision. Always 
remember all the other things that you have 
planned and want to do, realizing some of them 
will have to be sacrificed if you are to accept the 
invitation to give a longer talk. Some of you will 
wonder why anyone ever agrees to give a longer 
talk; you are right to wonder. 

Planning 

Once you have accepted - and most of us are suf
ficiently egotistical to do so-you have to go 
through the three phases of planning: the text, the 
illustrations, and practicing the delivery. The key 
points of planning are (1) know the audience, 
(2) know your message, and (3) structure the talk. 

Then it is a good idea to divide the talk into three 
parts: (1) introduction, (2) evidence, and (3) con-

8 mins What does 

What we 
found 

9 mins 

Why we 
did it? 

elusions. You should plan to spend about one-third 
of the talk on each. Start by planning a talk for 
much less time than you have been allocated. Aim 
at 20 minutes when you have a half-hour slot in the 
program, and 45 minutes if your allotment is 1 hour. 
Your hosts will love someone who finishes short of 
the allotted time (Figure 20-1). 

For tyros who are concerned about keeping 
within the time limits, I suggest using three pale 
primary colors as a background for the illustra
tions of the three parts of the talk. The color 
changes are a help in accurate timekeeping. 

When structuring your talk, it is essential that 
you define a number of stepping stones in the ar
gument you are putting forward. Too many step
ping stones can be disruptive to the argument, 
but, as long as the steps are logically progressive 
and do not deviate from the main theme, they 
should form the basis of the structure. An example 
is cited in Figure 20-2. 

Once the steps of the argument have been de
veloped, make copious notes. You can do this by 
having a small notebook and a pencil ever with 
you. I find it better to keep my notes on small 
cards with a hole punched in one corner and se
cured by a string and tabs. This means that I am 
able to rearrange the order of the arguments. 

Always keep these note cards or pad with you. 
Jot down ideas whenever they occur. Have the 
cards or pad beside your bed at night in case you 

7 mins 

Figure 20-1. Plan for a 30-minute in
vited lecture. 



Some surgeons report better 
survival results for large bowel 
cancer than do others. 

The smaller the mass of residual cancer 
cells that are left locally or are 
disseminated, the better the prognosis. 

/ 
There are likely to be smaller masses of 
residual cells if the tumour is handled 
gently; the veins are tied first and all potential 
tumour bearing nodes are removed. 
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Figure 20-2. Logical steps in the argu
ment. 

The scientific evidence will be reviewed to 
support or refute: no-touch isolation technique, 
high I.M.A. ligation, mesorectal excision and 
laparoscopically assisted resection. 

wake up with a good idea. When necessary plan 
one or more computer literature searches to sup
port or illustrate your arguments. 

Illustrations 

Remember that "A good picture is worth a thou
sand words" and "Many a good story is ruined by 
bad slides." 

The Essence of Good Illustration 
Is Simplicity 

It is only the complete professional who can suc
cessfully mix media in a presentation. I have ob
served some-even experts-who have had 
things go disastrously wrong. Choose one me
dium of illustration. For a small audience, a black
board, white board, or flip chart may be appro
priate. For an audience of up to 50, overhead 
transparency projection is cheap and cheerful. For 
larger audiences there is at present no reasonable 
substitute for slide projection. 

Disasters can occur even if you use one simple 
medium. My advice is not to try to mix clips of 
video projections into lectures, but, rather, illus
trate with slides. 

Keep It Light 

It is also unwise to have dark and light periods in 
a talk, as happens when slides are switched off for 
a while and the house lights come on. It is better 
to keep a constant level of light and to keep it as 
brightly illuminated as possible, compatible with 
good visibility of your slides. Your slides must be 
so clear that they are easy to read in the half-light. 
Never have less than half-light because it pro
motes audience somnolence. 

Avoid Disasters 

I have ten commandments to ensure that you 
avoid the common disasters. 

1. Avoid double projection, it causes four times 
as many problems as single projection. Dou-
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ble projection is rarely or never necessary. If 
you wish to show two slides side by side have 
them remade into one slide with one image 
on each half 

2. Use no more than three colors. Multicolored 
slides decrease legibility. One dark tone on 
another projects badly. 

3. Use no more than 32 words on a slide; under 
exceptional circumstances you may use up to 
40. If, when you hold the slide up to the light, 
you cannot read it with the naked eye, there 
are too many words on the slide. 

4. Do not print in capital letters only. Upper and 
lower case letters are easier to read. 

5. Never make slides by photographing illustra
tions from textbooks or papers. When draw
ings are needed for illustration, use simple 
line drawings not halftone drawings. 

6. Always project slides in the horizontal, or 
landscape, format. If you use vertical, or por
trait, format, the punch line or caption of your 
slide may not be included on the screen. 

7. When traveling far or by air avoid glass
mounted slides. Not only are they heavy, but 
however carefully you look after them, the 
glass may crack or shatter. 

8. Do not number your slides. You may well 
want to alter the order of the presentation of 
your argument, or you may decide to delete a 
step in the argument; numbered slides may 
confuse your audience. 

9. Do not date your slides unless you can 
cheaply make new slides for every talk. It is 
amazing how quickly dated slides appear to 
become out of date. Even a discreet institu
tionallogo in one corner of the slide with the 
date written small could well alert a hawk
eyed audience to the fact that you are pre
senting old data. 

10. Date and number the slide mount. It is par
ticularly useful to have a label or part of the 
mount surface on which you can write the 
slide number in pencil. When you have com
pleted the final rehearsal of your talk, then, 
and only then, should you number them. This 
may avert the disaster of the projectionist in
advertently inverting an uncovered carousel, 
tipping out your slides, and reducing them to 
random order. 

RULES FOR ILLUSTRATIONS 

• The essence of good illustration is simplicity. 
• Keep the room light, compatible with good 

visibility of your slides. (Darkness promotes 
audience somnolence.) 

• Avoid double projection. 
• Use no more than three colors. 
• Put no more than 32 words on a slide. 
• A mixture of upper and lower case letters is 

easier to read. 
• Never make slides by photographing illustra

tions from textbooks or papers. 
• Always project slides in the horizontal, or 

landscape, format. 
• When traveling far or by air avoid glass-

mounted slides. 
• Do not number your slides. 
• Do not date your slides. 
• Date and number only the slide mount. 

Rehearse On-Site 

To rehearse on-site, it is often necessary to arrive 
well before your scheduled talk begins so that you 
can rehearse during a break in the program. If at 
all possible have the rehearsal in the hall where 
you will be giving the lecture. This will allow you 
to make sure that the slide format fits the screen 
and that the illumination can be set sufficiently 
high to help the audience avoid sleep, and suffi
ciently low for all your slides to be readable. 

Always test the microphone. If you are pro
vided with a neck or lapel microphone you will be 
able to move away from the podium should you 
wish. However, if there is a fixed microphone on 
the lectern, speak to it in a normal tone of voice 
and have someone tell you how far away you 
should be from the microphone to give perfect 
audibility. The only thing that is worse than a lec
turer too far away from the microphone is one 
who struts about, causing the sound to vary from 
deafening to inaudible. Perhaps worse still is 
someone who has his or her mouth so close to the 
microphone that the consonants and sibilants 
crackle and splutter. A few seconds of rehearsal 
can save a lot of embarrassment. 

You can probably guess from my list of disasters 
that all of these have befallen me in the last 30 
years "on the circuit." 



Delivery 

Dress appropriately. Even if the meeting is in the 
tropics, you can be reasonably sure that the lecture 
hall will be air-conditioned. Whatever you may 
wear around the pool, a Hawaiian shirt and Ber
muda shorts are not appropriate for the lecture. I 
think that long sleeves, long trousers, and a tie are 
the minimum requirements, even in the tropics. 
In most circumstances a suit should be worn. It is 
amazing how some hosts are upset or even in
sulted by a shabbily turned out lecturer. Other 
points of delivery style that I think are obligatory 
include standing still, whether you are in front of 
a lectern or standing free on a stage, and the 
avoidance of fidgeting with the hands or shuffling 
the .feet. A few gestures, however, may help with 
emphasis. 

The Start 

Start slowly and gently. Try to appear at ease and 
humble, even if you are neither of these. With your 
first experiences of the longer talk, you are certain 
to feel nervous and often in awe of your audience. 
In the first edition of this book, a famous American 
surgeon, Edward D. Churchill, was quoted as giv
ing his antidote to stage fright. He taught himself 
to stand silently for a few seconds in front of the 
podium, during which time he did two things. 
First, he reminded himself that, as the speaker, he 
was in charge of the occasion. Second, he looked 
out over the assembly and, in his mind's eye, tried 
to visualize the members of the audience dressed 
only in their underwear. I have never tried this sec
ond piece of advice because I think it might make 
me giggle, which is never a good way to start. 
However, I strongly advise 2 or 3 seconds spent 
silently regarding the audience, followed by a sim
ple and humble greeting of "Good-morning" or 
"Good-afternoon," or whatever is appropriate. 
Many people start the longer talk with an effusive 
thanks to their hosts for the invitation. I think that 
this can be over done. An obsequious expression of 
thanks often sounds to me as if the speaker is con
gratulating his or her hosts on their wisdom and 
perspicacity in inviting someone so worthy. Also, if 
you are over effusive you could well embarrass a 
sensitive host. 
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The Opening Slide 

An eponymous lecture often begins with a picture 
of the "name." This often works well and is some
times obligatory. I do not like lectures that begin 
with a slide of the beautiful or luxurious place in 
which you work. I have a rule that says "N ever 
show a picture of a prestigious hospital from the 
air-it may aid terrorist bombers!" Because I had 
the privilege to work in a very old and, in some 
eyes, decrepit hospital, I would sometimes start 
with what I described as a "sympathy slide." 

A Text 

I think it best to begin with a text, as in a sermon. 
To find a suitable text requires thought and a little 
imagination. It is helpful to have available a book 
of quotations. An example that I have used in a 
longer talk that considered the advantages and 
disadvantages of intraperitoneal drainage follow
ing biliary or colonic surgery is a paraphrase of 
Hamlet's soliloquy: "To drain or not to drain, that 
is the question." A good text is one that summa
rizes in a phrase the main message of the talk. In 
the days or weeks before your lecture, consider 
many suitable texts and write them down on your 
cards or pad. 

Practice Helps to Perfect 

Peer criticism of your delivery by an informed, sen
sitive colleague is a boon. Performing in front of a 
video camera followed by self-criticism of the re
played tape is valuable and increasingly available. 

Fallback Strategies 

At some time in your lecturing career you will 
certainly have something go wrong with your or
ganization or the facilities. The wise lecturer an
ticipates these catastrophes and is ready with an 
alternative for most eventualities. Can you give 
your talk without any visual aids? Think how you 
would manage with only a blackboard or flip chart 
if there is a power failure or the only projector 
bulb fails. Think how you would manage if dis
cipline is so bad that the previous speakers have 



158 J. Alexander-Williams 

le~ you with only 10 minutes to give your 40-
mInute talk. It does happen, it has happened to 
me! Reduce your message to the absolute essen
tials in a form that you can convey in the minimal 
time, with minimal data and no visual aids. Such 
an exercise is good discipline and helps you to 
focus your message. It may turn a catastrophe into 
a triumph. 

End Well 

Study the great musical composers and the great 
orators. A longer talk should end with a clear 
message and a resounding climax. Deserve your 
applause by making the climax demand it. You 
may not achieve a standing ovation or cries of 
"Encore," but you should plan the end as if you 
expect no less. The end should be planned and 
practiced at an early stage in your preparation. It 
is unwise to leave it until the last minute, yet many 
lecturers do. You have probably heard a longer talk 
in which the lecturer had to skip rapidly through 
or omit the last few slides because of poor time
keeping and then finished with a deflatory, 'Well, 
I think that is all I have time for." Such an end 
deserves no applause. Also avoid statements such 
as "time does not permit ... " or "Chairman, may 
I have just a few more minutes." If your planning 
and timekeeping have been done well you should 
have plenty of time to vary the pace of the main 
body of your talk with quieter passages. The 
slower passages lead to a final crescendo at a time 
when the audience wishes that you would con
tinue. Study the great composers, study the great 
communicators. Wonder how they do it. Analyze 
their techniques and copy them. You will be a 
great success and will have earned the applause 
and also the approbation. 

Commentary 

I use invited lectures as a curriculum for my con
tinuing medical education by choosing topics or 
aspects I want to read or learn more about. This 
makes the preparation and the lecture more fun 
for me and, I believe, more fun for the audience. 
I~ ~s. particularly effective to tell about calling or 
VISItIng someone whose work you are citing, and 
to introduce the human aspects of the authority 
to ~nli:ven the citat~on. For example, before giving 
an InVIted lecture tItled "Immunotherapy of Can
cer" to the Western Thoracic Society Association 
I visited Steve Rosenberg at the National Cance; 
Institute in Bethesda. I talked to him, his resi
dents, his lab people, and his patients. I took some 
photographs for supplementary slides. I learned 
and the audience learned through me about the 
current status of the field. 

When you make up your slides don't forget that 
11 % of the population is red-green colorblind. See 
chapter 21 by Kevin and Leo McGovern on 
"Slides, Transparencies, and Videos." 

M.F.M. 

Commentary 

I feel that a longer talk should always include new 
information combined with entertainment and 
~umor. The beginning and the end are especially 
Important; I prefer to use pictures or scenes that 
suggest a view of the future, or the larger frame
work around the topic. Finally, don't embarrass 
yourself or your host by giving a boring talk or 
making the host or the audience the target of your 
humor. 

HT. 



CHAPTER 21 

Slides, Transparencies, and Videos 
K McGovern and L. McGovern 

Introduction 

In recent years, the technology for processing and 
displaying information has progressed so dramati
cally that there seem to be no boundaries on the 
preparation and presentation of information. These 
technologies can magnifY confusion, and have their 
own pitfalls. Good, basic techniques in preparing 
visual materials, and a reasonable understanding of 
the technology are even more essential to clear and 
effective communication. 

This chapter is designed to be a practical "how 
to" guide on preparing effective slides, overhead 
transparencies, multimedia interactive computer
based media, and videos. 

An important first step is to select a deliverable 
medium that portrays your topic most effectively. 
Video is well suited for showing a surgical tech
nique, but not for describing statistical analysis. 
The size of your audience will help you determine 
what medium to select; a presentation using trans
parencies or a computer-based interactive pro
gram is applicable for an audience of 25 people, 
and a slide presentation is effective for an audience 
of 100 to 200. 

Slides and Overhead 
Transparencies 

The rule of thumb for designing slides and over
heads is "6 by 6 by 6." No more than six lines per 
slide, no more than six words per line, and the 

hardcopy slide has to be readable from six feet away 
(at a size of 8.5" X 11"). 

The style of your slide will vary depending on 
your personal taste, but it is important that it be 
readable and pleasing to the eye. The color blue 
is typically considered to be conservative; bright 
colors such as bright green, orange, and pink are 
not recommended. Black and white are good 
colors for text with a consistent font style that is 
easily read, such as Times Roman or sans serif 
fonts. 

Slide and Overhead Preparation 
Rule of Thumb 

Use the following recommendations as your 
guide: 

.6x6x6 
No more than 6 lines per slide 
No more than 6 words per line 
Readable from 6 feet away 
(projected at 8.5" X 11") 

• Colors 
Blue (conservative), deep green, purple, white, 
and black 

• Font 
Readable and clean, i.e., Times Roman or sans 
serif at 16 to 36 point size. 

• Illustrations and Photographs 
Enhance the efficiency in facilitating learning 
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Using Color Photos and Illustrations 
to Enhance Your Presentation 

Color photographs and illustrations are highly 
recommended because they enhance instructional 
presentations. They have the following advan
tages: 

• Facilitate the accuracy and standardization of 
the message being communicated 

• Illustrate, clarify, and reinforce oral and printed 
communication, quantitative relationships, spe
cific details, abstract concepts, and spatial re
lationships 

• Provide concreteness (realistic detail) in the 
learning situation 

• Present the learner with the opportunity to 
process the information (accept, reject, query) 

Traditional 35-mm slides and overhead transpar
encies are relatively simple to create, readily avail
able, and, in most cases, inexpensive. 

Multimedia Presentation 

While an effective presentation can be made with 
simple charts, static illustrations, and photo
graphs, a dazzling presentation can be made with 
readily available software (Table 21-1) that will 
run on your PC or Mac. This type of software is 
relatively easy to use and offers a number of visual 

Table 21-1. Comparison of presentation software. a 

Transitions 
and animations Interactivity 

Harvard 
Graphics 4 5 

Freelance 
Graphics 4 5 

Charisma 3 5 

Persuasion 3 5 

PowerPoint 3 5 

WordPerfect 
Presentation 2 5 

"Ratings key: 5, excellent; 4, very good; 3, good; 2, fair; 1, poor. 

New Media News (Boston Computer Society, May 1995, p. 66). 

effects that will intensify your presentation, in
cluding animation, video clips, and audio. Many 
products come with ready-made templates for 
slide presentations, making it easier to create a 
professional graphic presentation. The presenta
tion can be displayed through a standard televi

sion or a video projector with an additional piece 
of hardware called a VGA -to-TV converter. It 
can also be displayed through an overhead projec
tor with the use of an LCD projection panel. 

When selecting a presentation software prod
uct, important features that you will want to con
sider include the following: 

Usability. The learning curve is important be
cause presentation software can be complex, and 

you will use it only sporadically. Are the com
mands easy to find and easy to understand? Is a 
demonstration of the tutorial available and is it 

explanatory? Are there customization tools? Look 

for a generous selection of ready-made templates. 
As you get more adept with the software, you will 

become more creative with it. 

Outlining and Charting. An outliner should be 
directly linked to the slide viewer. You will want 

to format and edit the graphics of your slides in 
this mode so you can make global changes in your 

presentation without changing each slide. The 

outlining mode allows you to bring in text from 
many word processor programs which are typi
cally easier to use for editing text. You will want 
a decent selection of the most useful chart types. 

Media User Overall 
synchro & editing Graphics interface value 

3 4 5 4 

3 3 4 4 

3 5 3 3 

3 4 2 3 

3 4 5 4 

3 4 4 3 
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Look for the latest in multimedia chart tech
nology such as animated chart builds and three
dimensional charts. 

Synchronizing Events. For a multimedia presen
tation, perhaps the most fundamental aspect of 
the presentation is how precisely and easily you 
can control the events in each slide. Typically, the 
software gives you a Gant-style timeline to give 
you an overview of the presentation and the order 
in which the components in your slides will 
change (e.g., revealing text or animating a bar 
graph). 

Important Features to Look for 
in Presentation Software 

The following features are essential for good pre
sentation software: 

• Usability 
• Outlining and charting abilities 
• Synchronizing capabilities 

There is a wide selection of presentation software 
available on both Windows and Mac platforms. 
For Windows you will find Harvard Graphics, 
Freelance Graphics, Charisma, Persuasion, Power
Point, and WordPerfect Presentation; for the 
MacIntosh, Persuasion and PowerPoint are good 
traditional presenters that will fill the needs of 
most presentations. These all have good out
liners, charting, templates, and help features. Ac
cording to a recent comparison of available pre
sentation software by New Media magazine, 
PowerPoint for Windows and the Mac appears to 
be the best overall presentation software product 
at the moment. 

Video 

The most important step in preparing for a video 
program is establishing clear objectives and a well
organized outline. Once the exact concept is de
cided, support materials can be identified and 
sought out. 

When beginning a concept outline, you should 
consider three main teaching points to form the 
program. These main teaching points will make 
up the framework of the program and be the basis 

of the information that is contained within the 
video. Most video presentations should be shorter 
than 15 minutes in length, so it is important that 
the objectives are clear and concise. 

Surgical Video 

A surgical video ideally consists of three sections 
(Table 21-2). The first part should include appro
priate background materials such as etiology, preva
lence, historical features, pathology, symptoms, 
medical management, surgical variations, and so 
forth. You can visualize these scenes with video 
graphics, on-camera presentations, clinical slides, 
and relevant surgical scenes. The second part 
should consist of clinical problems and solutions. The 
clinical material may include case histories, X rays, 
or laboratory studies of the cases you are present
ing. Key operative techniques may be enhanced 
with medical illustrations. This section is the main 
part of the video and will consist primarily of op
erative scenes. The final part is the conclusion. The 
major points covered in the program, important 
objectives achieved through the program, and ob
servations concerning future developments should 
be summarized here. Video graphics, on-camera 
presentation, or clinical slides and video clips can 
be used as visual references. 

Once the objectives and outline have been 
spelled out, a production schedule should be 
made. Allow at least 1 month for taping, editing, 
revisions, and narration. This will ensure that the 
program is at its best before it is presented. Taping 
the surgery requires some preparation in order for 
the day of the shoot to proceed smoothly. 

Once a suitable patient and day are identified, 
schedule the production company and notifY ap
propriate hospital personnel, including security, 
public relations, and the appropriate operating 
room staff, that a professional video team will be 
in the hospital. This is best done by a short memo 
as well as verbally. 

Brief the production staff to avoid unnecessary 
camera movements and lost shots of important 
techniques. The briefing should include the spe
cifics of the technique to be demonstrated, the 
possibilities of variations that could be encoun
tered, and the pertinent teaching points to be 
demonstrated. Since close communication and 
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Introduction 
Clinical problems 

and solutions Conclusion 

Etiology and prevalence 
Historical features 
Variations of pathology 
Symptoms 

Case history 
X rays 

Major points 
Important objectives 
Observations concerning Laboratory studies 

Anatomical illustrations future 
Medical management and/or surgical 

variance 

Table 21-3. Example of revision form. 

cooperation between the cameraperson and the 
physician is necessary to ensure a good product, a 
strategy should be discussed as to how to achieve 
these goals. The cameraperson needs to bear in 
mind that the physician is the best judge of what is 
important in the procedure, and should be ready for 
direction concerning where and when to shoot. Ad
vance warning will ensure that the camera is in po
sition and rolling at the times important techniques 
are demonstrated. The cameraperson will exercise 
his or her own judgment in filming routine tech
niques such as incisions, dissections, suturing, and 
lengthy closures to reduce editing. 

Following are some recommendations that have 
helped us to enhance and compliment the quality 
of the video: (1) Avoid obese patients to allow for 
good exposure and to secure an unobstructed view 
of anatomical details. (2) When possible, multiple 
cases should be scheduled on the day of taping so 
that as much documentation as possible can be 
obtained in a single trip. (3) Keep in mind that 
taping an operative procedure can add as much as 
1 hour to the case. If everyone in the operating 
room is aware of this, there will be less rushing 
toward the end of the procedure, and important 
details can be recorded appropriately. (4) The sur
geons should avoid, as much as possible, blocking 
light on the operating field, and should try to keep 
hands, shoulders, and heads from blocking the 
view of the operating field. Longer instruments 
can help to keep the view clear for the camera. 
(5) It is essential that gloves, towels, and so forth 
be kept as free from blood as possible. (6) Colored 
linen, gowns, and hats should be uniform to mini
mize light reflections and give a more pleasing 
photographic result. (7) Large instruments such 
as retractors should be covered or satin finished to 

avoid glare; fine-tipped suckers will minimize vi
sual blockage. 

Endoscopic Surgery Videos 

For endoscopic videos, you will not require the 
expertise of a professional video crew. However, 
it is important that you begin the project with the 
highest quality video format available to you. 
There are a number of standard video formats 
available, but only a few will maintain the utmost 
quality that is demanded by today's savvy audi
ences. VHS (vertical helical scan) is the most 
common video standard available, and it plays on 
most household VCRs (video cassette recorders). 
This is probably the format in which your tape 
will be distributed or projected, but it is not ad
visable to begin your video on this format. Video
tape tends to lose quality as it progresses from gen
eration to generation. Super VHS is a higher 
quality version of standard VHS and is widely 
available with most endoscopic equipment. Super 
VHS is an adequate format to maintain quality 
through the editing process, especially if it is ed
ited to a higher quality format. The 3/4" Vmatic 
format is a higher quality format than VHS but 
is becoming obsolete as video technology pushes 
toward smaller formats. Vmatic also comes in a 
higher quality Super Vmatic format as well. Pro
fessional formats such as Beta Cam, Beta SP, and 
MIl will insure the highest resolution in the final 
product. 

Editing and Narrating 

Once the procedure is shot, there are typically 
three editing stages that the tape will undergo. 
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The first is called the rough cut. In this stage the 
editor will cut out all redundancies, missed or 
blocked shots, and unnecessary camera move
ments. The tape is typically cut down to 30 min
utes at the rough cut stage and sent back to the 
surgeon for review with a time-code window. 

The second stage may comprise a number of 
revisions as fine tuning adjustments are made. 
The use of time coding will enable an organized 
approach to the revision process. The time code 
consists of the numerical definition of the frames 
that were recorded on the tape during the shoot. 
There are 30 frames per second of video, and the 
time code is displayed as frames, seconds, min
utes, and hours. The frame numbers will not 
change as the tape is edited, so do not be alarmed 
when the revised time code does not flow in nu
merical progression. The surgeon can easily iden
tify sections to be deleted or moved by the num
bers displayed on the screen. The production staff 
should provide a form for the physician to utilize 
when selecting scenes to be revised (Table 21-3). 

During this editing phase, the surgeon should 
identify the collateral visuals that will be included 
in the tape, such as medical illustrations, X rays, 
CAT scans, and video graphics. Medical illustra
tions require additional time to create, so plan to 
have them produced well in advance. It is helpful 
to give the medical illustrator an example of the 
illustration you have in mind, using scenes from 
the video or from the literature. 

If you plan to do an on-camera introduction or 
conclusion, you can avoid losing the attention of 
the audience by limiting your talk to no more than 

2 minutes. The rule of thumb is approximately 2 
minutes per double-spaced page of script. The 
on-camera presentation should be memorized 
even if a TelePrompTer is available, so that it will 
be familiar and delivered smoothly. Always look 
directly at the camera as if you were speaking to 
an actual person. Avoid wearing patterns, stripes, 
or bright colors such as red or white. Try to make 
the last few words of your introduction lead into 
the section that follows it. Try to be relaxed and 
natural. Use a conversational or informal tone and 
manner, as if you were telling a visiting friend 
about the procedure. While all of these sugges
tions will keep your audience attentive and inter
ested, acting naturally will also keep the focus off 
of you and on your subject. 

The third stage is the narration and final edit. 
This can begin once the final revisions have been 
made to the video. By this time, you should be 
very familiar with the content of the video, and 
the narration should go smoothly. You will want 
to schedule at least 1 hour with the audio visual 
department or production company for comple
tion of the narration. This will allow you to review 
the tape prior to the narration and to finalize your 
thoughts. The production staff will outfit you 
with a lavaliere microphone and a video monitor. 
During the actual narration, you will view the lat
est revision of the program on a monitor and com
ment while the tape is running. If you stumble or 
get ahead or behind yourself, ask the video tech
nician to stop and back up to a convenient spot, 
such as a change of scene, and begin again. When 
the narration is finalized, the production company 

Revision Form 

Edit number from To Comments 

Example: 1:00:05:12 1:00:14:06 Delete clamping vessel 
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will begin the final editing process. Once the final 
editing is complete, you will receive a review copy 
to verify that the program has been edited cor
rectly. 

Video Presentations of Nonoperative 
Aspects of Surgery 

As computer animation becomes more capable of 
accurately showing things such as disease pro
cesses and drug interactions that cannot be seen 
with the human eye, video is becoming an ideal 
way to present information about the basic science 
background, critical care, infectious complica
tions, and other nonoperative aspects of a surgical 
subject. 

These types of presentations require a more tra
ditional filmmaking technique. But as with all 
educational presentations, the first step is still de
fining clear teaching objectives. When you have 
decided on the topic and your objectives, develop 
the video script. Start with an outline and weigh 
the topics to be covered against the amount of 
time you think it will take to present them in the 
final product. You may want to solicit the help of 
a medical writer who has experience in writing 
video scripts. The scriptwriter will follow your di
rection on the information to be included, while 
balancing the time each subtopic receives and 
matching each statement with a visual concept. 

The final video may consist of clinical scenes in 
the operating room, the ICU, trauma rooms, or 
on the patient floor. Typically, video graphics and, 
in some cases, computer animation will be in
cluded. It is important that you notify the appro
priate hospital personnel of your filming schedule 
so that they will be prepared on the day(s) of the 
shooting. You may also need to ask some of the 
staff to be a part of the video. It is important that 
you gain the proper releases from all who appear 
in the tape (Table 21-4). 

When the filming is complete, the production 
company will begin the editing process. Unlike 
the surgical video, these programs typically only 
go through one or two edits. The first edit you 
will see should be in its near-complete form. Re
view it for accuracy and make comments, using 
the time code. The next edit will complete the 
program. 

Table 21-4. Example of release form. 

Release Form 

I, , hereby authorize 
COMPANY of CITY/STATE, to record my voice 
and picture for an educational videotape entitled: 

I acknowledge that COMPANY owns all rights to the 
aforementioned work and may licence another company 
to distribute it 

Signature: _________ ----'-___ _ 

Date: _____ _ 

Parent or Guardian signature required if under 18 years 
old 

Please type or print 

Social Security Number: _________ _ 

Address: ______________ _ 

Phone: 

A clear definition of objectives, close coopera
tion and communication throughout the creation 
of the presentation, attention to detail, and pre
sentation of the material in a well-organized man
ner will enable you to develop a presentation that 
will be memorable and educational for your au
dience and satisfying to you. 

Commentary 

With the increasing capacity of laptops and the 
increasing user-friendliness of presentation soft
ware, computer-based presentations should be
come the medium of choice for most speakers. 
The ability to edit, add new material, rearrange 
material, and, especially, to include video, ani
mations, and sound make this medium superior 
to slides and overheads for most presentations. I 
have found computer-based (interactive) presen
tations very suitable for large audiences (more 
than 200). 
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A Viewpoint on Informatics in the Next 5 
Years. The broad areas in which we will see major 
changes over the next 5 years include the use of 
telecommunications in clinical medicine, the use 
of computers in teaching and training (including 
virtual experience), and the establishment of peer
reviewed electronic journals that can be accessed 
via the Internet. 

1. Telecommunication technology has ad
vanced to the point where telemedicine is feasible 
and probably cost effective. Domains such as ra
diology and pathology lend themselves particu
larly well to remote diagnosis. Increasingly, the 
use of remote expert consultation for clinical con
ditions will become commonplace. This will be 
facilitated by the live transmission of breath 
sounds, heart sounds, overall images of the pa
tient, skin rashes, and endoscopic procedures (in
cluding otoscopy and fundoscopy), along with the 
opportunity for local physicians to discuss the case 
with a remote expert while the patient is imme
diately available. Telemedicine will be a boon to 
the health care of individuals in remote areas and 
in developing countries, where expert advice may 
be difficult to obtain. Beyond this, one can envi
sion a day when patients will be able to obtain 
expert advice directly from their homes via inter
active TV. As this kind of data becomes digitized, 
it will form large banks of clinical informa
tion available for clinical research. Evidence for 
"evidence-based medicine" will take on an entirely 
new dimension. 

2. Teaching and training will change dramati
cally over the next 5-10 years. Highly interactive 
teaching programs will incorporate text, narra
tives' animation, audio, video, and other modali
ties. These programs will support both the pre
sentation of teaching materials and the assessment 
of the learner. They will be applicable to under
graduate and resident teaching as well as continu
ing medical education. Even with current tech
nology, it is quite feasible to have a physician take 
a refresher course based on interactive multimedia 
at a university center many miles away without the 
physician ever leaving home. A computer, tele
phone line, and Internet connection are all that 
are needed. In the near future, direct satellite links 
will make these connections simpler, much faster, 
and quite affordable. 

Virtual reality is soon to become a major force 

in the domain of training. Virtual clinical en
counters with patients will allow students to de
velop interviewing skill as well as diagnostic and 
therapeutic skills never before attainable. These 
virtual patients (with a curriculum of problems) 
will allow the student unlimited practice rather 
than the restrictions of being subject to chance 
availability of patients with a random set of prob
lems. The student will be able to "back up" and 
try different approaches with the same virtual 
patient in an effort to achieve excellence in inter
viewing. Students will also have "expert" assess
ment of their performance and built-in "coach
ing." Diagnostic and therapeutic skills can be 
honed in comparison to the experts in the non
threatening environment of virtual reality. Fur
ther, the development of excellence in procedural 
skills, (e.g., endoscopy and surgery) will no longer 
depend on the availability of "willing" patients but 
will be brought to a relatively high level before 
real patients are approached. Unusual or rare situ
ations can be encountered by the "average" phy
sician in a virtual encounter to improve patient 
care and avoid complications. This broad area will 
be subject to a great deal of pedagogical research 
to determine the best new ways of teaching and 
learning. 

3. The third area in which major changes will 
be seen is journal publication. The Internet has 
developed to the point where peer-reviewed web 
sites are now beginning to appear. This mode of 
disseminating information facilitates wide distri
bution of information in a timely manner. Not 
only will journals continue to change in this way, 
but expensive textbooks, generally accepted to be 
largely out-of-date by publication time, may be
come obsolete. Electronic journals and textbooks 
will begin to blend with teaching and training 
programs as each begins to incorporate multi
media in an interactive fashion. 

D. Fleiszer 

Commentary 

Surgical meetings and most other scientific con
ferences tend to be dominated by visual presen
tation of information. Illustrating the ideas you 
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wish to communicate with well-chosen spoken 
words as the only medium can be as powerful to
day as it was in the centuries that preceded the 
current era of technological sophistication in the 
visual display of information. Try it; you will be 
as surprised as your audience at the intimate re
lationship you can generate by excluding the dis-

tracting images on the screen. Slide-free discus
sions after slide-dominated talks are a familiar 
example of the energy this format can generate. 

MFM 
D.S.M 
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Chairing a Session 
H Troidl and A. S. Wechsler 

An invitation to chair a scientific session is an 
honor that carries substantial responsibility. The 
honor should not overshadow the important du
ties that the chairperson must perform. The chair
person must be knowledgeable about the subjects 
to be discussed during the session to be able to 
conduct the meeting effectively. He or she must 
know whether the session is to be a presentation 
of a collection of scientific papers or will convey a 
general approach to a specific topic by involving a 
panel of experts, each of whom will present a pre
pared part of the program. 

When invited, it is particularly helpful to ask 
who will participate. In general, the personal re
lationship between the chairperson and the indi
vidual speakers, or a personal knowledge of their 
work, can contribute enormously to the quality of 
the session. As with any commitment, it is im
portant to ensure before accepting that your 
schedule will allow you the time necessary to pre
pare mentally, arrive in advance of the session, 
conduct the program in an appropriately relaxed 
fashion, and close without cutting participants 
short because of a competing commitment of your 
own if the discussion is heated and goes slightly 
beyond the allotted time. 

A good chairperson will have read the abstracts 
prior to coming to the meeting. Because it is un
likely that a chairperson will be an expert in every 

topic of the multiple abstracts that are to be pre
sented (and because he or she frequently has 
played no role in the choice of those abstracts) the 
chairperson should, whenever possible, request 
copies of the abstracts well in advance of the 
meeting. If you discover that you are unfamiliar 
with the content of two or three of them, consult 
your colleagues about their importance and ask for 
suggestions of pertinent questions to ask in the 
event that none are forthcoming from the audi
ence. Ask for a gentle critique of the abstract to 
ensure that the speaker is given the courtesy of 
active participation by both the chairperson and 
the audience during the presentation. 

It is a good practice for the chairperson to be 
familiar with the names and appropriate titles of 
the speakers. Frequently, individuals presenting 
scientific work are from other countries, and 
proper pronunciation of their names will not be 
intuitive. Courtesy dictates that the chairperson 
speak to colleagues who may be more familiar 
with pronunciation and be prepared to introduce 
all speakers by their names, properly pronounced. 
Young investigators and presenters maybe discon
certed to hear their names mispronounced. Re
member, this may be the first opportunity they 
have had to address a large audience; they may be 
very proud of being on the program and would be 
terribly disappointed to hear their names improp-
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erly stated at this important moment in their ca
reer. When the participants do not have a prefix 
such as doctor in front of their name, and you are 
uncertain whether you are introducing a man or 
a woman, preparation can avoid embarrassment 
for both the speaker and yourself. 

Preparation for chairing a plenary session is 
more complex when the chairperson is expected 
to be an integral part of the session. In an impor
tant and large session, one strategy that is used is 
to meet with the presenters either the evening be
fore or an hour before the talk, as schedules allow. 
If this is impossible, a group telephone conference 
of 15 or 20 minutes will make a great difference 
in how smoothly the program runs. The more 
comfortable speakers are with one another, the 
greater the likelihood that they will be comfort
able discussing each other's concepts and ideas. 
They will be less likely to take personally opinions 
that are different from their own, or to waste time 
establishing their authority and credibility. When 
speakers are completely unknown to one another, 
there is the danger of excessive politeness which 
minimizes frank discussion or, alternatively, an
tagonism when ideas are challenged by someone 
whose opinions are not well understood because 
of inadequate preparation. The premeeting con
ference provides an opportunity for the chair
person to remind the speakers of their various roles, 
tasks, and responsibilities, and to indicate that he 
or she intends, for example, to be very strict about 
the time guidelines that have been set for each of 
the speakers. In addition, the chairperson has the 
opportunity to explain whether questions will be 
entertained at the end of each talk or will be held 
until all the speakers have spoken. The chairperson 
also has the opportunity to fully prepare the speak
ers for the program in which they are going to par
ticipate. The chairperson may even wish to rear
range the order of speakers to provide a format that 
is more attractive for the audience. After all, the 
program is being put on for the benefit of those 
attending, not for those speaking. 

The chairperson must be familiar with the work 
that is to be presented by each of the speakers. He 
or she should read each abstract, have questions 
prepared in advance, and, whenever possible, be 
able to personalize the introduction for each of 
the speakers by stating their special qualifications 
in a particular area. This helps the speaker estab-

lish rapport with the audience before beginning 
to present the topic. Chairpersons must decide for 
themselves how active a role they will play in the 
discussion. If it seems appropriate, the chair
person may wish to prepare one or two slides sim
ply for the purpose of provoking discussion, but 
must always remember that he or she is not the 
principal speaker and is there primarily to facili
tate the discussion between the experts and the 
audience. 

Conduct of the Meeting 

The chairperson should arrive at the meeting site 
well in advance of the audience and the other par
ticipants on the program. It is the chairperson's 
personal responsibility to make certain that every
thing is well organized for the session. This means 
checking the projection equipment, the systems 
available for management of questions, the ade
quacy of microphones in the audience (if atten
dees are to be given the opportunity to ask ques
tions from the audience), the lighting on the 
podium, the sound system, the integrity of the 
pointer that the speakers will use when giving 
their talk, the visibility of the screen from the 
vantage point of the speakers and the audience, 
and such amenities as having water available for 
speakers. 

As the speakers arrive, the chairperson should 
greet them individually and advise them about the 
most appropriate place for them to sit. For ex
ample, it is convenient for the chairperson to have 
all of the speakers on the platform for a panel 
discussion, but this positioning may deprive them 
of the opportunity to view slides comfortably 
while others are speaking. When programs in
clude speakers of multiple nationalities, the chair
person should keep in mind that there may be 
enormous differences in the manner in which 
meetings are conducted in their native countries, 
and great differences in the operation of the 
equipment. Taking a moment to familiarize the 
speakers with the equipment is always appreci
ated. Review the rules of the session if a presession 
conference was not held. At some meetings, there 
is no common language for the session, and mem
bers of the audience will hear simultaneous trans-



lations. The chairperson should bring this service 
to the audience's attention and clarify the proce
dure for questions. 

Introduction of the Speakers 

At the exact minute the program is scheduled to 
begin, it is appropriate for the chairperson to say 
a few words of greeting to the audience, introduce 
the general topic, and explain the format. This 
introduction should be brief, should not take away 
from the material that is going to be presented by 
the speakers, and should serve primarily to stimu
late the interest of the audience in what they are 
about to hear. At scientific sessions where the ab
stracts to be presented may vary greatly, it is not 
necessary to provide an overview. 

Once the program has begun, each speaker has 
an allotted amount of time; the chairperson has 
the responsibility for the entire program. No 
speaker should be allowed to talk longer than 
agreed upon. Many systems have a warning light 
when there are only 2 minutes left, and a final 
light indicating that there is only 1 minute re
maining. If the speaker continues beyond the al
lotted time, the chairperson should have no hesi
tation in helping to terminate the talk. This can 
be accomplished by rising and going over to the 
speaker's platform, making it clear that you intend 
to introduce the next person. While a novice 
chairperson may think this behavior rude, it is un
fair to the later speakers in the program to have 
their time usurped by an inconsiderate early par
ticipant. 

Questions and Discussion 

After the papers are presented, there is usually an 
opportunity for questions and discussion. When
ever possible, discussion should be initiated from 
the audience because it gives the members of the 
audience the opportunity to feel included in the 
program. Once again, the purpose of the program 
is to fulfill the needs of the audience and the peo
ple on the platform. In the event that there are no 
questions from the audience, those prepared by 
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the chairperson become extremely important. No 
paper should be presented without a question 
asked of the presenter. A young speaker (who has 
spent a lot of time preparing for the program) may 
be "crushed" by the apparent lack of interest in his 
work. Mter a gentle question from the chair
person, multiple questions often spring up from 
audience members who may have been somewhat 
shy about being the first to ask a question. 

Some of the greatest challenges to a chairperson 
occur during discussions. It is the one part of the 
program for which the chairperson can never be 
completely prepared. Discussion must be kept on 
a high scientific plane and never allowed to become 
personal. No one from the audience should be 
given the opportunity to monopolize the discus
sion, nor given the opportunity to present a second, 
unselected paper. The chairperson must gently re
mind members of the audience that they are to ask 
a question, should give them some rough guide
lines about how long they may speak, and must not 
be afraid to interrupt someone who is abusing the 
privilege of the floor. It is a difficult task, but failure 
to do so may result in great disruption of the pro
gram. Frequently, the chairperson may note mem
bers of the audience whom he believes are experts 
in the field. A meeting is always made more inter
esting when the chairperson asks someone who is 
an acknowledged expert for a spontaneous opinion 
on difficult subject matter or for a perspective view
point. In the absence of audience discussion, the 
chairperson may wish to continue with one or two 
well-directed questions. 

In the case of plenary sessions, the chairperson 
should try to provoke discussion among the mem
bers of the panel by calling on them to discuss 
specific issues. This reinforces the importance of 
being aware of the particular expertise of each of 
the members in the program. The chairperson 
must be careful not to overly express his or her 
own opinions but rather be willing to serve as the 
provocateur, the coordinator, and, on occasion, as 
a referee. 

Chairing a session that has provided lively dis
cussion with a good exchange of ideas is an ex
tremely satisfYing experience. While it is true that 
most of the credit should go to the quality and 
preparation of the speakers, it is frequently the 
special effort of the chairperson that has made 
good speakers coalesce their concepts into an ex-
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cellent program. When the whole is better than the 
sum of its parts, the synergy is not an accident, and 
the chairperson can feel proud of a job well done. 

Commentary 

Like a successful operation, a good scientific ses
sion depends on careful advanced preparation, 
skillful execution, and the ability to think on your 

feet when unexpected issues arise and require 
changes in tactics. Professors Troidl and Wechs
ler's comments can be profitably read by those 
who appear on scientific panels, meeting planners, 
and those of us who sit in the audience enjoying 
the trials, errors, and triumphs of the moderator. 

B.M. 



CHAPTER 23 

Organizing Meetings, Panels, 
Seminars, and Consensus Conferences 
M.R McKneally, B. McPeek, D.S. Mulder, WOo Spitzer, and H Troidl 

Just as they communicate ideas by writing and 
lecturing, surgeons conceptualize, plan, and or
ganize scientific meetings throughout their careers. 
Planning and organizing a meeting, especially a 
new one without an established format, is a major 
challenge that requires a systematic approach as 
well as scientific creativity. 

Why Are We Meeting? 

When you are called upon to plan a meeting, 
panel, or conference, maintain a clear vision of the 
purpose of the meeting as you choose the venue, 
program, size, and time of the session, and the 
relationship of your meeting to others whose ra
tionale and content might otherwise be over
lapped or duplicated. 

Meetings of large surgical organizations like 
the American College of Surgeons or the German 
Surgical Society have several purposes that are si
multaneously achieved. 

1. They provide a forum for the presentation of new 
clinical and scientific information. 

2. They update the education of practicing surgeons 
through postgraduate courses in clinical care 
and through formal and informal peer inter
action. 

3. They provide an opportunity for the member
ship to inform the leadership of their views and 
for the leaders to present policy recommendations 
and reports to the members. 

The answer to the question Why, the rationale 
for the meeting, has an important influence on the 
choice of a final product to be derived from the 
meeting. Progression toward this goal should be 
part of the planning of the meeting and will in
fluence its structure significantly. For example, a 
meeting to establish an organization will put more 
emphasis on a final banquet and the establishment 
of a bylaws committee. A meeting intended to 
document the state of the art in a field emphasizes 
the production of a publication based on the ma
terial presented and will expend resources for re
cording and editing the discussions. A meeting 
called to move an idea forward may terminate in 
a press conference. 

Meetings designed primarily for postgraduate 
education in North America must be planned to 
meet continuing medical education (CME) re
quirements as dictated by a sponsoring university. 
The accrediting agency will require the proposed 
program, faculty, length of meeting, budget, and 
pre- and postsession evaluation formats. To en
sure that registrants receive appropriate CME 
credit, which may be required annually by provin
cial or state licensing bodies, this planning process 
must be completed well in advance. 
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How to Do It 

Organizing a meeting is a pleasant and interesting 
diversion for surgeons and their staff. However, 
as the complexity and size of the meeting in
creases, and the day-to-day pressures of clinical 
and research activities continue unabated, the re
sources required to ensure a successful meeting 
may be depleted. Professional organizations are 
available to assist with scientific meetings of every 
size, just as they are available to assist with social 
and business functions. Large organizations of 
sao members or more may retain a professional 
business manager to plan and organize meetings 
at the direction of the executive council. The ex
perience and skill of the organizer in dealing with 
international guest lists, arranging visas, accom
modating audiovisual requirements and transla
tion systems, and supervising program prepara
tion, publicity, and social functions, far outweigh 
the additional cost to the organization. Profes
sional management companies minimize confu
sion over submission of abstracts, preparation of 
manuscripts, and deadlines in preparing for pub
lication in a journal. The professional manage
ment group adds continuity and stability to the 
organization and to the planning for any meeting. 
Professional management companies are experi
enced in negotiating for facilities and supplies for 
the meetings. Their involvement in the budgeting 
process and their ability to identify sources of 
revenue is very helpful. 

International meetings present special prob
lems and opportunities. They are more difficult 
and costly to organize because of differences in 
language and travel distances, but they contribute 
to the shrinkage of the world in terms of dissemi
nation of surgical knowledge. An international 
meeting may be designed to fulfill any of the func
tions of meetings described above. International 
meetings entail certain specific considerations, 
such as jet lag or time zone changes, that should 
be factored into the scheduling of international 
speakers. Language problems should be antici
pated in the development of panels. A clear policy 
must be delineated from the outset regarding the 
choice oflanguage for the meeting. Arrangements 
for international meetings may be cornplicated by 
poor communication. Time zone changes, local 

holiday schedules, and imperfect distribution sys
tems for information demand a much greater lead 
time. Telefax and telex are useful, as are interna
tional couriers and even diplomatic pouches, when 
the mail and the telephone will not do the job. Elec
tronic mail (E-mail) and the Internet are rapidly 
opening up communication across time zones and 
national boundaries, facilitating international meet
ings. These advances can be used by planning com
mittees for posting, advertising, registration, ab
stract submission, program publication, and access 
to presented papers. The Cardiothoracic Surgery 
Network web site (www.ctsnet.org) provides world
wide communication in that surgical specialty. 

Some common features of the organization of 
a surgical meeting include the organizing commit
tee, which should meet well in advance to plan the 
topics, speakers, chairpersons of sessions and pan
els, location, time, and size and length of the 
meeting. The objective or rationale for the meet
ing provides the guidelines for the decisions of the 
organizing committee. 

A meeting that is primarily directed at the col
lection and dissemination of new scientific knowl
edge usually requires a request for abstracts. Plan 
enough lead time for the abstracts to be submitted 
and screened by a program committee, which will 
ultimately determine the final program for the 
meeting. Many scientific meetings request that 
each speaker produce a paper for publication to 
be delivered to the recorder at the time of presen
tation. This document must meet the publication 
requirements of the sponsoring journal or pub
lisher of the symposium. It is imperative that a 
decision regarding manuscript preparation be 
made and communicated well in advance. At
tempts to record oral presentations and turn them 
into a permanent record of the meeting are no
toriously difficult. 

Meetings developed to promote a specific idea 
or new surgical concept often include investiga
tors with a special interest in the concept or tech
nique, who have a leadership role and interesting 
data to present. Other investigators with a more 
traditional or different approach are invited to 
present an opposing viewpoint. This may take the 
form of sequential short presentations followed by 
discussion, chaired by a carefully chosen modera
tor. Small group discussions carefully spaced be
tween formal presentations enhance discussion 
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and allow for the definition of a position paper 
based on the available data. Publications of the 
proceedings of these meetings may well require 
recording of discussions as positions evolve during 
the course of the meeting. It is important that an 
editorial committee take on the responsibility of 
collating and editing the manuscript and subse
quent discussion. 

Business Meetings 

Surgical organizations generally hold a business 
meeting in conjunction with their scientific meet
ings. These should provide a well-organized op
portunity for introduction of new members and 
committee reports, as well as allowing direct com
munication between the leadership and the mem
bers. Committee reports and controversial agenda 
items should be well prepared. To avoid lengthy 
floor discussion, major decisions such as changes 
in bylaws or policies are sometimes presented in 
writing at a preliminary meeting at the onset of 
the congress. 

Where to Meet 

The location of the meeting and the associated 
social program enhance free exchange of ideas. A 
degree of isolation in a resort setting increases at
tendance at the scientific sessions and facilitates 
informal discussion in a relaxing atmosphere. The 
degree of isolation, however, should not preclude 
relatively easy access for busy surgeons. The over
all length of the meeting should be realistic, as 
should the length of the scientific session. Group 
discussions lasting longer than an hour usually be
come nonproductive. A change in format or a di
version from the topic at hand will increase overall 
productivity. 

Paying for the Meeting 

Careful thought must be given to the financing of 
any meeting, particularly an international meet
ing. Professional organizers are helpful in devel
oping and strengthening funding. The meetings 

associated with a scientific organization are usu
ally supported by the membership through annual 
dues or the levy of an attendance fee. This may 
include the cost of all social functions, or it can 
be designed to cover the cost of the entire meet
ing, minimizing the subsidy required by the or
ganization. Surgical meetings designed to pro
mote a concept or develop a consensus usually 
require the support of a surgical organization, 
hospital, or university. In many cases, the funding 
can be augmented by obtaining support from the 
many companies represented in the surgical
industrial complex. To be certain that the spon
sors' expectations for publicity or endorsement are 
not unrealistic or unmet, specific guidelines must 
be established at the outset and administered uni
formly. 

Format 

The format of the meeting varies with its purpose. 
Small breakfast sessions, fireside chats, or meet
the-professor sessions give participants informal 
access to leaders in the field. Motion pictures pro
vide a venue for exchange of technical information 
in a relaxing format. Fun is important, and op
portunities to swim, hike, and participate together 
in sports or other physical activities enhance the 
attractiveness of a meeting. 

The social program should be interesting, di
verting, and appropriate to the interests of the 
participants, their spouses, and guests. Educa
tional programs about the interesting features of 
the setting for the meeting provide common and 
stimulating diversion, which can increase the en
ergy and enthusiasm of the scientific portion of 
the meeting. Many successful scientific meetings 
are carefully programmed to allow substantial pe
riods for relaxation and social activity, which in
crease absorption and reflection on the scientific 
material presented. A dense program of continu
ous scientific activity reduces creativity and re
sponsiveness of the participants. 

Panels 

Panel discussions have been particularly popular 
and successful in the United States for many years, 
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and they are now widely used in most other coun
tries as well. There are two common formats. One 
is the combined half-hour panel discussion as a 
joint question-and-answer period following sev
eral individual formal presentations. The other 
format is a true panel discussion, in which the 
panelists take their places on the platform at the 
outset. The moderator offers brief introductory 
remarks, and each panelist speaks for not more 
than 5 to 8 minutes on a particular aspect of the 
main theme. An open discussion follows to illu
minate what the speakers have said. Panel discus
sions are informative in an authoritative and em
phatic way because of the participation of several 
experts who are able to offer well-based opinions 
on any issue that may be raised. Properly handled 
by the moderator, such a group can provide a 
lively and entertaining exposition of the subject 
under consideration. 

For variety, the moderator may pick a contro
versial clinical problem and have each of the 
speakers present their views on the optimal man
agement in a short, formal, illustrative talk. The 
moderator then presents a clinical case to the 
panel. The results of key investigative studies are 
progressively revealed when they are requested by 
a member of the panel or prompted by a question 
from the audience. Surgeons with opposing views 
are asked to defend their positions in relation to 
the particular problem. This leads to a stimulating 
discussion in which the audience can participate 
by written or spoken questions. 

Panels are popular with audiences because of 
their informality and variety, and because they of
fer the opportunity to hear and contrast different 
points of view. Listeners particularly enjoy the op
portunity to participate in the interchange of ideas 
through questions or comments. This aspect of a 
panel discussion, though sometimes technically 
difficult or inconvenient for the moderator and 
the panel, is an important one and is well worth 
the effort required to make it successful. 

The success and productivity of a panel de
pends on the expertise, tact, and wisdom of the 
chair, the specialized knowledge and communi
cation skills of the participants, and the care and 
thought put into the planning and organization 
of the panel. 

The Choice of Speakers 

The best speakers for a panel may differ somewhat 
from those who would be ideal to address a con
gress because the panel requires a greater degree 
of spontaneity and interactive skill. 

Panelists should represent fairly both sides of 
any controversial issue. The ideal panelist is an 
accepted authority who is expert at expounding 
his ideas and engaging in debate. At international 
meetings, panels can be very challenging. If a 
common language is chosen, it is usually English. 
Many doctors whose native language is not En
glish have a good command of the language dur
ing a prepared talk, but few are up to a brisk, hard
hitting panel discussion that is not in their mother 
tongue. It is particularly difficult to transmit hu
mor across the language barrier because it so often 
depends on subtle nuances. As a consequence, 
panel discussions in English with multinational 
participants tend to be rather humorless, in sharp 
contrast to the spirit that pervades a first-class dis
cussion in which an element of humor is an im
portant, if not indispensable, ingredient. The use 
of simultaneous translation at international meet
ings, despite the immense skill displayed by ex
perienced interpreters in translating complex 
ideas extemporaneously, inevitably slows and oc
casionally confuses the process of discussion. It 
also tends to suppress attempts to enliven the pro
ceedings. 

The person responsible for the selection of par
ticipants should be certain to include with their 
invitation the names of all other panelists, the an
ticipated composition of the audience, a clear 
statement about the duration of the presentation, 
specific questions regarding required visual aids, a 
request for a current curriculum vitae to assist in 
introductions, an indication of the method of re
imbursement of travel and expenses, and whether 
there will be an honorarium. 

The Moderator 

The key to opening a successful panel discussion, 
the moderator should be a good speaker whose 
knowledge and credibility in the field allow firm 
and positive intervention, reasonable discipline, 
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and the maintenance of an agreed timetable and 
agenda. A good moderator has a sound overall 
knowledge of the subject, but need not be familiar 
with its more abstruse aspects. A moderator who 
is well known as a strong protagonist of certain 
controversial beliefs must allow and encourage the 
expression of contrary views, controlling the as
sertion of their personal convictions. Biased mod
erators are like defense or prosecution lawyers 
who are elevated to a judgeship. To be effective, 
they must assume an impartial attitude appropri
ate to the higher office. When planning a meet
ing, it is useful to know the personality and style 
of the candidates for moderator, based on previous 
performance in similar situations. Some individu
als have rightly earned reputations as superb 
moderators and are widely sought after for this 
role. 

A good moderator brings out the strong points 
of each member of the panel by skillful question
ing. This is best done in an atmosphere of cor
diality and good humor. A moderator who knows 
the panelists well can foster such an atmosphere. 
At the close of a panel, it is useful to have a closing 
statement from the moderator, which can be de
veloped from notes taken during the course of the 
discussion. 

At the end of a panel discussion, the speakers 
and audience should feel that the moderator has 
exercised firm control, maintained a reasonably 
objective stance, and given all the members of the 
panel a fair opportunity to express their views. 
This will not happen as a matter of luck or even 
of considerable skill, if exercised only during the 
meeting. To ensure success, the moderator will 
need to get in touch with the speakers before the 
meeting to define the limits of their discussion 
very clearly and to obtain outlines of what they 
intend to say. 

Every attempt should be made to start and fin
ish at the appointed hour. Mechanical timers are 
helpful in controlling brief presentations. Time 
discipline can be maintained with tricks such as 
gavel pounding, placing a samurai sword, a water 
pistol, or a rose on the table in front of the mod
erator (leaving the intended use of such objects to 
each speaker's imagination), or announcing that a 
trap door will open or the lights and microphones 
will go off at the end of the assigned time. If an 

inconsiderate speaker fails to observe the time re
quirements, the moderator should walk to the 
podium and gently take the microphone to share 
the problem of time pressure with the speaker and 
the audience. The moderator may then invite the 
speaker to continue the discussion during a sub
sequent part of the program which may never ma
terialize. 

Prediscussion Planning. The moderator is re
sponsible for making certain that the topic to be 
discussed is well covered. The success of the panel 
depends on the moderator's explicit instruction to 
the panelists to be sure that the main theme is 
covered without overlap. A carefully written man
date to individual speakers from the moderator well 
in advance of the panel discussion is the only effective 
method of preventing duplication and ensuring ad
equate coverage of the chosen topic. 

Briefing. Most successful moderators hold a pre
liminary meeting with their panelists the day or 
the morning before the discussion is to take place. 
If you have been chosen to act as a moderator, use 
this occasion to explain your thoughts on how the 
discussion should be conducted, and briefly re
view the presentation of each speaker. Some 
rather surprising things may be learned at such 
meetings. For example, a speaker who has been 
instructed to present an 8-minute summary of his 
subject may announce that he has carefully bud
geted 30 minutes of formal discussion with 60 
slides. The preliminary meeting is the time to 
clarify what will happen in the conduct of the 
panel. Refine general strategy; change the order 
of talks, if necessary, to make them more effective, 
and deal with technical problems to ensure that 
the formal presentations go smoothly. 

The panel members can decide who is best 
equipped to handle particular questions, and pan
elists can be prepared for preselected questions to 
lay the groundwork for a lively debate. Occasion
ally, it is impossible to arrange a preliminary meet
ing of this kind, and the moderator may have to 
rely on the second-best arrangement, which is a 
telephone conference. The third choice is corre
spondence; this is usually the least satisfactory. 
Use whatever means are required, but do not omit 
the preliminary meeting. 
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Questions 

The classic method of securing audience partici
pation is to invite written questions. Cards are dis
tributed to the people in the audience so that they 
can write down their questions during the formal 
presentation. Preprinted question cards should in
dicate to whom the question is directed and the 
name and address of each individual raising a 
question. The question cards are collected by as
sistants who stroll the aisles. There is often a break 
for coffee between the portion of the symposium 
allocated to the presentation of papers and the 
subsequent period assigned to the panel discus
sion. This convenient interval is available to look 
through the questions before the discussion be
gins. If there is not a break, time pressure makes 
the sorting of questions difficult. An assistant and 
some planned questions will help you through this 
difficult period. It is always best to have two peo
ple available for sorting questions. If the modera
tor is sorting while asking questions, the panel 
discussion may get out of control. 

For foreign guests, very clear questions pre
pared in advance may avert the problems inherent 
in their participation in panels when there is a 
language problem. Know the communication 
skills of your panelists and prepare them for the 
questions they will be asked. There are some very 
interesting and pertinent questions that should be 
asked about the topic under discussion. Even if 
you intend to collect questions from the audience 
on question cards, it is perfectly reasonable to have 
a prepared set of questions that will focus the dis
cussion, and to forewarn your individual panelists. 
This reduces spontaneity only slightly and helps 
the panelists compose their thoughts about some 
questions. You can enliven boring sessions byal
tering the age or setting of the clinical problem 
presented by the audience. The discussion can be 
controlled effectively by grouping submitted ques
tions into topic areas that fall within the expertise 
of particular panelists. If you make up three ques
tions for each speaker from your own knowledge 
of the topic and choose three additional questions 
from those submitted by the audience, an orderly 
and interesting discussion can be anticipated. 

The alternate way of obtaining questions from 
the audience is to allow them to use microphones 

strategically placed about the conference room. 
This provides spontaneous and direct contact with 
the audience, but it suffers from several disadvan
tages. Some people are inhibited by the equip
ment itsel£ Floor microphones sometimes have 
technical problems. The most serious problem is 
that the microphone takes control of the discus
sion away from the moderator. Floor microphones 
should be monitored, and a technician should be 
on duty to activate and deactivate a microphone 
on the command of the moderator. Turning off 
the microphone is an effective way to deal with 
audience members who present lengthy state
ments or arguments instead of questions. If dis
cussion from the floor is to be recorded for tran
scription, the moderator must assure that the 
discussant's name and city are clearly stated. 

The use of an interactive audience response sys
tem allows listeners to display a "pedagogic vote" 
on what they think is the best answer to a ques
tion, particularly about patient management. Al
though they are expensive, these systems can add 
vitality and fun to meetings; they may clarifY the 
extent to which new ideas and techniques have 
diffused into current practice among the partici
pants. 

Seminars 

Seminars are usually small group presentations in 
which the seminar leader serves as a facilitator, 
eliciting participation of the audience. Skillful di
rection of a seminar is a fine teaching art; the key
notes are informality and participation. The pur
pose of the seminar and the general rules for its 
conduct should be clearly stated. Since an enthu
siastic audience may use up all the available time, 
it is important to announce the subheadings of the 
seminar clearly through an outline on the black
board or a transparency; this allows the discussion 
to progress through the full range of the topics 
scheduled for review. 

Seminars may serve to expose students to the 
thinking of the seminar leader or visiting profes
sor. Case presentations or research project presen
tations by the students provide an excellent format 
for accomplishing this purpose. Slides tend to re
duce the spontaneity and creativity of seminars; 
they should be used sparingly. 
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Consensus Conferences 

A consensus conference is a formalized way of 
seeking advice. It may be called by a policy maker, 
such as the minister of health, or science and tech
nology. The convening authority seeks the advice 
of the conference members to deal with unre
solved scientific, medical, or social problems when 
a summary of the current state of scientific knowl
edge in the field is required for the development 
of a new course of action. The policy recommen
dations may relate to treatment of patients or to 
assignment of resources to fund research. Con
sensus conferences almost always attempt to reach 
an agreement among experts as to exactly what is 
known about the specified topic, what issues are 
settled, and what issues are still open to debate. It 
usually tries to focus the attention of the conven
ing authority on areas of potentially fruitful re
search. 

Participation in a consensus conference is al
most invariably by invitation. The sponsor wants 
advice that cannot be successfully assailed or dis
credited. Members of consensus conferences are 
sought from a wide spectrum of scientific back
grounds, and representation of minorities, politi
cal groups, and partisans is emphasized. The at
tempt to ensure that the whole process will be 
perceived as thorough, complete, inclusive, and 
honestly executed may lead to an inconclusive, 
bland position paper that displeases no one. Be
ware of this. 

Consensus conferences have proven to be useful 
for translating evidence from research studies into 
professional policy. Consensus conferences should 
emphasize scientific evidence and attempt to mini
mize the impact of the unsupported personal 
opinions of panel members, no matter how senior 
or prestigious they may be. The National Insti
tutes of Health in the United States have used 
consensus conferences to integrate considered 
opinions of recognized experts in many contro
versial areas. 

If you are asked to chair such a conference, be 
fair, but take a position. Seek the support of a very 
skillful, informed scientific secretary to take notes 
during the deliberations and to write a clear ac
count of what has happened, so that the report of 
the discussion will reflect the true consensus faith
fully. It is extremely difficult to chair a meeting if-

fictively and take notes at the same time. With a 
scientific secretary it will be easier for you to de
velop a report that avoids introducing your own 
biases more heavily than is warranted. 

Conclusion 

Maintain a clear vision of the purpose of your 
meeting. 

The location, social program, and format influ
ence the scientific productivity of a meeting. 

Publication of the proceedings and presentations 
from a meeting requires more lead time and 
much more forethought. 

Professional management provides continuity, 
stability, and knowledge. 

Successful panels require explicit mandates to the 
speakers, and careful briefing. 

The ideal panelist is an engaging, spirited debater. 
Humor is an important, if not indispensable, in

gredient of panel discussions. 
Qyestion periods are inconvenient but very en

gaging for the listener. 
Consensus conferences guide policy through care

fully balanced summaries of the current state of 
knowledge. 

Fairness and representativeness may lead to bland, 
inconclusive consensus. Be fair, but take a po
sition. 

The keynotes for successful seminars are infor
mality and audience participation. 

Checklist for Organizing a Meeting 

Develop a time table: Call for abstracts and 
establish a program deadline 

Develop a budget and seek sponsorship 
Assess adequacy of site: Consider conference 

rooms, banquet facilities, hotels, 
transportation 

Reserve adequate space for scientific or 
industrial exhibits 

Select hotels 
Develop a promotional schedule and consider 

advertising 
Travel arrangements: Appoint an experienced 

travel agency 
Social program: Final banquet, spouse tours; 

appoint an experienced agency 
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Scientific program: Publication of abstracts, 
recorder at meeting, CME certification 

Audiovisual requirements: Microphones, 
projection (slides and video), translation, 
professional projectionists 

Appointment of guest speakers: Honoraria, 
plaques 

Press conference 
Administrative: Staff for registration, CME 

credits 
Recognition: Certificates for participants, gifts 

for support staff and special guests 
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Commentary 

One of the first recorded consensus conferences 
was held in 1348 in Paris. Its summary statement 
went something like this: 

We the faculty of the University of Paris at the 
Sorbonne, after careful discussion and thoughtful 
consideration, solemnly declare that in a region 
of India, near the sea, the stars which struggle 
against the sun and the fire in the sky caused the 
water of the sea to vaporize. The cloud of vapor 
darkens the sun. After 28 days of intense struggle 

the water evaporated, the fish died, and the va
pors formed a miasma, covering Arabia, Crete, 
Macedonia, Hungary, Albania. When this mi
asma comes to France and Sardinia, there will be 
many deaths. No one can save the inhabitants, 
unless they follow the special rules declared from 
this consensus conference. ' 

Their recommendations emphasized staying in
doors, or at least under cover to avoid contracting 
the plague from the miasma in the air or the rain 
that fell from it. The consensus view on the etio
logic agent seems to be that the monsoon in India 
caused the plague in Europe. 

The European Society for Endoscopic Surgery 
used the consensus conference as a way to sum
marize current knowledge of laparoscopic proce
dures.2,3 This was an exception to the rule that 
most large surgical societies, conscious of the im
pact of their endorsement and their vulnerability 
to lawsuits, avoid the issue of systematic evalua
tion for new surgical technologies. "The Cologne 
method" was developed to meet the need for an 
accurate statement about the state of the art of 
endoscopic surgery. 

1. One year before the conference, the topic was 
chosen, based on the availability of preliminary 
data in the literature and a real need for a fo
cused opinion. There was no general agree
ment about the new technology and its place 
in clinical surgery, and there was some concern 
about potential harms related to the treatment. 

2. The literature was reviewed and scored using 
strict criteria for scoring of evidence (uncon
founded randomized trials ranked highest, an
ecdotal experience and case reports ranked 
lowest). 

3. A panel of experts and nonexperts was chosen. 
Nonexperts were viewed as important because 
of their lack of bias toward the new technology. 
Experts were chosen on the basis of their sci
entific reputation, influence, and published 
work, and considerations of geographic rep
resentation. All of the panelists were queried 
with a survey asking them to define the ques
tions that should be addressed by the confer
ence, emphasizing the clinical relevance of the 
question. Through an iterative process, the ques
tion list was modified to assure that the most 
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important answers would be developed by the 
conference. 

4. The selected literature was then circulated to 
all members of the panel. (It is important to 
note that panelists were not informed of who 
the other panel members were, in order to pre
vent interaction and premature coagulation of 
views, leading to bias.) Written opinions based 
on their own experience and their evaluation 
of the literature were sought from the panel. 
The answers and the grades of evidence were 
correlated at the conference center in Cologne 
for presentation at a subsequent meeting. 

S. Panelists were asked to come two days before 
the general meeting of the consensus confer
ence and meet each other for the first time, to 
begin the consensus process. They received a 
summary of the results of the survey and had 
a face-to-face discussion on every question. 
Conclusions were drawn, and dissenting opin
ions recorded, including the reasoning behind 
the opinion. The organizers and the panel then 
presented these conclusions and their reason-

ing to the general endoscopic meetings in Co
logne and in Madrid. Audience responses to 
the views of the panel were factored into the 
report. Following review of all of this material, 
a preliminary document was published. 

Although this was a very open process, it ex
cluded some important stakeholders; for example, 
it lacked the viewpoints of patients, representa
tives of government, or insurers. 
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( HAPTER 24 

Speaking at International Meetings: 
Surviving on the Road 
A. Fingerhut and J Perisat 

As medical societies and meetings multiply, sur
geons are strongly and repeatedly solicited to travel 
to give a talk, participate in a scientific conference 
or meeting, or meet with a group of other physi
cians to elaborate on specific issues. When this 
means taking an airplane, traversing different time 
and weather zones, eating different food, sleeping 
in strange places and conditions, and meeting 
many new people, "battle fatigue" can take its toll. 
In this chapter, we endeavor to advise the traveling 
surgeon how to survive when on the road. 

When you are invited as a speaker or when you 
have been chosen to present a paper in a foreign 
country, remember the following rules: 

• You are a guest, and usually a well-taken-care
of guest. But as a guest, you must remain in 
your place, be polite, and be respectful of local 
customs, traditions, and protocols. Although 
being polite is usually self-evident in all coun
tries, special attention must be paid to the tone 
of your voice, especially in public places, the 
way you give reverence to highly placed offi
cials, elders, and women (for men), and the way 
you drive a car, dress, and pay for services (bills 
and tips). 

• You are a representative of your country, your 
city, your hospital, in that order of decreasing 
importance. What you say, either in your talk 
or as a comment from the floor, will often be 
interpreted as being the policy of your country. 

SpecifY, when you talk, that what you say rep
resents the results of (personal) study, the re
sults of a national school of thought, or a na
tional study or trend. 

• You are a foreigner in a country where the cul
ture and language are not yours. Be aware of 
the problems that language barriers can create. 
Misunderstandings may be very poorly ac
cepted and will taint your own (and your coun
try's) reputation. 

Preparation 

The Invitation 

Either your free paper has been selected, or you 
have been invited to give a talk on a specific topic. 
In the first case, you can skip the rest of this sec
tion and go directly to the "Travel Plans" section. 

Once the invitation has been received, it is po
lite and correct to respond as quickly as possible. 
This can be done directly by telephone when you 
receive the invitation via a telephone call, or by 
telephone or fax if the invitation comes by mail, 
but you should always corifirm your participation in 

writing. A telephone call has the advantage of en
abling the two parties to converse and make sure 
that there are no misunderstandings. Begin to 
prepare (see checklist 1 in Box 24-1). About one 
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month before the meeting, give the person who is 
inviting you another telephone call to confirm that 
you are coming and to learn of any changes (see 
checklist 2 in Box 24-1). 

The person who invites you is not always the 
one who takes care of other matters, so it is im
portant to know who takes care of what. Will reg
istration be paid for directly by the host or should 
the speaker pay for it and then be reimbursed? 
Should the speaker make his or her own travel 
plans, or will the host take care of this with a local 
travel agency? If the host makes the arrangements, 
it should be clear whether the plane tickets are 
first or economy class. Putting everything in writ
ing will avoid later confusion. 

Travel Plans 

Plan your trip well in advance. Fares are cheaper 
if you reserve your tickets well ahead of the date 
of departure and stay over a Saturday night. You 
might want to take advantage of your trip to a far
off destination to visit with friends or visit another 
destination. If your traveling expenses are covered 
by the organizing committee or by your host, 
sometimes the tickets are economy but the 
speaker can pay the difference to fly first or busi
ness class. On other occasions, the hosts reim
burse first or business class, but the speaker is free 
to bring his spouse along if both go economy class. 
Along more sordid lines, beware of invitations 
without written confirmation, because reimburse
ment can be a problem later on. Strange as it may 
seem, this happens in one's own country more of
ten than in foreign countries! Be prepared to give 
the original ticket stub to the local organizers for 
reimbursement. 

Preparation of Luggage 

Remember that your overall luggage weight is 
theoretically limited to 20 kg. This is especially 
adhered to when traveling economy and on some 
airlines. One way to avoid being overweight is to 
put the heavy articles (books, full bottles as gifts, 
for instance) in your hand luggage. The incon
venience is that you have to carry it. Do not put 
anything in the checked luggage that is essential 
to your talk (slides, videos); if your slides or other 

materials are lost or delayed in arrival, you may 
have to give your talk without them. 

Suits and dress shirts maygetverywrinkleddur
ing the trip, because valises get squashed and are 
often mishandled. Special attention must be paid 
to the way you pack them. Separate packaging for 
shirts and suits, or wrapping these in commercially 
available cellophane or plastic bags (placed in the 
valise) is recommended. Carry-on suit holders are 
very convenient, but they usually do not allow you 
much room to include anything else. 

Clothes 

Preparing one's garments and paraphernalia for 
travel takes a little time. There are shirts, trousers, 
suits, blouses, dresses, and skirts made out of 
"wrinkle-free" or "crease-free" material. They do 
not wrinkle or crease in your traveling cases, and 
most are also "drip-dry," which means that these 
clothes can be washed when on the road, hung up 
in the bathroom, and worn only a few hours later 
without ironing. The only problem is that they 
are not available or easily found in all countries. 
Most department stores, especially in North 
America and Hong Kong, have them. 

Look carefully at the program and your per
sonal invitations before leaving to make sure that 
you have the proper attire for every event. Many 
countries (especially the United States) have din
ners where formal dress ("black tie") means wear
ing a tuxedo, dinner or smoking jacket, or a long 
dress or gown. Ask your host about the dress re
quirements for social events. If you don't own for
mal attire, you can often rent it. 

Take into account the local climate. In hot, hu
mid climates you might need to change shirts sev
eral times a day. Don't forget special attire such as 
a swimming suit, sunglasses, sandals, and so forth. 
Check on weather conditions in the country 
where you are going just before leaving. In this 
way, you will not forget that extra sweater or rain
coat that you planned on leaving home. Boots and 
other specific attire can be planned accordingly. 

Travel light. Count the number of days you will 
be away and the number of events for which you 
have to be "presentable." This means that you take 
enough clothes for the number of days you are 
away, or wash some in your room, or send them 
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Box 24-1. TRAVEL CHECKLISTS 

Checklist 1: Between the moment you 
receive the invitation and at 
least 1 month before the 
meeting 

1. Check if you need a visa. Make certain your 
passport has not/will not expire. 

2. Call your travel agent to make travel arrange
ments. 

3. Start research on your talk; either get out the 
old slides or start to make new ones. Think 
of an original idea specific to your host. 

4. Get acquainted (through the guide) with the 
area and the country you are about to visit. 

5. Make sure you have told your host how you 
are registering and how you are traveling. 

Checklist 2: Less than 1 month before the 
meeting 

1. Check if the visa is ready. Locate your pass
port. 

2. Check if your travel plans correspond with 
last-minute changes in meetings outside of 
the program. Check if travel plans include 
other (noncongress) meetings as well as pre
or postmeeting tours. 

3. Review your slides before leaving home. Start 
rehearsing. 

4. Have you bought (or thought about) the gift 
for your host? 

s. Plan your valises according to the nature and 
length of your stay. 

6. Ask your bank if it is better to change money 
before you leave, or to change your own cur
rency in the country where you are going. Ask 
if it is best to bring along your own currency 
or dollars (cash or travelers' checks). 

7. Ask your host what the weather is usually 
like. (Do you need an overcoat, umbrella, 
scarf, boots, bathing suit?) 

8. Inform your host of your travel plans (airline, 
flight number, exact time of arrival and de
parture). Ask your host how to get from the 
airport to the hotel (maybe this way he or she 
will arrange for someone to pick you up). 

Checklist 3: Last minute 

1. Make sure you have your tickets, passport, 
and visa. 

2. Ask your host what the weather is like. 
3. Make sure your valise is complete but light. 

(Don't forget changes according to last
minute weather report modifications.) 

4. Check your foreign currency. 

to a laundry. You may, according to the country 
to which you travel, take advantage of your trip to 
purchase new attire. Cotton is especially inexpen
sive in the United States, wool is inexpensive in 
Australia, and silk a good buy in Asia. 

Gifts 

Bring a gift to the person who invites you (and! 
or to his or her spouse). Especially welcome are 
specialty gifts from your home country, perhaps 
bought duty-free upon departure. Try to remem
ber what you brought along the last time so that 
gifts are not duplicated. The gift should be offered 
either directly to your hosts if you are staying with 
them, or when they pick you up at the airport, or 
else when you arrive at the dinner or reception 
they will inevitably give. 

Vaccinations and Chemoprotection 

Check with the embassy of the country you are 
traveling to in order to know what vaccinations if 
any are mandatory and what advice may be given 
for malaria chemoprevention. Make sure that you 
are correctly vaccinated for tetanus, poliomyelitis, 
and diphtheria. Vaccination for hepatitis A and 
typhoid is recommended only if you are going to 
rural countries with known risks. 

Malaria is probably the widest spread parasitic 
disease in the world, and frequent flyers like you 
are as susceptible as any other tourist. The risks 
vary, and chemoprotection differs accordingly. 
Seek information at the local embassy, because the 
endemic areas differ from one country to another, 
and from one region of a given country to another. 
Chemoresistance varies according to the species 
prevalent in the country or area you are traveling 
to, and progress in drugs is continually accelerat
ing. The following points might help in preven
tion. Anopheles mosquitoes usually bite at dawn or 
during the night. One single bite is enough! The 
risk of mosquito bites increases after the rainy sea
son for 6 weeks. When in infested countries, use 
the protection offered locally (screens) and restrict 
going out at night, but if you do go out, wear long 
clothing, do not leave lights on and doors or win
dows open. Commercial repellents and insecti
cides are available worldwide and in most airports. 
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Chemoprotection is a must, but it differs from one 
country to another. In case of fever, nausea, vom
iting, or unusual fatigue during your stay or the 
two months following your return, a high index 
of suspicion should be the rule. See a specialist 
immediately. 

The Talk 

Be sure it is clear in what language you will speak. 
Ask about the audience; if the members of the 
audience do not speak the official language, it is 
often advisable to have someone translate your 
slides into the local language and do a double pro
jection (same slides at each show). Are they gen
eral surgeons or specialists? Are they academics or 
in private practice? You may have to modifY your 
talk accordingly (see checklist 1 in Box 24-1). 

In a long talk, it is appropriate to begin with a 
kind word to your host, your audience, your host 
country, or, ideally, all three. Avoid implying that 
where you come from seems better. A highly ap
preciated introduction might include a few words 
of history, a mention of local customs as they in
fluenced your talk or venue, or, in some cases, just 
a few words in the local language if you can man
age it. Specific introductions, however, require re
search and a little more preparation. Do your 
homework in advance. 

WHEN THINGS GO WRONG 

Do not blame your host. 
Do not blame yourself 
Just go on as though you had not noticed and do 

your best. 

Videos 

Meeting organizers will usually specifY the type 
and format of video that can be shown. If you do 
not have this information, you must ask before
hand, or you may not be able to show your film. 
Some projectors will convert formats. Within Eu
rope, in some countries, your color PAL version, 
although VHS, will come out in black and white 
only. If the correct projectors are not available, it 

is often possible to have your photography de
partment do the necessary conversion. Just as a 
reminder, in Europe, most videos are PAL
SECAM, whereas in North America the videos 
are V-matico 

Always travel with two complete sets of your 
slides and two complete manuscripts of your talk. 
Carry a copy of your talk and a set of the slides 
carefully packed in some hand luggage you never 
let out of your sight. You don't want the airline 
to send your slides to Boston and you to Bombay. 

Slides 

Sizes 

The size of slides is usually standard. However, 
be sure that the thickness of the plastic frame is 
standard. In some countries, thick (usually metal
reinforced) plastic is used and will not fit into 
most slide projectors. Beware of paper (fragile) 
frames that do not always work in some settings 
and are easily mishandled. Several commercially 
available software programs make excellent 
quality slides. Do not go overboard, however. 

Double Projection 

Don't count on double projections unless agreed 
to or specified in advance. Rehearsal is of utmost 
importance before trying your luck in this do
main. Nothing is more annoying to the audience 
or frustrating to the speaker than to have mis
matched slides and then have to say "forward on 
the right," and "backward on the left," which usu
ally turns out to be the wrong way around anyway. 
Do not plan on any specific maneuvers when the 
operator does not speak or understand any of the 
languages you know. This will invariably lead to 
disaster. 

Generalities 

Never put your slides {or videos} in checked lug
gage. Always carry them with you on the plane. If 
your luggage is lost or delayed, you will still be 
able to give your talk. Number your slides and 
place a mark (sticker or arrows) to show a specific 
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direction (usually the top), so that if they fall out 
of the bin when you are not around, the slide pro
jector operator can put them back in order. Arrive 
at the meeting in advance. It is very important to 
show up ahead of time in order to place your slides 
in the bin yourself and preview them. Most meet
ings have a slide projection room for this. In some 
settings, you may be asked to give a talk, but the 
organizers have no slide projector. Ask before 
hand. Also, plan to come in advance to the room 
in which you will be speaking. This will familiar
ize you with the general atmosphere and help you 
get a sense of the size of your potential audience. 
You will also be able to learn how the spotter 
works and whether the microphone will be placed 
around your neck or if you have to turn your head 
to speak into it (this also concerns how well you 
need to see your slides to give your talk). Consider 
bringing your own laser pointer and extra batteries 
from home. Podiums now often have buttons and 
switches that you, the speaker, will be required to 
use to advance (or reverse) your own slides. Try 
the system out in advance so you will not to lose 
time during your talk by asking for the "next 
slide." Often, the slide operator, although he or 
she can usually do so, will not help you out. 

Be aware that old or thick slides might not 
work in the locally available equipment. Some
times, the slide projector or video will break down 
or fail to work as expected. Be prepared to con
tinue your talk without your visual aids. Rehearsal 
and good notes are essential for this. 

Timing 

Be sure you know how long you are expected to 
speak. You must not go over the time limit. 

1. Take a big breath before you start to talk. 
2. Speak slowly and loudly. 
3. Enunciate clearly. 
4. Be confident in yourself. 
5. Keep an eye on the time. 

Time limits of talks are very important. A time 
limit for your talk is usually determined when the 
program is planned and published, but last
minute modifications are always possible. Some 

speakers may be absent, some parts of the pro
gram may have been canceled, or, in some coun
tries, speakers may be added to the list at the last 
moment. This means that when you plan your 
talk, there should be room either to lengthen or 
shorten it. Notwithstanding last-minute changes, 
staying within your allotted time is a mark of ex
cellence. This takes experience and diligence in 
the preparation of your talk. For the beginner, re
hearsal is essential. Time may be lost fiddling with 
the pointer (you should have checked it out be
fore) or in asking to advance the slides when you 
are supposed to do that yourself 

Travel 

While the risks when traveling in one's own coun
try or even continent are small, what about the 
risks when traveling to other countries? Problems 
are related mainly to jet lag, diseases prevalent in 
the country being visited (or the common "Tur
ista"), differences in local organization or logistics, 
differences in electricity, working hours, and ex
tramedicallife. Tens of millions of people travel 
to and from Europe, North America, and Asia 
every year. The main points of interest to the fre
quent traveler (aside from a free mileage card) are 
vaccination, alimentation, chemoprevention, and 
what to bring along when traveling. Circum
stances that have their own importance include 
pregnancy, seropositivity, and chronic disease. 

On the positive side, traveling to foreign coun
tries and cities is a time for leisure and sight
seeing. This entails visiting local sites, going to 
the "inside" of cities, or taking a swim in a local 
river, lake, or sea. To make the best of your trip, 
a minimum of information must be known 
beforehand. Travel guides are usually time
consuming, and your spouse might be the ideal 
person to take care of this. Some pharmaceutical 
companies publish "pocket survival guides" avail
able for specific meetings (American College of 
Surgeons). 

When you are invited to visit another city, enjoy 
the trip, but remember that your first responsibility 
is to your hosts. Make sure they will be pleased 
you came and will want to ask you back. Give 
them good value for their effort and generosity. 
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Jet Lag 

Probably the most prevalent and annoying of 
travel problems, jet lag is due to disturbances in 
the circadian rhythm of the human being. Human 
circadian rhythms depend on several factors such 
as weather and temperature, alternation of day 
(light) and night (darkness), eating times, and 
social contacts. Rapid trans- and/or interconti
nental travel in high-speed airplanes does not al
low the body to adapt to the environmental 
changes, and invariably the traveler will experi
ence fatigue, sleep disorders (somnolence, insom
nia, early awaking), decrease in appetite, and de
creased physical and mental capacities. 

Traveling from east to west (the day or night 
prolonged) is generally better tolerated than the 
contrary (from west to east, with the day or night 
shortened). As a rule, the symptoms take 1 day 
per 2 time zones to disappear. Suggestions to 
shorten these delays include adapting to local time 
customs (eating and sleeping) as quickly as pos
sible. When traveling from east to west, one 
should try to stay awake as long as possible and 
adapt eating and sleeping to the local time, even 
if still traveling. When traveling from west to east 
on an overnight flight (North America to Europe, 
for instance), taking a sleeping pill as soon as you 
board the flight (which means you should sleep 
through the meal and video!) usually will allow 
you to survive the next day and be alert on the 
following. It may be necessary to regulate one's 
sleep with sleeping pills for one or several days in 
the foreign country. Melatonin is now available 
over the counter in some countries. It acts essen
tially like a sleeping pill and helps regulate the 
circadian cycle quicker than just hanging on. In
structions for use are given with the drug. 

In warm or humid countries, there may be a 
long break in the afternoon while everyone waits 
for the heat to cool down. Most people take ad
vantage of this for their siesta. But this means that 
the evening and nightlife will be longer. Try to 
get into rhythm with the local customs or you will 
increase your fatigue. 

Diarrhea 

"Turista" is also called "Kaboulite," "Montezuma's 
revenge," or other names. More than one-third of 

voyagers will experience a syndrome of benign 
acute diarrhea that ordinarily does not last more 
than a few days. The risk of contracting "Turista" 
depends essentially on the country to which one 
travels. R. Steffen has distinguished three cate
gories of risk, calculated for a traveler coming 
from an industrialized country and for a trip of at 
least one week: 

• Low risk (8% of travelers): USA, Canada, 
northern Europe, central Europe, Australia, 
New Zealand 

• Medium risk (8-20% of travelers): Japan, Ko
rea, South Mrica, Israel, Caribbean islands, the 
northern shore of the Mediterranean Sea. 

• High risk (>20% of travelers): the southern 
shore of the Mediterranean Sea, developing 
countries in Africa, Asia, and Latin America. 

Usually these bouts of diarrhea are due to bacteria, 
sometimes to viruses. Rarely, the cause is para
sites. When the symptoms are slight (nonetheless 
occasionally embarrassing), no specific treatment 
is necessary. The first thing to do is to compensate 
for fluid loss. Symptomatic treatment includes 
medication to reduce the frequency of bowel 
movements and relieve symptoms such as fever, 
abdominal pain, and cramps. When symptoms are 
more severe, antibiotics or even parenteral rehy
dration may be necessary. The following guide
lines can be given to prevent "Turista" in a large 
majority of cases. Be careful of what you eat (no 
fruit) and drink (only bottled fluid) in the high
risk countries and, in most instances, you will not 
get sick. Preventive antibiotics are not recom
mended. They can be more dangerous than effi
cient, but in some specific cases (a very important 
meeting in a high-risk place combined with a very 
short-less than 48 hours-stay), they might be 
justified. 

Other Medical Risks 

Contaminated needles are an obvious source of dis
ease transmission. Not only are the "unnecessary" 
intravenous or intramuscular injections and use of 
drugs a danger, but contaminated needles are also 
a danger in the case of tattooing, acupuncture, and 
piercing of earlobes. Even razor blades can be a 
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danger. When on a trip, accept an intravenous or 
intramuscular injection only when the oral route 
or suppositories are not feasible. When traveling 
to distant Third World countries, and for a trip 
of long duration, bring along a few sterile IV and 
1M needles as well as sterile syringes. The fact 
that you are a doctor doesn't give you any privi
leges, but if the needles and syringes are neatly 
arranged in a first aid kit or with other medica
tions, there should not be any real problems going 
through customs. 

Avoid blood transfusions in Third World coun
tries where the blood is rarely tested for HIV or 
other foreign substances. Accidents serious enough 
to require blood transfusions are fortunately rare. 
In the future, blood substitutes should be com
mercialized, and it will be possible to bring ade
quate quantities along. Make your blood group 
obvious in your identification papers. 

Altitude 

Several large cities or attractions in the world are 
not at sea level. Altitude sickness may occur in 
anyone, even when the person is used to going to 
high altitudes. Altitude sickness is rare under 
3,000 m. Traveling directly to cities such as Cusco, 
Peru, and La Paz, Bolivia, for instance, will bring 
you to altitudes as high as 3,360 and 3,631 m, 
respectively. The altitudes of some "high" cities 
are as follows: Mexico City, 2,216 m; Qyito, 
2,890 m; some parts of Darjeeling, 3,365 m; 
Lhasa, 3,684 m; the Lincoln observatory (Colo
rado), 4,332 m; the Aiguille de Midi observatory 
(Chamonix, France), 3,806 m. 

Remember that pulmonary and/or cerebral 
edema can begin at altitudes as low as 3,000 m, 
especially when traveling from sea level. Beware 
of headache even when the onset precedes your 
arrival in high altitude. Headache, nausea, cough, 
and inordinate difficulty in respiration or breath
lessness should be adequate and sufficient warn
ings. Rapid descent is essential, whenever possible, 
before taking the time to consult health care pro
viders at the nearest medical facilities. 

Pocket Survival Guides 

Travel guides are available in most bookstores for 
practically any country in the world, even the most 

remote. Most organizers will inform you of the 
essentials in the first announcement. Take the 
time to browse through the guides sufficiently in 
advance. If traveling for the first time to your des
tination, and this information is missing, do not 
hesitate to contact your travel agent. 

Dining Out 

Most countries and cities have their special res
taurants and food. To take best advantage of these, 
it is best to consult the guides. Most appreciated 
are invitations to dine with your hosts. It is cour
teous and well-bred to be informed concerning 
the specialties of the host country and to be pre
pared to eat "strange" and "different" food and to 
drink different-tasting beverages, some of which 
might not be agreeable. Be aware that your hosts 
may be offended if you refuse or manifest dislike 
of their specialties. 

Points of Interest 

The major points of interest of the country or city 
you visit are best discerned from the travel guides 
or from people or friends who have already trav
eled to the country in question. Museums are very 
popular and a unique occasion when traveling to 
certain parts of the world. Tours are usually ample 
and well organized by your host. Often, however, 
it is interesting to arrive one or more days before 
to tour the city or country by yourself or with 
friends. This is better than touring after the meet
ing, for several reasons. First, it is always inter
esting to learn about the country you are visiting 
as well as learn about its customs. You will com
municate better with your hosts and the local peo
ple. You will feel more at ease, especially if giving 
the talk in a language that is not your mother 
tongue. Second, it also will allow you to get over 
the jet lag before giving your talk. Getting over 
the tiredness of travel will enable you to talk with 
bravo. 

Commentary 

Visiting other hospitals and other cities exposes 
us to new ideas; the thoughtful questions of others 
advance our own work. We feel honored when 
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others want to hear us, especially when the invi
tation comes from another country. International 
meetings provide more opportunity for discussion 
from a global perspective than do domestic meet
ings, but extra effort is required to exploit the ad
vantages gained from international exchange. It is 
difficult for all of us to reach out across language 
barriers for these rewards. You are indeed fortu
nate if the occasion allows you to present your 
thoughts in your native language, or if the lan
guage of presentation is one you have made the 
effort to learn. Remember to speak slowly and 
enunciate more clearly than you might do at 
home. Avoid the use of slang, colloquialisms, or 
technical jargon. Try to put your thoughts in 
straightforward, simple language. Remember that 
nonnative speakers will have to work especially 
hard to follow your words. If the language used 
at the meeting is one you do not speak well, you 
must give even more careful thought to the words 

you select to express scientific ideas. The greatest 
disadvantage of international meetings is the lan
guage barrier. There is a real possibility that ade
quate discussion of your paper may not be possible 
due either to your own language disabilities or to 
those of the audience. There is the possibility that 
errors will arise in the audience's understanding of 
your presentation as a result of misinterpretation, 
so you must think carefully about answers to ques
tions and perhaps prepare scripted answers or dis
cussion slides in advance to answer questions you 
can anticipate will be asked. As a speaker, give 
yourself every advantage. 

The usage of tides varies between countries; for 
example, surgeons in England are addressed as 
"Mister," and professors in Europe-and particu
larly in Germany-are addressed as "Professor," 
whereas in America they are addressed as "Doctor." 

B.M 
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CHAPTER 25 

Turning Clinical Problems 
into Research Studies 
B. McPeek, H Troidl, and M.P. McKneally 

The experimenter who does not know what he is look
ingfor will not understand what he finds. 

-Claude Bernard 

Turning a question or a problem into a research 
question is a special skill that allows investigators 
to "link facts to reason, and create the opportunity 
to advance knowledge," as Bernard explains in his 
fascinating book An Introduction to the Study of 
Experimental Medicine. 1 The design of a research 
study depends on clear formulation of a research
able question, for example, "Will aprotinin reduce 
perioperative blood loss?" rather than 'What will 
happen if we give aprotinin?" or "What drugs 
might reduce blood loss?" Postoperative bleeding 
is the problem; the research question links the 
antifibrinolytic effect of aprotinin to established 
reasoning about fibrinolytic effects of surgery. 
Available methods and their cost, convenience, re
liability, and appropriateness influence the deci
sions about study design. A controlled experiment 
in the surgical laboratory using an animal model, 
a controlled clinical trial in humans, an observa
tional review of case experience, or a survey of a 
practitioner's experience might all lead to an in
crease in generalizeable knowledge about the prob
lem of postoperative bleeding (see Figure 25-1). 

Selecting the Right Methods: 
Experiments 

~estions about cause and effect are best an
swered through experiments. Some questions in 
surgery, particularly mechanistic ones, are best an
swered by experiments conducted in the labora
tory. Many practical questions in clinical surgery 
are best answered by experimentation outside the 
laboratory. Spitzer and Horowitz define (chapter 
28) an experimental design as one in which a 
group of subjects (patients, mice, or test samples) 
is exposed to an intervention, and one or more 
control groups are not exposed to the intervention 
or treatment of interest. The essential character
istic of an experiment is assignment of the inter
vention by the investigator to the exposed group, 
and assignment of the comparison intervention, 
such as placebo or best accepted current therapy, 
to the control group. 

1. The essential characteristic of an experiment 
is assignment of treatments under the control 
of the investigator. 

2. The assignment of subjects to the control and 
experimental groups is done by systematic 
prespecified methods presumed to guarantee 
the assembly of two comparable groups. 
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Figure 25-1. A variety of research methods for addressing clinical problems. 

Clinical Experiments 

In a clinical experiment or controlled trial, the in
vestigator imposes two or more different treat
ments on selected groups of individuals to see how 
well each treatment achieves a prestated goal. The 
strength of a controlled experiment lies largely in the 
strength of the control. We place our greatest faith 
in the results of a controlled trial where the allo
cation to treatment groups of subjects drawn from 
a single population is done by a secure random 
method-where every member of the population 
has the same chance to be allocated to each group. 
Only a truly random allocation will insure that the 
groups are similar, provided the samples are large 
enough. When nonrandom methods are used to 
allocate subjects to treatment groups, our confi
dence that the two samples are matched is less
ened. The randomized controlled trial is the gold 
standard for evidence of a treatment's effective
ness, and for answering questions about cause and 
effect. A nonrandomized, concurrent controlled 
trial is our second choice. A special case of con
trolled trials uses a crossover design, in which each 
patient is his own control: treatment A is offered 
in January-February, and the same patient gets 
treatment B in March-April, and so forth. This 

is feasible only if the treatment effects are short
lived, as with the therapeutic effect of an antibi
otic, not an appendectomy. 

Matched pairs represent another special case. 
Here we select a treated patient and then try to 
locate another patient who is similar but has re
ceived another treatment. The reliability of this 
method depends on the accuracy of the match; it 
is difficult to explain convincingly to readers. 

Weakly controlled trials provide less secure evi
dence. Historical control groups drawn from an
other time (for example, patients treated in 1987 
compared with those treated in 1997), or from 
another place (for example, patients from Boston 
serving as the control group for patients treated 
in Cologne) rarely provide convincing compari
sons, except in the unusual case in which there is 
a well-known course of events and no question 
about the accuracy of diagnosis. For example, 
since rabies patients with neurologic signs almost 
always die, a series of six patients treated by a new 
method that yielded, say, a 50% survival rate 
would be most compelling, even if no control 
group other than historical records was offered. 

Solomon and McLeod of Toront02 made a 
computerized search of all clinical studies pub
lished in a single year. They compiled a careful 
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sample of treatment evaluation questions involv
ing comparisons of a surgical procedure with an
other procedure, a medical treatment, or a non
surgical intervention. They defined problems 
precluding a randomized control trial and evalu
ated the questions asked in their sample to deter
mine whether a controlled trial could have been 
performed. Ifit could not have been, the predomi
nant reasons precluding a trial of these surgical 
problems were recorded, and they included such 
reasons as uncommon condition, patient prefer
ence, and lack of equipoise in the surgical com
munity. They found that about 40% of treatment 
evaluation problems could have been answered by 
a randomized controlled trial in an ideal clinical 
research setting, but only 7% of published articles 
comprised randomized controlled trials. 

Since Solomon and McLeod found that con
trolled trials could have been performed for only 
400,6 of the treatment questions they surveyed, 
60% of these surgical issues required methods 
other than randomized controlled trials. Simpler, 
easier to accomplish, nonexperimental strategies 
do provide information about what happens after 
a treatment is given.3 We sometimes describe 
them as being "almost as good,» but their weaker 
designs lack the strength of inference one can pro
vide with a controlled trial. The carefully executed 
controlled trial continues to supply our best evi
dence of cause and effect and our best evidence of 
the effectiveness of diagnostic and therapeutic 
maneuvers. It should be used whenever ethically 
and practically feasible. But for many questions 
the controlled trial is simply not feasible. If re
sources of patients, investigators, and money were 
unlimited, more therapeutic innovations might be 
assessed by randomized trials. In the real world, 
we must prioritize our efforts and make the best 
use of our resources. Our patients need informed 
treatment decisions today, and the best feasible 
alternative strategies. Generally speaking, the 
more an alternative strategy appears similar to an 
experiment or controlled trial, the more confi
dence we will have in its results. 

Cohort Comparison Studies 

If one cannot do an experiment, a cohort com
parison study is the next strongest strategy. Co
hort studies are follow-up studies. We select a 

group of people, for example, patients suffering 
from cholecystitis. Those patients treated by lapa
roscopic cholecystectomy are compared to pa
tients treated by open cholecystectomy. We follow 
each group through time and observe what hap
pens. How well do they do? Are their symptoms 
relieved? Are there any negative events? What are 
the costs and the benefits of each treatment arm? 
We have less confidence in cohort comparison 
studies, in which the investigator does not assign 
treatments but simply identifies patients at the 
time treatments are offered and follows them for
ward in time to record and to compare their out
comes. The danger here is that, because treatment 
was not assigned by the investigator in a way that 
assures comparability, we cannot be certain that 
the patients offered laparoscopic cholecystectomy 
did not differ in some important respect from the 
patients offered open cholecystectomy. Perhaps 
one group was sicker, younger, or better nour
ished. 

Case-Control or 
Case-Referent Studies 

The next strongest method or strategy for an
swering a treatment comparison question is prob
ably the case-control or case-referent study. Here 
we look at a group of patients who have a specified 
outcome, such as incontinence following low an
terior resection for carcinoma of the middle third 
of the rectum. We identify these patients and then 
search the records of the hospital and the surgeons 
to collect data, retrospectively, on how the patients 
were treated. How did their sphincter function 
before operation? Was the operation in one group 
more or less extensive than that in the other? Were 
special steps taken to preserve the nerve supply? 
Case-control methods are often the only feasible 
way to study rare diseases. One of the disadvan
tages is that one must be satisfied with the infor
mation in the available records, which may lack 
accuracy and completeness (e.g., t~sting for 
sphincter function was not done before the opera
tion, or the test was unrecorded or lost.) 

In a cohort study, both the treatment cohort 
and the control cohort are identified at or be
fore the time the treatment is given. This often 
allows detailed record -keeeping measures to be 
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established specifically for the study. In a case
controlled study, the information is collated at the 
end, after the endpoint is known, and one goes 
back in time to seek information from the routine 
records about what happened to the patient. We 
call such records "management records," because 
they were collected in the course of the institu
tion's ordinary routine or business, not specially 
for a research study. Often, management records 
will work nicely for a research purpose. They are 
usually inexpensive to use because someone else 
ordered and paid for their collection, but you have 
to take what is available; sometimes the records 
contain no information on a particular item cru
cial to the research question, such as continence 
in the example above. 

A Series without a 
Control Group 

A weaker method is the series with no control or 
comparison group. It simply reports on the out
come of a group of patients treated in a specific 
way. How did a patient get into the series? Does 
the series contain all such patients treated that 
way, or only the patients of Dr. Famous? Were 
only healthy patients offered the treatment? Per
haps only the sickest patients were offered the new 
treatment, or perhaps they alone were excluded 
from the series. Published reports are often vague 
or silent about these issues. We have more con
fidence in an uncontrolled series ifit is consecutive 
and includes all patients with the problem who 
were treated over a period of time at a specific 
clinic or center, rather than a selected group of 
younger or more healthy patients. 

Isolated Case Reports 

We learn much from case reports. Isolated case 
reports often serve as our first warnings that a 
complication can follow a specific treatment.4 

They serve to alert us to potential complications 
that have actually occurred. They give us no in
formation about the frequency with which we 
might expect to encounter such cases in the future, 
because we do not know the number of patients 
who had the treatment but did not suffer the com
plication. 

Table 25-1 gives a rough idea of the hierarchy 
of reliability of the information derived from each 
of the various strategies described. 

Surveys, Censuses, and 
Management Records 

Another approach to learning what is going on in 
the world around us, besides observation and ex
periment, is to ask people for information. In 
sample surveys we seek answers from a sample of, 
for example, 10% of German hospitals, or 1 in 
every 35 English surgeons. In the last 50 years we 
have learned how to perform surveys that give re
liable results. Sample surveys can work well, de
pending on three factors: (1) How frequently do 
we encounter the outcome of interest? (2) How 
was the sample drawn? A sample seeking infor
mation about surgical practice drawn only from 
professors of surgery may not reflect what happens 
in small-town private practice. (3) What was the 
response rate? A response rate of 75% might be 
adequate for some questions or samples, but too 
low for others. If a question seeks information 
about a rare occurrence, a sample survey may well 
miss it; a complete census might be needed to ask 
the question of everyone. When thinking about a 
sample survey, one of the questions to ask yourself 
is, Would a census answer the question? If a cen
sus would not, then no sample survey will, re
gardless of the resources available. (A census may 
be thought of as a sample in which the proportion 
included reaches 1.0.) 

Instead of a special survey, we sometimes tap 
into information already gathered, perhaps by the 
government and published as an official statistic, 
perhaps from the hospital's billing department or 
pharmacy. The trouble with gathering informa
tion from "management records" is that the in
formation at hand may not be adequate to answer 
all the questions of interest. 

Modeling 

Sometimes we have questions about the effective
ness of treatment that, for practical or ethical rea
sons, cannot be resolved by experimental meth
ods. A fire chief who wants to study different 
methods of extinguishing fires cannot conduct an 
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Table 25-1. Hierarchy of reliability of research meth
ods for ascertaining diagnostic or treatment effective
ness. 

Research Method (Arranged in descending order of 
level of reliability) 

True experiments (Investigator controls both alloca
tion to groups and determination of treatment) 

Randomized concurrent controlled trial including 
crossover design with random order of treatment 

Historical controls only in special case of certain di
agnosis and known course of events (see text) 

Randomized concurrent controlled trial with 
weakly-randomized assignment or systematic as
signment (odd/even, alternate appearance, etc.), 
including crossover design with systematic order 
of treatment 

Nonrandomized concurrent controlled trial 

Short-interval sequential trials within same institu
tion or service 

Longer-interval sequential trials within same insti
tution or service 

Controls from separate institutions or services with 
documented attention to coordination 

Controls from separate institutions or services with 
poor or no attention to coordination 

Nonexperimental methods 

Cohort comparison studies 

Historical controls (not in special case) 

Nonexperimental case control or case referent stud-
Ies 

Series of cases (all comers to a center over a time 
interval) 

Large series of cases (consecutive) 

Small series of cases (consecutive) 

Large series of cases 

Small series of cases 

Isolated case reports with documentation of active 
surveillance 

Isolated case reports (volunteer) 

Case report 

experiment in which the houses in a neighbor
hood are randomly allocated into two groups, the 
houses are set afire, and then the houses in group 
A are treated with one fire-fighting method and 

those in group B are treated with another. A wise 
fire chief might erect model houses for the experi
ment. Full-size houses are expensive so you might 
use very small models of houses and carefully rec
ord the progress of the fire with motion picture 
cameras and laboratory equipment. Engineers 
might abstract the problem further by developing 
a mathematical model to use in place of the physi
cal model. Animal models and physical models 
are widely used in surgical research, and the de
velopment of computers has made mathematical 
modeling an increasingly popular way of con
ducting experiments. Virtual reality techniques 
are narrowing the difference between mathemat
ical and physical models. 

Seeking Advice 

Sometimes we seek information about a problem 
that we understand or can describe so poorly that 

we cannot pose the right questions let alone do 
any serious modeling. In these circumstances we 
turn to friends whose advice we have relied on in 
the past; we seek our teachers and others who have 
special knowledge or experience in relevant fields. 
Governments, health ministries, and scientific so
cieties often develop specialized ways of seeking 
advice through the use of advisors or consensus 
conferences; these are particularly useful because 
questions or opinions offered by one advisor may 
stimulate fresh thought from another. Face-to
face meetings are sometimes subject to unwar
ranted influence from the eminent, the powerful, 
the rhetorically skillful, or simply the persistently 
noisy. It is for this reason that techniques like the 
Delphi technique were developed. A special case 
of seeking advice can be thought of as seeking 
advice from yourself, or introspection. Introspec
tion as a technique of medical decision making 
has received much interest in the last few years 
from serious, thoughtful workers. 

What Will Happen 
in the Future? 

What training must we offer today to prepare suf
ficient surgeons, anesthetists, nurses, and techni
cians for practice 20 years from now? What will 
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the needs of developing countries be? Qyestions 
that seek information about future occurrences 
generally involve looking at the past (particularly 
the recent past) and the present, and attempting 
to project trends into the future. Looking into the 
future involves methods of forecasting using spe
cial analytic techniques. Specific statistical meth
ods such as regression are frequently used for pro
jections. The development of computers has 
enabled us to take into account a great deal of 
information when trying to predict the future. 
Gradually we seem to improve at forecasting, but, 
as Yogi Berra has said in his translation of the old 
Chinese proverb, Prediction is difficult, especially 
about the future. 
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CHAPTER 26 

Clinical Trials 
M.P. McKneally, B. McPeek, P. Mosteller, and E.A.M. Neugebauer 

Nothing improves the performance of an innovation 
more than the lack of controls. 1 

Introduction 

Surgery is constantly changing, and some of the 
changes are dramatic advances instantly recogniz
able for their benefit to patients. William T.G. 
Morton's administration of ether anesthesia to 
John Collins Warren's patient on October 14, 
1846, required no confirmation. Warren's imme
diate and definitive conclusion-"Gentlemen, 
this is no humbug!"-was soon accepted through
out the world. A similar example is the introduc
tion of antibiotics into clinical practice in the 
1940s. 

Most highly effective innovations such as Sem
melweiss's hand washing and Lister's antisepsis 
are introduced against resistance and adopted only 
after a prolonged period of sometimes rancorous 
dispute. Surgeons have a strong tradition of con
servative practice. Their skepticism about new 
methods, and their tendency to revere the tech
niques they have come to rely upon are part of an 
important tradition that helps make surgery safe. 
Solid experience with a new method must be de
veloped before arguments to change proven and 
trusted procedures are accepted. It took a good 20 
years for Lister's work to be widely adopted. 

In contrast, sometimes ineffective but intui
tively appealing innovations (such as gastric freez
ing to eliminate acid-secreting cells, or external 
carotid to internal carotid artery bypass to increase 
cerebral blood flow beyond a critically stenotic 
vessel) have gained more rapid and widespread 
implementation because of their intuitive appeal 
to the medical and lay public. Mter substantial 
investment in equipment and specialized training, 
these popular remedies were proven ineffective in 
credible, definitive field trials. 

More often, we simply do not know whether 
an innovative treatment is better than what we are 
now doing, or better than providing only encour
agement and sympathy. We can think, compute, 
theorize, observe, or guess, but the answers to 
such questions, even approximate and uncertain 
answers, must finally be found by studying treat
ments in a controlled, practical tryout under field 
conditions. Our language reflects how well we 
know this: the proof of the pudding is in the eat
ing. This chapter is about the practical evaluation 
of innovations in the field, using controlled trials 
to compare alternative treatments. 

Controlled Clinical Trials 

In a controlled trial, the investigator imposes two 
(or more) different treatments on selected groups 
of individuals to see how well each treatment 



198 MJ. McKneally, B. McPeek, F. Mosteller, E.AM. Neugebauer 

achieves a prestated goal. The results are usually 
also reviewed for effects not included in the origi
nal plan. 

The Logic of Trials 

A simplified version of the rationale of basing in
ferences on a comparative trial assumes the fol
lowing: 

1. Initially, the individuals in each group receiv
ing one treatment are similar to the individuals 
in the groups receiving the other treatment(s). 

2. The difference in the treatments is the only 
factor affecting the outcomes in the different 
groups. 

3. The individuals in the treated groups react to the 
treatments in the same way as the rest of the 
population would react. 

We then conclude that because the only differ
ence lies in the treatment, it must be the treatment 
that caused any differences in observed outcome, 
and because the individuals in the trial react like 
the rest of the population, applying the treatment 
to other members of the population will produce 
the same effect as it did on the individuals in the 
trial. 

Strength of a Trial 

Many simpler strategies provide information 
about what happens after a treatment is given; 
each is sometimes used to say something about 
the effectiveness of a treatment. They all lack the 
strength of a controlled trial because their designs 
are inherently weaker. They are frequently de
scribed as being "almost as good as" or "closely 
approaching," but it is never suggested that their 
weaker designs offer the strength of inference one 
can provide with a controlled trial. For this reason, 
the carefully executed controlled trial continues to 
supply our best evidence of cause and effect, and 
our best evidence of the effectiveness of diagnostic 
and therapeutic maneuvers. 

The confidence we have in the results of a controlled 
trial lies, in large measure, in the strength of the con
trol Were the groups of individuals that received 
the different treatments truly initially similar? We 
are most likely to be convinced of this if the 

groups were selected from the same population 
and divided or allocated into groups by a reliably 
unbiased method. 

The most convincing of such methods is ran
domization using a table of random numbers, giv
ing each individual an equal chance to be assigned 
to each of the groups. Although "randomization" 
based on throwing dice, tossing coins, or drawing 
cards can seem to be reliable, it may have serious 
weaknesses. Such methods are more easily inter
fered with and cannot be checked if questions 
about them arise later. 

Odd or even birthdays, patient identification 
numbers, or alternate arrival in the clinic are not 
proper bases for random allocation. They are sys
tematic allocation procedures. They may appear 
to be unbiased, but such procedures have the 
weakness of tipping the patient assignment in ad
vance so that someone who knows the procedure, 
perhaps a referring physician or clinic secretary, 
can allow personal prejudice to bias allocation by 
pushing forward or holding back otherwise eli
gible patients. 

The use of concurrent control groups from the 
same population lends strength to our beliefin the 
initial similarity of the treatment and control 
groups, but such confidence would quickly run 
down the drain if we thought the selection had 
been done in a biased fashion, resulting in sicker, 
younger, or wealthier patients being assigned in 
greater number to one group or the other. 

Weaker Controls 

Sometimes a controlled trial is designed to use 
nonconcurrent treatment groups. For example, 
treatment 1 may be applied to everyone in January 
and February, and then treatment 2 is applied to 
everyone in March and April. This strategy, at 
least, selects group members from the same popu
lation in the same institution, but we wonder what 
other changes may have occurred. Did the sur
geons on the service change at the time the treat
ment change occurred? Were there more or fewer 
nurses in March than in January? The possibility 
for such differences increases if the groups are 
separated more widely in time. A design that 
compares one treatment given in the 1980s with 
another treatment administered in the 1990s 



raises real questions. Have our diagnostic criteria 
remained stable over time? Have other treatments 
been introduced, or other changes occurred in the 
patients or their environment? 

Occasionally, a controlled trial in which the 
treatment group comes from one institution and 
the control group from another is attempted. It is 
always difficult to assure ourselves, let alone those 
who will later read the published reports of such 
a trial, that the treatment groups were indeed ini
tially similar and that the only difference lies in 
the treatments being compared. 

Sometimes trials attempt to draw a comparison 
group from patients previously reported in the lit
erature. It is usually very difficult for such "con
trol" groups to be convincing, except perhaps in 
the special case of a known course of events with 
literature that is quite clear. For example, if a spe
cific cancer is invariably fatal, and its diagnosis is 
clear, we may have confidence in historical con
trols from the literature if the new treatment re
sults in, for example, a 25% survival rate. 

Poorly Controlled Trials 

What happens when poorly controlled trials are 
carried out? Physicians, especially uncritical phy
sicians, may begin to believe the results of sloppy 
trials, especially when repeatedly poorly con
trolled trials arrive at the same conclusion: the in
novative therapy is a winner. As Hugo Muench 
has taught us, nothing improves the performance 
of an innovation more than lack of controls.! 

Performing a poor trial has serious long-run 
drawbacks. First, the results of a weak trial may 
foreclose-for a long period-the possibility of a 
good evaluation by a strong trial. Second, a weak 
trial may leave a well-established yet ineffective 
therapy in place for years to come. The losses as
sociated with applying ineffective or less effective 
therapies to large populations soon outweigh 
1000-fold the costs of careful trials. 

History of Trials 

The background, history, and evolution of ran
domized clinical trials has been presented in a 
clear and readable form by Alan Pollock in his 
chapter "The Historical Evolution of Clinical Re-
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search (chapter 6). This history brings us up to 
the era of the randomized trial of streptomycin 
for treatment of tuberculosis in the 1940s. Sub
sequently, Professor John Goligher, a highly re
spected clinical surgeon and teacher from Leeds, 
startled the surgical world 40 years ago by assign
ing patients to surgical treatments for duodenal 
ulcer disease using randomization.2 His leadership 
made surgeons realize that they could legitimately 
tell their patients that there is a state of uncer
tainty, of "clinical equipose"3 (see also chapter 60), 
which is a legitimate difference of opinion among 
respected members of the clinical community about the 
relative merits of a given surgical procedure. This 
uncharacteristic, counterintuitive statement of 
uncertainty about the comparative value of oper
ative procedures (or anything else!) violates the 
paternalistic, authoritarian image of the surgeon 
so cherished by the populace and the surgical 
community. Because of the magnitude of their in
terventions, surgeons are widely expected to be 
fully informed and confident about their decision 
making ("sometimes wrong, but never in doubt"). 
Goligher destroyed this caricature, to the lasting 
benefit of surgical science. Nevertheless, many 
practitioners and many institutions, particularly 
those who see themselves dependent on a referral 
practice, prefer to maintain the illusion that they 
are always fully confident and always correct in 
their choice of the best available treatment. This 
public position has kept several prominent clinical 
units from entering patients in randomized trials. 

Goligher's courageous leadership taught sur
geons that randomized trials are valuable instru
ments and that good surgeons perform them. His 
studies clarified the role of vagotomy and drainage 
procedures, and choice of postgastrectomy recon
structions. Goligher's most important contribu
tion, in our view, was the lasting credibility he 
gave to the concept of randomized trials as an 
important element of surgical practice. 

Random Does Not Mean Haphazard 

By a randomized controlled trial, we mean a 

planned experiment to assess the effictiveness of treat
ments by comparing the outcomes in subjects drawn 
from the same population and allocated to two or 
more treatment groups by a random method. Ran-
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domization of a large enough group of patients 
provides the theoretical basis for assuming that 
the treatment groups were initially comparable in 
terms of both known and unknown confounding 
factors. In using the term random we do not mean 
haphazard or unplanned, but a deliberate choice 
based on probabilities. We want each possible pa
tient, treatment, and sample to have the same 
probability of being chosen for a particular treat
ment or for the control group. Balancing the 
probabilities lends strength to analyses based on 
statistical methods, protects against conscious or 
unconscious bias, and reduces the influence of po
tent confounding factors. The most convincing 
method of randomization uses a table of random 
numbers, to give each individual an equal chance 
of assignment to any treatment group. 

Errors 

Statisticians often speak of type I and type II er
rors, usually in the context of testing whether a 
new treatment differs from a standard or, more 
generally, whether differences might reasonably 
be thought to be negligible. In confirmatory sta
tistical analysis, exemplified by significance tests, 
we may well ask at what rate per experiment we 
will falsely claim that a difference exists even 
when the two therapies are equal in effect. Such 
a false claim is called a type I error. This rate is 
associated with the significance level of the test, 
often chosen to be 0.05. When the observed dif
ference falls beyond the 0.05 level, we say the re
sult is significant, while admitting that we are 
risking a 5% frequency of a type I error. 

Failing to recognize a difference when one is 
present is called a type II error. Given the method 
of testing for the difference and the significance 
level chosen, say 0.05, then what is the probability 
that we will fail to recognize a true difference, that 
is, make a type II error? This probability depends, 
of course, on the size of the true difference
larger differences are not as likely to be missed in 
our sample as smaller ones. 

For a given significance level, we can control 
the rate of type II errors for a given difference in 
performance of the tests by adjusting the sample 
sizes. The rates of type I and type II errors we will 

accept are important considerations in designing 
investigations. Ideally, we would have no error of 
either kind, but to assure this requires infinite 
sample sizes. 

To put a small touch of reality back into the 
discussion, no one believes that two different 
therapies have exactly the same performance rates, 
but we might feel they were so close that we 
couldn't afford to measure their difference, or that 
very small differences were negligible from a clini
cal point of view. Thus, a declaration of no sig
nificant difference does not promise zero differ
ences. 

Trials That Convince 

Over the past generation in medicine and surgery, 
we have come to agree that, when well executed, 
a randomized controlled trial provides the strong
est evidence available for evaluating the relative 
effectiveness of the interventions tested. 

We know how to conduct clinical trials that 
provide strong information about the relative ef
fectiveness of two or more therapies. Most contro
versies with clinical trials arise from investigators' 
desire to modify or avoid some requirement of the 
classical randomized controlled trial design. They 
worry that it will be difficult to get enough pa
tients, that some will think randomization is un
fair, or may wish to substitute historical experi
ence for a control group or avoid some other 
requirement or strengthening feature. In some 
situations, requirements can be relaxed with little 
or no harm to the trial, but often what seems ac
ceptable to some investigators will not satisfY later 
readers of the trials' reports. 

The randomized controlled trial and its analysis 
have been developed to protect investigators from 
untoward influences including their own biases 
that might invalidate the data and the conclusions 
to be drawn. If we could be sure that a particular 
biasing influence does not threaten the study at 
hand, we might not need to take advantage of the 
aspect of the trial that protects against that influ
ence. For example, if you knew that all experi
mental units were the same and there was no 
variation from one unit to another, you would not 
have to randomize. 

What if the investigators' assumptions about 



the trial are not shared by readers? The trial loses 
its ability to convince; readers will criticize the de
sign and conduct of the trial. The trial will fail, 
even if it gives an answer that is ultimately ac
cepted as being right, because its failure to con
vince other clinicians means it will fail to affect 
clinical practice. 

Strengthening Features 

Some of the strengthening features of randomized 
controlled trials include the following: 

Use of a prespecified explicit question 
Clearly defined conditions for admission to the 

trial 
Defined therapies 
Entrance of patients into the trial prior to allo

cation to treatment groups 
Blindness to treatment (by patient, experimenter, 

and evaluator, if feasible) 
Systematic evaluation and follow-up of both 

treatment and control groups 
Adequate sample size (for power to discriminate 

when treatments differ in their performance) 
Appropriate statistical analyses of outcomes and 

side effects 
Careful, complete reporting 

To provide the strengthening features of the 
randomized controlled design, careful planning is 
necessary before starting a trial. The study pro
tocol must fulfill scientific, ethical, and organiza
tional requirements, so that the trial can be con
ducted efficiently. The protocol should be 
developed before the beginning of subject enroll
ment and should remain essentially unchanged 
throughout the study. The key elements of a study 
protocol are outlined in Table 26-1. 

When Should a Randomized 
Trial Be Undertaken? 

Although generally regarded as the definitive in
strument in clinical research, the randomized 
clinical trial is nevertheless "a last resort for the 
evaluation of medical interventions" because "it is 
slow, ponderous, expensive, and often stifling of 
scientific imagination and creative changes in on
going protocols" in Baillar's view.4 
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Table 26-1. The key elements of a study protocol 
for a prospective controlled randomized trial. 

1. Background and description of the clinical problem 

2. Clearly defined question(s) or hypotheses 

3. Reasons for the need to perform the designed study 

4. Description of the type of the study 

5. Definition of the study population 
Inclusion criteria 
Exclusion criteria (escape and dropout) 

6. Definition and description of intervention and con-
trol group 

7. Type and execution of the randomization 

8. Reason for and execution of blinding 

9. Sample size estimates 

10. Data of the study 
Definition of basic data of patients 
Definition of endpoints of the study 
Data collection, quality assurance, and 

quality-control 
Data analysis (tests of hypotheses, descriptive 

statistics) 
Data protection 

11. Ethical considerations (informed consent) 

12. Description and schedule for a single patient 
(logistics) 

13. Organizational structure of the study 

14. References 

15. Forms and data handling for a single patient 

Reprinted with permission for Neugebauer E, Rothmund M, Lorenz 
W. Kunstruct Strukture und Praxis Perspectives Klinische Studies. 
Chirurg 60:203-213 1989, Springer-Verlag Heidelberg. FRG. 

In a humorous, thoughtful essay entitled "The 
demise of the randomized controlled trial," Her
mans has advanced the argument that randomized 
trials are no longer practical or feasible based on 
their unwieldiness, inconclusiveness, and expense. 
Despite his sobering arguments, randomized tri
als remain one of the most powerful and reliable 
tools of scientific medicine and surgery. Because 
it is expensive and cumbersome, a randomized 
trial should be undertaken only when Sacket's six 
criteria are fulfilled6 (see Table 26-2). It seems 
reasonable to require randomized trials before 
marginal improvements are introduced, if the pu
tative improvement will add to the cost of medical 
care.Whenimprovementsreducecost,theirintroduc-
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tion may not require a trial unless there is a pos
sibility of harm or reduction of an established ben
efit, for example, when the frequency of an 
established screening test for cancer is reduced. 
Established treatments that have troublesome side 
effects warrant systematic testing, particularly 
those treatments established by custom rather 
than by evidence. The progressive reduction in the 
use of radical mastectomy for early stage breast 
cancer is a clear example. Alternative accepted 
treatments for the same problem (e.g., radiation 
vs. laryngectomy for early stage laryngeal cancer) 
merit randomized comparison. 

Trials are difficult and time-consuming, and 
they require a genuine commitment on the part 
of the investigators and their associates-a com
mitment of enthusiasm, energy, and discipline, as 
well as resources in terms of time and money. 
Most trials ought to require a relatively large 
number of cases, and the investigators must assure 
an adequate number of patients in a relatively 
short period of time. Trials that take many years to 

complete run the risk of being overtaken by new de
velopments in diagnosis or therapy that make them 
difficult to finish or irrelevant. Most research teams 
find the discipline of a trial irksome, and the re
quired enthusiasm and energy difficult to main
tain over long periods. 

Sometimes the collaboration of a number of in
stitutions across the world is required. Some prob
lems, particularly those involving truly rare con
ditions, simply cannot be studied by clinical trials, 
even large multicentered ones. Many other prob
lems will be judged of insufficient importance to 
warrant the effort. 

Deciding to Start a Trial 

The first requirement for a trial is that the phy
sicians and surgeons who participate be honestly 
uncertain of the comparative merits of the treat
ments they propose to compare. At the same time, 
they must have a proper skepticism about the state 
of their real knowledge, not confusing mere preju
dice with knowledge. Even careful and thoughtful 
people frequently have been found to be much too 
confident of what they think they know. 7 

The potential investigators must believe that 
the treatments may differ in outcome, and these 

Table 26-2. Sacket's six prerequisites for a success
ful clinical trial. 

1. The trial needs to be done. 

2. The question posed is both appropriate and 
unambiguous. 

3. The trial architecture is valid. 

4. The inclusion/exclusion criteria strike a balance 
between efficiency and generalizability. 

5. The trial protocol is feasible. 

6. The trial administration is effective. 

differences may be clinically important. There are 
too many important problems in medicine and 
surgery to expend resources on issues we do not 
expect to matter. Finally, a trial's planners must 
believe that a trial is feasible with the resources of 
patients, enthusiasm, personnel, and money that 
can be made available. 

Once you have weighed the benefits and bur
dens of performing a randomized trial, carefully 
considered the problems described by Baillar, and 
accepted the conclusion that the question is worth 
the effort and can't be solved by any less expensive 
method, visit your statistical consultant. 

The statistical consultation process should be
gin at the design phase and continue throughout 
the trial. Biostatisticians prefer to be significant 
and practical contributors to clinical trials from 
the outset, rather than posttrial analysts of accu
mulated data. The two-way street of statistical 
consultation in clinical research is well described 
by Lincoln Moses in Baillar and Mosteller's useful 
book Medical Uses of Statistics. 8 (Moses's chapter 
is reprinted in this textbook as chapter 39). 

Structure of a Prospective, 
Controlled Randomized Trial: 
The Study Protocol 

When the decision to run a trial has emerged, trial 
planners, including the statisticians, meet to de
velop a study protocol. The study protocol pro
vides detailed specification of the trial procedure. 

Protocol development is the most critical step 
in turning the research plan into a practical, pro
ductive, workable action guide that will provide 



useful data and excellent patient care. As you are 
developing the protocol, walk through it step by 
step with nurses, physicians, data managers, pa
tients, and laboratory personnel who will be af
fected by it. The team approach will provide com
monsense solutions and improvements that might 
not occur to investigators working alone. If you 
seek early consultation with the research ethics 
board, you can facilitate review and minimize de
lay in approval. Institutional review boards send 
80% of protocols back for revisions, many of 
which could be anticipated during the develop
ment phase. 

The study protocol is a working document, 
used by data managers and staff to conduct the 
trial efficiently. The key elements of a study pro
tocol have been outlined by Neugebauer and his 
colleagues (Table 26-1). This very useful checklist 
is helpful for preparing a presentation to a grant
ing agency or research ethics board. Working 
through it with your study team step-by-step will 
minimize unexpected problems. A simplified 
form of the protocol and the permission form is 
greatly appreciated by staff, patients, and families, 
who are confused and put off by the excessive de
tail and legalistic language that has progressively 
infiltrated and congealed in research documents. 
If team members who are responsible for the day
to-day conduct of the protocol write the simpli
fied forms, they will have a clearer understanding 
of the research mission and greater facility in com
municating it. 

What Is the Clinical Problem? 

A description of the background and the clinical 
problem explains why the trial is needed and how 
it builds on the experience gained from previous 
research.9 What kind of improvement would be 
important? The statistician can help you prove 
that an improvement has been demonstrated with 
"highly significant" probability; the clinician must 
define an important difference, one that has mean
ing and value in patients' lives. 

What Is the Question? 

Although a trial may have several purposes, we 
explicitly define a principal question in advance. 
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This question serves to guide planning of the 
whole study. The principal question should be the 
one the investigators are most interested in an
swering and is the question on which the sample 
size of the study is based. We frame the principal 
question in the form of a testable hypothesis. 1O 

Problems of Multiplicity 

If a number of questions are investigated, a sta
tistical problem arises. If we look at a large enough 
number of questions in a single investigation, in
evitably some of them will display an unusual out
come. If we compare a number of treatments, 
even if they are truly equivalent, sampling varia
tion alone would make some of them look better 
than others. Similarly, when individual institu
tions are compared in a cooperative multiinstitu
tional therapeutic trial, even if they are equivalent 
in excellence, sampling variation will make some 
look much better than others. 

One way of asking many relevant questions and 
causing problems of multiplicity is to use multiple 
endpoints. For example, in a controlled trial of 
coronary bypass surgery, are we preventing death, 
first myocardial infarctions, second myocardial in
farctions, or angina? All these may be legitimate 
endpoints, but usually one is fundamental and 
the others are side interests. If that is true, explic
itly naming the primary endpoint in advance 
strengthens statistical appraisal and clarifies suit
able experimental design. Analysis becomes more 
complicated when there are two or more end
points because larger samples are required to 
maintain the power required to detect differences. 

We may well want to look at additional ques
tions and analyses that suggest themselves in vari
ous ways after the data analysis has begun. This 
is information we are not anxious to throwaway, 
but it may be quite difficult to know how much 
value we should place on the answers we get. 
With a statistical test chosen on the basis of a peek 
at the data, it is hard to say what the properties 
of the test are because every set of data has unusual 
features. Thus, it may be difficult to say whether 
a rare event has occurred if a test of significance 
is chosen from a large number of possibly related 
tests. These problems are not unique to random-
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ized controlled trials; they can occur with equal or 
greater impact in any statistical study. 

Why a Further Study? 

Mter the primary question has been framed, we 
review and analyze the published literature on the 
issue. Several approaches to systematically review
ing previous work are outlined in chapter 38. As 
a result of the literature analysis, we formulate a 
convincing statement of the need for the sug
gested trial on the primary question. The state
ment may contain a list of the relevant references. 

Type of Trial 

The type of trial is determined by the kind of 
principal question posed. Schwartz and Lellouchll 

distinguish two different kinds of questions that 
trials frequently ask. 12 The first kind asks for sci
entific demonstration of efficacy or superiority: 
Will operation A produce better results than 
operation B? This is sometimes called an explana
tory trial, or an efficacy trial; it seeks to compare 
the effects of treatments with close control under 
ideal or restricted circumstances. 

The explanatory or efficacy trial seeks to deter
mine whether the treatment can work under the 
best circumstances. Such a trial might restrict its 
admission of patients to those most likely to re
spond well, and it may call for elaborate moni
toring, regulation of treatment, or more frequent 
follow-up. 

The second kind of question deals with prag
matic management or clinical effectiveness under 
wider conditions more nearly like ordinary clinical 
practice. The pragmatic or effectiveness trial, some
times called a management trial, asks the ques
tion, Can this procedure or treatment be gener
alized easily to practice? 

A pragmatic or effectiveness trial is likely to 
accept a wider spectrum of patients, perhaps 
treated by a varied group of surgeons or practi
tioners. Its treatments usually strive to replicate 
clinical practice to obtain a better estimate of the 
overall usefulness of a therapeutic maneuver in 
widespread use. 

Who Are the Patients? 

A trial's protocol must specify the conditions for 
admission to the trial, that is, which patients or 
subjects are eligible for admission. The inclusion! 
exclusion criteria must be clearly defined. 

Later readers of published reports will almost 
always want to assess whether the findings of a 
trial can be generalized to another patient group 
or applied to individual patients seen in their own 
practices. Such extrapolation requires specific in
formation about who the subjects of a trial were 
and how they were selected. Published reports 
that lack this information make generalizing a 
trial's findings to groups other than the subjects 
themselves very difficult. 

What Are the Treatments? 

Each therapy must be clearly defined. We ought 
to know what will be done, how it will be done, 
and by whom. 

Allocation to Treatment Groups 

Patients must be entered into the trial before the 
choice of therapy is made. Determination of ad
mission to a study after treatment assignment is 
known may bias subject selection. Those in the 
know may push forward or hold back potential 
subjects, as a result of conscious or unconscious 
prejudice about treatment assignment. Assign
ments based on birthdays, odd or even chart num
bers, or alternate arrival often tip the assignment 
in advance and allow bias to creep in. 

Assignment of treatments using published ran
dom number tables reduces bias in clinical trials. 
Frequently, known prognostic factors are used to 
stratify patients prior to randomization. This can 
help to achieve balance among treatment groups
at least with respect to known factors. The exact 
procedure used should be specified so that readers 
can be assured that the randomization was reli
able. The time of randomization and the chosen 
procedure must be explained and described in 
detail. 



Blindness 

Studies should be blinded to the extent possible. 
Ideally, the patient, the physician giving the treat
ment, and the person doing the evaluation should 
not know which treatment is given. Some degrees 
of blindness may not be feasible, especially in sur
gical trials (consider a trial of amputation vs. 
medical treatment), but blindness is an important 
strengthening feature and should be used when
ever possible. For example, histological slides, X 
rays, or laboratory tests can be read by a physician 
blinded to the patients' treatment allocation. 

The protocol should state which parts of the 
study are blinded and should describe how to as
sure that the blinding conditions are met. 

Power and Sample Size 

The probability of detecting an event of given size 
in a comparative study is called the "power." The 
larger the sample size and the larger the size of 
the treatment effect, the greater is the power. 
Power also depends on study design, the statistical 
techniques of analysis, and the significance level, 
chosen by the investigators. Smaller significance 
levels give smaller power. 

It is important to concentrate on sample size 
because it is, at least, partially under the control 
of the investigator. One way to think about power 
is that it quantifies the probability of detecting a 
substantial improvement and also the probability 
of missing one-the probability of a type II error. 

A fundamental question that must be faced by 
investigators planning a clinical trial is how many 
patients are needed? Beginning investigators will 
want to seek the advice of a statistician experi
enced in clinical trial design. There are various 
published formulas and tables for determining the 
number of patients necessary to meet the trial's 
principal objectives, but seemingly minor changes 
in trial design may make a given formula or table 
inapplicable. For example, sample size and power 
calculations can differ depending on the question 
being asked and on whether the outcome measure 
is dichotomous (e.g., success or failure) or a quan
titative measurement. Standard textbooks9,13 or
dinarily devote one or more large chapters to sam
ple size and power determinations. 
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How large is the usual treatment group in a 
clinical trial? Zelen drew a systematic sample of 
clinical trials reported in the journal Cancer and 
concluded that the usual size is about 50.14 Mos
teller and associatesl5 examined 285 samples from 
randomized clinical trials in three areas of cancer. 
The median sample size was 9 for studies of mul
tiple myeloma and chronic myelocytic leukemia, 
7 for studies of gastrointestinal cancer, and 25 per 
treatment group for randomized trials of breast 
cancer. In all these distributions, sample sizes 
larger than 200 were rare. Only 7% of the samples 
exceeded 200. Small trials have very low power. 
Why is power important? Weak trials, trials with 
very low power, can fail to detect even big im
provements in performance. 

Freiman et al. 16 document the risk of missing 
substantial improvements when a trial's power is 
low. They investigated 71 clinical trials that re
ported no statistically significant difference be
tween the therapies. They looked at the 90% con
fidence intervals to see whether substantial 
improvement might have been missed because of 
the breadth of the intervals. These intervals con
tained potential 25% improvements in 57 com
parisons and potential 50% improvement in 34 
comparisons. The designs were so weak that they 
left open the possibility that such sizable improve
ments would be missed. 

Emerson et al. found that only 5% of published 
reports of surgical trials disclose the trial's power 
to detect treatment differences. 17 This suggests 
that investigators as well as editors, referees, and 
readers fail to appreciate the importance that dis
cussions of power should hold for readers. 

Data of the Study 

Baseline Assessment 

To describe study subjects accurately, baseline data 
should reflect the condition of the subjects before 
the start of the intervention. The protocol defines 
the appropriate baseline measures and their as
sessment. In general, they consist of socioeco
nomic and demographic characteristics, and 
medical data with attention to known risk or 
prognosis factors. Published baseline data allow 
readers to evaluate whether the study groups were 
really comparable before intervention started (ran-
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domization, except in truly large trials with many 
hundreds of patients in each group, does not guar
antee balance between comparison groups). Im
balance in important characteristics can yield mis
leading results. 

Beside comparability, baseline assessment of
fers opportunities for stratification and subgroup
ing. Stratification can be done at the time of al
location to treatment or during analysis.1s The 
definition of subgroups normally relies on baseline 
data, not data measured after intervention. Sub
group analysis in most cases serves only to gen
erate new hypotheses for subsequent testing. 

Inclusion/Exclusion Criteria 
and Study Endpoints 

A key element in study documentation is the as
sessment of the inclusion/exclusion criteria and 
study endpoints. Study endpoints are response 
variables measured during the course of the trial 
that answer the questions of the study (see chapter 
35). The methods for measurement must be de
scribed in detail. If a number of methods are avail
able, the protocol should state the reasons for the 
choice of a particular method (e.g., practicability, 
reliability, validity). 

Data Collection, Quality Assurance, 
and Control 

To have data collected as completely as possible, 
develop a data-handling form for each patient. All 
data should be clearly defined in terms of how, 
when, and by whom they are to be collected. To 
minimize observer variation and to increase the 
quality of the data, a training course for standard
ization of the assessment of response variables 
may be necessary. 

Analysis of the Data 

Variation among individual patients, physicians, 
and institutions, and other sources of variability 
outside the investigator's control usually require 
statistical inference to evaluate the outcome of a 
clinical trial. In terms of statistical tests of signifi
cance, we gain control much more readily by pre
specified analyses of the significance level of the 
investigation than by postspecified analyses. If we 
know what questions we want to ask, we can 

specify the statistics to be used, choose the sig
nificance level we feel would be appropriate and 
convincing to others, and discuss other properties 
of the statistical test-all in advance. 

The protocol should specify the statistical 
methods to be used and how they are to be applied 
(see chapter 37). 

Data Protection 

The increasing use of electronic data processing 
raises problems of data security. Investigators 
must devise methods (e.g., passwords, separate 
data files for baseline data, response variables, and 
hard copies in secure places) to ensure data pro
tection. 

Ethical Considerations 

The ethical issues surrounding randomized trials 
are substantial and sometimes daunting. The in
vestigator must maintain clinical equipoise as a 
stable state of suspended judgment regarding the 
unequivocally proven relative advantage of each of 
the treatments compared. This state is uncharac
teristic of surgeons and challenges the Hippo
cratic beneficence typical of our role when issues 
are in doubt. Ethical considerations including 
those related to informed consent and the selec
tion of patients for randomized trial are well dis
cussed by Lebacqz19 and by Roy in chapter 60. 

Investigators have a duty to protect subjects 
from harm or from deprivation of beneficial treat
ment should one arm of the trial prove unequivo
cally superior. This is best done through a 
monitoring committee comprising statistical and 
medical experts who are distanced from the point 
of clinical care. A particularly good example of the 
termination of a trial based on proven benefit of 
one of the arms is well described and graphically 
illustrated in the report of the Multicenter Au
tomatic Defibrillator Implantation Trial (see es
pecially Figure 1).20 

Schedule for a Single Patient (Logistics) 

Before creating data-handling forms for a single 
patient, trace the path of an individual patient 
coming through the study. Consider special ar-



rangements and personal relationships as well as 
specific organizational structures within the insti
tution. Mter completing the protocol, the inves
tigator then develops data forms for each patient. 

Organization for the Trial 

The organization should be as straightforward as 
possible and should avoid overlapping tasks. A 
simple team consists of the leader of the study, 
who is closely connected with the study secretary. 
The study secretary is responsible for collecting 
the data from physicians and nurses at each pa
tient's bedside. Depending on the type of study, a 
data monitoring committee may be necessary. 
Commonly, an advisory group provides profes
sional expertise on special parts of the protocol. 
All members of the team must keep abreast of the 
study's progress and work well together. 

Collaborative Trials 

Most clinical trials, like most biomedical research, 
have their genesis as individual, investigator
initiated ideas that come from individual scholars 
or small groups of interested collaborators. Many 
clinical trials are rather small for what they seek 
to do; that is, they have relatively few patients in 
each treatment arm of the trial. Small trials usually 
have low power, and a low-powered trial will re
liably identifY only large differences between 
treatment arms. 

One solution is to organize a multiinstitutional 
collaborative trial. Joining groups of investigators 
together to work on a trial can increase power by 
enlarging treatment groups and accelerating the 
rate of recruitment, but it also brings its own 
problems. 

Multicentered collaborative trials require spe
cial care in their planning and execution (see 
chapter 27). There are problems in assuring that 
the patients and treatment in Toronto are the 
same as in Boston or Berlin, and special efforts 
must be made to maintain investigator enthusi
asm, accurate recording of events, and all the myr
iad issues that cause problems even in trials in 
single institutions. We have now had a good bit 
of experience at such large enterprises. A number 
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of groups are set up to function as coordinating 
centers and advisers for such trials, but multicen
tered trials are usually very expensive to organize 
and conduct. 

Over the past few decades, groups of investi
gators have joined together to coordinate long
term programs of treatment evaluations by ran
domized clinical trials. 

These government-funded, collaborative re
search groups represent one of the most important 
scientific resources of North American medicine 
and surgery. These groups have developed long
term mechanisms for data collection, review, and 
analysis by a relatively constant group of collabo
rators. They incorporate statistical and design 
consultation at the outset of each project from 
statisticians who have a well-developed sense of 
the history and problems of the group and its par
ticular strengths and aptitudes. Through surveil
lance of the basic science literature, the members 
are able to recognize new treatments appropriate 
for evaluation using their cooperative group. 
Much of their success comes from the fact that 
their organization takes advantage of continuing 
experience. They mount clinical trials that build 
on the results of the trials just completed. Their 
organization permits a targeted, systematic ap
proach to the evaluation of treatment in their 
areas of interest. Continued development and 
growth of this system is likely to prove advanta
geous for surgery in the future. 

Current Status: 
Evaluation in Surgery 

Although surgeons are often criticized, frequently 
unjustly, for the quality of their evaluations of 
both standard and innovative surgical treatments, 
the record shows that clinical trials in surgery are 
being done frequently and, on the whole, well.21 

Surgical leaders around the world are concerned 
with good clinical evaluation and research, are ac
tively pursuing both, are gaining increasing sup
port from practicing surgeons, and merit our sup
port and applause for their efforts. 

A significant advance in public appreciation of 
randomized trials in surgery was gained through 
the publicity associated with the trials of limited 
surgery for breast cancer. Further public education 
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and systematic education of surgeons in the value 
and proper conduct of randomized trials will fa
cilitate their application. 
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Commentary 

Innovative treatments seem obvious candidates 
for controlled trials, but they rarely enter practice 
in this way. The research ethics board may not 
learn about laparoscopic cholecystectomy until 
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one of its members undergoes the procedure. 
Singer, Siegler, and Lantos, et al. 1 have developed 
a practical and useful technique for conducting a 
trial of innovative treatment. They recommend a 
formal sequence of steps to insure that new tech
nology is evaluated in a timely way under defined 
conditions. First, the novel procedure is published 
in the medical literature; this public statement 
commits the workers to give a follow-up when 
their clinical observations on a defined number of 
patients become available. Second, a working pa
per is submitted to the hospital or clinic where the 
procedure will be conducted. This summarizes 
and explains the research plan. Third, after a de
fined number of patients have been exposed to the 
new treatment (for example, after 20 living related 
donor liver transplants), a follow-up publication 
is submitted to share the experience, regardless of 
the success or failure of the program. 

M.F.M. 

1. Singer PA, Siegler M, LantosJD, EmondJC, Whit
ington PF, Thistlethwaite R, Broelsch CEo The eth
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CHAPTER 27 

Multicenter Collaborative 
Clinical Trials 
R.G. Pollock, C.M. Balch, and E.C. Holmes 

The controlled clinical trial is the most rigorous 
method we have to evaluate and compare alter
native treatments. During the past three decades, 
controlled trials have almost replaced historical re
views or extensive personal experience as the basis 
for choosing treatment strategies. 

Multicenter clinical trials have played a major 
role in advancing surgical knowledge and treat
ment approaches over a range of diseases (e.g., 
antrectomy vs. highly selective vagotomy for duo
denal ulcer, duodenal ulcer surgery vs. acid inhib
itor treatment, coronary or carotid surgery vs. 
medical treatment, cyclosporin in organ trans
plantation, etc.). Such studies have been per
formed by groups of clinicians banding together, 
for a single study or a series of clinical protocols, 
through such formal cooperative group mecha
nisms as the National Surgical Adjuvant Breast 
and Bowel Project (NSABP), the Trauma Co
operative Group, the Veterans Administration 
Cooperative Group, the World Health Organi
zation Melanoma Group, and the large National 
Cancer Institute-sponsored cooperative groups 
such as the Southwest Oncology Group 
(SWOG), the Eastern Cooperative Oncology 
Group (ECOG), and the Cancer and Leukemia 
Group B (CALGB). 

We will describe some basic principles and or
ganizational structures that we consider to be nec
essary to ensure high quality, reproducible results 
in multicenter studies. Although many of the ex-

amples arise from extensive experience with can
cer cooperative groups, the principles also apply 
broadly to other surgical disease. 

Types of Trial 

Phases of Trials 

Clinical investigations of a new treatment are usu
ally classified according to three sequential stages: 
phases I, II, and III. 

Phase 1 Trials in the first phase cover the in
troduction of a new treatment concept or drug. 
Examples are new chemotherapies that usually in
volve a small number of patients and which are 
tested primarily for safety and complications. 
When the studies focus on drugs, dose-limiting 
toxicities are sought by beginning with a low dose 
and increasing it until toxic levels are reached. 
Demonstration of a therapeutic gain is not nec
essarily a goal in this phase. 

Phase II Phase II trials are conducted as single
arm studies involving a limited number of patients 
treated consecutively within each disease category. 
The aim is to establish some degree of treatment 
efficacy. The phase II trial also provides an op
portunity to define the effect of a new treatment 
on already-established subsequent treatments. 
For example, a phase II trial could determine the 
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effects of preoperative chemotherapy or radio
therapy on a subsequent surgical resection (e.g., 
the difficulty of the surgical procedure, wound
healing problems, etc.). If responses are seen, the 
feasibility of a phase III trial is explored to see if 
the benefits can be extended and clarified. 

Phase IlL In the third phase, the new treatment 
or drug is compared to known, effective, standard 
treatments in a prospective, randomized fashion. 
The new therapy or drug may be evaluated by 
itself or in combination with other standard 
treatments as a new combined modality. Phase III 
trials require large numbers of patients and fre
quently have to employ the multicenter collabo
rative group mechanism. 

Sometimes, clinical investigators stop at phase 
II without sufficiently proving that the new treat
ment is effective. The converse is also true; phase 
III trials have been started before optimization of 
the treatment approach and minimization of any 
associated morbidity. Many clinical research en
deavors should take the form of a logical series of 
different investigations over time. 

Randomized Controlled Clinical Trials 

The most exacting and widely accepted design for 
clinical trials is the randomized controlled trial. 
Participating patients are assigned to treatments 
by random selection rather than by any conscious 
decision, to ensure the formation of a control 
group that differs from the treatment group only 
in the treatment being studied-and in no other 
respect. Even though randomized trials can lead 
to important information oflasting value, a poorly 
designed or inappropriately analyzed randomized 
trial can lead to just as much confusion and conflict 
as the biases in nonrandomized studies with his
torical controls. 

Without careful evaluation and confirmation by 
phase III trials, expensive or dangerous treatments 
can be widely applied with little chance for bene
fit. The immediate acceptance of postoperative 
radiation therapy for breast cancer in the years fol
lowing World War II is a good example. Improve
ment in equipment had made safe and effective 
radiation therapy available, and it was widely as
sumed that supplementing the then standard 
operation of radical mastectomy with radiation 

would improve the rates of control and cure. This 
assumption went unquestioned for a long time, 
and radiation, although unproven as an adjunctive 
therapy, became standard treatment throughout 
North America. By the late 1960s, the biology of 
cancer was better understood, and randomized 
controlled clinical trials to evaluate the postopera
tive use of radiotherapy were finally undertaken. 
The eventual result1•2 was discontinuance of rou
tine adjunctive radiation and a consequent reduc
tion in morbidity and costs, without impairment 
of survival. 

Evaluation of a widely established therapy is 
often difficult because the need for a "no treat
ment" control arm suggests the withholding of a 
putatively useful treatment. The evaluation of a 
new therapy is preferably made before its use be
comes widely established, so that it can be com
pared to "standard therapy." The difficulty in en
tering patients in a trial in which treatment is 
determined by random selection has prompted a 
long search by investigators for other methods of 
choosing control groups, but a better method than 
randomization has yet to be found. 

Historical Control Trials 

Historical controls remain a popular alternative to 
randomized controls. This approach uses a se
lected group of patients treated in the past as a 
control for a group currently receiving a new treat
ment; the patients can be matched for such factors 
as age, sex, and extent of disease. Although this 
method sounds useful, it has many limitations, in
cluding the following: 

1. Criteria for patient selection are difficult to de
fine. 

2. Investigators may be more selective than past 
physicians in choosing patients for a new treat
ment. 

3. Changes occur in the natural history of the dis
ease. 

4. Changes occur in the pathological definitions 
or staging of the disease. 

5. Changes occur in patient referral patterns. 
6. Recorded data may be of inferior quality. 
7. Criteria for response may be difficult to ascer

tain consistently in the records. 
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8. Improvements in patient care may improve 
new treatments. 

Nonrandomized trials with concurrent controls 
also introduce bias that may cause incorrect in
terpretation of the results. Nevertheless, because 
some types of nonrandomized study provide im
portant information needed for the better design 
of randomized clinical trials, they do have their 
place in the sequential scheme of research. For 
example, a retrospective review of 294 melanoma 
patients treated at the University of Alabama at 
Birmingham3 led directly to the design (including 
stratification criteria) for a multicenter random
ized clinical trial involving various surgical treat
ment options.4 

There is clear evidence that uncontrolled stud
ies are much more likely than controlled trials to 
lead to falsely enthusiastic recommendations for a 
treatment.5,6 A study by Gilbert and colleagues? 
showed that only 50% of the surgical innovations 
tested by randomized clinical trials were associ
ated with significant improvements, even though 
all of them tested treatments already shown to be 
efficacious by historical or noncontrolled com
pansons. 

Advantages and Disadvantages 
of Multicenter Trials 

Advantages 

Consider a multicenter trial under six conditions, 
outlined as follows: 

1. When a large number of patients is required. 
Many types of clinical questions can be ad
dressed only in clinical trials involving a large 
sample size. For example, in a 10-year period, 
the NSABP entered 10,000 patients into ran
domized clinical trials to assess the compara
tive value of using one, two, or three drugs and 
multimodality combinations of chemotherapy 
and hormonal therapy. Without the resources 
of a large collaborative group, it would have 
been exceedingly difficult to allocate a smaller 
number of patients to so many drug choices 
and combinations. The collaborative group 
mechanisms usually already have in place the 

expensive and labor-intensive infrastructure 
needed to conduct a large trial. It is difficult if 
not impossible for a single institution or small 
group to marshal the needed resources to con
duct a large trial. Using large collaborative 
groups to generate data can be highly cost
effective by preventing the duplication of re
source expenditures that would be required if 
several small groups were funded that were try
ing to consider the same question. The col
laborative group mechanism has enabled us to 
gain much more knowledge of the biology of 
breast cancer than we could have obtained 
within a single institution. 

2. When rapid accrual of patients is needed. If it 
takes too long to recruit the required number 
of patients, other findings or treatment ad
vances can make a study obsolete before it is 
completed. A recent NSABP trial (adjuvant 
colon carcinoma NSABP-C03) entered 830 
patients and closed to patient accrual within a 
16-month period. 

3. When studying rare events. Multiinstitutional 
protocols make it possible to study uncommon 
diseases or specific subgroups of patients rarely 
seen at tertiary medical centers. Studies of sur
gical and adjuvant therapy for childhood can
cers (e.g., rhabdomyosarcoma and Wilms' tu
mor) were feasible only with a series of 
national trials. The Intergroup Melanoma 
Surgical Trial made it possible to study a spe
cific subgroup of melanoma patients with in
termediate tumor thickness to ascertain the 
optimal surgical management of the primary 
melanoma and the regional lymph nodes.4 

This protocol has accrued more than 700 pa
tients treated at more than 200 institutions; it 
could not have been conducted in any single 
institution. 

4. When more precisely defined subject groups are 
needed. Large numbers of patients for each pro
tocol make it possible to stratify for important 
patient characteristics. In an NSABP protocol 
for evaluating the efficacy of adding tamoxifen 
to the standard two-drug regimen, estrogen re
ceptors (ER) and progesterone receptors (PR) 
were measured and recorded for all patients. A 
good response to tamoxifen was seen in pa
tients with high ER and PR levels and in older 
age groups. In subsequent studies, pretreat-
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ment determinations ofER and PR levels were 
used as the basis for assigning patients to dif
ferent treatment groups to explore research 
questions related to differences in ER status. 

If studies like those just described were at
tempted with only 150 patients in each arm, 
much of the needed information could not be 
obtained. Splitting trial participants into 
groups that are large enough to be meaningful 
may require a total of 2,000 patients. Since a 
busy urban hospital may average only about 
100 new cases of primary breast cancer each 
year, it is impractical to attempt a study re
quiring 2,000 cases without some form of mul
ticenter collaboration. 

5. When improved generalizability is important. 
Many collaborative groups comprise a combi
nation of university, large urban, and smaller 
community hospitals that affords access to a 
more representative mix of patients than would 
be found in anyone type of institution. As a 
result, their findings are more readily general
izable to broad clinical practice. The necessity 
of having all participating hospitals comply 
with such special protocol requirements as im
munochemical staining or high-energy radio
therapeutic treatments may, however, exclude 
some institutions that wish to be involved. 
Such obstacles can often be surmounted by 
making referral arrangements within the group. 

6. When rapid technology transfer is needed. Involv
ing community clinicians in routine clinical 
trial group meetings is an excellent way to pro
mote the rapid transfer of ideas, techniques, 
and knowledge. Discussing new protocols and 
hypotheses, participating in clinical research, 
and using good clinical trial methodology are 
valuable learning experiences that lead to bet
ter clinical care for participating patients. 

Disadvantages 

Multicenter trials are both expensive and com
plex. 

First, the cost of supporting a trial group's cen
tral operations, travel to group meetings, and re
search personnel within member institutions usu
ally ranges from $1,500 to $3,000 (US) per 

patient entered. The National Cancer Institute in 
the United States spends more than $60 million 
per year to support multiinstitutional clinical tri
als. Allocations of funds for these clinical research 
studies are approved through an extensive and rig
orous peer reVIew process. 

Moreover, as the number of investigators par
ticipating in a study increases, there must be a 
parallel increase in quality control efforts to min
imize variability among patients, treatments, as
sessment, investigators, and institutions. This is 
only a relative disadvantage, however, because the 
results are generally more representative, and 
achievable only by a diverse group of institutions 
and physicians. 

The Organization and 
Management of Multicenter 
Clinical Trials 

The best time to build a collaborative group is 
during the design phase of a trial. Early in the 
planning stage, all the possible participants should 
be invited to a meeting to consider a clearly stated 
study question accompanied by relevant back
ground material and the rationale for the pro
posed study. The enclosed concept paper should 
not be longer than three pages. 

If you are participating in the organization of a 
multicenter trial, give consideration to establish
ing the following committees, if they are in accord 
with the scope of the project and the planned du
ration of the group. 

A protocol committee is a suitable way to create 
the actual trial. Circulate the concept paper to in
terested people who have experience in the subject 
area to be studied and ask them to discuss the pros 
and cons of various aspects of the proposed pro
tocol. 

Writing the protocol is one of the most impor
tant components of a study. The protocol serves 
two purposes. The first is to describe the scientific 
design, which is always built best around a bio
logical hypothesis; if it is, your results are more 
likely to be publishable-whatever answer you ob
tain. The second purpose is to create an operations 
manual that will enable all the participating in
vestigators to perform in a uniform, systematic 
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way. A basic outline of a clinical research protocol 
and a list of data forms to be generated are pro
vided in Tables 27-1 and 27-2, respectively. Some 
examples of the issues and questions that should 
be addressed in the development of a protocol are 
as follows: 

1. The surgery or other intervention to be per
formed must be defined. (A standard version 
of the operation is necessary. Any variations 
considered important or unimportant must be 
specified.) 

2. What are the inclusion/exclusion criteria? 
3. What preliminary studies need to be per

formed before a patient is entered (e.g., kidney 
function tests if a renal-toxic drug is involved)? 

4. What special procedures need to be performed 
on the surgical specimen or the patient (e.g., 
receptor or immunofluorescent studies)? 

5. What pathology controls will be performed? 
6. What follow-up intervals will be used, and 

what observations will be made and recorded? 
7. What records are to be kept? 

A study chairperson (or cochairpersons) should 
be designated for each protocol. This person (or 
persons) has responsibility for the ongoing con
duct of the study. He or she can respond on an ad 
hoc basis to unanticipated questions about patient 
eligibility for entry, or about the conduct of the 
study. The chairperson assumes responsibility for 
ensuring that data reports come in on time, that 
eligibility requirements are met, and that no de
viation occurs. 

Table 27-1. Basic outline for a clinical research 
protocol. 

1. Objectives 
2. Background and rationale 
3. Criteria for patient selection 
4. Surgical guidelines 
5. Pathology guidelines and procedures 
6. Studies to be done 
7. Randomization procedure 
8. Reporting procedures and follow-up 
9. Patient evaluation criteria 

10. Qyality control and evaluation 
11. Statistical requirements 
12. Forms and records to be submitted 
13. Patient consent 
14. Bibliography 

A principal investigator should be identified at 
each participating institution. The principal in
vestigator has overall responsibility for the con
duct of the studies and the maintenance of the 
institution's level and quality of activity. He or she 
is the focal point for disseminating information 
about progress or changes in ongoing studies, and 
the institution's representative in the collaborating 
group, especially for the administrative and or
ganizational aspects of the study. 

A surgical monitoring committee is necessary for 
any surgical clinical investigation. The surgical 
operation should be clearly defined, and a descrip
tion of how it is to be performed should be pro
vided in the protocol. The anatomic limits of the 
dissection, and the anatomic structures to be pre
served or removed should be clearly specified. For 
example, in NSABP colon studies, each type of 
segmental colon resection is clearly described, the 
vasculature to be divided is identified, and the 
scope of the operative report is specified and com
pared to the check-off data form to ensure that 
the surgical requirements are being met. Similarly, 
the Intergroup Melanoma Committee developed 
surgical guidelines and check-off forms for lymph 
node dissections at each anatomic site. 

A pathology monitoring committee is required to 
formulate guidelines for examining all surgical 
specimens, delineating criteria for the diagnostic 
and prognostic features of the pathology, and de
veloping forms for reporting pathology results in 
a standardized fashion. Many pathological fea
tures are difficult to quantify because they require 
personal interpretation (e.g., histological grading). 
A pathology reference center is the best way to 
ensure standard diagnoses. A data form should be 
created to prompt the pathologist to provide an
swers to all relevant questions and ensure good 
data control. 

A radiotherapy monitoring committee should be 
created whenever radiotherapy is employed. If the 
effects of radiotherapy are being tested in a pro
tocol, very careful attention to the planning and 
monitoring of the treatment is mandatory. All the 
collaborating institutions should have their radia
tion therapy units calibrated, their methodology 
standardized, and their dose calculations reviewed 
centrally. Complications and toxicity should be 
monitored and recorded on data forms designed 
for the purpose. 
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Table 27-2. Data forms that might be necessary for a multicenter clinical trial. 

Form Function 

On-study form All vital information about the patient and the diagnosis. When a patient enters the study, 
the names and addresses of three relatives, who will know the patient's whereabouts in the 
event he or she moves, should always be obtained. This information can be invaluable after 
several years of follow-up when a patient suddenly relocates without leaving a forwarding 
address. 

Progress forms For recording data about the patient status during the conduct of the study, including such 
study parameters as drug dose received, toxicities encountered, and the status of the patient 
(e.g., free of relapses or site of relapse). 

Follow-up forms 

Off-study form 

May include results of physical exam and laboratory and X -ray results. 

Completed when a patient goes off study because of one of the following quality control 
reasons; intercurrent illness (e.g., a second type of serious cancer), or death from unrelated 
cause (e.g., auto accident). 

Surgery checklist Created for reviewing operative reports; can be a part of the protocol documentation and 
should be filled out by the operating surgeon following each operation. A second data form, 
for such complications as an anastomotic leak or a seroma, should also be created so that a 
good statistical analysis can be performed at a later date. 

A drug monitoring committee is needed to con
trol adherence to the protocol, monitor for drug 
toxicities, and develop specific criteria and sched
ules for adjusting drug doses for defined levels of 
toxicity. A data form should be designed for easy 
supervision of any departure from the stipulated 
schedules or doses and for recording toxicities and 
unanticipated problems. 

All these monitoring committees have a double 
function. One is to ensure conformity to the pro
tocol and the recording and evaluation of any de
viations; the other is to monitor and document 
toxicity and alert investigators to serious problems 
requiring changes in the protocol when a patient's 
safety is concerned. 

An executive committee should be created to 
make decisions and to oversee the continued func
tioning of the collaborating groups and their pro
tocols. Ideally, this committee should comprise 
the principal investigators at each participating in
stitution and representatives from the various 
monitoring committees. The committee should 
have guidelines for the probation and suspension 
of any individuals or institutions failing to par
ticipate or violating protocol guidelines. Because 
inadequate performance by an individual or an in
stitution will sometimes make it necessary to in
voke one of these unpleasant actions, appropriate 

rules and regulations should be agreed on pro
spectively, when the group is organized, to facili
tate the handling of problems if the need arises. 
The existence of the monitoring process and rules 
for dropping a center may help to prevent its oc
currence. 

Decisions to close or abort a study or any portion 
of it should follow guidelines laid down in the 
protocol. The monitoring process, maintained by 
the executive committee, should provide infor
mation on when to close or abandon one arm of 
a study that is jeopardizing an otherwise good 
program. For example, in some aggressive che
motherapy programs, unexpected life-threatening 
toxicities may occur; careful monitoring and evalua
tion will allow the study to be closed before too 
many patients are exposed to danger. 

Group Meetings 

Information dissemination increases in impor
tance as the group grows and gains experience. 
Annual or semiannual group meetings with a 
backup system of mailings and updates is one way 
to keep group communications current. Group 
meetings provide opportunities to disseminate in
formation on the status of various studies, discuss 
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any problems, explain any changes or clarifica
tions in the conduct of the study, and keep par
ticipants abreast of what has been learned. Results 
will not be published until accrual targets are met, 
but toxicities can be discussed, and findings and 
correlations in ancillary areas can be presented. 
Group meetings also provide a forum for the ex
change of information between participants and 
are an ideal way to stimulate and maintain interest 
in the study. 

Headquarters 

One institution should act as the headquarters 
from which a full-time director and data mana
ger(s) will supervise the day-to-day conduct of the 
trial. The infrastructure support includes a strong 
statistical center that mayor may not be located 
adjacent to the trial headquarters. Nurse practi
tioners and data managers are needed on site at 
each institution that is participating in the mul
ticenter trial. The operations office at trial head
quarters is responsible for monitoring the studies, 
providing the principal investigators with the 
data, and providing periodic reports to the entire 
group. Visits by an audit committee to the par
ticipating institution are necessary to monitor the 
quality of the data, resolve any possible misun
derstandings, and proactively identifY areas of 
confusion that might otherwise not come to light 
until much later when it may no longer be possible 
to make necessary early or midcourse corrections. 

Authorship 

If a publication committee does not exist, a clear 
decision about who will be responsible for writing 
the report should be made at the outset. This en
sures the completion of this task and helps in the 
assignment of appropriate credits for authorship 
and participation in the study. A committee can 
also help to choose the journal for publication or 
the scientific meeting at which the report will be 
presented. 

Ethics 

It is imperative that a clinical trial follow ethical 
guidelines. A carefully written consent form, 

counseling about the trial's investigational nature, 
and full disclosure of its risks and uncertainties 
are inherent ethical components of any clinical 
trial. In North America the law requires the crea
tion of review boards composed of scientists not 
involved in the project, physicians who are not 
necessarily investigators, and representatives of 
the nonmedical community, such as lawyers and 
members of the clergy. The board's role is to de
termine whether the proposed research is scien
tifically and ethically appropriate, and whether 
provision has been made to ensure that patients 
will receive adequate information about the 
choices presented to them. It is important that 
investigators cooperate with review boards to as
sure the proper conduct of the trial. 

Finances 

Each participating institution needs money to 
maintain one or more secretarial data managers 
and to cover travel expenses for group meetings. 
The headquarters for a large project will need data 
managers, supervisors, biostatisticians, computer 
experts, and adequate computer resources. In ad
dition, large studies may require salaries for in
vestigators. Even though the total outlay of funds 
for the entire apparatus may be large, a demon
stration of the usefulness of some treatments, and 
the desirability of abandoning others that are not 
will result in reductions in morbidity and health 
care costs. 

Statistical and Data 
Management 

A quality control data management program should 
be instituted at the group headquarters. It is one 
thing to specifY the data to be collected, the forms 
to be used, and the records to be kept, but another 
to ensure that they are accurate, complete, and 
punctual. Some form of audit will be needed to 
ensure that the data collected are correct. This is 
usually best done by a spot check method in which 
the original hospital charts of randomly selected 
patients and certain predetermined data (e.g., the 
accuracy of eligibility criteria and the consistency 
of drug administration) are examined. Pharma-



218 R.G. Pollock, CM. Balch, E.C Holmes 

cology logs should also be examined and nursing 
notes correlated to make sure that the chemo
therapy was given according to the protocol, and 
that the dose actually given corresponded with 
what was reported on the data forms. 

The biostatistician is an important and integral 
member of the collaborative clinical research 
team. The biostatistician must participate at the 
study design and protocol planning stages, at the 
inception of the trial, and also throughout the data 
accrual, analysis, and presentation phases. In the 
attempt to answer too many questions, principal 
investigators will frequently create protocols that 
are too complicated, have too many arms, or cre
ate a study in which no valid results can be ob
tained. The biostatistician can help the research 
group avoid initiating a trial that will never give 
meaningful statistical information, thereby help
ing to prevent a great deal of wasted effort and 
resources. Since many phase III trials are blinded 
to the investigators, the biostatistician is critical 
for monitoring the study and determining that 
undue negative effects are not occurring or that a 
positive effect is not so overwhelming that the 
trial should be closed. 

A data manager should be appointed for each 
institution accruing cases and will be responsible 
for maintaining and submitting accurately com
pleted data forms on schedule. The data manager 
becomes involved with each patient at the time 
of consideration for entry into the protocol-to 
verify eligibility, perform the randomization, con
tact trial headquarters to register the patient, and 
transmit the treatment assignment to the inves
tigator. The data manager immediately assembles 
a dossier containing the required study forms, and 
eventually keeps a parallel protocol chart for each 
patient containing all the paperwork required by 
the protocol. A copy of every document sent to 
headquarters should be kept in the patient's pro
tocol chart so that verification can be easily done 
on a moment's notice. 

The data manager is also responsible for sched
uling return visits for treatment or follow-up and 
for maintaining records on long-term scheduling. 
As patient numbers increase, it is very important 
to maintain complete follow-up and to ensure that 
no patient is lost to the process. 

Data manager seminars at group meetings are 
an invaluable way of exchanging information and 

teaching the newer members of the organization 
the techniques of data management. 

As the number of patients being followed in
creases, difficulties in tracking and scheduling can 
occur. The Institutes at McGill University have 
designed a computer-aided scheduling system, 
the McGill Protocol System, which contains mas
ter or template schedules for each protocol. Pa
tients can be matched to a specific treatment pro
gram, and a schedule can be generated at any time 
to show the data manager which patients are due 
for which treatments or tests in which time pe
riod. As dividends, patients can be given copies of 
their schedules for the next time frame, and each 
participating laboratory can have advance lists of 
all the patients it will have to schedule in the com
ing weeks. This kind of system minimizes mis
takes and assures the flow of good quality data. 

Quality Control Criteria 
and Monitoring 

Considerable effort must be devoted to establish
ing quality control guidelines for each adjuvant 
therapy protocol. Qyality control review mecha
nisms must be established within each member 
institution and centrally at the operations or sta
tistics office. In oncology protocols, for example, 
quality control measures are used to monitor drug 
dose schedules (including adjustments for tox
icity), radiation therapy (including dosimetry and 
port planning), and surgery (to ensure the surgical 
procedure was conducted according to written 
guidelines) . 

Surgical guidelines must be written for each ad
juvant therapy protocol to describe the minimum 
amount of surgical dissection required for differ
ent anatomical settings. The melanoma surgical 
protocol specified that a parotid dissection was es
sential for patients with metastatic melanoma 
from a primary site in the anterior scalp, temple, 
or face. Precise definitions of regional node dis
sections were described for cervical, axillary, and 
inguinal lymphadenectomies. 

In NSABP protocol B-06, the segmental mas
tectomy operation was new to most surgeons in 
North America, and early experience revealed un
anticipated problems in its performance with re-
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spect to tumor control and cosmetic outcome. 
Several NSABP investigators who had extensive 
experience with the operation proposed solutions 
that were discussed and refined in workshops of 
participating surgeons. The workshop concept 
was so successful that it was continued over the 
8-year period of accrual to the protocol, to ensure 
that surgeons joining later did not have to learn 
the operation by repeating the same initial errors. 

Pathology guidelines must also be defined. For 
example, all lymph nodes must be examined, and 
the pathologist must report the total number of 
nodes examined and the number that contained 
metastases. A minimum number of nodes must 
be examined to maintain quality control; in our 
studies, it was 5 for superficial inguinal dissec
tions, 10 for axillary dissections, and 20 for cer
vical dissections. Outside pathology slides had to 
be reviewed by a pathologist at the member in
stitution or by the pathology committee of the 
entire group. 

A surgeon at each member institution should 
review the operative note and pathology report 
and sign the on-study form certifYing that the 
minimum surgical guidelines were adhered to be
fore the patient was randomized into the protocol. 
The operative record and pathology report are 
forwarded to the statistics office for central review 
by the surgical investigator assigned to each ad
juvant therapy protocol. 

Communicating the Results 
of Multicenter Trials 

After the clinical trial has been closed to patient 
accrual, the investigators must decide when to an
alyze the results, how to interpret them, and when 
to publish. 

It is important to "let the data speak for them
selves" and not overinterpret results, especially be
fore the information on follow-up has become 
sufficiently mature. Because there is a natural ten
dency for others to overinterpret, distort, or am
plifY the results, it is vitally important that the 
authors frame their interpretations of the results 
carefully and realistically; premature publication 
and overinterpretation of results still in a state of 
flux must be avoided. 

Even large randomized clinical trials may not 
yield absolute conclusions; but the results and the 
interpretation of data may increase the level of 
confidence that the treatment under study should 
be adopted as standard treatment in defined sub
sets of patients, at least. It is important to publish 
the results, even when they are negative. 

The following questions or issues should be ad
dressed when investigators are deciding when to 
publish and what to say: 

1. Is the follow-up of the patients long enough 
to permit the drawing of valid conclusions? 

2. In studies with survival endpoints, especially 
oncology studies, is the difference in relapse
free survivals great enough to permit a definite 
prediction that they will also translate into sig
nificant differences in overall survival rate? 

3. In patient studies with very large sample size, 
small differences may be statistically signifi
cant, but the investigators will have to ask 
whether these statistically significant differ
ences are also clinically significant-especially 
in settings where toxicity, cost, or morbidity 
might be involved. 

4. Are the patients entered into the trial repre
sentative of the entire universe of similarly 
staged patients? 

5. Are there any subsets of patients in which dif
ferent results occurred? Caution must be ex
ercised in interpreting results in subsets of pa
tients defined by criteria not used in the 
original design of the trial. 

6. Are the results internally consistent using dif
ferent statistical approaches, and consistent 
with existing knowledge of the biology of the 
disease under study? 

The Future of Clinical Trials 
in the Managed Care Era 

As we move toward the millennium, finances to 
support health care (at least in the United States) 
are undergoing a fundamental reorganization. 
Standard indemnity insurance in support of tra
ditional fee for service is being rapidly replaced by 
managed care contractual arrangements. This 
transformation has been fueled by the private sec
tor where there is a perception that the impera-



220 R.G. Pollock, CM. Balch, E.C Holmes 

tives of economic competitiveness will not sustain 
a continued 13% of gross national product expen
diture on health care. This emerging reality has 
created a milieu in which cost-competitive pres
sures on health care delivery are having a major 
negative impact on biomedical research support in 
American academic health care centers. Histori
cally, in academic health centers upwards of $850 
million have annually been extracted from gen
erated clinical revenues and then used to cross
subsidize research and educational missions, in
cluding clinical research. Costs of health care 
delivery must be cut for academic health centers 
to compete in the managed care environment; yet 
any decline in clinical revenue margins may derail 
cross-subsidization strategies. 

Additional detrimental factors are also emerg
ing in this "brave new world" of health care eco
nomics. Medical schools have come under in
creasing pressure to train generalists at the 
expense of specialty training support, including 
the surgical specialties. This decreasing specialist 
physician workforce may result in fewer fellow
ship training positions, thereby further decreasing 
the pool of investigators capable of asking "cutting 
edge" clinical research questions. Alterations such 
as these could ultimately result in a shrinking fac
ulty pool that has the capacity to design, initiate, 
and conclude clinical trials as well as mentor new 
clinical researchers. 

Finances in the pharmaceutical industry may 
also negatively impact clinical research support. 
Low-overhead mail delivery pharmaceutical sup
pliers are frequently mandated in lieu of retail out
lets as providers for specific managed care 
contractors. As competitive pressure from these 
suppliers increases, a traditional source of indus
trial pharmaceutical financial support for clinical 
research may also become threatened. 

An additional concern arises from the obliga
tion that many academic health care centers have 
incurred to serve as a safety net for uninsured or 
underinsured patients. Recent data from the As
sociation of American Medical Colleges suggests 
that the 287 university academic health care cen
ters, although only 6% of all hospitals, generate 
26% of all gross medical revenues, absorb 28% of 
all medical debt, and deliver 50% of all charity care 
in the United States.s 

The increasingly competitive local medical 

market place will impose further difficulties on the 
clinical research enterprise. In a capitated envi
ronment it is not clear if voluntary enrollees will 
sign up at academic health care centers instead of 
more geographically convenient and amenity-rich 
nonuniversity community facilities, thereby po
tentially removing themselves from access to clini
cal trials while simultaneously further eroding 
academic center clinical revenue streams. 

The above emerging forces are of concern to all 
who are involved in the clinical research endeavor. 
Managed care entities are presumably aware that 
clinical research is critical for medical progress and 
ultimately cost-effective health care. However, 
most are apparently not interested in paying for 
research or experimental treatments that do not 
lead to near-term savings or that place them at a 
competitive disadvantage vis-a-vis other managed 
care organizations. There is usually a considerable 
difference in the time frame in which a new treat
ment is conceived, tested, and proven effective 
versus the emergence of proof that the new treat
ment is medically necessary for certain patients. 
This time-denominated tension between trial el
igibility and trial-derived proof of medical neces
sity has resulted in patients being denied author
ization by managed care organizations to 
participate in clinical trials. This has led to several 
highly publicized and expensive legal confronta
tions that have ultimately forced managed care 
groups to authorize patient trial enrollment. Pro
posed alternatives to insurers' varying reimburse
ment policies include an all-payer research fund, 
a tax on all managed care companies to support 
research, and the establishment of public-private 
partnerships to forge incentives for providers, pay
ers, and patients to participate in clinical trials. 

In this rapidly shifting environment it is clear 
that new medical center coping strategies will 
need to be developed if clinical trials research is 
to thrive. The recent molecular insights into a 
wide variety of surgical diseases, coupled with po
tential therapeutic benefits as the Human Ge
nome Project is completed over the next several 
years, offers unparalleled opportunity to advance 
health care. As such, we may be, in reality, enter
ing a golden era for clinical trials to rapidly define 
these new molecularly driven standards of health 
care. In a generalized era of government cost con
tainment, it is unlikely that there will be sweeping 
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legislative relief of the difficult financial scenario 
now confronting academic health centers, as de
scribed above. Some centers may choose to dis
continue support for expensive clinical research 
programs. Indeed, some institutions may not be 
able to respond to and overcome these difficult 
economic realities, and fall by the wayside. 

In the face of these challenges, many academic 
health centers are responding by internal financial 
reengineering while simultaneously pursuing 
strategies that will expand external patient popu
lation pools. This approach will require new part
nerships with other institutions and professional 
entities to secure the patient base needed to support 
clinical research programs. One strategy calls for 
creation of hub-and-spoke networks of academic 
tertiary care centers linked with community-based 
care organizations that also incorporate private 
foundations, pharmaceutical companies, and 
emerging biotechnology firms. Such networks are 
now being rapidly assembled in many locales on a 
regional basis. These efforts may require new co
operative and collaborative efforts involving several 
formerly competitive medical schools or other hub 
centers to secure the patients needed for meaning
ful clinical trials. These approaches may also lead 
to diversification of funding to include extramural 

peer-reviewed sources, clinically derived funds, and 
industrial and foundation sources that will most 
likely be directed toward those patient care clinical 
research networks that are optimally poised for pa
tient accrual. Reconfiguring the academic health 
center hub clinical research infrastructure to make 
it accessible and accountable throughout the net
work will be required as part of this overall new 
creative strategy. 

This process of reengineering the clinical re
search enterprise will be built on new and highly 
sophisticated informatics hardware, software, and 
personnel to link the network components to
gether. Many academic health centers are engaged 
in such information access reorganizations as a 
needed first step to determine true costs in path
ways of care required to successfully compete for 
managed care contracts. The intensity of a given 
institutional commitment to developing and ini
tiating "cutting edge" informatics may be consid
ered by funding agencies as a litmus test of the 

ability to construct an effective patient care clini
cal research network. 

In an era of scarce resources, it will be necessary 
to develop guidelines for the overall quality of 
clinical trials. This latter issue will be determined 
by the importance of the question being asked, 
the quality of care being delivered, as well as the 
traditional clinical trial outcome parameters. Cost 
issues and patient satisfaction criteria will almost 
certainly be entered into future clinical trial guide
line assessments, and may themselves become the 
focus of future health care research and clinical 
trial initiatives that seek to define a more rational 
delivery of health care. Such new health care de
livery research programs will require new faculty 
and research facilities, perhaps at the expense of 
other programs that have not stood up as well to 
the passage of time. The future clinical research 
mission, while most likely having a different em
phasis from current programs, will still ultimately 
focus on improving the quality of patient care. The 
only limitations to our participation in these exciting 
new developments will be self-imposed: inability to 
seek new pathways through collaboration, or not 
imagining broadly enough to encompass new op
portunities in clinical care. The studies cited in this 
chapter clearly show that these constraints have not 
fettered surgeons in the past. There is every reason 
to expect that surgeons will develop equally imagi
native solutions for the future. 

Conclusion 

If you are considering a multicenter clinical trial, 
all the points discussed in this chapter should be 
taken into account, although some will be more 
important in some studies than in others. In prac
tical terms, you should always design the ideal 
study and then make the compromises necessary 
for feasibility. Setting down rules and guidelines 
at the beginning is the best way to proceed, but 
unrealistic rigidity can be self-defeating. All rules 
or compromises should be considered in the light 
of how to anticipate and prevent adverse criticism 
about the conduct of the study or its outcome. 
The objective is to do good clinical science and 
contribute to meaningful progress. 

The randomized controlled clinical trial is the 
most reliable and useful investigative tool in clinical 
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medicine. Despite its imperfections, it produces the 
most credible and generalizable results and has jus
tifiably become-and is likely to remain-the 
mainstay of clinical research. It is doubtful that any 
clinical research program can be developed without 
a good understanding of how randomized con
trolled trials are designed and implemented. A col
laborative multicenter randomized controlled trial 
is expensive, but the return on investment is worth
while if the question it seeks to answer is clinically 
and socially important. 
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CHAPTER 28 

Selected Nonexperimental 
Methods: An Orientation 
W O. Spitzer and S.M. Horwitz 

Clinical investigators and members of interdisci
plinary research teams may often find that they 
must employ nonexperimental strategies charac
teristically used by epidemiologists and biostatis
ticians, particularly when randomized controlled 
trials (RCTs) are not ethically or practically fea
sible. These designs are used less frequently than 
controlled trials in surgical and anesthesia re
search. This chapter is intended as an orientation 
for those who seek meaningful and knowledge
able partnership in clinical and epidemiologic re
search. The bibliography will assist those who 
wish to pursue an in-depth understanding of the 
strategies presented here. 

Uncontrolled case studies and case series have 
been mentioned in this textbook. Such efforts are 
indispensable precursors to good clinical and epi
demiological research. However, the role of such 
work should be restricted to hypothesis generation, 
except when findings are dramatic. The discovery 
that penicillin could cure hitherto consistently in
curable disorders was so striking that controlled 
studies and inferential statistics became unneces
sary. Such dramatic advances in any field of medi
cine are, however, the exception rather than the 
rule. Characteristically, advances in clinical sci
ence are small, and progress is incremental. Im
provements can be so subtle that the changes must 
be demonstrated carefully with the best attainable 
rigor of design and the highest sophistication of 

appropriate statistics. Admissible rules of scien
tific logic must be followed. 

One of the key rules is that research questions or 
hypotheses are tested only after they have been set forth 
in advance, not through fishing expeditions in ex
isting data or even data-dredging of information 
we may have gathered ourselves. It is important 
to generate hypotheses, but it is essential to test 
them following an explicit protocol written and 
evaluated according to principles that assess the 
extent to which the results support a causal asso
ciation. 

Association Is Not 
Necessarily Causation 

All clinicians must constantly remind themselves 
that association does not mean causation. Ordi
narily, we can develop truly convincing evidence 
for causation only through experimental ap
proaches. The strongest and most reliable evi
dence for cause and effect is the randomized con
trolled trial. Without evidence from such trials, 
the determination of whether an association is a 
causal one becomes more problematic. Sir Austin 
Bradford Hill suggests the consideration of nine 
features in looking at associations between factors 
and outcomes when the evidence is derived from 
nonexperimental methods. If many of these fea-
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tures are present, we are more secure in postulat
ing causation. 

Hill put the strength of the association first on 
the list. If the exposed population shows the out
come variable in a very marked degree, we are 
much more comfortable in inferring causation. 
High odds or risk ratios mean a strong associa
tion. Of course, we are sometimes misled. A very 
strong association between two factors may be just 
that, a strong association and not cause and effect. 

Next on Hill's list of features to be considered 
in attributing causation is consistency of the ob
served association. The connection between smok
ing and lung cancer has been repeatedly observed 
by different workers in different countries within 
quite different populations over many years. Hill 
places great weight on similar results reached from 
studies with quite different designs. He finds this 
much more convincing than similar results from 
a collection of similarly designed studies. We 
know in medicine and surgery that very weakly 
designed studies all pointing in the same direction 
have led us to assume causation when, in fact, the 
consistency of association was merely the repeti
tion of a mistake. 

Hill's third characteristic is the specijicity of the 
association. If the association is unusual, if it is 
limited to specifically exposed persons who de
velop unusual outcomes, this is a strong argument 
in favor of causation. The peculiar form of defor
mity in newborns produced by exposure of preg
nant women to thalidomide, and the association 
between acquired immune deficiency syndrome 
and very rare Kaposi sarcomas are examples of this 
characteristic. 

The fourth factor Hill considers is the temporal 
relationship of the observed association. An inference 
of causation is severely undermined when the ef
fect appears before the cause. In the epidemics of 
Minamata disease seen in several parts of the 
world a few years ago, the emission of organic 
mercury toxic wastes preceded the great increase 
of reported cases of the neurological disorder. 

As a fifth factor, Hill looks for an association 
that reveals a dose-response curve or a biological gra
dient. For example, those who smoke more ciga
rettes have higher death rates from smoking than 
both nonsmokers and those who smoke but a few 
cigarettes. A reverse gradient, such as a decreasing 

incidence of cancer of the lung among former 
smokers, is particularly persuasive. 

The sixth feature Hill looks for is biological 
plausibility. If the association seems to make no 
sense at all, as in a relationship between the num
ber of Presbyterian ministers in Scotland and the 
increasing population of Chicago, Hill suggests 
that we should be cautious in inferring causation. 
However, as we learn more and more about bi
ology, associations that once made no sense be
come biologically plausible. When Professor Oli
ver Wendell Holmes of the Harvard Medical 
School drew attention, in 1847, to the association 
between the hand-washing habits of obstetrical 
surgeons and the incidence of puerperal fever 
among the mothers they attended, no one paid 
much attention because people could see no bio
logical plausibility in the association. Twenty years 
later, after the work of Pasteur and Lister, the 
association acquired biological plausibility. 

Hill's seventh factor is coherence of the evidence. 
Hill says that a cause and effect interpretation of 
an association should not seriously conflict with 
the generally known facts of the natural history 
and biology of the disease studied. Hill points out 
that the association of lung cancer and cigarette 
smoking is coherent with the increase in smoking 
among men that took place between 1910 and 
1920, and the later increase among women. The 
isolation of carcinogenic factors from cigarette 
smoke and the histopathologic evidence of irri
tation of the airway epithelium of heavy smokers 
lend further evidence of coherence. 

For his eighth factor, Hill asks if the trends are 
reversible. When the government withdrew the 
suspect pharmaceutical from the market, did re
ported cases of phocomelia fall? When smokers 
stop using cigarettes, do the rates at which they 
develop lung cancer fall? We call this evidence of 
reversibility. 

Finally, as a ninth factor, Hill suggests we look 
for analogies. After having discovered a drug effect 
of thalidomide on fetuses, we are readier to accept 
somewhat similar evidence that another drug 
might cause fetal defects. 

None of the nine factors brings indisputable 
evidence for or against a cause-and-effect hy
pothesis. Nevertheless, they do, with greater or 
lesser strength, suggest instances when an asso
ciation may be one of causation. 



Chapter 28 Selected Nonexperi menta I Methods: An Orientation 225 

For causation we prefer to have the evidence of 
a soundly conceived and well-executed experi
ment-one that employs the strengthening fac
tors of random allocation to treatment, and ap
propriate varieties of blindness on the part of the 
experimenter, the patient, the evaluator of the 
outcome, and, perhaps, the statistician who ana
lyzes the data. The employment of strengthening 
factors such as random allocation and blindness is 
no more an aspersion on the honesty of experi
menters than requiring rubber gloves is a com
ment on the personal hygiene of surgeons. 

Ascribing causation is serious business. The 
best advice about drawing conclusions on cause 
and effect from nonexperimental designs is to in
voke Bradford Hill's criteria judiciously and to in
terpret the relationships carefully. 

Experimental versus 
Nonexperimental Designs 

An experimental design is one in which one group 
of eligible subjects or patients exposed to an in
tervention or a maneuver is compared to one or 
more control groups comparable to the interven
tion groups in all respects, save for the interven
tion or maneuver of interest. The first essential 
characteristic of an experiment is that the interven
tion or the maneuver is assigned by the investigator 
to the exposed group and that the comparison inter
ventions or maneuvers (e.g., placebo or the best
accepted current therapy) are also assigned by the in
vestigator to the control group or control groups. To 
express it another way, the assignment of the ma
neuvers is under the control of the investigator. 

The second essential characteristic of an experi
ment is that assignment of subjects to the control 
and experimental groups be done by systematic, 
prespecified means presumed to guarantee the as
sembly of two absolutely comparable groups, ex
cept for the effects of the maneuver of interest. 
Generally, an investigator chooses to assign sub
jects to the intervention and control groups ran
domly, assuming that, with a large sample size, 
random assignment will evenly distribute unmea
sured potential risk factors. However, experimen
tal and control group assignment may be done in 

a systematic fashion by other preselected means 
such as alternate assignment rules (e.g., odd-even 
hospital file numbers). 

In our current understanding of clinical science, 
the experiment that is an RCT is the "gold stan
dard" of research. In their chapter on clinical re
search, Walters and Sackett discuss the advantages 
of the randomized and controlled approach for 
the assessment of effectiveness.1 Yet no matter 
how well designed, these RCTs are not without 
problems due to human error, human folly, and 
chance. RCTs are difficult to carry out, must often 
sacrifice internal validity for generalizability, and 
evaluate clinical maneuvers only under optimal 
circumstances, as opposed to conditions approxi
mating usual clinical care. 

Designs belonging to a group in which random 
assignment of subjects is not possible (although 
investigator control over the assignment of the 
clinical maneuver is maintained) are called sub
experimental (a term used by Walters and Sackett) 
or quasi-experimental (a term borrowed from the 
social sciences). These designs can employ one 
group or multiple groups. In the one-group de
sign, the comparison of interest is the outcome 
variable before and after the application of the inter
vention. Consider all eligible drivers in the state 
of Victoria, Australia, as a group; for the inter
vention of interest, take the introduction of com
pulsory use of seatbelts while driving. Given that 
it is possible to determine the number of injuries 
entailing death or physical injury to drivers and 
passengers per 100,000 persons "exposed to au
tomobile transport," you could conduct a "before
and-after study." You could determine the number 
of injuries in the exposed citizens of that state, 
within certain age groups, for the full year prior 
to the new law. With the same determinations for 
one full year after the law came into effect, you 
could see whether there was any difference in 
rates. If the change (presumably a drop) is truly 
dramatic, you may not need comparison cohorts 
or concurrent experimental trials of any kind. 

When before-and-after studies must be done, 
the design is strengthened by having several se
quential measurements before the event or "in
dependent variable" of interest, and several mea
sures after. In the seatbelt example, suppose you 
had taken measures for odd-numbered years for a 
decade before the introduction of the law, and sup-
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pose further that the rates of identically classified 
and measured injuries were stable. If you made 
the same ascertainments for odd years for a decade 
after the introduction of the new law, and there 
was a stable, sustained new lower level, your con
clusions about the relationship between the new 
law and the prevention of accidents and death 
would be greatly strengthened. If you are doing 
before-and-after studies, seek every opportunity 
to have at least two before measures and two after 
measures. A "step down" or "step up" of the mea
surement in the dependent variables coinciding 
with the "treatment" or exposure to the indepen
dent variable is a much stronger set of data on 
which to base conclusions on association. 

If a "before-and-after" study does not give con
vincing evidence of change, you should be very 
cautious in interpreting the results, even if you 
have several before-and-after determinations. 
Other factors (confounders or effect modifiers) 
could have been operating at the same time. The 
price of gasoline might have changed, driving 
habits might have altered, or other laws setting 
lower speed limits might have affected the rate of 
accidents. It then becomes important to attempt 
additional before-and-after studies, historically or 
concurrently, in other jurisdictions (multiple 
group comparisons). The replications can be help
ful in elucidating the confounding or effect
modifying impact of unrelated factors. 

Designs that incorporate neither random allo
cation nor investigator assignment of the maneuver 
of interest are called observational or nonexperi
mental designs, even if two or more groups of study 
patients are compared. The balance of this chapter 
will introduce you to the major types of nonexperi
mental design, but our discussion of them will not 
be exhaustive. Many variations of these basic de
signs exist, and our brief orientation provides only 
a basic road map for this territory of research meth
odology. We have organized our discussion of non
experimental designs according to the Canadian 
Task Force on the Periodic Health Examination2 

hierarchy of evidence: cohorts, case-control studies, 
cross-sectional research, and ecologic studies. Un
controlled case studies and case reports will not be 
considered further. 

Before detailing specific designs, we need to in
troduce a number of concepts that are important 
to keep in mind when digesting methodologic 

material. The first is the purpose of the study to 
be undertaken. Are we simply describing the state 
of affairs (i.e., descriptive study) or are we gener
ating information about the relationship of par
ticular factors to a disease (i.e., an analytic study)? 
We generally undertake descriptive studies when 
we know little about the determinants of disease 
or its natural history. Descriptive studies provide 
us with basic information about the disease or 
condition of interest and help us generate specific 
hypotheses about possible etiologic agents. 

The second issue is the direction of the study 
design with respect to the potentially related fac
tor and the outcome of interest. Are we observing 
a group of individuals at a defined point in time, 
gathering detailed information on the etiologic 
agents of interest, and following these individuals 
forward in time, concurrently, to determine dis
ease status? Or, are we assembling a group of in
dividuals with the disease of interest, a second 
group of individuals without the target disease, 
and pursuing the information backward with 
backward logic? Finally, are we measuring both 
etiologic agents and disease at the same point in 
time (cross-sectional)? 

Another issue to consider is the unit of obser
vation. Are we measuring our targeted features in 
individuals, in small groups (e.g., a family), or in 
larger groups (e.g., countries)? In most medical 
and surgical studies, the individual is the unit of 
observation. Further details for subsections of 
these observational designs can be found in chap
ters 7, 26, 27, 31, and 37. 

Cohorts 

The Latin word cohort was a Roman military 
term. It referred to a group of soldiers of a certain 
category. It could have been 100 or 500 infantry
men, 500 cavalry warriors, and so on. The first 
and most important use of "cohort" in clinical and 
epidemiologic research is to designate a number 
of persons (patients or healthy individuals) who 
share common attributes considered to be relevant 
to the research questions at issue. It could be 500 
persons, 20-49 years old, experiencing a first in
cidence of low back pain, who have no clinically 
objective signs of neurological deficit. The cohort 
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could be 10,000 diabetics 50-79 years old, eligible 
for inclusion by definite criteria and unaffected by 
peripheral vascular complications. It could be 25 
1-week survivors of liver transplants, aged 13-60 
months. 

Sometimes the only intervention or maneuver 
of interest in studying a cohort is the passage of 
time. Thus, for the diabetics unaffected by pe
ripheral vascular complications, one might wish 
to discover how many complications affect that 
population of diabetics over a 5-year period, strati
fied by age in half-decades. Or, a new drug to 
delay or prevent peripheral vascular complications 
may have been introduced into the market. A 
study might then determine the rate of develop
ment of such complications in a cohort of persons 
prone to peripheral vascular disorders and using 
the drug. 

For any cohort, it is important to decide in ad
vance what the dependent variable or the target 
outcome will be. The outcome events become the 
numerators for rates (such as incidence) calculated 
in cohort studies. For survivors of liver trans
plants, the dependent variable or target outcome 
might be death. For a cohort of patients with os
teosarcoma, it might be length of disability-free 
survival. For a cohort of women with indwelling 
urinary catheters, it might be new infections in 
the postoperative period. The fundamental char
acteristic of the cohort is that the study subjects 
are identified and delineated by explicit criteria 
bifore the declared target outcome or dependent 
variable of interest is manifest among the same 
subjects. Cohorts are denominators for target out
comes. The target outcomes or dependent vari
ables are the numerators. In cohort studies, the de
nominators are always identified and delineated 
before the dependent variables are observed. That is 
why cohort studies are sometimes called follow
up studies. 

Cohorts may be followed in time as a single 
group without making any comparisons with any 
other group. Such work is referred to as descrip
tive. Figure 28-1 diagrams the basic structure of 
a classical cohort design. Notice that the direction 
of the study is forward, and the unit of analysis is 
the individual. 

Table 28-1 shows the data layout for the analy
sis of a cohort. Individuals' exposure status is on 
the left-hand side, and follow-up disease status is 

__ ~ED 

EP~ __ 

~ED 
P = study population of interest, usually some group 

of individuals without the disease of interest, 
some proportion of whom will become exposed 
to the agent of interest. 

E = exposed, E = not exposed 

o = diseased, is = not diseased 

Figure 28-1 . A cohort study. 

across the top of the table. To determine whether 
those exposed to the putative agent of interest
for instance, amount of caffeinated beverages con
sumed daily by a cohort of 40- to 60-year-old men 
and women, who develop the targeted outcome 
(gallbladder disease)-we use the ratio of those 
diseased among caffeine consumers [a/(a + b)] 
divided by the ratio of those diseased among the 
nonconsumers [cI(c + d)]. The resulting measure, 
the relative risk or risk ratio, gives us an idea of the 
association of caffeinated beverages with gallblad
der disease. If this ratio is greater than 1, we usu
ally say that the putative agent is associated with 
an increased risk of disease. If the ratio is less than 
1, we say it is associated with a decreased risk of 
disease, or it is a protective factor. In his chapter 
on clinical biostatistics, Kramer presents addi
tional analytic methods appropriate for use with 
categorical outcome measures.3 

Sometimes it is possible to compare two or 
more cohorts and follow them simultaneously. For 
instance, it may be possible to assemble 20,000 
men who became exposed to occupationally re
lated radiation in nuclear plants starting in 1971, 
and continue to be exposed, and follow them to 
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Table 28-1. Data layout for a prospective cohort 
study. 

Disease status 

D 

E a 
Exposure E 
status 

Totals a + c 

Disease among exposed a (a + b) 

Disease among unexposed = cI(e + d) 

aI(a + b) 
Relative risk = ---

cI(e + d) 

D Totals 

b a + b 

d c + d 

b + d (a + b) + 
(c + d) 

determine the total number of new cancers de
tected through 1995. This could be done at the 
same time as one follows another 20,000 men in 
other energy-related industries that are similar in 
most respects to nuclear power generating plants, 
except for the exposure to measured levels of ra
diation in the workplace. This second cohort of 
20,000 men assembled in 1971 would also be fol
lowed through 1995. Note why this is not an ex
perimental design. The investigator did not assign 
the men to be or not to be exposed to radiation, 
or to be or not to be in one type of industry or 
another. The men self-selected their own jobs. How
ever, it can and should be established that the two 
self-selected cohorts are sufficiently comparable to 
follow them forward in time and compare the rate 
of development of new cancers between the two 
groups. With two or more groups, we have a co
hort comparison study. It is worth emphasizing 
that all 40,000 men, the 20,000 exposed and the 
20,000 not exposed, were free of the target out
come of interest (cancer) at the time the cohort was 
assembled in 1971. 

One of the main disadvantages of cohort stud
ies is that they generally require a very large num
ber of subjects in the denominator so that mean
ingful numerators can emerge as dependent 
variables. That is not true in certain clinically ori
ented studies (e.g., liver transplant studies, where 
the outcomes of interest are not rare). The pre
cision of the answers depends greatly on the size 
of the numerator. Also, cohort studies sometimes 
require long follow-up with all the consequent 

problems of logistics, the most important one be
ing losses to follow-up. 

One frequently used strategy in cohort studies, 
which gets around the disadvantage of many years 
of waiting to ascertain outcomes in cohorts as
sembled according to exposure criteria, is to do a 
historical cohort. An investigator studying cancers 
among cohorts of workers assembled in 1971, in 
conventional and nuclear plants, could have 
started the work in 1986. The pursuit of the data 
is still forward from 1971 to 1995, but the inves
tigator has gone backward in time for 15 of the 
25 years. The method is partly historical and 
partly concurrent. 

If the investigator had fielded this work in 
1995, following the workers from 1971 through 
1995, the entire project would have been a his
torical cohort study. We emphasize, however, that 
a historical cohort, even when implemented his
torically, is prospective in common terminology, 
because the pursuit of the data is forward. Other 
cohort studies that we designate concurrent also 
pursue the data forward, but from the present to 
the future. Conventionally, they are also classified 
as prospective, but this use of the term prospective 
to qualifY cohort studies is ambiguous and con
fusing. It is also not useful as a qualifier of ran
domized controlled trials. RCTs are always pro
spective. 

Case-Referent or 
Case-Control Studies 

The distinct feature of the case-referent or case
control study, as it is commonly called, is that the 
two groups compared, the group of cases and the 
subjects from the referent group (i.e., controls), are 
identified with reference to the presence or ab
sence of the target outcome of interest, usually 
incident cases of disease. Characteristically, you 
obtain information on outcomes and exposure at 
the same time. You then determine, in each of the 
two groups of patients compared, how frequently 
a prior exposure of interest occurred. 

You might, for instance, take 400 neonates with 
meningomyelocele from among a group of uni
versity childrens' hospitals and compare them to 
a second reference group of 400 very young chil-
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dren, matched by age, who were referred to the 
same hospitals for management of severe trauma. 

The question of your project is whether expo
sure of the mother to a particular garden herbicide 
during pregnancy might be associated with de
velopment of meningomyelocele. You would in
terview the mothers of both groups of children to 
determine the proportion of exposure of each 
group during the corresponding pregnancies. 
Suppose that 32% of the mothers of children with 
meningomyelocele report being exposed to the 
chemical herbicide, and only 8% of the mothers 
of children with multiple trauma report such ex
posure. You would conclude that mothers of chil
dren with meningomyelocele are 4 times more 
likely to have been exposed to the herbicide. Us
ing these data to calculate an odds ratio, as the 
exposure ratio in the cases (32/68) divided the ex
posure ratio in the controls (8/92), you would say 
that the exposed mothers are approximately 5 
times more likely to bear children with menin
gomyelocele. 

Figure 28-2 shows the structure for a case-

~ 
___ ----------~--_~R 

RE~_ 
R 

RE/ 
D = individuals diagnosed with the disease of interest 

P1 = source population for individuals with disease 

R = individuals without the disease of interest 

referent or case-control study. Notice that the 
cases and referents or controls are selected from 
two different populations and that the direction 
of the study is backward. Subjects are selected 
on the outcome of interest (disease or condition 
under study versus no disease), and the informa
tion on etiologic exposures is collected retrospec
tively. Table 28-2 shows the data layout for a case
referent study. 

Continuing our caffeinated beverages example, 
we would gather cases of disease of interest-for 
instance, cancer of the pancreas-and compare 
them to a group of patients entering area hospitals 
for elective surgery with respect to the exposed 
factor of interest, caffeinated beverages. We would 
then compare the proportion of those exposed 
among the cases [a/(a + c)) to the proportion of 
those exposed among the controls [b/(b + d)). 
The resulting measure, the odds ratio, gives us a 
sense of the degree of caffeinated beverage expo
sure among the cases compared to the referent 
group. Again, when the odds ratio is more than 
1, or unity, we associate an increased risk of dis-

Figure 28-2. The case-referentlcase-control 
study. 

~ = source population for individuals without the disease of interest 

E = exposed, E = not exposed 

Hypothetically, P1 = P2 



230 W.O. Spitzer, S.M. Horwitz 

Table 28-2. Data layout for a case-referentlcase
control study 

Cases Referents or controls 

Exposure 
status 

E 

E 
a b 

d 

a+c b+d 

Exposure among the cases = alta + e) 

Exposure among the referents = b/(b + d) 

Odd . alta + c) .;. cI(a + c) ad 
5 ratIO = --- ---or-

b/(b + d) .;. d/(b + d) be 

ease with exposure. When the disease under study 
is rare, as is usually the case when we use a case
referent design, the odds ratio comes close to the 
value of the risk ratio or the relative risk. 

In case-referent research, if you obtain odds ra
tios that are high, such as 6 or 11 or 20 (meaning 
that a target outcome is 6 or 11 or 20 times more 
likely to occur in the presence of a suspected risk 
factor as compared to the absence of the risk fac
tor), you have evidence of association between the 
target outcome and the risk factor, and the 
strength of the association, as reflected in the high 
odds ratios, would strongly suggest but does not prove 
causality of the risk factor with respect to the tar
get outcome. Findings from case-referent studies 
can seldom be taken as conclusive evidence of 
cause, no matter how high the odds ratios. More
over, odds ratios from case-referent studies are 
weak, often only in the order of 1.3, 1.8, or about 
2. In such cases (assuming that statistical signifi
cance has been attained), the evidence of associa
tion can be invoked to draw causal inferences only 
at great periL The previously discussed specific 
ground rules about diagnosing causality from as
sociation should be invoked when evaluating evi
dence from case-referent studies. 

In recent years, Miettinen4 developed the 
theory underlying case-referent studies that per
mitte~ substantial advances in the understanding 
of thIS strategy. He introduced the concept of 
study base as the hypothetical conceptual denom
inator of relevance for these types of studies. Cli
nicians participating with methodologists in case
referent studies should make a serious attempt to 
master both the theory and the logistical chal
lenges of the case-referent approach. The theo
retical and practical difficulties can be formidable 

despite the advantages of smaller sample sizes and 
much shorter study periods. 

The key disadvantages to the case-referent 
method are vulnerability to biass and the difficulty 
in judicious choice of reference groups for com
parison. The advantages include smaller numbers 
of patients and shorter follow-up. In the case of a 
rare disease, the case-referent method is often the 
only feasible way of evaluating association be
tween a risk factor and a clinical outcome. 

Cross-Sectional Designs 

Cross-sectional designs are those in which de
nominators are delineated at the same time as the 
numerator events are measured. You might enu
merate all victims of motorcycle accidents within 
a particular city of 500,000 persons and designate 
them as the denominator of interest; for the target 
outcome in the numerator, you might measure the 
extent of their resulting physical disabilities. This 
outcome will be established at the same time as the 
eligible study subjects are included in the denomi
nator. 

Figure 28-3 shows the structure of a cross
sectional study. The absence of lines indicating 
the passage of time shows that data on exposure 
status and the outcome of interest were collected 
~t the same time. Unlike the case-referent study, 
In which exposure and outcome are also gathered 

P = population from which individuals 
under study were sampled 

o = disease; D = not diseased 

E = exposed; E = not exposed 

Figure 28-3. The cross-sectional study. 
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at the same time, all individuals under study come 
from the same source population. If we did a 
cross-sectional study on the effects of caffeinated 
beverages, focusing on minor gastric disorders, we 
would choose a sample of individuals from a popu
lation of interest (e.g., community A) and inter
view them on their use of caffeinated beverages 
and their symptoms of gastric upset. The unit of 
analysis is the individual and the study is nondi
rectional. 

Table 28-3 shows the data layout for a cross
sectional study. The comparison of interest is the 
ratio of the rate of disease among those with ex
posure to caffeinated beverages (alb) divided by 
the rate of disease among those without caffein
ated beverage exposure (eld). An elevated risk ra
tio or relative risk would suggest, but not prove, 
some association. 

A more rigorous approach is a cross-sectional 
study that makes comparisons among groups of 
people. You might study all motorcycle victims in 
one city of 500,000 and compare them with mo
torcycle victims in another city of 500,000 in a 
neighboring state. The difference is that the use 
of helmets is not mandatory in the first city, but 
is in the second. You could make a quantitative 
assessment of the extent of disability among the 
victims in both cities, using a new "disability in
dex" (where 0 is "death," and 100 is "freedom from 
disability"). Suppose you measure an average "dis
ability index" of 68 points in city A and 48 points 
in city B. You would tend to conclude that city B 
is better off than city A and impute the benefit to 
the law on helmet use. 

Table 28-3. Data layout for a cross-sectional study 

Disease status 

D 

E a 
Exposure E 
status 

Totals a + e 

Disease among exposed = al(a + b) 

Disease among unexposed = cI(c + d) 

alb ad 
Prevalence odds ratio = cl d or bc 

i5 Totals 

b a + b 

d c + d 

b + d (a + b) + 
(c + d) 

This example was chosen to show the pitfalls 
cross-sectional designs can harbor and to illustrate 
how cohort studies are superior, when feasible, 
because they are not as vulnerable to biases and 
misinterpretation. Community A could actually 
be better off than community B by virtue of hav
ing had lower mortality; community B may have 
had higher mortality with less disability among 
the surviving victims. If you had started with a 
cohort approach that identified all motorcycle rid
ers in both communities before introduction of the 
law and followed both groups forward from a time 
close to the introduction of the new law in city B, 
there would be no confusion between survival and 
residual disability. 

Budgetary limitations, unavailability of data, 
lack of time, or ethical constraints may often pre
clude a cohort study, however, and all we can do 
is a cross-sectional study. Remember that when 
your data emerge from cross-sectional studies 
only, you can reach only tentative conclusions that 
a particular exposure factor or a particular inter
vention is associated with a particular target out
come or dependent variable. 

Cross-sectional designs do not provide reliable 
information on the temporal relation between 
suspected causal factors and the health outcomes 
of interest. Only cohort studies and controlled 
studies give such information. 

Ecologic Studies 

Ecologic studies, also called heterodemic, aggre
gate, or descriptive studies, use the group as the 
basic unit of analysis. Groups are commonly de
fined according to geographic, geopolitical, or 
time criteria. Although ecologic studies often use 
mortality data as the outcome of interest, they 
may use any commonly collected types of data 
such as rates of hospitalization for various con
ditions, numbers of cases of reported infectious 
diseases, or numbers of births. Beginning with 
Durkheim's analysis of the relation between the 
number of suicides in European countries and the 
proportions of Protestants in the regions under 
study, ecologic studies have been used to show re
lationships on the group rather than the individual 
level. Wennberg and Gettelsohn's study showing 



232 W.O. Spitzer, S.M. Horwitz 

the relation between rates of surgical procedures 
and the numbers of physicians performing surgery 
is a more recently published example of this type 
of analysis.6 

Figure 28-4 shows the basic structure of an eco
logic study in which the joint distribution of ex
posure and disease is not known. We gather in
formation on exposure or disease only, the 
information commonly found in the marginals of 
a standard data layout table (Table 28-4). In our 
illustrative study of caffeinated beverages, we 
might be interested in the relation between caf
feinated beverage consumption and bleeding 
ulcers. An ecologic study might look at the asso
ciation of caffeinated beverage sales with hospi
talizations for bleeding ulcers in two demograph
ically similar regions that differ in their use of 
caffeinated beverages. If such an association were 
found, it might encourage the interested investi
gator to pursue the possible causal relationship 
further. 

Ecologic studies warrant much caution. They 
are attractive because they use existing data and 

PB------< 

P A' PB geopolitical units under study 

E = exposed; E = not exposed 

D = diseased; 0 = not diseased 

Figure 28-4. The ecological study. 

require less time and money, but they may be sub
ject to a phenomenon known as the "ecologic fal
lacy." The data available in an ecologic study con
sist of the information portrayed in the marginals 
of a standard data layout table. If the grouping of 
the individuals studied distorts the effect of inter
est, or if certain factors related to the group affect 
the occurrence of the outcome of interest, an eco
logic study will lead us to the wrong conclusion 
about the relationship under investigation. If we 
found a relationship in the caffeinated beverages 
study, we would have no way of determining 
whether the individuals who were hospitalized 
with bleeding ulcers were actually drinking caf
feinated beverages. 

Conclusion 

The three broad purposes of clinical and epide
miologic investigation are (1) describing what is, 
(2) predicting what could happen in the future, and 
(3) establishing cause and effect in etiologic and 
therapeutic investigation. 

The experiment is by far the strongest evidence 
that can be invoked to differentiate causality from 
association. It is the gold standard of clinical, epi
demiologic, and health care research that should 
be used whenever ethically and practically feasi
ble. In the history of medicine, nonexperimental 
studies have rarely led to firm conclusions about 
cause and effect. 

If one cannot do an experiment, a series of non
experimental strategies can be considered. To es
tablish a causal significance from an association, 
the hierarchy of rigor of evidence gives highest 
weight to the cohort comparison study. The next 
levels, in order of descending rigor, are the well
designed case-referent study, the cross-sectional 
study, and, finally, the ecologic association study. 
Only when striking findings show major changes 
should case studies be invoked to establish cause
and-effect relationships. Generally, unless it is an 
experiment, no single study should be used as 
conclusive evidence about anyone question. 

It is important to create a profile of several non
experimental studies. If most of them tend to 
point in the same direction, especially if they were 
planned and designed by different investigators in 
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Table 28-4. Data layout for an ecologic study 

Populationj Disease status 

Not 
Diseased diseased 

Exposed ai + bi 

Exposure 
Not exposed Ci + di status 

Populationi 

ai + Ci bi + di 

Disease status 

Not 
Diseased diseased 

N, 

Exposure 
status 

Exposed 

Not exposed 

aj + bj 

cj + Ii; 
bj+1i; IV; 

. a, + h; QJ + bJ a, + c, a; + Cj 
Companson: -- > -- and -- > --

N, IS N, IS 

different countries at different times, with com
plementary designs in different kinds of patients, 
causality may become a tenable verdict. Other im
portant rules about the scientific admissibility of 
evidence were summarized earlier in this chapter 
in Bradford Hill's criteria. 

Prediction of the future depends, in part, on 
how faithfully interventions-assessed through 
experimental, subexperimental, and nonexperi
mental methods-reflect current and future real
ities. There must be an adequate sense of all the 
circumstances surrounding an intervention, such 
as competing medical treatments, the milieu in 
which health service organizations operate in a 
particular country, and the conformity between 
the characteristics described and studied in a par
ticular project and the basic nature of the popu
lation for which predictions are being made. 

Mathematical modeling, based in part on em
pirical evidence gathered through experimental 
and nonexperimental studies, can play an impor
tant role in predicting the future. Although this 
chapter has not dealt with such modeling, nor has 
it presented laboratory simulation in detail, a bal
anced overview of selected strategies requires that 
they be at least mentioned. 

Some investigators scorn the use of anything 

less than the gold standard of randomized con
trolled double-blind trials in clinical and epide
miologic research. While we believe that the 
highest feasible level of rigor in design should al
ways be attempted, we also feel that it is usually 
better to have some data rather than none. When 
legitimate real-world constraints do not permit 
randomized controlled trials, every other avenue 
to new knowledge should be followed as far and 
as carefully as possible. 

The substantial compromises in strategy that 
must be made in nonexperimental research re
quire the exercise of even more care in the choice 
of all patients or study subjects, in the validity and 
reliability of data gathering, and in the selection 
of the best possible statistical techniques, than is 
required in experimental trials. 
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CHAPTER 29 

Qualitative Research 
D.K Martin and M.P. McKneally 

Introduction 

QIalitative research is an interdisciplinary, inter
pretive field of inquiry. The qualitative researcher 
uses predominantly nonstatistical analytic proce
dures to generate information from data gathered 
from field observations, structured interviews, fo
cus groups, case studies, document analyses, and 
other sources that describe routine and problem
atic moments and meanings in individual lives.! 

The antecedents of the discipline have existed 
for as long as curious people have asked analytic 
questions about social phenomena, but social sci
entists within the last century have developed 
qualitative research into a rigorous, systematic way 
of exploring social phenomena in context. The goal 
of qualitative research is to understand the meaning 
of social phenomena in their natural settings, par
ticularly for the people and institutions involved. 
QIalitative researchers ask questions such as, "Why 
is this happening?" or "Why is the prevalence of 
gunshot wounds (or tonsillectomies) so high in this 
population?" They do not count the number of 
events, or test defined hypotheses about them. 
Their inquiries and analyses may generate hypoth
eses for subsequent testing by quantitative methods 
described throughout this book. 

A Brief Background 
to Qualitative Research 

QIalitative research is often contrasted with 
quantitative research which, as its name suggests, 
is concerned with quantifYing or counting phe
nomena under various conditions, and testing de
fined hypotheses about causality or relatedness, 
based on numerical data. QIantitative research 
seeks generalizability and controls intervening or 
confounding variables through careful constraints. 
QIalitative research is concerned with under
standing the unique characteristics of the phe
nomena under study, and less concerned with 
generalizing to other contexts. QIalitative re
searchers admit the influence of all naturally in
tervening variables and, rather than controlling or 
eliminating them, attempt to understand their 
confounding influence. QIalitative researchers ac
cept that research interventions and, indeed, re
searchers may influence the phenomenon under 
study. A qualitative researcher will include the ef
fects of the intervention as "data" to be examined 
and will also be honest and transparent about per
sonal biases that inevitably shape research inter
ests, questions, data collection, analysis, interpre
tation, writing, and the dissemination of results. 
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Qyalitative researchers of the early 1900s (Ma
linowski and Margaret Mead are well-known ex
amples) studied foreign "others," attempted to 
write "objective" reports of their findings, and 
were concerned with the reliability and validity of 
their interpretations. They were committed to ob
jectivism, monumentalism (creating museumlike 
representations of the culture studied), and time
lessness.2 From the 1950s through the 1970s, 
qualitative researchers of the "modern era" fo
cused more on subjective reality. This new version 
of qualitative research, characterized by a more 
realistic, forgiving, eclectic view, maintains that 
reality can never be fully understood, only ap
proximated. More recently, qualitative researchers 
of the "postmodern" school seek to include emo
tionality, responsibility, an ethic of caring, multi
voiced text, and a dialogue with subjects, often 
with political overtones, in their analyses. 

Today, we recognize that an investigator's per
spective is always filtered by language, profession, 
gender, class, and ethnicity, among other influ
ences. Moreover, we recognize that research par
ticipants are often unable to provide full expla
nations of themselves, and that researchers, who 
are people with their own experiences and influ
ences, may never completely understand the par
ticipants. One result of this evolution of the re
search model is that today's researcher no longer 
feels compelled to impersonate the aloof, objective 
"other," but can now be free to be more of an 
activist, utilizing a wide range of interconnected 
interpretive methods. 

Like an intuitively gifted detective, the quali
tative researcher can pursue a line of evidence sys
tematically and analytically, without the con
straints of quantitative research that require all 
questions to be pre specified before the data are 
gathered and examined. By carefully combining 
the techniques of qualitative and quantitative re
search, observations can be developed into de
scriptions, explanations, and theories that can 
then be tested. 

The following example illustrates the strength 
of qualitative research. Rich and Stone inter
viewed 18 African-American men between 18 
and 25 years old who were recovering in an urban 
Boston hospital after being shot or stabbed.3 

Their qualitative approach enabled the authors to 
elucidate important details of the interpersonal 

and societal influences that contributed to violent 
injury of young urban males. The authors intro
duce a recurring theme: the phenomenon of "be
ing a sucker"-one who is not tough, who does 
not have the courage to fight back, even if he will 
be wounded or killed. The wounded men were 
proving to their peers that they do not run or back 
down from violence; by standing up against po
tential injury they avoided being consigned to an 
unacceptably subordinate social class of victims. 
"Standing up for what's yours" prevents robbery 
and extreme victimization; failure to respond vio
lently to a challenge is more dangerous in their 
context than striking back. This concept is known 
to street workers but, until now, has been absent 
from the trauma research literature, despite the 
large number of published books and articles on 
penetrating injury. It took an in-depth qualitative 
study to examine this segment of surgical practice, 
expose the "why's" and "how's," and explore inter
ventions that may help reduce its prevalence. 

An issue in surgery that is ripe for qualitative re
search is the dramatic differences in the incidence 
of certain surgical operations between small geo
political units. These variations are generally dis
cussed in a speculative analysis of possible causa
tion. This is an ideal target for the application of 
qualitative research methods because these meth
ods investigate problems systematically to answer 
questions such as, 'Why do the doctors in this re
gion perform so many tonsillectomies, prostatec
tomies, or coronary bypasses?" Speculation can be 
replaced by direct quotation from practitioners and 
patients, and this information can be enhanced 
through observation of practice behavior. 

Six Practical Tips for 
Rigorous Qualitative Research 

These six tips will orient you to qualitative re
search techniques and help you to ensure that your 
studies are scientifically rigorous and your findings 
are meaningful. 

1. Ask the Right Question 

All research begins with a question; before you 
begin, critically question your question. The re-



search method should be determined by the ques
tion-too often the reverse is true. Because many 
investigators are steeped in a particular methodo
logical tradition, the questions they can address 
are predetermined, and as a result the knowledge 
gained is one-dimensional. Table 29-1 shows how 
different research questions can shape the research 
approach. 

The quantitative research questions in Table 
29-1 can be answered by relatively simple mea
surements involving questionnaires or a chart re
view, and comparisons can be made with t-tests. 
The qualitative research questions in Table 29-1 
can be answered only by exploring the perspec
tives of the people involved and the institutions 
that shape their environment. In the first example, 
you could observe what surgeons do, analyze the 
decisions they make about time management, and 
ask them about rewards, frustrations, and priori
ties in their work. In the second example, you 
could listen to elderly patients as they describe 
their postsurgical experience. 

~alitative research may be used to develop ba
sic descriptive knowledge, clarifY quantitative 
findings, develop research instruments, evaluate 
programs, guide practice, develop theory, and in
fluence policy.4 The purpose of your research will 
influence your research approach. Table 29-2 pro
vides examples of research questions along with 
corresponding strategies, other disciplines where 
one might look for research partners, and poten
tial data sources. 

2. Interdisciplinarity Is Key 

Here it may be helpful to distinguish between 
multidisciplinary and interdisciplinary research. 
In multidisciplinary research, researchers from 
different disciplines work in parallel or in se-
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quence to address a common problem. In inter
disciplinary research, researchers from different 
disciplines work jointly to address a common 
problemY Strive for interdisciplinarity. Find oth
ers from different disciplines who share an interest 
in your topic. Scholars in sociology, anthropology, 
nursing, education, social work, philosophy, the
ology, bioethics, and other disciplines will bring 
with them not only different research methods but 
different perspectives on what knowledge is im
portant and why. You will find that they speak a 
different language than you do, and a certain 
amount of humility, to listen and learn, is re
quired. 

3. Plan the Appropriate Setting 

Some settings are easy to access, others require the 
cultivation of key contacts and lengthy negotia
tions. It is relatively easy to mail a questionnaire to 
a surgeon; it is more difficult to book time with a 
surgeon for an interview. If you want to observe 
communication in the operating room, you may 
need to negotiate for the consent of hospital ad
ministrators and the participating surgeons, nurses, 
and managers; if you want to tape- or video-record 
the interactions, additional consent is required. 
The key here is to not only get permission, but to 
get cooperation. Your research participants must be 
(1) comfortable with participating, (2) comfortable 
with you, and (3) willing to allow you to enter into 
their world. This is the difference between "getting 
in" and "getting close." To do high quality research 
you need to get close. 

A cautionary word: it is extremely difficult to 
conduct qualitative research where you work. The 
roles of investigator and employee often conflict, 
as do the roles of investigator and colleague. Ei
ther get someone else to conduct your research or, 

Table 29-1. Quantitative and qualitative research questions. 

O1tantitative research question 

How many hours per week do surgeons spend operat
ing versus examining patients in the leU? 

How quickly does range of motion improve after total 
hip replacement? 

O1talitative research question 

What tasks do surgeons consider important and what 
keeps them from doing what they think is important? 

What do elderly patients find limiting or frustrating 
about total hip replacement? 
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Table 29-2. Research questions and corresponding strategies. 

Research questions Research strategy 
Other 

disciplines Data sources 

What does it mean? Why is it mean
ingful? 

Phenomenologys,6 Philosophy Interviews, written 
anecdotes 

What is it (system, institution) like? 
What are they (people, group) like? 
( description) 

Ethnography7.8 Anthropology Interviews, observa
tions 

What is happening? How is it hap
pening? (processes) 

Grounded theory"·lo Sociology Interviews, observa
tions 

How do those people communicate? Discourse analysisll .12 Semiotics Interviews, dialogues, 
document analysis What are they communicating? 

preferably, conduct your research in a setting with 
which you have no formal affiliation. Even then, 
negotiate openly with all participants. Make sure 
roles and assumptions are openly discussed ahead 
of time and agreed to by all parties. Surprises usu
ally mean problems. 

4. Prepare, Prepare, Prepare! 

Qyalitative research reflects the skills of the re
searcher as much or more than the reliability or 
validity of the research techniques. Table 29-3 
provides a list of skills that are well developed in 
a good qualitative researcher. 

5. Analyze as You Go 

Analysis commences when you first think about 
the study and continues while you (1) write the 
proposal; (2) negotiate access (the process of ne
gotiation for access can provide some of the most 
significant insights into institutional structures 
and the people who work there); (3) collect data 
(you should constantly ask yourself, "What am I 
seeing/hearing?" 'What does it mean?" 'What am 
I missing?"); (4) read about the topic and have 
discussions with colleagues (outside sources of in
formation often impact the way in which you in
terpret data); and (5) write up the research. 

Analysis is a process that involves both induc
tive and deductive thinking. Concepts and ideas 
will emerge from the data if you are perceptive. 
Simultaneously, you should be sensitive to data 

that address your theoretical premises. Early in 
the data analysis your thinking will be mostly in
ductive, later it will be mostly deductive, but your 
analysis should always include both approaches. 

6. Alter Your Data Collection Based 
on Your Ongoing Analysis 

This is one of the great strengths of qualitative 
methods. If you analyze the data as you collect it 
you can see what is coming in, where the inter
esting leads are, what is missing, what is chal
lenging, and what is unproductive. Alter your 
techniques or your questions as you go, according 
to your unfolding analysis. Go back and ask dif
ferent questions of the same people. Ask new 
questions if the old ones are unproductive-don't 
keep asking the same questions if they aren't 
working. If your original questions have turned up 
unexpected and interesting data, pursue the in
teresting data. If you are stumped and you need a 
fresh perspective, ask for help-use your interdis
ciplinary team. 

Collect data slowly; your analysis should keep 
pace with your data collection, and future data 
collection may change dramatically, based on the 
analysis. If you are conducting interviews, space 
them apart, especially the early ones. Another 
cautionary word: transcribing recordings is the 
most tedious and demanding (and boring) of re
search tasks. Arrange ahead of time for a competent 
transcriber who can keep pace with your interview 
schedule. If you are collecting observational data, 
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Table 29-3. Skills of the qualitative researcher. 

Skill Description 

Theoretical sensitivity Know your field and the relevant published studies and how they shape your questions and 
interpretation. Know, ahead of time, what you are doing. 

Social sensitivity Investigators must have good interaction skills and must be trustworthy. Informants will 
provide rich important information only to someone who can be trusted to listen, ob
serve, understand, and use information appropriately. Maintain the highest standards of 
confidentiality and communicate those standards to all involved. 

Rigour Be meticulous in documenting and justifYing your research decisions, your actions, and the 
results. Have others on your team who are ready to examine, critique, and even challenge 
your strategies, analysis, and interpretations. Be prepared to listen to them and learn-be 
humble and flexible. 

Riflexivity Perhaps the most difficult skill to develop for those who are new to qualitative methods is 
critical thinking. You must make a conscious effort to step back, critically analyze what is 
happening, and think abstractly. 

Theoretical sampling Select research subjects who are going to help you answer the research question or who can 
inform you about a particular phenomenon or experience. Sample different subjects ac
cording to the perspectives they bring. Seek variety-rigour demands different views of 
the same phenomenon. Just as you cannot see all the facets of a diamond until you look 
at it from different sides, so too you cannot expect to understand a phenomenon until 
you understand the perspectives of all those involved. 

Conceptual saturation Sample until you are finished-numbers are of secondary importance. In the context of 
sampling, "adequacy" refers to amount and kind of data, not participants. Ask yourself, 
"What do I need to know?" and then search until you have all you need. If you are not 
convinced you have all the perspectives that are available, seek out more situations to ob
serve, more people to interview, andlor more documents to examine. When you find 
yourself seeing and hearing the same things all the time, you are probably finished. Stop 
when the concepts you are exploring are saturated and no new data is coming in. Before 
you leave the setting, take stock of what you are finding and then search for confirming 
and disconfirming evidence. 

Member check Write down your observations and interpretations, then let your participants read them and 
comment on their accuracy and appropriateness. This will help your results and conclu
sions to be robust and meaningful. 

schedule time to write up field notes and analyze 
them. Remember: analysis always takes more time 
than you think. 

Qualitative Research Resources 

Qyalitative research is being pursued in many 
medical specialties. Medical anthropology and 
medical history, which primarily use qualitative 
methods, are large and ever-growing subspecial
ties. Funding agencies (for example, the Social 
Sciences and Humanities Research Council of 
Canada) often fund multimethod and interdisci-

plinary research projects focusing on areas in 
medicine. 

For examples of qualitative scholarship, we rec
ommend the journal Qualitative Health Research. 

For a particularly innovative study in surgery you 
might review "She Won't Be Dancing Much Any
way: A Study of Surgeons, Surgical Nurses, and 
Elderly Patients" by Fisher and Peterson.14 There 
are many examples of excellent qualitative studies 
on topics in medicine and medical care in jour
nals1S-21 and booksy-26 There are articles that can 
help you critically evaluate both published articles 
and your own work. 27-28 Finally, we recommend 
Denzin and Lincoln's Handbook of Qualitative Re-



240 D.K. Martin, MJ. McKneally 

search! as a thorough, scholarly, and highly read
able text. Their introductory chapter "Entering 
the Field of Qyalitative Research"2 is an excellent 
summary for surgeons who may wish to become 
better acquainted with the history, scope, and 
methods of this interesting approach. 

References 

1. Denzin NK, Lincoln YS. Handbookof01Ialitative 

Research. Thousand Oaks: Sage Publications, 

1994. 

2. Denzin NK, Lincoln YS. "Entering the field of 

O1Ialitative Research." In: NK Denzin and YS Lin

coln, eds. Handbook of O1Ialitative Research. 

Thousand Oaks: Sage Publications, 1994, p. 7. 

3. Rich JA, Stone DA. The experience of violent in

jury for young Mrican-American men: the mean

ing of being a "sucker." J Gen Intern Med 1996; 

11:77-82. 

4. Strauss A, Corbin]. Basics of01Ialitative Research: 

Grounded Theory Procedures and Techniques. 

Newbury Park: Sage, 1990, p. 20-21. 

5. van Manen M. "Practicing phenomenological writ

ing. Phenomenol Pedag 1984;2:36-69. 
6. van Manen M. Researching the lived experience. 

London: University of Western Ontario, 1990. 

7. Hammersley M, Atkinson P. Ethnography: Prin
ciples in Practice. London: Tavistock, 1983. 

8. Spradley JP. The Ethnographic Interview. New 
York: Holt, Rinehart & Winston, 1979. 

9. Glaser B, Strauss A. The Discovery of Grounded 

Theory. Chicago: Aldine, 1967. 
10. Strauss A, Corbin]. Basics of01Ialitative Research: 

Grounded Theory Procedures and Techniques. 

Newbury Park: Sage, 1990. 
11. Denzin NK. "Symbolic interactionism and ethno

methodology." In: J Douglas, ed. Understanding 
everyday life. Chicago: Aldine, 1970, pp. 261-286. 

12. Denzin NK. Interpretive Interactionism. Newbury 

Park: Sage, 1989. 

13. Rosenfeld PL. The potential transdisciplinary re

search for sustaining and extending linkages be

tween health and social sciences. Soc Sci Med 
1992;11:1342-1357. 

14. Fisher BJ, Peterson C. She won't be dancing much 

anyway: a study of surgeons, surgical nurses, 
and elderly patients. O1Ial Health Res 1993;3(2): 

20-30. 

15. Ventres W, Nichter M, Reed R, Frankel R. Lim

itation of medical care: an ethnographic analysis. J 

Clin Ethics 1993;4(2):134-145. 

16. Hunt LM. Practicing oncology in provincial Mex

ico: a narrative analysis. Soc Sci Med 1994;38(6): 
843-853. 

17. Schwartzberg SS. Vitality and growth in HIV

infected gay men. Soc Sci Med 1994;38(4):593-602. 
18. Cecil R. "I wouldn't have minded a wee one run

ning about": miscarriage and the family. Soc Sci 

Med 1994;38(10):1415-1422. 

19. Corbin J. Women's perceptions and management 

of a pregnancy complicated by chronic illness. 
Health Care Women Int 1987;84:317-337. 

20. Fujimura J. Constructing doable problems in can

cer research: articulating alignment. Social Studies 
of Science 1987;17:257-293. 

21. Irby DM. How attending physicians make instruc

tional decisions when conducting teaching rounds. 
Acad Med 1992;67:630-638. 

22. Broadhead R. Private Lives and Professional Iden

tity of Medical Students. New Brunswick, NJ: 

Transaction Books, 1983. 

23. Fagerhaugh S, Strauss A, Suzcek B, Wiener C. 

Hazards in Hospital Care. San Francisco: Jossey

Bass, 1987. 

24. Glaser B, Strauss A. Time for Dying. Chicago: Al

dine, 1968. 

25. Schneider J, Conrad P. Having Epilepsy: The Ex
perience and Control of Illness. Philadelphia, PA: 
Temple University, 1983. 

26. Brody H. The Healer's Power. New Haven: Yale 
University,1992. 

27. Elder NC, Miller WL. Reading and evaluating 
qualitative research studies. J Fam Pract 1995;41 
(3):279-285. 

28. Cobb AK, Hagemaster IN. Ten criteria for evalu

ating qualitative research proposals. J Nurs Educ 
1987;26(4):138-143. 

Commentary 

I was introduced to qualitative research by Doug 
Martin when he was a graduate student in bio
ethics. During his open but probing interviews 
with patients who had undergone a major surgical 
procedure, the patients introduced the surprising 
information that they had not wanted to partici-



pate in the formal process of informed consent as 
it is widely taught, practiced, and defined in text
books of medicine, law, and bioethics. They 
wanted a doctor they trusted to make decisions 
for them. They had a different and much more 
positive view of their lives than we expected, even 
when cancer recurred. This information clarified 
the puzzling and unexpected findings of Roder et 
al.,! whose quantitative analysis of quality of life 
revealed higher scores in postesophagectomy can
cer patients than in patients who are well. We are 
pursuing this theme in a variety of surgical inter
ventions; we would not have found the theme if 
we had used the usual objective, structured ap
proach to clinical research I have used throughout 
30 years of surgical practice. I believe qualitative 
methods offer an important complement to more 
familiar, more quantitative, and more limiting re
search approaches. 

M.F.M. 

1. Roder JD, Herschback P, Sellschopp A, SiewertJR. 
Q,yality-of-life assessment following oesophagec
tomy. (Meran Consensus Conference on Q,yality
of-Life Assessment in Surgery) Theor Surg 
1991;6(4):206-210. 

Commentary 

This chapter gives structure to an aspect of inves
tigation that is unconsciously practiced by physi
cians everyday. Books about "surgical intuition" 
explain the thinking processes of surgeons as they 
analyze components of an illness and translate 
their formulations into action plans. Many of the 
questions asked in the course of evaluating a pa-
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tient or a problem are not quantitative, but they 
provide the careful interviewer with important in
formation. As I read this chapter I was immedi
ately tempted to look at each of the examples 
quoted and say to myself, "I could quantitate 
that." In discussions with Dr. McKneally, it be
came clear that qualitative research should not be 
viewed simply as an alternative to quantitative re
search, but rather as a complementary tool. Inter
action between the two approaches can bring us 
closer to understanding. There are times when 
quantitative analysis of data stills fails to yield root 
causes of differences in approaches. These differ
ences may ultimately be identified as cultural, en
vironmental, or based in an ethic that is simply 
not expressed easily as a numerical difference with 
a p-value. We could subsequently quantify how 
many people in a given region might possess that 
given quality or hold that particular viewpoint, but 
we would need the qualitative inquiry first to dis
cover the basis for the research question or hy
pothesis we would refute \Ising quantitative meth
ods. Observational studies may ultimately lead to 
the development of quantitative scales that allow 
studies of larger numbers of subjects with more 
responses. Certainly, many of the quality of life 
survey instruments were made possible by an ini
tial process that defined the importance of various 
life qualities in specific populations. Some aspects 
may never be accurately quantified, such as the 
intensity of maternal love or the level of fidelity 
and concern of a doctor for a patient. These quali
ties may lose their inherent meaning in the pro
cess of quantitation. This chapter introduces us to 
a method of inquiry that focuses on quality rather 
than quantity, and illustrates its utility as a sci
entific approach. 

A.S.W. 



CHAPTER 30 

Estimating Risk and Prognosis 
S.A. Marion and M. T. Schechter 

Risk and Prognosis: 
The Concepts 

An understanding of the natural history of treated 
and untreated disease is essential to the physician, 
is an area of utmost concern to patients, and is 
the basis of most decisions about management. 
The clinician faces numerous questions about the 
risk of certain events and the natural history of 
various disease states. Given a patient of a certain 
age and sex, what is the probability that symptom
atic coronary heart disease will develop in the next 
5 years? Given such a patient, together with the 
results of certain diagnostic maneuvers, what is 
the probability that significant coronary heart dis
ease is already present? Given a set of character
istics of a coronary bypass surgery candidate, what 
is the probability that he or she will survive at least 
5 years after surgery? 

Much scientific research is a quest to better 
characterize or estimate the probabilities that 
particular events will occur. 1 Rational clinical 
decision making requires sound estimates of the 
probability of various possible events occurring 
along each available therapeutic path. 

The questions posed in the opening paragraph 
illustrate certain points about the concept of proba
bility. The first is that, to be useful in clinical prac
tice, the probability should refer to very specific 
circumstances-the more specific the better. Plan-

ners estimating the demand for coronary care beds 
might find it interesting to consider the probabil
ity that a person selected at random from their 
country's adult population will develop clinically 
significant coronary heart disease in the next 5 
years, but this probability would be of little value 
to a clinician. The patient seeking consultation has 
certain known characteristics such as age, sex, and 
a medical history that will affect the probability 
of an outcome, sometimes profoundly. In clinical 
practice, what is desired is a probability estimate 
that is specific to a given set of circumstances. 

The second point about probability is specificity 
of outcome. To define a probability, one must clearly 
state exactly which events are to be counted. A rela
tively easy outcome to measure is death: its correct 
definition may be disputable, but the fact seldom 
is. But even here, specificity is required regarding 
the time period involved. Everyone dies eventually; 
to provide useful information, an estimate of the 
probability of death must refer to a specified time 
interval, such as the next 5 years. For other out
comes, there is the additional problem of arriving 
at a precise and useful definition of the event itself 
The probability of developing coronary heart dis
ease will be different depending on how its presence 
or absence is defined. Minimal evidence, as defined 
by small abnormalities on coronary angiogram ver
sus a 50% occlusion, will result in a higher proba
bility. The definition chosen needs to be precise and 
clinically relevant. 
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The same examples also illustrate three different 
clinical purposes for which estimates of probability 
are useful: risk assessment, diagnosis, and prognosis. 
Given individual circumstances of age, sex, life style, 
occupation, and so forth, risk assessment considers 
the probability that an apparendy healthy person 
will develop certain disease states within specified 
intervals of future time. Given individual circum
stances, together with the results of diagnostic ma
neuvers and tests, diagnosis considers the probability 
that an individual currendy has a specified disease. 
Given similar individual circumstances (age, sex, 
etc.) and a specified disease state, prognosis addresses 
the question of the probability of important clinical 
events in the future. Diagnosis is discussed in chap
ter 31; assessment of risk and prognosis is the focus 
of this chapter. 

The characteristics, called factors, that appear to 
affect risk and prognosis fall into three groups: 
modifiable determinants, nonmodifiable determi
nants, and markers. Determinants of risk and prog
nosis are the factors that are causally related to the 
outcome or event of interest. Serum cholesterol is 
believed to be causally related to risk of subsequent 
coronary artery disease and is therefore called a de
terminant. Serum cholesterol, smoking, and blood 
pressure are modifiable determinants of coronary 
heart disease risk, whereas age and family history 
are nonmodifiable determinants. Markers are as
sociated with increased or decreased risk, or better 
or worse prognosis, but are not causally related. The 
association seen in North America between alcohol 
consumption and increased risk of lung cancer is 
believed to be due not to alcohol being a cause of 
lung cancer, but to the strong association between 
alcohol consumption and cigarette smoking. Indi
viduals who consume more alcohol tend, on aver
age, to smoke more cigarettes; modifying their al
cohol consumption without changing their 
smoking behavior would not change their risk of 
lung cancer. Accordingly, alcohol is a marker of risk, 
not a determinant. 

Why Study Risk and Prognosis? 

We study risk and prognosis to obtain estimates 
of the probability of occurrence of important 
health-related events. A patient with coronary ar-

tery disease may need to choose between medical 
management and coronary bypass surgery. The 
probability of survival for various time periods, for 
each option, is a factor that should enter into the 
decision. If the probabilities are uniformly better 
with one strategy, and other factors such as pain 
are similar, the rational choice is the alternative 
with the higher probability of survival. 

Life is rarely so simple; the survival may be bet
ter with medical management over the short term 
(weeks to months) but better with surgical man
agement over the longer term; the side effects may 
be quite different and difficult to compare. De
cision analysis is a formal method for weighing all 
the options and choosing the one of greatest bene
fit, but the details of the calculations are beyond 
the scope of this chapter. The crucial point is that 
the probabilities of such important events as death 
or recurrence of disease are fundamental to mak
ing informed decisions in the context of formal 
decision analysis and in routine clinical practice. 
The example that we have chosen relates to prog
nosis, but the principle is equally valid in risk as
sessment. 

Measures of Risk and Prognosis 

Suppose we are following a homogeneous popu
lation, that is, a population in which the major 
determinants of the outcome of interest are vir
tually the same for all its members (for a particular 
outcome, over time). The outcome of interest, 
generally called the critical event, might be recur
rence of breast cancer, myocardial infarction, 
postoperative pulmonary embolism, or death. 
Probabilities are estimated by taking the observed 
proportion of the population that experiences the 
critical event. 

For example, consider a sample of 2,000 pa
tients for whom the critical event is deep vein 
thrombosis (DVT) in the postoperative period af
ter total hip replacement. Half were treated with 
prophylactic heparin; half were not. Table 30-1 
presents the hypothetical results from such a 
study. The columns labeled "Events" show the 
number of critical events on each successive day 
in the untreated and treated groups, respectively. 
Because 16 patients in the untreated group de
veloped DVT on day 5, our estimate of the single-
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Table 30-1. Hypothetical data regarding occurrences of deep vein thrombosis in the first 21 days following hip 
surgery in 1,000 patients treated with heparin and 1,000 patients not treated. 

Untreated 

Prob. Rate 
Day Events (%) N (%) 

1 1 0.1 1,000 0.10 
2 7 0.7 999 0.70 
3 9 0.9 992 0.91 
4 7 0.7 983 0.71 
5 16 1.6 976 1.64 
6 19 1.9 960 1.98 
7 22 2.2 941 2.34 
8 16 1.6 919 1.74 
9 13 1.3 903 1.44 

10 11 1.1 890 1.24 
11 13 1.3 879 1.48 
12 10 1.0 866 1.15 
13 3 0.3 856 0.35 
14 6 0.6 853 0.70 
15 7 0.7 847 0.83 
16 3 0.3 840 0.36 
17 2 0.2 837 0.24 
18 4 0.4 835 0.48 
19 1 0.1 831 0.12 
20 1 0.1 830 0.12 
21 1 0.1 829 0.12 

day probability is 16/1,000 (i.e., 0.016, or 1.6%). 
These daily probabilities have been plotted as a 
histogram in Figure 30-1. Because 40 patients in 
the untreated group developed DVT by day 5, our 
estimate of the cumulative probability at day 5 is 
40/1,000 (i.e., 0.040, or 4.0%). These cumulative 
probabilities have been plotted in Figure 30-2. 

Even with the large hypothetical sample of 
2,000 individuals, the estimated daily probabilities 
exhibit considerable fluctuation (Fig. 30-1). The 
cumulative probabilities are more stable, and it is 
often preferable to present the data in this form. 
The complement of the cumulative probability 
(I-the cumulative probability) plotted over time, 
called the survival curve, is a commonly presented 
summary of the data. It represents the probability 
of reaching a given point in time without expe
riencing the critical event. 

An important distinction should be made con
cerning the probability of events. The probability, 
faced at the outset by all persons in the untreated 

Treated 

Prob. Rate Relative rate 
Events (%) N (%) (rate ratio) 

1 
1 
3 
6 
2 
7 
3 
5 
2 
3 
3 
4 
1 
0 
2 
2 
0 
2 
0 
0 
0 

0.1 1,000 0.10 1.00 
0.1 999 0.10 0.14 
0.3 998 0.30 0.33 
0.6 995 0.60 0.85 
0.2 989 0.20 0.12 
0.7 987 0.71 0.36 
0.3 980 0.31 0.13 
0.5 977 0.51 0.29 
0.2 972 0.21 0.14 
0.3 970 0.31 0.25 
0.3 967 0.31 0.21 
0.4 964 0.41 0.36 
0.1 960 0.10 0.30 
0.0 959 0.00 0.00 
0.2 959 0.21 0.25 
0.2 957 0.21 0.59 
0.0 955 0.00 0.00 
0.2 955 0.21 0.44 
0.0 953 0.00 0.00 
0.0 953 0.00 0.00 
0.0 953 0.00 0.00 

group, of suffering a critical event precisely on day 
12 (10/1,000, or 1.0%) is not quite the same as 
that faced on day 12 by those who begin day 12 
without having developed a DVT. To calculate the 
latter probability, we remove from the denomi
nator individuals who developed a DVT on days 
1 through 11 and obtain a probability of 10/866, 
or 1.2%. In epidemiology this is called a rate-a 
special kind of proportion calculated by including 
in the denominator only people who are truly at 
risk at the beginning of the interval in question. 
Since the rate also depends on the length of the 
time interval, it is customary to recognize this ex
plicitly by expressing the rate in units as follows: 

(number of critical events) per (number of per
sons at risk) per (unit of time) 

or 

(number of events) per (person-unit of time at 
risk) [In our example, the denominator would be 
person-days at risk.] 
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Figure 30-1. The daily probability of developing deep vein thrombosis in 
the postoperative period in treated vs. untreated groups. 

The rate is a more accurate measure of risk than 
the proportion, considered previously. However, 
there is an unfortunate confusion in terminology. 
To some, "risk" corresponds to the cumulative 
probability plotted in Figure 30-2. When there is 
a possibility of confusion, the unambiguous term 
hazard is used. It is the probability of an individual 
experiencing an event in a specified time interval, 
given that the event has not already occurred to 
that individual before the start of the interval. The 
hazard for an interval is estimated by calculating 
the observed rate for that interval. In keeping with 
common usage, we will use risk both for the cu
mulative probability and for the hazard. 

The next step is to compare risk or prognosis 
in the treated and untreated groups, but remember 
that the data are hypothetical and are presented 
solely to illustrate the concepts under discussion. 
From inspection of the data, it seems clear that 
the risk of DVT is reduced with heparin prophy
laxis. This is most apparent in the cumulative risk 
estimates, which illustrates their usefulness in this 
type of comparison. How do we quantifY the dif
ference in prognosis in the two populations? How 
do we rule out the possibility that the observed 
difference is simply due to chance? 

The simplest approach is to look at the final 
results of the whole 3-week period of follow-up 
(i.e., the risk of DVT with heparin is 47/1,000, 
or 4.7%; without heparin, 172/1,000, or 17.2%). 
We then calculate the ratio of the two risk esti
mates-4. 7/17.2 or 0.27, which is called the rela
tive risk. This means the risk with heparin is only 
0.27 of the risk without it; or, inversely, the risk 
without heparin is 1/0.27 or 3.7 times higher than 
with it. To rule out the possibility that the ob
served difference might have arisen by chance, we 
use the methods described by Kramer.2 To com
pare the two proportions, we construct the cor
responding 2 X 2 table, and calculate a X2 statistic 
and a p-value. In this instance, X2 = 82, and p 
< 0.001 (i.e., there is less than 1 chance in 1,000 
that a relative risk of the observed magnitude 
would occur by chance). 

The relative risk has become the most com
monly used measure for comparing two risks, but 
others are available. One is excess risk, which is the 
arithmetic difference between the two risks. In 
our example, the excess risk in those not given 
heparin, compared to those receiving it, is 
17.2% - 4.7% = 12.5%. This may be inter
preted as the net risk ofDVT attributable to fail-
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Figure 30-2. The cumulative risk estimate of developing deep vein thrombosis 
in the postoperative period in treated vs. untreated groups. 

ure to treat with heparin. The excess risk is some
times called the attributable risk, but this term is 
used for several related quantities and is best 
avoided. Another measure is the attributable pro
portion exposed, which is the excess risk divided by 
the risk in the higher risk group. It is interpreted 
as the proportion or fraction of the risk that is 
avoidable by treatment, or attributable to non
treatment. In our example, it is 12.5%/17.2% = 

72.7%; that is, about 73% of the risk could be 
avoided by treatment with heparin. The attrib
utable proportion exposed is sometimes also called 
the attributable risk. 

Using the relative risk for the whole follow-up 
period as the summary measure to compare prog
nosis in the two groups is problematic in that the 
calculation is based only on the final cumulative 
counts of events and ignores everything that hap
pened in between. It focuses on the cumulative 
probability, but rates are better measures of risk. 
Another approach is to calculate the relative rate 
or rate ratio, the ratio of the rates for the two 
groups for each successive time interval (one day, 
in our example). These rate ratios are plotted in 
Figure 30-3. Because the number of events en
tering into the calculations for each time interval 
is quite small, rate ratios exhibit considerable in-

stability, as shown in the figure. This can be cir
cumvented by assuming that, aside from random 
fluctuation, there is really a constant underlying 
value known as the summary relative rate. This 
premise about a constant underlying relative rate 
is a viable assumption under many circumstances 
and is called the proportional hazards assumption. 
It allows one to summarize the relative rates over 
time with a single number, the summary relative 
rate. 

Calculation of the summary relative rate from 
the individual time interval data will not be de
tailed here. One approach to it, the Mantel
Haenszel technique, produces a summary relative 
rate and a Xl test of whether it is significantly 
different, statistically, from 1. For our data on 
DVT, the summary relative hazard is 0.25, and 
the corresponding Xl is 80 (again, p < 0.001). A 
summary relative hazard of 0.25 suggests that, on 
average, the heparin group experienced a risk of 
DVT about 25% of that of the nonheparin group. 
In this instance, the summary relative rate of 0.25 
and the relative risk of 0.27 (i.e., the ratio of the 
cumulative risks) are almost identical. This will 
generally be true if the cumulative risk over the 
whole follow-up period is fairly small; in our ex
ample, it is 17.2% in the higher risk group. If the 



248 SA Marion, M.T. Schechter 

1.2 

1.0 

.S: 0.8 -1\1 
~ 
(II 

;; 0.6 
~ 

0.4 

0.2 

O.O+-~~~~r-----~~~----~~~~~~~~~~~, 

o 5 10 15 20 25 

Days after surgery 

Figure 30-3. The rate ratio of developing deep vein thrombosis in the post
operative period in treated vs. untreated groups. 

cumulative risk over the follow-up period is large, 
say 50%, the two methods will usually produce 
quite different estimates, with the cumulative 
probability method producing estimates that are 
biased toward 1. 

Incomplete follow-up is an important issue in 
studies that involve monitoring participants over 
time. Participants may withdraw, become inac
cessible by moving away, or cease to be at risk for 
the critical event because of death or some other 
intercurrent event. In many studies, recruitment 
is staggered over time, and participants may be at 
various uncompleted stages of follow-up when the 
study terminates. Any individual who does not 
undergo the critical event and is not followed for 
the maximal period is said to be censored. Censor
ing, for one or another of the reasons above, may 
affect a considerable fraction of the study partici
pants. Because simply dropping them from the 
analysis would waste a great deal of useful data, 
the method of Kaplan and Meier and actuarial life 
table methods have been developed for estimating 
survival curves from incomplete data. 

The essential approach in such methods is the 
inclusion of all individuals followed for any length 
of time up to the point of being censored; after 
that, they are no longer considered to be at risk, 

and this fact is reflected in the rate calculation. In 
the DVT example, suppose that on the 10th day, 
10 subjects in the untreated group developed 
DVT, another 3 died of cardiac arrest, and 2 oth
ers were transferred to another facility and lost to 
follow-up. All 15 would be considered to be no 
longer at risk for DVT after day 10 and would be 
removed from the rate calculations beyond that 
point. 

In using these techniques of survival analysis, 
we must make the assumption that loss to follow
up occurs at random or, at least, is not confounded 
with the relationship of primary interest (e.g., the 
relationship between deep vein thrombosis and 
heparin therapy in our example). For further dis
cussion, consult monographs on survival analysis.3 

Method of Analysis 

Under measures of risk and prognosis, we dis
cussed methods of analysis in the somewhat ide
alized circumstances of comparing two homoge
neous groups followed over time, where the 
proportional hazards assumption is valid. We now 
turn to more realistic situations in which the sam
ple being followed is heterogeneous with respect 



to such important prognostic variables as age and 
sex-the situation of greatest interest to clinicians, 
who naturally wish to tailor their risk and prog
nosis statements to the circumstances of an indi
vidual patient. 

One method is to divide the sample into ho
mogeneous subgroups and carry out a separate 
analysis for each. The problem with this approach 
is that, unless the original sample is very large, the 
subsamples become so small that meaningful con
clusions cannot be drawn, and random fluctuation 
will completely obscure the effects of interest. 
Nevertheless, when the sample is large enough, 
separate analysis of each subgroup is a viable ap
proach and has the advantage of not relying on 
any assumptions about the relationship among the 
subgroups. 

When the total sample is not large enough to 
support separate subgroup analyses, a regression 
model can be used. This type of analysis, in con
trast to independent analysis of each subgroup, 
depends on making an assumption that the way 
in which risk or prognosis varies across subgroups 
can be described by fairly simple mathematical 
equations. Suppose the subgroups of interest are 
defined by age. We might assume that the loga
rithm of the risk is directly proportional to the 
age, at least over the range of ages that are of 
practical importance in a: particular context. Such 
an assumption allows the experience of individuals 
with different ages to be combined in one analysis. 

Now suppose that in our hypothetical DVT 
study the treated and untreated groups were not 
similar with respect to age, and that age is a de
terminant of risk ofDVT. A straightforward com
parison of the risk of DVT between the groups 
would not be fair if it did not take account of age 
differences. Two regression models are presented, 
one corresponding to the cumulative risk ap
proach, and the other to the rate approach. 

If the focus is on cumulative risk, logistic re
greSSIOn IS the appropriate model. It takes the 
form 

log (~) = bo I-p 

where p is the cumulative risk (or probability) of 
DVT over the whole follow-up period; "age" is the 
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age in years; ageo is a constant reference age, such 
as the mean age of all subjects; and rx is 1 for 
those on heparin and 0 for those not on heparin. 
The coefficients bo, bl , and b2 are unknown quan
tities (parameters), that are estimated from the ac
tual follow-up data. The detailed method of es
timating the parameters from the data will not be 
addressed here except to say that the method most 
commonly used is called the maximum likelihood 
method and is available in a variety of statistical 
software packages. The primary interest in this 
model is the estimated value of b2• It turns out 
that exp(b2), the exponential of b2, is an estimate 
of the relative risk of DVT in those treated with 
heparin compared to those not treated. By including 
the term "b1 X (age - ageo)" in the model, we 
have managed to compensate for the age differ
ences in the sample. The estimate of the relative 
risk obtained is, in a sense, an average over all age 
groups and is said to be adjusted for age. It should 
be noted that the equation above explicitly as
sumes a linear relationship between age and the 

quantity log (-P-'), called the logit of the risk. 
1-p 

Although this is unlikely to be exactly true, it may 
be approximately true in the range of ages in the 
sample. Using this equation to calculate the risk 
for a new individual is acceptable, ifhis or her age 
falls in the same range. The equation should not 
be used to extrapolate to ages outside the range 
represented in the sample data. 

If the focus is on rates, the appropriate regres
sion model is called Cox regression. The model 
takes the form 

log(9) = bl X (age - ageo) + b2 X (rx) 

where 9 is the summary relative rate (hazard) for 
an individual, compared to someone of reference 
age not on heparin treatment. The similarity to 
the logistic equation is evident. There is no bo 
term, but, otherwise, the coefficients have a simi
lar interpretation. Again, exp(b2) is the summary 
relative rate adjusted for the differences in age. 
There is an explicit assumption that the logarithm 
of the relative rate varies linearly with age, and, as 
above, this is often a reasonable assumption for 
the range of ages in the sample. There is also an 
assumption that the relative rate is constant over 
time-the same "proportional hazards" assump-
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tion mentioned when the summary relative rate 
was defined earlier. Cox regression is also able to 
cope with censored data. 

There are many sophisticated refinements of 
the logistic regression and Cox regression models, 
including incorporation of additional terms to al
low adjustment for individual characteristics such 
as sex or socioeconomic status, possible interac
tions among factors, and (in the Cox model) 
variation of the relative hazard over time. 

Methodological Issues 

Knowing what will likely happen to our patients 
with given conditions or after certain operative 
procedures is fundamental to sound clinical de
cision making, but we must depend on observa
tions from past studies to guide us now, and we 
must hope that the estimates of what will happen 
are valid and applicable to our own patients. 

Earlier we discussed some fundamental con
cepts associated with the natural history of disease 
and presented methods of calculating various 
measures of risk. We now turn to methodological 
issues associated with studies of prognosis, basing 
our discussion on the framework used in chapter 
7, "Appraising New Information": Why, Who 
and When, What, How, and How Many. 

Why? Clarifying the Purpose 

Whenever you are assessing a natural history 
study, begin with an evaluation of the investiga
tor's stated purpose. Studies that state hypotheses 
in advance are more reliable than studies that pur
sue hypotheses after the fact; and studies investi
gating a single prespecified endpoint are more 
credible than studies investigating many out
comes, as dictated by the data. In a natural history 
study, if you follow a group of people and assess 
them for a multitude of outcomes, there is a 
strong probability that one or more of the out
comes will be statistically high (or low) by chance. 
This is analogous to the conduct of multiple com
parisons between the treatment and control 
groups in clinical trials. In the context of natural 
history studies, it might be termed the multiple
outcomes problem. 

Studies that test hypotheses after the fact are 
more likely to use retrospective methods. Be extra 
vigilant when a prognosis study is conducted ret
rospectively, that is, when historical data are used 
to assess outcomes in a population. Such studies 
can be carried out retrospectively in a valid fashion, 
but they are made much more difficult by the many 
pitfalls confronted when groups of patients are as
sembled retrospectively for follow-up studies. 

Who and When? Assembling the Cohort 

Ideally, the way to study prognosis is to assemble 
a group of individuals who share common features 
and observe what happens to them over time; such 
a group is usually called a cohort (chapter 28). As
sembling an appropriate cohort is undoubtedly 
the most critical step in this type of research. Fail
ure to negotiate this step successfully can doom 
the study to producing hopelessly biased results 
that will be useless or, even worse, seriously mis
leading. 

"Who" and "when" remind you of the need to 
consider the precise nature of the cohort being 
studied. Who, exactly, is being investigated? 
When, in the natural history of their condition, 
have they been sampled? The general principle is 
that you should assemble a cohort consisting of a 
representative spectrum of people with the condi
tion in question who are at a homogeneous and early 
point in its natural history. 

The representativeness of the cohort will ulti
mately determine how generalizable the results will 
be. The important factors affecting representative
ness include the type of patients in the catchment 
area of the study, the nature of the settings in which 
the patients are sampled (e.g., primary, secondary, 
or tertiary), and the mechanisms of presentation or 
referral that bring the patients into the sampling 
frame. If, in a study of outcomes in ulcerative co
litis, a cohort is assembled by reviewing charts and 
collecting all people admitted to a given hospital 
with a diagnosis of ulcerative colitis during a speci
fied period, several sampling biases could be at 
work to make the cohort nonrepresentative. First, 
only cases severe enough to require hospital ad
mission are being sampled; individuals with milder 
disease, managed within their communities, are not 
adequately represented in the cohort. This bi-



ases the results toward worse outcomes. Second, 
the hospital's referral pattern could play a role: a 
tertiary care center may admit only the most dif
ficult or intractable cases--another bias toward 
poor outcomes (unless the study's intent is to ex
amine the natural history of ulcerative colitis in 
hospitalized tertiary care patients). 

The simple way to avoid any bias is to set the 
sampling frame to target the patient population 
the study intends to investigate. If the aim is to 
study the entire spectrum of patients with a given 
condition, one might sample newly diagnosed pa
tients with the condition at all primary care set
tings, emergency rooms, and hospitals in a given 
catchment area. If the intention is to study only 
hospitalized patients, the sample can be restricted 
to all hospitals in the catchment area. 

How the sample is constructed may seem eso
teric to some, who may also consider it an unlikely 
source of appreciable empirical differences. The 
importance of the sampling frame has been vividly 
demonstrated, however, in studies investigating 
whether children with febrile seizures have an in
creased risk of recurrent nonfebrile seizures in 
later life. Ellenberg and Nelson4 (1980) showed 
that studies in which children were sampled from 
hospital clinics and tertiary referral units provided 
estimates of recurrence ranging as high as 76.9%, 
whereas all studies that sampled children through 
primary care settings and in the general popula
tion found recurrence rates consistently under 5%. 

The cohort of persons under study must be ho
mogeneous with respect to where they are in the 
natural history of their illness. The need for uni
formity can best be appreciated by considering 
what would arise in its absence. What meaning 
could be derived from the 5-year mortality rate 
observed in a group of patients who have had 
bowel cancer for as little as 1 or 2 years, or as long 
as 15 or 20 years? To whom could such a mortality 
rate be validly generalized? On the other hand, 
the 5-year mortality rate observed in a group of 
people, whose diagnoses of bowel cancer had all 
been made within the prior year, could be reason
ably applied to anyone at the same stage of the 
illness. To repeat, homogeneity gives the mea
surement of time internal consistency within the 
cohort and makes the cohort's experience gener
alizable to others at the same point in the natural 
history of a disease. Without such uniformity, the 
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observed incidence rates are not reliable and are 
simply a function of the relative proportions of the 
various stages of illness that happen to fall within 
the cohort in question. 

It is equally important that all persons in the 
cohort be observed onward from an early point in 
the natural history of the illness. There are two 
reasons for this. First, early observation allows for 
a characterization of the entire natural history of 
the illness. Second, and more importantly, it 
avoids potential biases associated with assembling 
cohorts at later points in time. 

Consider a study of the subsequent rate of 
stroke in patients with hypertension. Suppose all 
patients currently under treatment for hyperten
sion at a few primary care clinics and who have 
not had stroke are identified and followed forward 
in time. This sample includes patients who have 
been treated for hypertension for many years and 
are still under treatment. This is known as a preva
lent cohort, because it includes prevalent cases (i.e., 
all existing cases at a particular point in time). To 
fully appreciate the potential biases, consider those 
not captured in this sample. First, the sample will 
tend to exclude the patients who were at highest 
risk and had a stroke soon after developing hyper
tension. As a consequence, the sample will over
represent "survivors" who may be more "stroke
resistant"; the study would then underestimate the 
true risk of stroke. It will also tend to exclude those 
with very mild hypertension that responded to diet, 
weight loss, and/or exercise (i.e., essentially, the hy
pertension was cured by the time of the sampling). 
Thus, the sample will overrepresent persons with 
more severe hypertension who require long-term 
treatment and will lead to an overestimation of the 
risk of stroke. Both examples illustrate what might 
be termed migration bias. 

Migration bias occurs when cohorts are assem
bled later in the natural history of a disease, be
cause doing so raises the possibility that some 
members have migrated from the cohort as a re
sult of early ill effects or early cure. Although we 
might argue that these effects work in opposite 
directions and might cancel each other, it would 
depend on the relative weights of the two forms 
of migration. Using an incident cohort of indi
viduals assembled at an early and uniform point 
in the natural history of an illness is much pref
erable to relying on good fortune. 
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There are usually several points in the natural 
history of a disease from which to choose an in
ception point for a cohort. For studying the natu
ral history of an illness, two obvious inception 
points are the time of onset of symptoms and the 
time of first diagnosis; each has advantages and 
disadvantages. Time of onset of symptoms is 
more closely related to the true biologic onset of 
the illness, but it may not be reliably documented 
and cannot be truly validated. Establishing the in
ception point for a person with ulcerative colitis 
may be impossible: How can we tell whether an 
episode of abdominal pain and diarrhea 5 years 
prior to diagnosis was truly the first episode of the 
illness or simply a transient infectious gastroen
teritis? In contrast, time of first diagnosis is usu
ally well documented on medical charts and ac
companied by confirmatory diagnostic evidence, 
but diagnosis may be separated from the biologic 
and clinical onset of the illness by varying 
amounts of time attributable to delays in seeking 
medical help, or to differences in access to diag
nostic facilities. 

To study prognosis following a particular sur
gical procedure, the time of operation is an obvi
ous choice for the inception point of a cohort. The 
sampling required to obtain such a cohort must be 
carried out in a way that ensures that all persons 
undergoing the procedure are represented; any 
form of sampling at a later postoperative point 
would be subject to bias because those with peri
operative or early postoperative events could be 
missed. It may surprise you to learn that the time 
of surgery is not necessarily the best inception 
point for a prognosis study of a surgical interven
tion. Consider a study of prognosis in cardiac 
transplantation patients. If we were to assemble a 
cohort of patients at the time of surgery, only 
those who survived long enough for a donor to be 
found would be captured; those with very severe 
disease who died waiting for a donor would be 
missed. If we wish to study the policy of attempt
ing to perform a transplant rather than the surgery 
itself, outcomes during the preoperative waiting 
period ought to be included and attributed to the 
policy of attempting to perform a transplant. A 
preferable inception point might, therefore, be the 
point at which the patient is deemed eligible for 
transplant and is entered on the waiting list. Al
though not perfect, this inception point is much 

more uniform than the date of surgery, which is 
influenced by the availability of donors and ap
plicable only to those who survive to undergo the 
procedure. Use of this inception point converts 
the study into an investigation of the natural his
tory of what might be termed transplant-eligible 
end-stage cardiac disease. 

Sometimes, it is possible to choose an inception 
point that is too early in the natural history of the 
disease. Consider a study of prognosis in women 
with breast cancer. For convenience, it is tempting 
to assemble a cohort of all women detected as hav
ing breast cancer at an initial visit to a mammog
raphy screening program. Although the results of 
such a study will be generalizable to all women 
with similarly detected cancers, they will not be 
applicable to the vast majority of women whose 
cancers are detected clinically in the community. 

The fundamental goal of screening is to en
hance the benefit of therapy by implementing it 
at an earlier stage in the natural history. Even if 
screening had no beneficial effect on outcome, 
however, the experience of the screen-detected 
cohort will not be generalizable to community
detected populations. First, earlier detection will 
automatically lengthen survival following detec
tion, but this longer survival accrues to the length 
of time patients carry the diagnosis, not to their 
life spans-an effect known as lead-time bias." 
Second, a more subtle effect stems from the fact 
that the cancers that are most amenable to detec
tion at an initial screening visit have the longest 
detectable phase prior to clinical detection and 
tend to be the slowest growing. Accordingly, the 
prognosis for women detected as having breast 
cancer at an initial screening visit will appear to 
be more favorable than for women diagnosed in 
the community because slower growing, less ful
minant cancers will have been overrepresented in 
our cohort sample. This effect is known as length 
bias. An inception point that is too early-as 
would occur with screen detection-may yield re
sults that are not generalizable to the illness as it 
is customarily diagnosed. 

What? Defining the Endpoints 

The "what" criterion reminds the reader to con
sider precisely what endpoint is being studied. 



Outcomes must be so clearly defined that the reader 
of a report will know exactly what was being mea
sured and what must be measured to reproduce the 
study. This principle applies no less to a study of 
prognosis than to any other type of biomedical in
vestigation. Even when the outcome is as unam
biguous as death, there may be problems if the 
analysis depends on distinguishing differences in 
its etiology (e.g., cardiovascular vs. cerebrovascu
lar); death certificates are notoriously unreliable for 
such purposes. The need for clear criteria is even 
more marked when the endpoint is less incontro
vertible than death. A study of prognosis following 
femoral-popliteal bypass grafting that uses loss of 
graft patency as its endpoint will need a precise 
definition of this outcome. 

How? Monitoring for the Endpoints 

Once a clear definition of the endpoint has been 
identified, you should consider how occurrences 
of the endpoint were monitored. In general, sur
veillance for the endpoint of interest in a natural 
history study should be carried out in a uniform 
fashion and performed, when possible, by indi
viduals who are blind to the prior history or rele
vant risk factors in the study. 

When surveillance is not carried out in a uni
form fashion, surveillance bias (so-called) is pos
sible. Consider a prognosis study following a par
ticular operative procedure in which a cohort of 
patients is assembled and monitored. In the peri
operative period, patients are classified as being 
high and low in risk on the basis of a profile of 
associated risk factors; high-risk patients are sub
sequently followed at a specialized clinic. Clini
cally, it is an excellent idea to provide specialized 
follow-up for the high-risk patients, but it will 
likely bias the results in terms of prognosis; the 
high-risk individuals will likely receive closer 
scrutiny, more frequent evaluation, and earlier and 
more frequent diagnostic tests. 

The net effect of this differential intensity in 
follow-up is that events may be uncovered more 
frequently, or, at the least, endpoints may be de
tected earlier in the closely followed group. In ei
ther case, the incidence of later endpoint events 
may be artifactually elevated as a result of this sur
veillance bias. Even in the absence of a specialized 
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clinic, if those who are conducting the follow-up 
are aware of the risk status, it may influence them 
to scrutinize the high-risk persons more carefully 
for the outcome (i.e, a diagnostic suspicion bias). 
Similarly, when ambiguous events occur or un
certain diagnostic test results are present, knowl
edge of the prior status may influence interpre
tation of the diagnostic test or categorization of 
the event (i.e., an expectation bias). All these ef
fects can be minimized if(l) the follow-up is con
ducted in a uniform fashion that simulates routine 
clinical follow-up in intensity, and (2) interpre
tations are made by individuals who are blind to 
the particular risk status of patients. 

How Many? Completeness of Follow-up 
and Methods of Analysis 

The final criterion, "how many," alerts you to 
some of the quantitative issues surrounding natu
ral history studies. How many of the subjects were 
followed completely and how many were lost to 
follow-up are crucial questions. We have already 
discussed the methods of analysis that are appli
cable when there is incomplete follow-up; the data 
on any individuals who are lost to follow-up at the 
time of their last known status are usually "cen
sored," that is, the subjects are not considered to 
be at risk beyond that point. Although this as
sumption helps to provide more precise estimates 
of the incidence of outcome events and maximizes 
use of the information gained in the study, the 
estimates will be unbiased only if similar subse
quent courses are experienced by those who were 
lost to follow-up and those who were followed 
completely. Our knowledge of prognosis in per
sons who volunteer for studies and in those who 
comply with study protocols suggests that this is 
unlikely to be true. 

There are several strategies for dealing with 
this problem. If the proportion of persons lost to 
follow-up is small, a bias that will seriously distort 
the estimates is unlikely; if it is not, you can try 
to gauge how different the persons lost to follow
up are from those who were not lost. If you have 
baseline demographic information and data on 
prognostic factors, and you can show that they are 
similar for those followed and those lost, you have 
some circumstantial evidence that the bias may 
not be very severe. 
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Another strategy is to explore the boundaries 
of the potential bias by assuming the best and 
worst possible outcomes in those who were lost
sometimes referred to as best- and worst-case sce
narios, respectively. Suppose that, in a lO-year 
follow-up study of mortality in persons subjected 
to a particular surgical procedure, approximately 
20% of the cohort was lost prior to completion of 
the study; whether they lived or died beyond the 
last point of contact with them is not known. 
Conventional methods of survival analysis, which 
censor such persons at the last point of contact, 
provide unbiased estimates if these persons have 
a subsequent mortality experience similar to that 
of those who were followed completely. Now con
sider the two possible extremes. The worst-case 
assumption is that every person who was lost to 
follow-up died just after the point oflast contact; 
survival analysis using this assumption will pro
vide a maximum estimate of mortality for the co
hort in the worst-case scenario. The other extreme 
is to assume that every person lost to follow-up 
survived the entire study period; survival analysis 
using this assumption will provide a minimum es
timate of mortality in the best-case scenario. The 
truth will likely be somewhere in between. 

If the extremes lie in a particular direction, they 
may help to strengthen your conclusion. If the 
observed mortality in the lO-year mortality study 
following the surgery remains low, even in the 
worst-case scenario, you can remain relatively 
confident it is low despite the incomplete follow
up. Conversely, if the observed mortality remains 
high, even in the best-case scenario, you can re
main confident in the conclusion that mortality is 
high. 

In studies of prognosis in which analytic com
parisons are being made, you should ensure that 
issues of statistical significance are addressed sat
isfactorily. Suppose a study reports the 5-year sur
vival probabilities of a certain class of heart disease 
patients are 50% and 60% with medical manage
ment and surgical management, respectively. Be
cause these are estimates from a finite data set, 
they are subject to random error. Could such an 
observed difference in prognosis easily arise by 
chance alone, or is there a real difference? The 
statistical methods provide a p-value that may be 
interpreted as the chance that a difference of the 
observed magnitude could have arisen by chance 

alone (i.e., the "null" hypothesis of no true differ
ence). Confidence intervals around probabilities 
should be provided to permit an appreciation of 
the range of values compatible with the data. 

When a prognosis study reports a statistically 
significant difference in outcomes between two 
cohorts, the canny reader will immediately ques
tion whether it is clinically significant. Clinically 
trivial differences in the probabilities of critical 
events can be statistically significant when large 
cohorts are involved. Conversely, when a study 
finds no statistically significant difference in the 
probability of certain outcomes between cohorts, 
the reader should immediately ask whether the 
cohorts were large enough to provide adequate 
power for important differences to have been de
tected. When a difference in prognosis is found, 
it may have arisen because of other differences 
between the two groups. Inequalities in socioeco
nomic status or in severity of disease are almost 
certain to be present if random allocation to the 
two groups was not used. Statistical methods are 
available to allow the prognosis associated with 
the method of management to be separated from, 
or adjusted for, other differences between two 
groups, if the other factors influencing risk or 
prognosis are known and have been accurately 
measured. Nevertheless, the possibility remains 
that an unrecognized factor is present, or a rec
ognized factor is being poorly measured ("mis
classified"). The only convincing way to deal with 
this possibility is to perform a randomized con
trolled trial in which the random allocation is ex
pected to apportion unrecognized factors about 
equally between the two groups. 

Conclusion 

Evaluation of risk and prognosis involves esti
mating the probability of future events, given 
present circumstances. Risk assessment refers spe
cifically to the probability of future disease or in
jury in apparently healthy individuals; prognosis 
refers to the probability of future health-related 
events in individuals who already have a disease 
or injury. The term risk is also generally used in 
both contexts. To estimate risk in simple situa
tions, proportions and rates are used. To compare 



risk between two groups, relative risk and the 
summary relative rate are available. A useful 
graphic technique is to present a survival curve for 
the study sample, or a set of survival curves for 
different subgroups. Statistical hypothesis testing 
can be carried out using the ordinary X2 test for a 
2 X 2 table, or the more sophisticated Mantel
Haenzel summary X2 statistic. 

For more complex situations in which the 
populations being compared are not homoge
neous, logistic regression and Cox regression are 
used. Censoring (loss to follow-up) is a commonly 
encountered complication. The survival curve can 
be estimated in this situation by the Kaplan
Meier method, and the summary relative rate, ad
justed for confounding factors, by Cox regression. 

A methodological framework has been pro
vided for assessing the quality of an article re
porting a study of prognosis (or for planning such 
a study). 'Why" reminds the reader to begin, a/
ways, with an evaluation of the investigator's 
stated purpose. In general, studies that state hy
potheses in advance are more reliable than studies 
that pursue hypotheses after the fact, and studies 
that investigate a single pre specified endpoint are 
more credible than studies that investigate many 
outcomes, as dictated by the data. 'Who" and 
"when" remind the reader that, in a natural history 
study, it is crucial to consider the precise nature of 
the cohort being studied. Who, exactly, is being 
investigated, and when in the natural history have 
these subjects been sampled? The general princi
ple is that the researcher ought to assemble a rep
resentative spectrum of people with a particular 
condition who are at a homogeneous and early point 
in its natural history. Failure to construct such an 
inception or incident cohort can bias a study be
yond repair. 

"What" reminds the reader to consider precisely 
what endpoint is being studied. The primary out
comes must be clearly defined so that the reader 
will know exactly what is being measured. The 
"how" criterion pertains to how occurrences of the 
endpoint were monitored. Surveillance for the 
endpoint of interest in a natural history study 
should be carried out in a uniform fashion and 
performed, whenever possible, by individuals who 
are blind to the prior history or relevant risk fac
tors in the study. Failure to perform uniform and 
blinded surveillance should alert the reader to the 
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possibilities of surveillance bias, diagnostic sus
picion bias, and expectation bias. 

The final criterion, "how many," is meant to 
alert the reader to some of the quantitative issues 
surrounding natural history studies. How many 
subjects were lost to follow-up and how they were 
handled in the analysis are crucial questions. 
Techniques of survival analysis can utilize cen
sored observations, but losses to follow-up are as
sumed to have similar subsequent experiences. 
Best- and worst-case scenarios can be used to 
explore the boundaries of any possible bias. Like 
studies of therapeutic interventions, prognosis 
studies should explore the statistical significance 
of important differences, should assess whether 
statistically significant differences are clinically 
meaningful, and, in the case of negative hypothe
sis tests, should document adequate power to have 
detected important differences if they were present. 
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CHAPTER 31 

Sensitivity, Specificity, 
and Predictive Value 
M. T. Schechter 

Yerushalmy's pioneering work! on observer vari
ability in the interpretation of chest roentgeno
grams initiated a still-expanding interest in the 
evaluation of the diagnostic process. He intro
duced the terms sensitivity and specificity as mea
sures of the validity of diagnostic tests, and an 
entire methodology including the concept of pre
dictive value has developed in response to the geo
metric growth in and reliance on diagnostic test
ing in clinical practice. 

Diagnostic Test Validity 

Clinicians use diagnostic tests to ascertain 
whether a disease is present. For example, you can 
use a gallium scan to test for the presence or ab
sence of an intraabdominal abscess, or mammog
raphy to help you determine whether a palpable 
lump is malignant. 

The disease state that a diagnostic test is meant 
to detect is sometimes referred to as the target 
disease. The validity of a diagnostic test refers sim
ply to its ability to register an abnormal result for 
patients in whom the target disease is present, and 
a normal result for patients in whom the target 
disease is absent. An ideal diagnostic test would 
exhibit both these behaviors; that is, it would reg
ister abnormal results only for patients who have 
the target disease, and normal results only for pa-

tients who are free of the target disease. Such a 
diagnostic test would be perfect in the sense that 
its results would be perfectly predictive of absence 
or presence of the target disease. Unfortunately, 
most diagnostic tests do not perform this well, 
and a number of concepts and techniques have 
been developed to gauge just how satisfactorily a 
given diagnostic test performs. 

To judge how well a test performs in detecting 
a target disease in certain patients, we need some 
way of determining the truth about the disease's 
presence or absence in the same patients. To judge 
the capabilities of the gallium scan in diagnosing 
intraabdominal abscess, we need to know whether 
such abscesses are present in a group of patients 
so that we can compare this information with the 
results obtained by means of the gallium scan. We 
could use the findings of laparotomy and subse
quent pathological confirmation of an abscess as 
the determinant of the true target disease state. 
Similarly, we could use the results of laparotomy 
as the determinant for the presence of intraperi
toneal injury, to assess the performance of peri
toneallavage as a diagnostic maneuver. To assess 
mammography as a means of detecting malignant 
breast tumors, we could use pathological exami
nation of the tumor as our determinant. The 
method used to confirm the presence or absence 
of the target disease in such determinations is 
known as the gold standard; it should be the best 
clinical standard currently available. 
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When surgical exploration and pathological 
confirmation are part of the usual clinical man
agement, they are obvious choices as gold stan
dards; when they are not, other standards must be 
used. To determine the validity of newer scanning 
techniques as diagnostic tests for deep vein 
thrombosis (DVT), the best clinical standard cur
rently available is venography. Consequently, the 
results of this radiological procedure are usually 
used as the gold standard for the presence or ab
sence of DVT. Similarly, to check the validity of 
such tests as radionuclide scans in the detection 
of coronary artery stenoses, where surgical confir
mation is available only in the relatively small 
number of patients who come to bypass surgery, 
coronary angiography is often used as the gold 
standard. 

Figure 31-1 sets out the structure of a diag
nostic test assessment in general terms. In essence, 
we merely compare the diagnostic test result (ab
normal vs. normal) with the gold standard result 
for the target disease (present vs. absent). By con
vention, the test result is set out in the rows of a 
2 X 2 table, while the gold standard result is dis
played in the columns. Adoption of this arbitrary 
convention will help you to recall some of the def
initions we will come to later. 

The upper left-hand cell displays the number 
of patients who have the disease, according to the 
gold standard, and also have positive test results; 
that is, the test correctly identifies them as having 
the target disease. Such patients are called true 
positives (TP). The lower right-hand cell displays 
the number of patients who do not have the dis
ease and have negative test results, the true nega
tives (TN). Taken together, the true positives and 
true negatives constitute all the patients in whom 
the diagnostic test is correct. The greater the pro
portion of patients found in these two groups, the 
more accurate the diagnostic test. 

The patients who fall into the two remaining 
cells give rise to whatever uncertainty there is. The 
number in the upper right-hand cell represents 
the patients who do not have the disease but who 
have erroneously positive test results. These pa
tients are called false positives (FP). The costs of 
this type of error are the unnecessary further in
vestigations and treatments that might be under
taken, and the effects of falsely labeling the pa
tient. The number in the lower left-hand cell 
represents the patients who have the disease, but 
erroneously negative test results, false negatives 
(FN). The costs of this type of error are the mor
bidity and mortality associated with lack of im-

Target·disease according 
to gold standard 

Diagnostic 
test 

result 

Positive 
(abnormal) 

Negative 
(normal) 

PRESENT ABSENT 

I TP FP I TP + FP I 
IFN TNI FN + TN J 

I TP + FN FP + TN I 

Figure 31-1 . 
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mediate treatment. We have completed the table 
by adding the rows and columns: TP + FN, 
FP + TN, TP + FP, FN + TN. 

Sensitivity is defined as the proportion of those 
with the disease who have a positive test result. 
This is sometimes shortened to "positivity in dis
ease." Sensitivity is a measure of how well the test 
performs at detecting the disease when it is pres
ent. It can be calculated from the first column of 
the table by the formula 

... TP 
sensltlVlty = TP + FN 

Specificity is defined as the proportion of those 
who do not have the disease who have negative 
test results-sometimes referred to as "negavitity 
in health." Specificity is a measure of how well the 
test performs at registering negative results when 
the target disease is absent. It can be computed 
from the second column of the table by the for
mula 

TN 
specificity = FP + TN 

If you prefer the terminology of conditional 
probabilities, sensitivity is the conditional proba
bility of a positive test given the presence of dis
ease, and specificity is the conditional probability 
of a negative test given the absence of disease. 
These latter definitions are included only because 
you may encounter them in the literature. 

To illustrate these concepts, we will use a well
known example from the recent history of medi
cine, namely, the evaluation of prostatic acid 
phosphatase (PAP) for the detection of prostatic 
cancer, adapted from Foti and colleagues.2 Al
though PAP has been superceded by other tests, 
most notably prostatic-specific antigen, the events 
surrounding the evaluation and dissemination of 
the prostatic acid phosphatase test remain an ex
cellent example with which to illustrate the con
cepts in this chapter. 

Foti and his colleagues used 113 patients with 
prostatic carcinoma, confirmed by the gold stan
dard of surgical biopsy, and 217 individuals free 
of prostatic cancer. The latter group consisted of 
normal individuals and patients with benign pros
tatic hyperplasia, previous prostatectomy, gastro
intestinal disorders, or nonprostatic cancer. Sera 

from the 330 individuals were assessed by the as
say for the presence of PAP, and each specimen 
was characterized as positive (abnormal) or nega
tive (normal). The results were compared with the 
true prostatic cancer status of the 330 individuals 
to produce Figure 31-2. 

In the 113 patients with prostatic carcinoma, 
the PAP test was positive in 79, for a sensitivity 
of 79/113 or 0.70. A sensitivity of 0.70 or 70% 
prompts the inference that, given 100 patients 
with prostatic carcinoma, the test will detect ap
proximately 70 of them and miss about 30. The 
latter figure, derived by subtracting the sensitivity, 
in percent, from 100, is known as the folse negative 
rate. 

In the 217 patients who did not have prostatic 
carcinoma, the test was negative in 204, that is, a 
specificity of 2041217 or 0.94. A specificity of 0.94 
or 94% suggests that, given 100 patients without 
prostatic carcinoma, the test will be negative in 
about 94 of them and falsely positive in the re
maining 6. The last figure, obtained by subtract
ing the specificity, in percent, from 100, is known 
as the false positive rate. 

Sensitivity and specificity are measures of a di
agnostic test's validity; the higher these values are, 
the better the test is at detecting the presence and 
absence of disease, respectively. The higher the 
sensitivity, the lower the false negative rate; that 
is, the lower the chances are of missing the target 
disease when it is present. The higher the speci
ficity, the lower the false-positive result when the 
target disease is absent. The PAP test, with a sen
sitivity of 70% and a specificity of 94%, exempli
fies high specificity with only moderate sensitivity. 

Diagnostic Test Utility 
(Usefulness) 

To calculate sensitivity and specificity, you must 
know the true presence or absence of the target 
disease. This was illustrated earlier by the 113 pa
tients in whom biopsy had already established the 
actual presence of prostatic carcinoma. In many 
clinical situations, we do not know whether the 
target disease is present or absent. If the results of 
a gold standard were available, there would be no 
need for another diagnostic test. 
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Prostatic carcinoma 
according to 
biopsy resu I ts 

PRESENT ABSENT 

Prostatic 
acid 

phosphatase 
result 

Positive 
(abnormal) 

Negative 
(normal) 

79 

r TP 

I FN 

34 

13 92 

FPj TP + FP I 
TN I FN + TN I 

204 238 

I TP + FN FP + TN I 
113 217 330 

Figure 31-2. 

In clinical practice, we are often confronted by 
additional problems when the presence of the tar
get disease is uncertain. First, given that a patient 
has a positive test result, we need to know what 
the probability is that the target disease is present, 
that is, the positive predictive value (PPV) of the 
test. The PPV reflects how certain we may be 
about the presence of the target disease in patients 
with a positive test result. Similarly, for patients 
with negative test results, we need to know the 
probability that the target disease is absent, which 
is the negative predictive value (NPV). The higher 
the PPV, the better the test is at "ruling in" the 
disease when the test result is positive; the higher 
the NPV, the better the test is at "ruling out" the 
disease when the test result is negative. Whereas 
sensitivity and specificity measure the test's intrin
sic abilities to detect the presence and absence of 
the target disease, respectively, the predictive val
ues measure the test's utility in clinical practice. 

Consider a typical patient drawn at random 
from the entire group of 330 individuals in the 
study by Foti and his colleagues (Figure 31-2). 
Suppose we do not know whether the individual 
has prostatic carcinoma, as would be true in clini
cal practice, and we are going to rely on the PAP 
assay for the answers. Since 113 of the 330 indi-

viduals in the study have prostatic carcinoma, we 
know there is a probability of 113/330 or 34.2% 
that our randomly chosen individual has the dis
ease. This measure of the proportion of diseased 
patients within the total population is known as 
the prevalence and is calculated using the formula 

, TP+FN 
prevalence = TP FN T + +FP+ N 

The numerator (TP + FN) is the total number 
of individuals with the disease (i.e., the sum of the 
cells in the left-hand column of Figure 31-2); the 
denominator is the total number of participants 
(i.e., the sum of all four cells in Figure 31-2). 
Since there is a 34.2% chance that our typical pa
tient, drawn at random from the sample, has pros
tatic cancer prior to undergoing the PAP test, the 
prevalence is also referred to as the pretest proba
bility or pretest likelihood of the disease. 

Let us now see how well the PAP test performs 
at predicting the presence or absence of disease in 
our typical patient, by supposing that his test re
sult is positive. Since there are 92 patients with 
positive test results, of whom 79 actually have 
prostatic cancer, there is a 79/92 or 85.9% chance 
that our patient has prostatic carcinoma, given a 
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positive test. This is the PPV for this population 
(Figure 31-2), that is, 

TP 
PPV = TP + FP 

Since the PPV represents the probability of a 
patient having a given disease when the test result 
is positive, it is also referred to as the posttest prob
ability of a positive test (PTL + ). In this case, the 
PPV (or PTL+) is substantially higher (85.9%) 
than the pretest probability of 34.2%, and the test 
has performed very well at "ruling in" prostatic 
carcinoma by markedly increasing the probability 
of the presence of the disease when the test is 
positive. 

Now, suppose the PAP result in our randomly 
chosen individual is negative. Since there are 238 
patients with negative test results, of whom 204 
do not have the disease, there is a 204/238 or 
85.7% chance that our subject is free of prostatic 
carcinoma given a negative test. This is the nega
tive predictive value (NPV) for this population 
(Figure 31-2), that is, 

TN 
NPV = FN + TN 

This NPV of 85.7% represents the probability 
of not having the disease when the PAP result is 
negative. If there is an 85.7% chance of not having 
the disease, there is a 14.3% chance of having it; 
subtracting the NPV from 100 gives the proba
bility of having the disease even when the test is 
negative, which is the posttest probability of a nega
tive result. As you might anticipate, the probability 
of having the disease after a negative test (14.3%) 
is lower than the pretest probability of disease 
(34.2%). Consequently, the negative test result has 
contributed to "ruling out" prostatic carcinoma by 
decreasing the probability of the disease from 
34.2% to 14.3%. 

You may have noticed an asymmetry. The 
"positive predictive value" (PPV) and the "posttest 
probability of a positive test" (PTL +) are syn
onymous, but the "negative predictive value" 
(NVP) and the "posttest probability of a negative 
test" (PTL -) are not. The NPV refers to the 
probability of the disease being absent in those 
with a negative result, while the PTL - refers to 
the probability of the disease being present in 

those with a negative result. Although the two 
quantities are not the same, they are strictly re
lated, since they sum to 100%, and one can be 
easily derived from the other. 

The results of the PAP test in this particular 
population can be depicted by a diagnostic tree 
diagram (Figure 31-3). Such representations are 
very useful in clinical decisions analysis, the sci
ence of structuring clinical decisions. The patient 
enters the test at the left of the diagram with a 
pretest probability of prostatic carcinoma of 
34.2%. If the test is positive, this probability rises 
to the posttest probability of a positive test 
(85.9%); if the test is negative, this probability 
falls to the posttest probability of a negative test 
(14.3%). The test appears, therefore, to provide 
some potentially useful information in this popu
lation. For patients with positive results, the prob
ability of disease is sufficiently high (85.9%) to 
warrant biopsy and possible surgical exploration; 
but if the results are negative, the probability of 
disease is sufficiently low (14.3%) that such pa
tients may be followed, or given another nonin
vasive test, if one is available. 

On the basis of the sensitivity and specificity 
results of Foti and his colleagues, many concluded 
that the PAP radioimmunoassay could serve as an 
effective screening test for the early detection of 
prostatic cancer. In an editorial accompanying the 
report ofFoti et al., Gittes stated, "The grim find
ing has been that, overall, 90% of cases are first 
detected when they have already metastasized. 
The clear implication of the accompanying report 
is that mass screening on the basis of a blood test 

Pre-test 
probability 

Figure 31-3. 

Post-test 
probability 



262 M.T. Schechter 

alone can reverse this gloomy experience."3 The 
popular press reported that a new blood test 
promised to do for prostatic cancer what the Pa
panicolaou smear had accomplished for cancer of 
the cervix. 

The utility of a test refers to its usefulness and 
its ability to affect patient care positively in a spe
cific clinical situation. It can be judged only in 
relation to a particular clinical situation; a rela
tively good sensitivity and specificity do not suffice 
to establish the clinical utility of a given test in 
any situation. Although sensitivity and specificity 
measure intrinsic qualities of a test's validity and 
may be assumed to remain relatively stable in dif
ferent clinical situations, the predictive values and 
posttest probabilities can change drastically. Since 
the predictive values and posttest probabilities de
pend very heavily on the pretest probability (prev
alence), changes in prevalence can lead to marked 
changes in the predictive values and the clinical 
utility of a test. In other words, to adequately as
sess a diagnostic test for a specific clinical purpose, 
you must analyze it in relation to that particular 
purpose. 

The original analysis of the PAP assay was car
ried out in a population of patients in whom the 
prevalence of prostatic cancer was 34.2o/o--hardly 
representative of the usual screening situation. 
Three years after the report of Foti et al., Watson 
and Tang presented their analysis of the PAP test 
as a screening test for prostatic cancer.4 On the 
basis of national data for the United States for 
1964, these authors assumed that the prevalence 
of prostatic carcinoma among white American 
men was 35 cases per 100,000. They then used 
the PAP test's established sensitivity and speci
ficity of 70% and 94%, respectively, to calculate its 
predictive values in the screening situation. 

To make these calculations, you begin by put
ting the hypothetical population of 100,000 as the 
total at the lower right-hand corner of the 2 X 2 
table (TP + FP + FN + TN) (Figure 31-4A). 
Since there are an estimated 35 cases among this 
hypothetical group, the sum at the bottom of the 
left-hand column (TP + FN) should read 35. It 
follows that the sum of the right-hand column 
(FP + TN) should be 100,000 - 35 = 99,965 
(Figure 31-4A). Of the 35 men who have pros
tatic cancer, the test will be positive in about 70% 
(sensitivity), that is, approximately 25, and this 

quantity can be entered in the TP cell (Figure 
31-4B). The remainder, 35 - 25 = 10, can be 
entered in the FN cell. Similarly, of the 99,965 
men without prostatic carcinoma, the test will be 
negative in about 94% of the men (specificity), 
that is, approximately 93,967, and this quantity 
can be entered in the TN cell (Figure 31-4C). 
The remainder, 99,965 - 93,967 = 5,998, is en
tered in the FP cell (Figure 31-4C). The table can 
be completed by simply adding the row totals 
(Figure 31-5). 

We can now calculate the predictive values and 
posttest probabilities for the screening situation. 
The PPV (or PTL+) is TP/(TP + FP) or 251 
6,023, that is, 0.42%. The NPV is TN/(TN + 
FN) or 93,967/93,977, that is, 99.99%. Conse
quently, the posttest probability of a negative test, 
obtained by subtracting the NPV from 100%, is 
0.01 %. The probability of prostatic carcinoma 
prior to the test (the pretest likelihood or preva
lence) was set at 35/100,000 or 0.035%. 

Figure 31-6 is a diagnostic tree diagram sum
marizing these results for the screening situation. 
The average asymptomatic man, who would be 
screened by such a test, approaches the test at 
the left of the diagram with a pretest probability 
of prostatic cancer of 0.035% (35 chances in 
100,000). If his test is positive, the probability 
rises to only 0.42% (1 chance in 240). Even with 
a positive test result, the chance of having pros
tatic cancer is still extremely slim, and it would be 
hard to justifY further invasive testing. Obviously, 
the test is oflittle clinical help when it is positive 
in a screening situation. 

Moreover, since approximately 6% (6,0231 
100,000) of all white American men would have 
positive PAP screening tests, any policy of inves
tigating positives further would involve the need
less testing of significant numbers of healthy men. 
If the test is negative, the probability of disease 
falls to 0.01% (10/100,000). Although one could 
argue that the test is useful in the screening situa
tion, since it virtually rules out prostatic carci
noma when it is negative, this decrease in proba
bility is of little benefit because the disease is 
exceptionally rare in the given population (351 
100,000). 

Our example illustrates the relation between 
posttest likelihoods and pretest likelihoods. In the 
diagnostic analysis carried out by Foti et al., the 
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NPV = TN/(TN + FN) = 93,967/93,977 = 0.9999 or 99.99% 

Figure 31-5, 

posttest likelihoods of a positive and negative test 
were relatively high (85.9% and 14.3%, respec
tively) because the pretest likelihood was high 
(34,2%) prior to the test. In the screening analysis 
carried out by Watson and Tang, the posttest like
lihoods of a positive and negative test were ex
tremely low (0.42% and 0.01%, respectively) be
cause the pretest likelihood was very low (0.035%) 
prior to the test. The pre- and posttest likelihoods 
can be linked by a mathematical expression known 
as Bayes' theorem. The following are two of many 
equivalent expressions for Bayes' theorem: 

PPV = PxSENS 
(P X SENS) + (1- P) X (1- SPEC) 

NPV = (l-P)xSPEC 
(l-P)X SPEC + PX(1- SENS) 

where P, SENS, and SPEC represent the pretest 
probability, sensitivity, and specificity, respectively, 
in decimal (e.g., 0.80) rather than percent (e.g., 
80%) format. The different expressions used for 
Bayes' theorem have the common feature of por
traying the posttest probabilities or predictive val
ues in terms of the pretest probability. They all 
demonstrate how dependent the former values are 
on the latter value, and they provide a method for 

calculating posttest probabilities and predictive 
values for a given diagnostic test and a given pre
test probability. You are encouraged to calculate 
the predictive values for the PAP test in the 
screening situation by setting P at 0.00035, SENS 
at 0.70, and SPEC at 0.94, in the formulas above. 
You should derive the predictive values that were 
obtained before, except for possible slight differ
ences due to rounding error. These formulas pro
vide an attractive alternative to the series of cal
culations and tables we went through earlier, to 
derive the predictive values and posttest probabili
ties (Figures. 31-4A-C and 31-5). Bayes' theo
rem, in whatever form, is a relatively straight
forward method of deriving the predictive values 
and the posttest likelihoods that are central to the 
consideration of clinical utility. This type of analy
sis is sometimes referred to as "Bayesian analysis." 

The PAP radioimmunoassay illustrates several 
fundamental things about diagnostic tests: 

1. Sensitivity and specificity measure the validity 
(accuracy) of a diagnostic test. They have no 
direct bearing on its clinical utility. 

2. The clinical utility of a test is best assessed by 
considering its predictive values and posttest 
probabilities in a specific clinical situation. 
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3. Predictive values and posttest probabilities de
pend very heavily on the pretest probability 
(prevalence) of disease and, as a consequence, 
on both the clinical situation and the patient 
population in which a test is applied. This dif
fers greatly from the popular misconception 
that test results are definitive (i.e., positive tests 
imply that patients are diseased and negative 
tests that they are not) and that the conclusions 
to be drawn from test results are independent 
of the patient who is tested. 

The Assessment 
of Diagnostic Tests 

New diagnostic tests and technologies are being 
developed at a constantly increasing rate; we have, 
for example, the prostatic specific antigen (PSA) 
test, positron emission tomography (PET), and 
magnetic resonance imaging (MRI). These new 
tests and techniques must be evaluated before they 
enter into widespread clinical use, and the medical 
literature contains more and more articles about 
their "assessment." 

Guidelines for the Assessment 
of New Tests or Techniques 

The Purpose of the Diagnostic Test 

Any proper assessment of a diagnostic test begins 
with a clear statement of its proposed clinical pur
pose. The prostatic acid phosphatase radioim-

munoassay test illustrates how a clinical test may 
perform well in one situation (diagnosis) and fail 
in another (screening). The proposed clinical 
function dictates how the assessment should be 
carried out. 

Clinical tests serve five different clinical func
tions: diagnosis, screening, staging, monitoring, 
and triage. Diagnosis is the "ruling in" or "ruling 
out" of a disease in a patient in whom the disease 
is clinically suspected (e.g., coronary angiography 
for detecting coronary artery disease in a patient 
with angina). Screening refers to the presumptive 
detection of a given disease in a group of individ
uals who are asymptomatic for, and not suspected 
of having, it (e.g., mammography for the pre
sumptive detection of breast cancer in middle
aged women). Staging is the use of a clinical test 
to gauge how far a disease has advanced as a guide 
to treatment (e.g., mediastinoscopy to determine 
the resectability of a lung cancer). Monitoring is 
the use of a test to assess and adjust ongoing 
therapy (e.g., prothrombin times to monitor the 
effect of anticoagulant therapy). Triage refers to 
the use of a test to determine which patients 
should receive further invasive testing (e.g., 
Doppler studies to determine which patients 
should have cerebral angiography). 

Accordingly, you must state the type of patient, 
the intended clinical setting, and the purpose of a 
test before you embark on any assessment of it. 
The importance of these requirements will be
come more apparent as we continue. 

The Spectrum and Number of Patients 

When you are choosing the patients who will par
ticipate in a diagnostic test assessment, observe 
the following rule: the type of patient used in the 
assessment of a test should replicate the type ofpatient 
for whom the test is intended in clinical practice. Un
fortunately, this rule is not always followed. To 
carry out an assessment, you require a population 
with the target disease to estimate sensitivity, and 
a population free of the target disease to estimate 
specificity. You may be tempted to use an already
identified group with established, florid disease as 
the diseased group, and a group of normally 
healthy controls as the nondiseased group. A mo
ment's thought should convince you that such dis
parate groups would not challenge the clinical test 
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with the wide spectrum of patients you and others 
will face in normal clinical practice. A test pro
posed for diagnosis should be assessed in a wide 
range of patients suspected of having the target 
disease or other diseases often confused with the 
target disease. A screening test should be chal
lenged with asymptomatic individuals like those 
it will be applied to in clinical practice. 

The use of obviously diseased and healthy in
dividuals as cases and controls will spuriously in
flate both sensitivity and specificity values, be
cause these individuals will likely have positive 
and negative tests, respectively. If you start with a 
statement of the test's proposed function, the pro
posed type of patient in whom it is to be used, 
and the proposed setting for its use, you merely 
need to assemble, consecutively, all the patients 
matching the specified profile who are seen in the 
appropriate setting(s) over a sufficient interval of 
time. The use of consecutive patients minimizes 
the possibility of introducing bias into the selec
tion of patients and replicates the spectrum of pa
tients the test will be applied to in its eventual 
clinical use. 

If you wish to assess a new diagnostic test for 
DVT for use when patients first present them
selves at the primary care level, consider using 
every consecutive patient who consults his or her 
family practitioner, or arrives at a local emergency 
room with a swollen calf and suspected DVT over 
a specified interval of time. Such a group will in
clude patients who actually have DVT, in varying 
degrees of severity, and some who have confusing 
disorders, such as ruptured Baker's cysts or super
ficial thrombophlebitis. The performance of the 
test in such a group of patients will accurately re
flect its performance in similar groups in similar 
primary care settings. If you propose to assess a 
screening test for the early detection of prostatic 
carcinoma, you should state that the test is pro
posed for use in elderly men who are both asymp
tomatic and clinically normal, and then assess it 
in a large population of such individuals. 

Too often, inadequate numbers of patients are 
used. An investigator may assess a test in 25 dis
eased individuals, find that 20 of them have posi
tive results, and conclude that the sensitivity is 
80%. Although this is technically the best esti
mate for sensitivity based on the data, the 95% 
confidence limits around it are very wide (64% to 

96%). The investigator should take the conser
vative approach and use the lower limit (64%) as 
the estimate of sensitivity, but, more often than 
not, the sensitivity is simply stated as being 80%. 
The result is an overestimation of test validity. 
The only acceptable exception to the use of suf
ficient numbers of patients to ensure precise es
timates occurs when a test for a rare target disease 
is being assessed, and the number of available pa
tients is inescapably small. 

The Gold Standard 

The gold standard is the set of criteria used by 
investigators to determine which patients are truly 
diseased and which are not. These criteria have a 
crucial impact on the 2 X 2 table and on the de
termination of the sensitivity and specificity of a 
test. Gold standards may be definitive (e.g., his
topathological results from biopsy, surgery, or au
topsy) or may simply be the results of other di
agnostic tests currently accepted as standards for 
the diagnosis of the target disease in question. In 
certain situations, the gold standard may be a 
complex of symptoms, signs, and test results (e.g., 
the classification systems for the diagnosis of 
rheumatoid arthritis, systemic lupus erythemato
sus, and rheumatic fever). In diagnostic test as
sessments, it is critically important that the gold 
standard be well defined, repeatable, and accepted 
as a current clinical standard for the diagnosis of 
the target disease. Anyone who reads a report on 
a diagnosis test assessment will want to know how 
the test will perform at detecting the presence or 
absence of the target disease in relation to the gold 
standard. If the gold standard is not well defined 
or does not represent the current standard for di
agnosis of the target disease, the assessment will 
be of little use because it will not be directly ap
plicable to clinical practice. For example, since au
topsy results or surgical findings are not usually 
available for patients with coronary artery disease 
(CAD), the results of coronary angiography are 
widely accepted as the clinical standard for diag
nosis. Consequently, if you wish to assess the per
formance of a new test in the diagnosis of CAD, 
you might well utilize coronary angiography as 
your external gold standard for verifYing the pres-
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ence or absence of CAD in each patient; the an
giographic criteria you use to establish the pres
ence of CAD should be explicitly stated in your 
assessment report. Such explicit statements 
should include such clear, repeatable criteria as "a 
stenosis of greater than 75% seen on independent 
review by two cardiologists" and avoid such 
vagueness as "any abnormality seen on angiog
raphy." Describe the exact methods used to carry 
out the gold standard so that readers can deter
mine whether the gold standard, as used in your 
study, corresponds with the one in use in their 
clinical settings. 

The Diagnostic Test 

An exact detailed description, as prescribed for 
your gold standard, is equally necessary for the 
diagnostic test you are assessing; that is, you must 
describe explicitly your test methodology, the con
ditions under which the test was performed, and 
how the patients were prepared. Supply enough 
detail to enable your readers to perform the di
agnostic test exactly as you did in your assessment. 

When the test produces a quantitative result 
(e.g., the concentration of a serum constituent), 
you should assess its precision. The variability 
produced by the test technology can be assessed 
by comparing the results for several samples taken 
from the same patient at the same time: the in
trapatient variability can be assessed by comparing 
the results for samples taken from the same pa
tient at different times. The sensitivity, specificity, 
and predictive values should not be calculated at 
several threshold values (e.g., the value that sepa
rates normal from abnormal results). When you 
choose a single threshold value, your choice 
should be justified. 

If the test produces a qualitative result that re
quires interpretation (e.g., CT scans must be in
terpreted by a radiologist), state clear and repeat
able interpretation criteria. In addition, assess 
both the inter- and intraobserver variability in the 
interpretative component of the test by presenting 
the same consecutive panel of test results to two 
or more observers for independent review, and to 
a single observer for independent review on two 
or more separate occasions. 

Independence 

When each patient in your sample has undergone 
the diagnostic and gold standard tests, the results 
are compared in a 2 X 2 table (Figure 31-2) to 
determine the test's validity and utility. 

The diagnostic test and the gold standard test 
must be independent. Each patient must undergo 
both tests. The diagnostic test result must not in
fluence the selection of who is to have the gold 
standard test. The process should be triple
blinded if possible, that is, those who perform the 
tests, those who interpret them, and those who 
undergo them (the patients) should be kept 
"blinded" until both tests have been performed 
and interpreted. The various individuals who per
form, interpret, or undergo the diagnostic test 
should be unaware of the gold standard results, if 
possible. Conversely, the various individuals who 
perform, interpret, or undergo the gold standard 
test should be unaware of the diagnostic test re
sults, if possible. If this independence is not main
tained, expectation bias can occur and can result 
in a spurious increase in the derived sensitivity, 
specificity, and predictive values. This is especially 
true when there is a significant subjective patient 
component or a significant interpretive compo
nent to the diagnostic test. 

Assessment of Validity and Utility 

When you have produced a 2 X 2 table, derived 
sensitivity, specificity, and predictive values, and 
concluded the test is useful, if the values are rea
sonably high, you may think your job is finished. 
A proper assessment, however, goes on to con
sider the predictive values, the posttest probabili
ties, and their significance in the clinical situation 
proposed for the test. Since these values depend 
very heavily on the prevalence of the target disease 
in your patient sample, as determined by the gold 
standard, you must assess whether this prevalence 
is reasonably close to the true prevalence of the 
same disease in the proposed target population. 
This will almost certainly be so if you obeyed the 
principle of using all consecutive patients who are 
like those for whom the test is intended and who 
arrived at one or more settings similar to those in 
which use of the test is envisaged. 

If the prevalence in your patient sample is not 
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a realistic estimate for the target population, re
calculate the predictive values and posttest proba
bilities on the basis of a more realistic prevalence. 
You can do this easily by using Bayes' theorem 
with the new prevalence value (P), and the derived 
sensitivity (SENS) and specificity (SPEC). Your 
assessment of clinical utility should center on 
whether the test provides enough information, on 
the basis of predictive values and posttest likeli
hoods, to cause a change in management. The 
radioimmunoassay test for PAP failed in the 
screening situation because the posttest likeli
hoods of a positive and negative test were not suf
ficiently different from the pretest likelihood 
(prevalence) to affect any management decisions. 
A proper assessment, based on a realistic preva
lence, could have demonstrated this in the initial 
analysis before the use of PAP as a screening test 
had been suggested. 

When you assess clinical utility and the impact 
of the predictive values and posttest likelihood on 
clinical decisions, you must consider the conse
quences for false positives and false negatives. If 
the target disease is frequently fatal and a treat
ment exists that markedly alters the outcome (e.g., 
intraabdominal bleeding, subdural hematoma, 
bacterial meningitis), false negatives are extremely 
undesirable, and a high sensitivity is required. A 
high sensitivity value has the effect of markedly 
reducing the posttest likelihood of a negative test 
(i.e., the negative predictive value is raised) and 
provides reasonable certainty that the target dis
ease is absent when the test is negative. If you are 
screening for a disease that is not immediately fa
tal if missed, for which no effective treatment is 
available, and! or for which the costs of labeling 
and further investigation of positives are high 
(e.g., cystic fibrosis in newborns), you will want 
to keep the number of false positives to a mini
mum, and a high specificity will be required. A 
high specificity has the effect of markedly increas
ing the posttest likelihood of a positive test (i.e., 
the positive predictive value is raised) and provides 
reasonable certainty that the target disease is pres
ent when the test is positive. 

In general, the impact of posttest likelihoods 
and predictive values on clinical decisions cannot 
be assessed without reference to the subsequent 
management of and consequences for positives 
and negatives. 
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Commentary 

Based on my own personal experience, Schechter's 
chapter remains one of the most frequently used 
chapters in this textbook. An experienced meth-

odologist provides us with a concept for measur
ing the validity of diagnostic tests. It introduces 
the reader to the terms sensitivity and specificity 
and then leads us through the concept of predictive 
value. These terms frequently appear in the lit
erature and require a firm understanding in order 
to intelligently judge the literature. The concepts 
of s~nsitivity and specificity are carefully defined 
and then well illustrated with a surgical example. 
We are then guided through the use of negative 
and positive predictive values and how we can use 
this information to assess the validity oflaboratory 
or imaging tests. The author carefully points out 
that, while sensitivity and specificity may measure 
the validity of a diagnostic test, they may have no 
direct bearing on its clinical utility. Clinical utility 
is best assessed by examining the predictive values. 
There is a very useful list of additional readings 
at the end of this chapter, including two publi
cations from Sackett and the Evidence-Based 
Medicine Working Group in the Journal of the 
American Medical Association on the use of diag
nostic testing in clinical medicine. This short but 
practical chapter should be read and understood 
fully prior to any study examining the role of di
agnostic tests. 

D.S.M. 



CHAPTER 32 

Scaling, Scoring, 
and Staging 
M.E. Char/son, NA. Johanson, and P.G. Williams 

The world of scales often appears to be murky, 
filled with inscrutable jargon and even more in
comprehensible analytic techniques. Clinicians 
planning clinical research must take a common
sense approach to the use of scales or indices. A 
scale, like a thermometer, is an instrument to 
measure clinical phenomena; a score is a value on 
the scale in a given patient. Clinical scales provide 
a standardized, repeatable measure of a patient's 
condition or functional status, just as thermome
ters provide a standardized repeatable measure of 
temperature. 

Scale Anatomy 

From the simplest to the most complex, scales 
have similar structures. Scales consist of one or 
more elements or questions and their answers. 
The answers may be either dichotomous, yeslno, 
or rank-ordered. The simplest scales consist of 
only one element. Complex scales many contain 
many elements organized into domains of inter
est. For example, physical function might be one 
domain, and psychosocial function another. In as
sessing a scale, first inspect its constituent parts. 

Ranks for an Individual Scale Element 
or Question 

The simplest scale addresses only one question. 
For example, a scale for rating peripheral edema 

ranges from 1 + to 4 +. To use this scale in clini
cal research, we must clearly define the individual 
ranks. For example, 1 + edema might be defined 
as noticeable only after digital pressure applied for 
more than 10 seconds. We define each of the 
other ranks, 2 + through 4 + , in a way that is both 
clear and mutually exclusive. In clinical practice, 
the difference between grades 2 + and 3 + may 
not appear to be critical. However, if you study 
the response of patients to two different diuretic 
regimens after a shunt procedure and want to as
sess peripheral edema as one outcome, you would 
need to clearly define ranks with no confusion be
tween them. If one observer rates a patient as hav
ing 1 + edema and another rates the same patient 
as having 3 + edema, you will not have meaning
ful results. If 2 + and 3 + peripheral edema are 
truly indistinguishable, the scale should not force 
an artificial division. 

Other problems arise if the ranks are not mu
tually exclusive. For example, one disability status 
scale! has ranks for no, minimal, moderate, and 
severe disability but uses a separate rank for pa
tients who require a cane or crutches to walk. 
Clinically, however, the extent of disability and 
the requirement for assisting devices are separate 
phenomena. How would one classifY a patient 
who has minimal disability but requires a cane? 

The ranking must yield a clinically sensible, hi
erarchical order. The scale should progress in an 
orderly way from least to most, or best to worst. 
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Generally, we take hierarchical progression for 
granted. For example, the TNM staging systems2 

rank local disease as stage I, locally advanced dis
ease as II, regional extension as III, and metastatic 
disease as IV. It would create confusion if regional 
extension was I; local disease, II; and metastases, 
III. In the disability scale cited above, the lack of 
mutual exclusivity precludes ranking in a defined 
hierarchical manner. In summary, a scale element 
or question must assess a single type of qualitative 
phenomena, have ranking that is clearly defined 
and mutually exclusive, and be arranged hierar
chically.3 

Scale ranks must encompass a range of re
sponses relevant to the patients being studied; that 
is, the scale must have an adequate range for the 
patient population. Consider weighing patients. 
The usual adult scale is not useful for a baby, nor 
will it be useful for a patient who weighs 350 
pounds. The same phenomenon occurs with in
dices-the index must encompass a range that is 
relevant to the patients studied. For example, 
there are a number of scales that measure strenu
ous physical activity.4 However, if you used one of 
these scales to compare patients before and after 
total hip replacement, you might find that there 
was no change, since few patients are likely to play 
basketball or to jog either before or after this 
operation. Since the activities measured are more 
than most patients are likely to do, such a scale 
could not reasonably be expected to change in re
sponse to total hip replacement. On the other 
hand, if you used the Activities of Daily Living 
(ADL) scale,s which measures patients' ability to 
dress, wash, and generally care for themselves, 
there also may be little postoperative change, be
cause most patients undergoing hip replacement 
were at the highest level of that scale before opera
tion. In short, a scale's range in relation to the 
patients under study must be adequate to permit 
detection of both improvement and deterioration. 
If patients are clustered at the top or bottom of 
the scale before treatment, it may be impossible 
to detect improvement for those at the top, or 
deterioration in those at the bottom.6 

Scale Questions or Elements 

While the simplest scales contain only one ques
tion or element and are designed to measure only 

one phenomenon, more complicated scales con
sist of a number of separate elements or questions 
that cover different issues. For example, the New 
York Heart Association classification has four 
ranks of physical function in relation to angina 
ranging from no angina on strenuous exertion to 
angina at rest. In contrast, the Goldman cardiac 
risk scale for noncardiac surgery patients is a com
plicated scale that incorporates nine different ele
ments including age, presence of congestive fail
ure, severity of congestive failure, and others.8 The 
responses to each element are assigned weighted 
scores, which are then summed to arrive at a total 
score for each patient. For example, age greater 
than 70 years has a weight of 5, and a recent myo
cardial infarction has a weight of 10.7 A patient 
with both would have a total score of 15 and 
would be assigned to the class 3 risk group. This 
scale is simpler than some others because it pre
dicts one outcome-cardiac morbidity and mor
tality in the perioperative period. 

Other scales include not only multiple ques
tions or elements, but different domains, such as 
psychosocial, physical, or emotional function. 
However, your basic approach to a scale should 
remain the same, regardless of how complicated 
it is. You should review the questions and see if 
they are relevant to what you want to measure. You 
must assess the possible responses to the questions 
to ensure they are clear and mutually exclusive and 
decide whether the range is sufficient to assess 
your patient population. Finally, you must review 
how the elements are aggregated to see if the com
binations are sensible. 

What Do You Want the Scale to Do? 

A scale may serve three basic functions: predic
tion, evaluation, or description.9 Predictive scales 
divide patients into groups that have prognostic 
importance over time; many predictive scales are 
called staging systems. Evaluative scales evaluate 
change or stability in a population over time, and, 
particularly, the effect of a therapeutic interven
tion. Descriptive scales describe and contrast pop
ulations at a single point in time; they discrimi
nate between those with and without condition 
X. The type of scale you need differs substantially 
depending on how you want to use it. 



Predictive Scales 

Let us suppose you are conducting a clinical trial 
to study the effect of two different topical anti
biotics on the survival of burn patients. Patients 
randomized to the two different treatments must, 
before treatment, have an equal likelihood of sur
vival. If their risk were not equal (e.g., if one group 
contained a larger proportion of patients with 
greater than 50% second- and third-degree 
burns),9 it would be difficult to tell at the end of 
the trial whether any differences in survival be
tween the groups were due to the prognostic im
balance or to differences in the efficacy of the 
therapy. Therefore, you would want to stratifY pa
tients prior to randomization according to their 
likelihood of survival; to help do this, you could 
use a scale (i.e., the percentage and depth of injury 
of involved skin) that predicts survival with rea
sonable accuracy. The importance of predictive 
scales or staging systems has long been recognized 
in studies of cancer patients. For example, a breast 
cancer trial that randomized patients with local 
disease and those with distant metastases, without 
stratifYing them and balancing them according to 
stage, would not be clinically sensible because the 
prognoses of the patients are so different. In fact, 
randomizing them together might obscure rather 
than clarifY the effects of treatment, because treat
ment effect could be completely opposite for the 
two groups. Experience with trials in cancer pa
tients has shown that an effective treatment for 
patients of one stage may be ineffective for those 
of another. This underscores the importance of 
using predictive scales or prognostic staging sys
tems in studies of treatment effectiveness. Apart 
from oncologic staging systems, predictive indices 
for survival have been developed for burn pa
tients,1 trauma patients,2,1G-12 and postoperative 
ICU patients.13,14 The scoring system for burns,l 
the abbreviated injury score,2-S and scale for ICU 
patients,?,14 have been demonstrated to predict pa
tients' survival. A method of classifYing comorbid 
conditions has also been developed for use in lon
gitudinal studies.6 

However, scales designed for prediction may 
not serve well to evaluate the effects of therapy. 
For example, the percent involvement might not 
be useful in evaluating the response to two differ
ent approaches to skin grafts. The Child's classi-
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fication for cirrhosis, IS which has clear prognostic 
importance, might not be helpful in evaluating the 
response to shunts. 

Evaluative Scales 

Let us assume that you wish to compare porous 
ingrowth hip prostheses versus cemented metal 
implants with respect to long-term patient out
comes, in particular, the patient's physical func
tion. To measure the impact of therapy, you need 
to assess the patient on at least two occasions: pre
operatively and postoperatively. You would want 
to choose a scale that could measure changes in 
physical function related to operation. First, the 
scale should measure phenomena in some way re
lated to physical function and the hip. Second, the 
scale should show improvement when the patient 
gets better, and deterioration if the patient wors
ens. To evaluate the effect of therapy, the patient's 
preoperative scale rank would be compared with 
his or her postoperative score. The outcome of 
interest is a change in an individual patient; the 
aggregate mean preoperative scores compared to 
postoperative scores would be of little value, be
cause fundamentally you want to know how many 
patients improved, or worsened, or stayed the 
same. Relatively few evaluative scales have been 
developed specifically for surgical patients. How
ever, some scales that have been developed for 
other uses may be useful for surgical patients. The 
Arthritis Impact Measurement Scale (AIMS) is 
one such example.16,17 

Descriptive Scales 

Both predictive and evaluative scales imply that 
the status of patients will be observed at two 
points in time; predictive scales must accurately 
forecast how the patient will do, and evaluative 
scales must be able to distinguish patients who 
have changed clinically from those who have not. 
Descriptive scales are designed to character
ize patients at a single point in time. We use 
such indices to compare one group of patients 
with another. The Karnovsky classification of per
formance status in oncologic studies is an example 
of a scale that was developed for a descriptive pur
pose. IS The American Society of Anesthesiolo
gists' classification of physical status and the New 
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York Heart Association classification of angina19 

are examples of scales developed primarily for de
scriptive purposes.20 Another example of a de
scriptive scale is the Organ Injury Scaling System 
for the spleen, liver, and kidney.21 

Scale Physiology: Reproducibility, 
Validity, and Responsiveness 

Not only are the purposes of the three types of 
scales distinct, but the design requirements of pre
dictive, evaluative, and descriptive studies and 
scales differ. The distinctions are crucial, because 
indices designed for one purpose will not neces
sarily work for another purpose. 

All scales must first be reproducible, that is, 
they must have minimal intraobserver and inter
observer variability. (Translation: the scale gives 
scores within reasonable range of variation on re
peated administrations to the same patient by the 
same and by different observers.) If reproduc
ibility is poor, the scale will be useless for any pur
pose. Second, a scale must be a valid measure of 
what it is supposed to be measuring. The require
ments for validity differ according to the scale's 
purpose. Predictive scales must be useful in pre
dicting outcomes, in other words they must have 
prognostic validity. Descriptive scales must distin
guish between different populations. Evaluative 
scales must correlate with the results of other 
methods of assessing outcome; if patients score 
better, there should be ways of confirming that 
they are indeed improved. Third, evaluative scales 
have an additional requirement-responsiveness. 
If the patient's condition changes, they should 
change; if the patient does not change, they 
should not change. We usually do not emphasize 
responsiveness sufficiently. Let's look at these is
sues in scale physiology one at a time. 

Reproducibility 

Reproducibility issues associated with scales are 
similar to those we encounter every day with the 
reproducibility of clinical data. Most biologic vari
abIes we want to measure are not static, but fluc
tuate and change. For example, pulse, blood pres
sure, urine output, and serum sodium constantly 
change throughout a day. The fluctuations are 

partly random and partly reflect efforts to main
tain homeostasis. The usual range of values 
through which these variables fluctuate differs for 
different people. A runner may have a pulse that 
ranges from 40 to 60 during usual activity, while 
someone else may have a usual pulse that ranges 
from 70 to 90. Apart from moment to moment 
variability, there are often patterns of changes or 
trends on a daily, monthly, or seasonal basis. 
These variations also occur in responses to scales. 
Patients evaluated at the end of a tiring day may 
rank worse than would have been the case if they 
had been evaluated that morning. 

Scales must have unambiguous questions with 
enough detail to ensure that the same question 
will be more likely to receive the same answer. For 
example, a question about whether a patient has 
pain on walking will have better reproducibility if 
specific conditions are considered, such as pain 
after climbing one flight of stairs. 

The circumstances of measurement must be the 
same. Consider blood pressure. First, the condi
tions under which we take the measurement are 
important in minimizing inter- and intraobserver 
variability. The measurements should be made in 
the same position, with the same cuff size, applied 
at the same arm position, using the same deflation 
rate, and viewing the meniscus in the same way.22 
Second, the sequence of measurement is impor
tant. On the second or third measurement, the 
patient's blood pressure is usually lower than on 
the first measurement.23 The results may be dif
ferent if we scale or score at the end of an ex
haustive evaluation, or at the beginning. If the in
dex involves asking the patient to respond to 
questions, we must use the same wording; vary
ing, or "ad libbing" the questions may adversely 
affect reproducibility. Furthermore, responses may 
differ based on whether they are given by the pa
tient, a spouse, or the surgeon. If the scale calls 
for patient responses, the investigator must not 
supply the answers. If it is designed to be read to 
the patient or filled in by the patient, those pro
cedures should be followed. In short, the way we 
administer indices must be operationally defined 
with sufficient precision to permit the repetition 
of subsequent measurements in identical circum
stances. 

Finally, we must ensure that the patient has not 
changed clinically when the reproducibility of the 



measurements is being assessed. If you were trying 
to establish reproducibility of an index designed 
to measure hip function, it would be foolish to 
test it before and after hip replacement, because 
you would expect the patient to change between 
the assessments. We must establish reproduci
bility in stable, nonchanging patients. 

Even if the circumstances of measurements are 
standardized and the patient is stable, there may 
still be differences among different observers or 
among the reports of one observer on several oc
casions. One must recognize problems with re
producibility and plan strategies to reduce vari
ability. Contrary to popular belief, observer 
variability is as much a problem with "hard" data 
from radiologic and pathologic tests as it is with 
"soft" data in scales.24,2S One key question asso
ciated with scales is who does the measurement. 
With clinical scales, particularly for the evaluation 
of outcomes, the surgeon often is the observer. 
There may be a natural tendency for surgeons 
to rate postoperative assessments as improved. 
Therefore, perhaps one should have someone not 
involved with the treatment assess the patient. 
Many studies use "blinded" assessors who are un
aware of the patient's treatment. 

There are several ways to assess the reproduc
ibility of scales. Without going into detail, most 
rank-ordered scales should be assessed using a sta
tistic called kappa, not percent agreement. Percent 
agreement does not take into account agreement 
that occurs by chance alone. If you flip a coin, you 
will be right 50% of the time whether you call 
heads or tails. Similarly, when scales are used, 
some ratings agree simply by chance. The kappa 
statistic takes this into account and reports the 
agreement beyond chance.26 

In summary, assessing reproducibility addresses 
the following question: Is the scale measurement 
the same on repeated administrations when the 
patient has not changed? 

Validity 

Validity asks whether the scale measures the phe
nomena it is supposed to measure. The assess
ment of validity differs according to the purpose 
of the scale. 

This issue is usually fairly straightforward with 
predictive scales. They are valid if they predict the 
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outcome they are supposed to predict. If patients 
are classified according to Goldman's cardiac risk 
class, patients in class I should have lower cardiac 
morbidity and mortality than those in class IV. 
Note, however, that none of the predictive scales 
separate patients perfectly according to outcome. 
For example, the cardiac risk index score cannot 
reliably identify two groups of patients; the ones 
who will die and the ones who will live. Prediction 
is never perfect. 

Does the scale identify a range from those most 
likely to live to those most likely to die? If you 
had proposed a new scale to predict the likelihood 
of postoperative wound dehiscence, you might 
first evaluate all patients undergoing abdominal 
surgery to assess their status on your scale. Vali
dation of the scale would require that you show 
that a larger proportion of patients in the highest 
risk group in your scale had wound dehiscence 
than those in the lower risk groups. 

With descriptive scales, the question of validity 
is somewhat circular. Descriptive scales are con
structed because there is no standard method of 
assessing the phenomena you want to measure. 
Yet, scale measurements at a single point in time 
should have a reasonable relationship to other re
lated assessments. For example, a patient in New 
York Heart Association class IV (i.e., angina at 
rest) should not be able to walk one mile without 
stopping and should not achieve a maximal tread
mill exercise test. The validity of descriptive in
dices is generally established by their relation to 
other measures directed at the same qualitative 
phenomena at the same point in time. 

With evaluative scales, the issue of validity is 
more complex. First, does the scale, on its face 
value, appear to be qualitatively correct? It is 
tempting to choose measures that are very precise, 
but if they do not measure the phenomena you 
are actually interested in, that precision is useless. 
For example, if you used pulse rates to measure 
preoperative anxiety, you would get very precise 
numbers; however, the pulse rates mayor may not 
relate to anxiety. Second, the scale should measure 
the phenomena that you believe to be clinically 
important. For example, a hip score designed to 
assess patients undergoing total hip replacement 
that measured only range of motion and did not 
assess walking ability or pain, would not be very 
useful because it does not capture the most clini-
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cally relevant outcomes. Physicians and patients 
may place different weights on outcomes. We 
must consider whether a scale takes into account 
the issues most important to the patient. For ex
ample, most scales include pain, because the ex
tent of pain is extremely important to most pa
tients, despite its "subjectivity." 

Responsiveness 

A responsive scale shows change when the patient 
changes, and no change when the patient is stable. 
The requirement for responsiveness is distinct 
from those for reproducibility and validity. A scale 
may be reproducible and valid, but unresponsive 
to change. For example, the New York Heart As
sociation classification may be reproducible and 
valid. However, let us say that we want to use it 
to measure outcome after coronary artery bypass 
surgery. You assess patient classes preoperatively 
and postoperatively and find that most patients 
did not change. Perhaps the gradations in the 
scale are too gross to measure the change.27 Con
sider weighing patients on a vehicle scale that 
measures only in hundreds of pounds. If you used 
that device to assess weight loss with dieting, you 
would be unable to demonstrate that weight loss 
had occurred. Even if every patient had lost 
weight, you would be unable to show it because 
your measurement device was unresponsive to 
change. To be useful for evaluation of response to 
treatment, a scale needs responsiveness. Many 
predictive and descriptive scales have yielded dis
appointing results because their basic anatomical 
design is not suited for evaluation. 

Many indices have been modeled after scales 
developed by psychologists to measure personality 
characteristics and intelligence. Designed to char
acterize the differences between populations in 
cross-sectional studies, such scales contained 
many questions and required 30 minutes or more 
to administer. Scales that had been shown to be 
reproducible and valid were then used to evaluate 
the effect of therapeutic interventions. Often 
these single-state scales showed no difference be
fore and after treatment, even when everyone 
agreed that the patient had indeed changed. This 
occurred because the scales were designed to dis
criminate between large populations by including 
many items, many of which would not be ex
pected to change when the patient changed.28 

This structure impairs a scale's ability to discern 
change and evaluate response to therapy.29 For ex
ample, when surgical patients were evaluated pre
operatively and postoperatively with the Sickness 
Impact Profile, a widely used descriptive scale,30 
the instrument was able to detect only patients 
who were worse. It was unable to detect improve
mentY Recently, this scale has been modified to 
Improve its responsiveness for head-injury pa
tients.32 

Single-State versus Transition Scales 

Most evaluative scales are single-state scales, de
signed to be administered twice: we use the same 
scale once before treatment and once after treat
ment. We attribute any differences in score be
tween the two administrations to treatment effect. 
Another type of scale is a transition scale. With a 
transition scale, patients are asked at the second 
evaluation whether they are better, the same, or 
worse than they were at the time of the first eval
uation. This type of scale mimics the way we, as 
clinicians, actually assess patients. An example is 
a scale developed to measure dyspnea.33 At the 
baseline administration, we ask the patient to re
spond to three different elements (level of func
tional impairment secondary to shortness of 
breath, magnitude of task resulting in shortness 
of breath, and magnitude of effort resulting in 
shortness of breath) and each element receives a 
rating from 0 (most severe) to 4 (unimpaired). 
The ratings for each element are added to form a 
baseline score. On the second administration, the 
patient is asked how much deterioration or im
provement has occurred compared to the baseline 
state for each element, ranging from -3 to + 3 
level change. We sum the transition ratings on the 
different elements to arrive at a transition score. 

Patient-Specific Indices 

To take into account the wide variation in activi
ties of different patients (i.e., questions about gro
cery shopping or mowing the lawn or playing golf 
will not be relevant to all patients), patient-spe
cific indices of change have been developed. For 
example, a patient-specific index of physical func
tion33 has patients identifY one or more physi-



cal activities they do frequently and consider to be 
the most demanding in terms of physical effort. 
Each patient's response forms the basis for sub
sequent assessments of change. For example, if a 
patient says "walking up subway stairs" at the ini
tial evaluation, at the subsequent assessment we 
ask the patient about whether there has been a 
change in his ability to walk up subway stairs 
(i.e., better, the same, or worse; if better, how 
much better). You can see that this follows the 
transition-scale model. Patient-specific indices 
have been developed to measure changes in dys
pnea, fatigue, emotional function, and mastery as 
outcome measures in trials involving patients with 
congestive heart failure and chronic pulmonary 
disease.34 Additionally, the model has been used 
to develop disease-specific measures of quality of 
life or function for a number of other conditions, 
for example, inflammatory bowel disease.35 

Scale Use 

The Clinically Important Difference 

What is a clinically important difference in score? 
All too often, articles report that one group of 
patients had a mean score that was 2.6 points 
higher than the other group, but no data are pro
vided to permit the reader to understand what this 
difference in score actually means. The investi
gator needs to provide a context so that readers 
can interpret scores and changes in scores. For ex
ample, one study of adult health described a 10-
point difference on the physical subscale as being 
equivalent to the effect of mild, chronic osteoar
thritis.36 We must define the minimal clinically 
important difference for each single-state scale. 
Standards for defining clinically important differ
ences have been developed for transition scales.37 

Quality of Life 

The Example of Coronary Artery 
Bypass Grafts 

The issues become more complex when measur
ing the overall quality of life. Consider the issue 
of quality of life using the example of coronary 
artery bypass graft surgery. When many studies 
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of prognosis after coronary artery bypass graft 
(CABG) were begun, the work in the area of de
fining and measuring health status or quality of 
life was in its infancy. There were only a few scales 
available for investigators to use, for example, the 
Karnovsky scale38 and Katz's ADL scale.39 Neither 
scale appeared to be optimal to investigators ac
customed to quantitating luminal obstruction or 
ejection fraction. Furthermore, most patients were 
too well to have quality of life or function mea
sured by an ADL instrument designed for assess
ing outcomes in elderly patients and nursing 
home residents. In the mid-1970s, a series of in
struments was developed based on the World 
Health Organization definition; health status or 
quality of life was defined operationally by physi
cal, mental, and social function. 40 Most scales de
veloped to assess quality of life included specific 
measures of physical and psychosocial function, 
but not mental function. 

Why is quality of life important in studies of 
CABG patients? The Coronary Artery Surgery 
Study (CASS)41 and the European cooperative 
studt2 suggest that patients with left main and 
triple vessel disease survive longer with surgical 
rather than medical treatment. Among patients 
with less extensive disease, survival in the medical 
and surgical groups was similar. Given the simi
larity in survival of patients with less extensive dis
ease, the effect of therapy on quality of life (i.e., 
on physical, mental, and psychosocial function) 
became the critical question.43 

The CASS study operationally defined quality 
of life according to disease-related items (i.e., 
chest pain, congestive failure, hospitalization, or 
drug treatment) and activity-related items (i.e., 
limitations in daily activities, recreational activi
ties, and employment).41 Surgically treated pa
tients had less chest pain, better exercise tolerance, 
and fewer limitations in daily activities.44 In gen
eral, after CABG, chest pain decreased signifi
cantly, yet the New York Heart Association and 
Canadian cardiovascular classifications did not 
change. These scales were insensitive to postop
erative improvement.45 Other studies focused on 
return to work to assess quality of life after 
CABG. They found that employment status is 
not usually altered by CABG40; the most opti
mistic studies report a net gain in employment of 
only about 10% after CABG.46-48 For example, 
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patients who were not working before CABG 
generally did not return to work. Younger patients 
and those with more education were more likely 
to return to work postoperatively. In an important 
but small study that helps to explain these find
ings, post-CABG patients were asked whether 
they wanted to work49; ironically, patients ranked 
returning to work as least important to their 
quality of life after CABG. Family relationships, 
relief of symptoms, and increased physical activity 
were more important to patients.5o The emphasis 
on return to work as a major method of assessing 
quality oflife after CABG is understandable given 
the pressure to prove that CABG is more effective 
than medical therapy and that this benefit is worth 
the additional cost.51 Demonstrating that patients 
resumed work would have provided a powerful ar
gument for cost-effectiveness. Other important 
aspects of quality of life have received less atten
tion than return to work.52,53 This paradoxical 
situation arose because of the perceived difficulties 
in defining and measuring quality of life. 

Function and Health Status: 
Generic Measures 

The problems of such indices have been reviewed 
extensively in other publications. 54-56 There are 
currently a wide variety of indices available. The 
Qyality of Well-Being scaleS? and the Qyality of 
Life Index58 require the least time to administer. 
While some data on responsiveness and the mini
mal clinically important difference of these scales 
are available, we need more studies of this impor
tant issue. For cardiopulmonary disease31 and ar
thritis patients,16 disease-specific instruments are 
available. We can now measure quality of life or 
health status with available instruments that are 
designed for different patient groups, including 
both physical and psychosocial function, and have 
been shown to be reproducible, valid, and respon
sive to change. 

Choosing a Scale, Designing and 
Testing Your Own 

When evaluating a scale for its appropriateness for 
use in your own research, decide whether it fo
cuses on the elements relevant to the outcomes 
you are interested in. You may find that there is 
no scale that directly addresses the issues that con-

cern you. In this case, you may feel that a few 
additional elements combined with an existing 
scale would fit your needs or that a minor trans
formation of an existing scale would be appropri
ate. Alternatively, you may feel that you have to 
start from scratch, that there is nothing available 
that is relevant to your research questions. 

You can develop your own scale, based on your 
own clinical knowledge and experience. For those 
undertaking such a task, more detailed under
standing of the issues is key. 59 Commonsense will 
enable you to choose questions and responses that 
cover the various outcomes of interest and are 
valid at face value. You then need to pilot test your 
scale to see whether patients understand your 
questions and to assure that the response ranges 
are appropriate. You may find that there are re
dundant elements that can be dropped to yield a 
briefer instrument. The scale then needs to un
dergo testing to ensure its reproducibility and va
lidity. If you want to use it to evaluate the effect 
of therapy, you must make certain that it is re
sponsive. (See also chapters 30 and 31.) 
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Commentary 

Chapter 32: "Scaling, Scoring, and Staging" by 
Charlson, Johanson, and Williams 

Chapter 33. "Surgical Examples of Scoring 
Systems" by Eypasch 

Chapter 34. "Developing a Measuring 
Instrument" by Paul and Bouillon 

Measuring Clinical Phenomena: 
Introductory Comments on 
Chapters 32, 33, and 34 

Martin McKneally's qualitative research col
leagues in bioethics suggest that surgeons may be 
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afflicted with "incurable quantomania." These 
three chapters provide a framework on more ef
fective use of measuring instruments by surgeons. 
Charlson et al. (chapter 32) provides the theory 
and definition of scaling, scoring and staging, and 
this is followed by Eypasch (chapter 33) applying 
them to everyday surgical problems. Paul and 
Bouillon (chapter 34) provide the details of de
veloping a "disease-specific" measuring instru
ment for orthotopic liver transplantation. All 
three chapters suggest this methodology has limi
tations and must be a dynamic process that meets 
the clinical or research question, changing tech
nology, and so forth. 

D.S.M. 



CHAPTER 33 

Surgical Examples of 
Scoring Systems 
E. Eypasch 

Are scoring and scaling systems scientific poetry 
or a clinical necessity? Some current surgical ex
amples will help to answer the question. 

In a 60-year-old patient after right hemicolec
tomy, the Dukes stage is a widely accepted, indis
pensable descriptive tool for planning further 
treatment. Adjuvant postoperative chemotherapy 
is currently the recommended treatment for re
sected Dukes C colon cancer. This is an example 
of a well-known staging system, based on pa
thology of the colon cancer, that now has thera
peutic implications.1 

A 60-year-old woman with resistant symptoms 
of heartburn and regurgitation needs 24-hour pH 
monitoring of the distal esophagus to rule out or 
define gastroesophageal reflux disease. The inter
pretation of the crude 24-hour esophageal pH 
profile is a matter of debate. A practical method 
to distinguish physiological from pathological dis
tal esophageal acid exposure is to use a scoring 
system that incorporates some criteria of the pH 
profile, namely, percent time below pH 4 and 
number and duration of reflux episodes, into a 
scoring system that discriminates between normal 
and pathological acid exposure reflux. Such a scor
ing system is available and well known to gastro
enterologists.2 It can be used to define gastro
esophageal reflux disease. This is an example of a 
necessary, practical scoring system with diagnostic 
and therapeutic implications that is becoming in
creasingly accepted as a reference standard, al-

though it has not reached the level of acceptance 
exemplified by the Dukes classification. 

In another example, a 20-year-old woman with 
right lower quadrant pain and vomiting of one 
day's duration is likely to have appendicitis or a 
gynecological infection. Mter excluding pelvic in
flammatory disease, experienced surgeons will di
agnose appendicitis based on history, clinical find
ings, and ultrasound. Though an extensive list of 
appendicitis scores is available, their clinical ap
plication is negligible. The complicated scores 
have no predictive value and are not widely used.3 

Definitions 

The need to assign numbers to certain phenome
na or qualities is a simple necessity that is highly 
debatable. There is hardly any question that it is 
necessary to count the number of patients or to 
measure age by counting the years of life. Ac
cording to Postman in Technopoly,4 200 years ago 
no one had thought of assessing a written work 
quantitatively, or signifYing the intelligence of a 
person by an actual number. Today intelligence 
scores or a grade in an essay are well-established 
numerical tools, and it is acceptable to assign 
quantitative values to human thoughts. We have 
accepted that everything has to be counted and 
measured to make it manageable and "scientific." 
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However, many phenomena such as individuality, 
friendship, and sympathy cannot be measured. 
Nobody would-yet-try to measure love and af
fection! Nevertheless, scaling, staging, and scoring 
are mathematical processes used in daily life and 
clinical practice. 

Scales can be very simple or very complex. They 
can comprise a simple, dichotomous yes/no de
cision, with a rank order going from smaller to 
bigger numbers, or a continuous variable going 
from zero to infinity. A distinction between four 
ways of using numbers is fundamental in all scal
ing methods and lies in the mathematical hier
archy. The lowest level is a simple classification 
grouping individuals or items in different cate
gories such as "female" or "male." In the second 
type, ordinal numbers are assigned, and these 
numbers reflect an increasing order of the variable 
to be measured. The actual value of the numbers 
and the distance between them do not yet have 
an intrinsic meaning. In the third type of scale a 
definite interval between categories is given. This 
means that in an interval scale, a change of one 
unit represents a constant change across the whole 
range of the scale. Temperature is a good example. 
In the "interval score," differences between scores 
can be calculated because addition and subtraction 
of scores. are permitted. However, it is not per
mitted to state how many times greater one score 
is than the other; this is only allowed in "ratio 
scales" which include a zero point. 

SCALES 

Binary 
Rank order (small--+ large) 
Continuous (O --+ (0) 
Ratios 

Scales and scores reflecting more difficult con
structions such as disability, activities of daily life, 
or quality of life can be a composite of several 
characteristics. For example, quality of life scales 
include symptoms, emotions, and physical and so
cial functions.5,6 

The definition of staging implies that a disease 
has different grades of severity in various patients 
or that the disease changes over time, either be-

coming better or worse. The Child classification 
for liver function is a good example.7 The struc
ture of a staging system must be reasonable and 
address the key issues of a question. For instance, 
local tumor growth (T category), the infiltration 
oflymph nodes with malignant cells (N category), 
and distant metastases (M category) reasonably 
describe the local spread of an epithelial tumor 
(gastric cancer).8 However, age, sex, or the central 
or peripheral location of a tumor might also play 
an important role in the prognosis and outcome. 
Furthermore, a staging system should have diag
nostic or therapeutic consequences, or define a 
different outcome or prognosis.9•10 Staging sys
tems without consequences are "scientific poetry." 

The meaning and use of the word scoring is 
twofold. A scoring system is a method to com
press clinical information into a mathematical 
number in order to make a decision. Above a cer
tain reasonably chosen cutoff point, a clinical de
cision (yes/no or normal/abnormal) is taken. The 
choice depends on sensitivity and specificity of 
the scoring system.1l•12 In a given scoring sys
tem, the particular value for one patient is also called 
the score. For instance, a patient may be assigned 
a particular score on the Glascow coma scale. 

According to de Bono's description of human 
thinking, the human brain organizes perception 
from outside into certain patterns.13 Pattern rec
ognition and comparison to existing patterns is a 
key process of human thinking. In order to deal 
with things, the brain lumps them together in 
groups of similar, previously encountered patterns 
and is thus able to act on them accordingly. The 

. precise mechanism of this pattern recognition re
mains largely at an unconscious level. For instance 
many people know how to run a TV or a video 
recorder even though they are not aware of the 
precise mechanism of receiving and producing the 
TV image. De Bono calls this the "blackbox" 
mechanism. In other words, the brain simplifies 
and compresses perceptions and puts them in a 
blackbox labeled ''TV'' or "diagnosis of a reflux 
disease." This process makes communication 
among individuals possible. This is exactly the 
purpose of scoring systems: they compress more 
complex, individual, biological information into a 
single number or an array ofletters or symbols. It 
has to be kept in mind that this is a modification, 
compression, and change of the actual basic in-
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formation, which might lead to a false repre
sentation and oversimplification of the original 
information. This method of information pro
cessing abolishes individuality and is reduction
istic, neglecting the holistic and individual ap
proach to the patient.14•I5 

Scoring systems can be developed in three dif
ferent ways: based on clinical plausibility or im
portance, on statistical grounds, or on a combi
nation of both. Clinical plausibilities are obvious. 
Albumin, bilirubin, ascites, and neurological 
function are reasonable variables for the assess
ment of liver function.7 Tumor ingrowth, lymph 
nodes, and distant metastasis are plausible criteria 
for the evaluation of tumor progression.8 The 
methodological approach to developing, evaluat
ing, and using scoring systems is described in 
chapter 32 by Charlson et al. Practical problems 
and solutions encountered in the development of 
a specific quality of life index for liver transplant 
patients is described in chapter 34 by Paul and 
Bouillon. 

Practical Applications 
of Scoring Systems 

Of the many scores available in the literature, a 
well-known and widely accepted score can be 
compared to a successful industry product known 
by the company name and not the original prod
uct itself. For instance a "Kleenex" is a piece of 
paper used to wipe something. To "Xerox" in 
American English means to photocopy some
thing. Similarly Apgar, Dukes, Child, Forrest, 
Breslow, Aitken, NYHA, and APACHE are 
names so well known for staging or scoring sys
tems that the original purpose no longer needs to 
be mentioned. Through the course of time these 
names have become self-explanatory. 

Some examples of scoring systems are shown 
in Table 33-1, classified by their level of accep
tance and usage. 

Anatomy and Design 
of Scoring Systems 

Some simple criteria must be fulfilled for a scale 
or scoring system: 

1. The system must address a single type of quali
tative phenomena, that is, the same variable in 
different qualities or quantities. It is not pos
sible to count apples and oranges as the same 
thing on one scale. 

2. The scale has to have a clearly defined ranking 
in a hierarchical order. Stage III should be 
worse or more severe than stage I, based on 
reasonable clinical or mathematical criteria 
that are known and agreed upon. 

3. The different stages or categories must be mu
tually exclusive. A patient with a certain ex
pression of the disease has to be clearly staged 
as stage II according to a set of criteria. Un
defined and uncontrolled overlap of the stages 
ruins a classification system. 

4. A system has to be comprehensive and include 
all kinds of severities of a disease, from the 
least harmful to the worst stage, including all 
kinds of side phenomena. The scale has to be 
adapted to the area of measurement where it 
will be applied. To assess knee function in a 
35-year-old male individual with moderate lei
sure sports activities, both the Katz ADL 
score24 and the Tegner index for sports activity 
would be inappropriate.37 With regard to the 
ADL index, the patient is too young and too 
mobile; with regard to the Tegner Index, the 
sports activity of the patient would not be 
enough. 

5. The complexity and relative weight of different 
score elements have to be taken into account. 
A simple score like the Breslow for malignant 
melanoma assesses only the thickness of a mel
anoma in millimeters.38 A more complex score 
such as the Child classification takes into ac
count multiple facets or descriptors of the dis
ease state: bilirubin, albumin, ascites, neuro
logical symptoms, and nutritional state.7 

Among experienced clinicians, all of these pa
rameters are equally important and represen
tative of liver function. The same probably 
holds true for the variables of the Glasgow 
Coma Scale: eye movement, motor activity, 
and verbal reactions.18 However things become 
more complex in a pH score or in an index to 
assess quality oflife.2•31 Which is more impor
tant for the latter: the patient's symptoms, 
emotional situation, or physical function? 
What should be measured: a frequent and of-
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Table 33-1. Examples of scoring systems. 

Well-known, widely accepted scores 

TNM 
APGAR 
Aitken 
Glasgow Coma Scale 
Trauma Score 
APACHE Score 
Child Classification 
Dukes Classification 
Spitzer Index 
Nyhus Hernia Classification 
Activity of Daily Life (Katz) 
Visick Scale 

Moderately well-known, useful scores 

DeMeester Reflux Score 
Talley Dyspepsia Score 
Best-Index for Crohns Disease 
Mannheim-Peritonitis Index 
Injury Severity Score 
Sickness Impact profile 
Gastrointestinal Qyality of Life Index 
Forrest Classification 

Published but less well-known scores 

Alvarado Appendicitis Score 
Moore Trauma Score 
Garden Classification 
Cologne Qyality of Life Inventory 

ten-changing item, or a very rare but very im
portant item? What is more important for 
esophageal mucosal damage: one long reflux 
episode or multiple short episodes with a pH 
less than 4. This brings the problem of weight
ing into the discussion about the score design. 
Creating complex or assembled scores repre
senting phenomena such as quality of life, dis
ability, or satisfaction with life requires one to 
address the issues concerning the inner struc
ture of a score. Again, the weighting can be 
done based on statistical grounds expressed in 

SCORE BASED ON: 

Purpose [Reference] 

Tumor spread and stage [8] 
Vital function in neonates [16] 
Fractures in adolescents [17] 
Coma [18] 
Injury severity [19] 
Physiological status and age [20] 
Liver function [7] 
Colon cancer stage [21] 
Qyality oflife [22] 
Unguinal hernia type [23] 
Physical activity [24] 
Symptomatic well-being [25] 

Esoph. acid exposure [2] 
Dyspepsia [26] 
Inflammatory activity [27] 
Peritonitis [28] 
Injury severity [29] 
Sickness and well-being [30] 
Qyality of life [31] 
Ulcer, bleeding [32] 

Appendicitis [33] 
Pattern of organ injury [34] 
Hip fracture [35] 
Qyality oflife [36] 

certain coefficients, or it can be done based on 
clinical necessities, experience, and plausibili
ties as with the Mannheim-Peritonitis Index.28 

Purpose of a Score: Description, 
Prediction, and Evaluation 

There are three basic characters or design inten

tions of a scoring system: description, prediction, 
and evaluation. 

LEADS TO: 

Description 

Evaluation A SCORE 

Diagnostic tes~ 

Therapy 

Prediction Prediction 
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Many scoring systems have been developed for 
description; their purpose is to group individuals 
or phenomena according to certain criteria into 
different categories at one single point in time. 
This individual with that disease falls into "cate
gory lIB." The Karnofsky scale for cancer patients 
and the Organ Injury Scale by Moore are such 
static classification systems. 34,39 

The next purpose is to link consequences to the 
classification system. These consequences can be 
diagnostic, therapeutic, or prognostic.9,lO For ex
ample, a patient having Forrest Ib ulcer bleeding 
requires further endoscopies and measurements of 
central venous pressure as diagnostic actions, and 
an early elective operation if he or she is old and 
frail as the therapeutic consequence, followed by 
a good or bad prognosis. An ideal scoring system 
is connected to diagnostics, treatment strategies, 
and outcome/prognosis. The better this link, the 
greater the usefulness of the system. Scales with 
no or minimal connection to consequences and 
outcome are "scientific poetry." Appendicitis 
scores are such an example.3 

Descriptive and predictive scoring systems are 
also indispensable tools for stratifYing patients in 
controlled clinical trials. Without proper stratifi
cation based on staging systems, all the "bad" pa
tients might be included in one study arm, while 
the "good" ones are included in the second arm. 

A third and very important purpose of staging 
or scoring systems is evaluation of change over 
time. Evaluative systems must be able to measure 
change or stability over time in a very sensitive 
way. In many research and daily practice situa
tions, clinicians are interested in change of the 
patients' condition after treatment. A useful score 
must be responsive enough to identifY this change. 
The influence of a treatment on a score must be 
large enough and the score design must be sen
sitive enough to express the change in a numerical 
number. Several good examples underline this ef
fect. 

The Sickness Impact Profile by Marylin Berg
ner is a long list of questions describing the sick
ness of a patient in a very complete and compre
hensive way.30 No dimension of the impact of 
sickness on life is omitted. If a therapeutic inter
vention modifies the sickness of the patient, even 
ifit actually improves the patient's condition, only 

a handful of items will change, having only a min
imal numerical effect on the overall score. There
fore, studies have been published asking whether 
the Sickness Impact Profile is able to measure 
change at all.40 The same effect can be seen with 
the Cologne OlIality of Life Inventory,36 which is 
a list of more than 200 questions regarding quality 
of life. The instrument has been developed by on
cological hematologists at the University of Co
logne, and again the question is whether an im
provement in the quality of life of a patient will 
be reflected by the overall score of the instrument 
if only a few items change. On the other hand, 
there are instruments that are too gross to express 
the change of a patients' condition. The Spitzer 
OlIality of Life Index is simply too general to 
measure clinically relevant changes of the patient's 
situation after esophageal or gastric cancer surgery 
during the postoperative period. Only when the 
patient is about to die from progression of the 
disease can a numerical change of the Spitzer In
dex be observed {Waterfall effect).41 In summary, 
the clinically relevant change or the area of inter
est must be known, and the scoring system must 
be appropriately designed to measure change in 
this area of interest. 

Design Criteria 

Some additional well-known design criteria for 
diagnostic tests and scoring systems must be 
briefly mentioned. 

CRITERIA FOR A SCORING SYSTEM 

Reproducibility 
Validity 
Responsiveness 

Reproducibility means that the score instrument 
shows only minimal reasonable variation if it is 
applied repeatedly in a clinically stable patient. 
Without adequate reproducibility (statistically ex
pressed as the difference between measurements 
and their distribution; kappa statistics), a diag
nostic test is just a lottery. The aspect of inter
observer variation in repeated measurements and 
other sources of bias have to be addressed. 
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Validity, the next important criterion, expresses 
whether the test actually measures what it is sup
posed to measure. Validity of a new test can be 
assessed either by comparison to an accepted gold 
standard of measurement (i.e., comparison of a 
new laboratory test to an established, exact, but 
perhaps expensive one), or by constructing a rea
sonable relation to another known and established 
criterion. For instance, patients with an increas
ingly better quality of life should have a parallely 
increasing grade of physical mobility at home, in 
the neighborhood, or in the whole city. In a some
what circular construction, one criterion is com
pared or linked to another parallel or closely com
parable variable. Terms such as construct validity 
and foee validity express this relation but should 
be read about in the abundant literature of meth
odological experts. 

The third design criterion is responsiveness, 
which means the ability of an index to pick up 
clinically relevant changes. This issue has been 
discussed above in the section on the evaluative 
purpose of a score. 

Transition Scores or 
Patient-Specific Scores 

In transition scores, the patient has to record 
whether his or her situation is better or worse than 
during the previous measurement. This approach 
avoids a clear definition of what is actually mea
sured. The patient simply says "it" is better or 
worse. Problems arise when measurements are re
peated and have to be interpreted, and when com
parison between individuals or a group ofindivid
uals is intended. The question arises as to whether 
the better-or-worse information between patients 
is comparable, or the interindividual difference is 
too big. Another way of modifYing a score is 
through patient specification or adaptation. For 
instance, for one patient, reading, relaxing, sleep
ing, and avoiding any physical exercise can be very 
important aspects of his or her quality of life. For 
a second patient, sport activity including compe
tition is of supreme importance for the quality of 
life. It is difficult to measure quality of life rea-

sonably in both individuals with the same index. 
This difficulty can be resolved by the adaptation 
of a scoring system to the patient's needs in order 
to measure and express whether a medical inter
vention has improved the quality oflife. "Has the 
cruciate ligament repair in the knee improved your 
sports activity? Very much-much-a little-not 
at all-worsened." This example also shows that 
the spectrum of given answers influences the score 
result. It makes a big difference whether you offer 
answers from "very much" to "not at all," or 
whether you include the negative aspect by offer
ing from "very much" to "worsened considerably." 
The size of fish (and answers) you catch obviously 
depends on the size of hole in your fishing net! 
Again, with these patient-adapted scores you run 
into the problem of comparison between individ
uals and groups of patients. IS 

The clinical researcher has to be well aware that 
the method-a staging system, a score, a labora
tory test-influences the result. You only get what 
you are looking for! Thus the test and its speci
fications must be well chosen before the measure
ment is started. No wonder that the planning and 
setting up of a randomized trial can take years! 

Here are some helpful questions to ask when 
you are faced with choosing an appropriate score. 
Some classification systems such as Dukes or 
Child are so well known that their application is 
mandatory. For less well-known instruments, the 
following questions should be answered by refer
ring to the original publication and subsequent 
applications of the score. The more of these ques
tions we can answer in a positive way, the closer 
we are to an appropriate instrument for the re
spective study purpose. 

1. Is the purpose of the score clearly defined by 
the authors? 

2. How has the score been designed or devel
oped? 

3. Is the score a clinical construct based on ex
perience, plausibility, knowledge, or necessi
ties, or is it a mathematical construction with 
all statistical details and requirements? 

4. How much time, detail, and research have the 
authors invested to create the score? 
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5. Has the score been validated by an established 
formal process of validation? By comparison 
to other scales? By application in other pub
lications? 

6. Has the score been validated by other inves
tigators and on study populations other than 
the original one where it was developed? 

7. Has the score been successfully applied by 
other investigators? Is it widely spread in the 
literature? 

8. Is the score just descriptive or does it have 
consequences for the diagnostic and thera
peutic regimen of the patient, leading to a 
different outcome and prognosis? 

9. Is the score range and design appropriate for 
the intended research question? 

10. Is the calculation of the score clear? What is 
the numerical quality like? Is the score com
puterized, easy to handle, and user-friendly? 
What is the statistical analysis like? How are 
the results interpreted? 

Occasionally, the need may arise to design a 
new scoring system because you cannot find one 
in the literature that suits your purpose. Designing 
your own instrument is not an easy task. It re
quires time, experience, and support from meth
odological experts. However, as Feinstein pointed 
out, clinicians have to do their own basic research 
and need support from theoretical scientists. De
signing an instrument is not a simple task to be 
accomplished on a Sunday afternoon. The process 
is described in Paul's chapter in this book (chapter 
34). It is time-consuming but worth the effort 
when a good scoring system is created. 

The following helpful hints and questions may 
make the process easier. 

1. Do we really need a new scoring system or is 
a slight modification and revalidation of an ex
isting instrument a viable option? 

2. What is the intended purpose of the new scor
ing system? 

3. Which is the special patient population under 
consideration? Which group of patients will be 
assessed? 

4. What amount and kind of methodological as
sistance is needed? 

A clear consideration of these questions and ad
herence to the formal process will help. 

Examples of Scores 
in Clinical Situations 

A brief description of staging and scoring systems 
in different clinical situations underlines the im
portance of scoring systems to help solve clinical 
problems and answer important questions. 

Gastric cancer. In current surgery for gastric 
cancer, there is a decline in radical and lymph
node-hunting operations. Recent randomized tri
als of radical lymphadenectomy have shown an 
increase in morbidity and mortality with no sur
vival advantage.42 In the last two decades, no ac
cepted instrument was available to assess quality 
of life before and after surgery for gastric cancer. 
In order to select patients for multimodality treat
ment or withholding of treatment, with respect to 
progression of disease and with respect to recon
struction of the food passage after gastrectomy, a 
useful quality of life score became increasingly im
portant. By the Troidl-Kusche score in 1987 and 
also by the Gastrointestinal QIality of Life Index, 
it could be shown that patients with a pouch re
construction after gastrectomy have an improve
ment in quality of life in the first postoperative 
year-a period that is of supreme importance 
because 40-60% of patients die in the first year 
after surgery.43 

Knee surgery. One of the most frequent liga
ment injuries of the knee is anterior cruciate liga
ment tear. This requires a technically demanding 
operation that today can be performed by arthros
copy. It takes months to regain appropriate and 
pain-free knee function. Both subjective (patient 
self-assessment) and objective (interviewer assess
ment + / - clinical examination) evaluations have 
been applied. A practical tool for the assessment 
of knee function based on subjective evaluation is 
the Flandry score, which has not been adequately 
validated, especially not in German. Our group in 
Cologne has translated and reevaluated the Flan
dry index. Using this index, the clinical course 
after anterior cruciate ligament repair and reha
bilitation therapy can be depicted in an under
standable graphic display that can be easily ex
plained to patients and doctors.44 In the future this 
instrument will allow comparison among different 
treatment options (arthrotomy vs. arthoscopy) for 
patients. 
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Liver transplantation. Liver transplantation is 
one of the most expensive interventions in general 
surgery. Such procedures can be justified (and paid 
for in the future) only when they offer a clear sur
vival and quality of life benefit. Qyality of life in 
liver disease has not been well investigated, per
haps in part due to reduced mental capacity of 
patients with progressive liver failure. Using the 
recently developed Liver-Qyality of Life Index, it 
was shown that patients after orthotopic liver 
transplantation clearly have a better quality oflife 
than untreated patients before operation. Such in
formation will be necessary to promote liver trans
plantation programs.45 

A quote from McDowell and Newe1l46 sum
marizes the importance and the difficulty of 
choosing an appropriate instrument: 

Ultimately the selection of a measurement 

contains an element of art and perhaps even luck; 
it is often prudent to apply more than one mea
surement whenever possible. This has the ad

vantage of reinforcing the conclusions of the 
study when the results from ostensibly similar 
methods are in agreement, and it also serves to 
increase our general understanding of the com
parability of the measurements we use. 
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Commentary 

An additional criterion for evaluating the useful
ness of a scoring system is sensibility, "a mixture 
of ordinary common sense plus a reasonable 
knowledge of pathophysiology and clinical real-

ity."l For example, an index for measuring inflam
matory bowel disease that includes questions 
about headache or that excludes questions about 
bowel frequency lacks sensibility.2 

1. Feinstein AR. Clinimetrics. New Haven, CT: Yale 
University,1987. 

2. Wright ]G, McLeod RS, Lossing A, Walters BC, 
Hu X. Measurement in surgical clinical research. 
Surgery 1996;119:241-244. 
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CHAPTER 34 

Developing a Measuring Instrument 
A. Paul and B. Bouillon 

The traditional outcomes of interest in clinical tri
als are survival, negative events (complications), 
failure of treatment, and recurrence of disease.1 

These endpoints are appropriate when the pa
tient's return to normal health and activity can be 
expected within a relatively short period of time. 
They have to be altered when we evaluate treat
ment options that aim to increase general health 
or overall quality of life. This is especially true 
when palliative care is applied. In these patients, 
a return to normal "health" and "activity" cannot 
be expected (Table 34-1). 

Evaluation of established, "objective" outcome 
parameters is generally accepted; evaluation of 
"subjective" data such as pain, discomfort, dissat
isfaction, and impairment of physical, emotional, 
and social function (quality of life) is believed to 
be more difficult or sometimes impossible because 
of the requirement to correlate treatment effects 
with the patient's personal perception of health 
and illness in the context of culture, social norms, 
roles, and expectations. The measurement of 
quality of life, an overall measure from the pa
tient's point of view concerning the effects of 
health-related problems, seems to be important in 
evaluating the natural history of a disease or a spe
cific medical intervention. Recent advantages in 
the development of a specific methodology enable 
us to accurately measure so called "subjective" or 
"soft" data. 2•3•4 

This chapter focuses on developing accurate 

"quality of life measurements." The basic princi
ples of the methodology presented here are similar 
when measuring endpoints such as pain, discom
fort, disability, dissatisfaction, fatigue, meaningful 
life, and so forth. While in many clinical trials the 
measurement of quality oflife is often a vital part 
in the assessment of a treatment, a measure re
sponding to clinically important interventions is 
often unavailable. Many investigators are there
fore faced with the challenge of constructing an 
index for a specific condition or even a single trial. 
In this chapter we will discuss the appropriate 
methodology in general, illustrated by an example 
related to liver transplantation. 

General versus Disease-Specific 
Instruments 

A great number of non-disease-specific quality 
of life instruments have been developed for the 
general populationS-S that have the advantage of 
disease-independent comparisons including cost
benefit analysis. Application of these generic in
struments may be appropriate, but they are un
likely to detect small differences or even clinically 
important changes. Therefore, disease-specific in
struments for patients with, for example, can
cer,9.IO joint,11-14 heart, IS and lung diseases l6 have 
been developed. Although these instruments, 
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Table 34-1. Different types of medical interventions and the importance of health-related quality of life. 

Condition Treatment 

Appendectomy 

Cholecystectomy 

Main outcome measure 

Survival, recovery 

Qyality of life 

Acute illness, e.g., appendicitis 

Chronic condition, e.g., gallstone 
disease, ulcerative colitis ileostomy vs. pelvic pouch Qyality of life vs. survival 

Carcinoma of the prostate 

"Palliation" 

Medical vs. radical prostatectomy 

Support, pain relief 

Survival vs. quality of life 

Qyality of life 

once validated, can provide the investigator with 
most relevant information, they will have a narrow 
range of applicability (Table 34-2). 

Clinical investigators who might have been in
experienced in questionnaire development have 
responded by creating "ad hoc" measuresY-19 The 
results of their measurements are usually difficult 
to interpret because of failure to address important 
issues such as clinical relevance, reproducibility, 
responsiveness, and validity. 

Our strategy for developing a questionnaire to 
measure a disease-specific quality of life is based 
on previous work and will identifY basic principles 
for constructing instruments to measure changes 
in individual patients over time; such instruments 
must be based on what is important to the pa
tients. "Minimal," "elaborated," or "optimal" re
quirements are presented.3 

Developing the Questionnaire 

The development of a disease specific instrument 
can be divided into several stages: item selection, 
reduction of numbers of items, questionnaire for-

mat, pretesting, reproducibility, responsiveness, 
and validity.3 The stages in the development of a 
new questionnaire for two models (minimal vs. 
optimal requirements) are shown in Table 34-3. 

Item Selection 

Items initially selected must reflect all areas im
portant for patients suffering from the disease and 
should be derived from how patients, relatives, ex
perts, and associated health care workers estimate 
how the illness affects their lives. To determine a 
true frequency of all possible items, a comprehen
sive series of probes to cover all possible areas of 
dysfunction must be provided. The nature of these 
probes will depend on the amount of details the 
specific research study requires. Ideally, 50-100 
patients are necessary to determine all possible 
areas of dysfunction. To determine the frequency 
and importance of each item, a further sample of 
approximately 100 patients is required. This sec
ond group of patients is asked via questionnaire 
whether any of the items are a problem for them, 
and they are encouraged to rank the importance 
of each item. 

Table 34-2. Advantages and disadvantages of generic and disease-specific instruments. 

Instruments Comment 

Generic instruments 
(e.g., SF36, Sickness Impact Profile, Nottingham 

Profile) 

Disease-specific instruments, 
(e.g., Liver Disease-Specific QL Index, Gastrointestinal 

QJ, Index) 

Comparison in different diseases and to national norms 
No specific information 
Usually less sensitive/responsive 
Basis for cost-utility analysis 

Detection of small differences often possible 
Symptom-related information is usually given 
No national norms 
Often less well validated 
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There are several approaches to determine item 
importance, each with its own theoretical and 
practical advantages and disadvantages. Prefera
bly, patients are asked to rate the importance of 
each item that is a problem for them on a 5-point 
Likert Scale. Further item selection considers 
"frequency," "importance," and "expert opinion on 
completeness." This implies sampling of the com
plete spectrum of disease severity under consid
eration (for example, sex, duration of illness, dif
ferent types of underlying diseases, etc.) and 
inclusion of patients from all subclasses. The 
number of patients surveyed at this stage is crucial 
to obtain a reasonable estimate. To gain a confi
dence interval of 10%, 100 patients with a fre
quency of 50% are required. A minimum of at 
least 50 patients should be included (confidence 
interval 15%). 

Item Reduction 

The initial item selection process usually results 
in more items than can and should be included in 
the final questionnaire. Important criteria for re
taining items at this stage of questionnaire devel
opment include the number of patients who listed 
the item as a problem (item frequency), the im
portance attached to the items, and the potential 
responsiveness of the items, that is, the item's 
ability to detect clinically relevant changes. At this 
stage, sophisticated analysis such as principal 
component analysis and factor analysis are helpful 
and favored by many investigators. Alternatively, 
a simple and reasonable approach is to modifY the 
frequency of each item by its level of importance. 
With this rather simplified analysis one can retain 
the items with the greatest frequency-importance 

Table 34-3. Stages in development of a quality of life measure. 

Stage 

Item selection 

Reduction of no. of 
items 

Qtestionnaire for
mat 

Pretesting 

Sampling for above 
four stages 

Reproducibility and 
responslVeness 

Validity 

Maximal requirements 

Literature review 
Consultation with health care workers 
Use of existing instruments 
Semistructured interview with 50 patients 

Qtestionnaire identifYing item frequency and im-
portance 

Choice of items with highest frequency-importance 
product or principal-component analysis 

Choice of response-options scale: 5- to 7-point Li
kert or Visual Analogue Scale 

Time specification (2-4 weeks) 
Availability of previous responses to patients 

Analysis of results to ensure that full range of re
sponse options is used 

Use of random sample of patients to ensure repre
sentation of entire range of disease, severity, age, 
lifestyle, etc. 

Qtestionnaire administration to stable patients 
Administration before and after intervention of 

known efficacy 

Use of construct validity 
Comparison with "a priori" predictions 
Comparison with a previously validated instrument 

Table modified according to C.H. Cuyatt et al. (1986)3 

Minimal requirements 

Use of existing instruments 
Consultation with health care 

workers 

Item selection according to pre
sumed importance 

Choice of response-options scale: 
5 - to 7 -point Likert or Visual 
Analogue Scale 

Time specification (2-4 weeks) 
Availability of previous responses to 

patients 

None 

Use of sample of convenience 

No testing before trials 

Use of face validity 
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product for the final questionnaire. Both ap
proaches to analysis are valuable, and their usage 
depends on the specific questions to be answered. 

The purpose of the questionnaire design is very 
important. For measurements of changes in in
dividual patients over time, items unlikely to dem
onstrate changes should not be included. If the 
intention is to assess an intervention with specific 
goals, items related to those goals should appear 
in the final questionnaire. Additionally, core ac
tivities that apply to most patients with respect to 
sex, age, disease severity, and lifestyle (individu
alized according the study population) should be 
included in the final questionnaire.2 

The number of questions remaining after the 
items have been reduced depends on where the 
test is administered and, in some instances, on 
how many other tests and questionnaires the pa
tient will have to complete during the course of 
the study. In general, we should aim to keep the 
time required to fill out our questionnaire to less 
than 20 minutes. The time per question should 
not exceed 1 minute. 

Format of the Questionnaire 

~estions must be precise, easy to understand, 
and specific about the time frame, usually refer
ring to the last 2-4 weeks. Response options refer 
to the range that patients have in responding to a 
specific questionnaire item. Only two response 
options-"yes" or "no"-are always satisfactory. 
To enhance responsiveness, that is, to detect small 
changes, a 5-7 point Likert Scale or a Visual 
Analogue Scale (VAS-Scale) may be more appro
priate.20,21 During a pretesting phase with at least 
20 patients, poor wording and inappropriate, em
barrassing, or confusing questions are identified 
and corrected. 

Reproducibility and Responsiveness 

Reproducibility (reliability and precision) is de
termined by repeated administration of the same 
questionnaire to stable patients. Most commonly, 
reliability is looked for by calculating the vari
ability between subjects versus total variability in 
response (including between-subject variability 
and within-subject differences). The resulting sta
tistic is the Pearson's correlation coefficient or, 

more precisely, the intraclass correlation coeffi
cient.22 These correlations also measure how well 
an instrument is differentiating between subjects. 
Thus, the ratio of the minimal clinically impor
tant differences to the variability in individual sta
ble patients is directly related to the sample size 
requirements and can be used as an index of the 
questionnaire's responsiveness. 

If the measure of responsiveness changes, the 
questionnaire is distributed to patients before and 
after the application of an intervention of known 
efficacy. Ideally, the questionnaire will not only 
demonstrate a change or improvement in quality 
of life, but also a sufficient and large change or 
improvement relative to the variability shown in 
stable patients. If therapy is not applied, or 
therapy will be investigated concerning "known 
benefit," the serial distribution of the question
naire to a large group of patients is usually nec
essary. Then the ratio of variability in patients of 
the second study group in comparison to those 
patients of the first study group provides an esti
mate of the questionnaire's responsiveness. 

Validity 

An index, test, or questionnaire is considered to 
be valid ifit measures what it is supposed to mea
sure. A simple way to measure validity is to mea
sure "construct validity," that is, does the ques
tionnaire function adequately with respect to 
quality of life in comparison to other measures? 
Since evaluative questionnaires primarily measure 
changes, the correlation between changes in 
quality of life and other clinically relevant indic
ative variables has to be examined. Important ad
ditional validation derives from a comparison with 
previously validated health measures. Simple "face 
validity," although looked upon as being reason
able, (e.g., the index is determined from expert 
opinions in order to measure quality oflife) is of
ten insufficient. 

Developing a Quality of Life 
Index for Liver Transplantation 

We have described the theoretical background 
and generic requirements for the development of 
an appropriate, meaningful, and reproducible in-
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Table 34-4. Results of principal component analysis after VARIMAX rotation of the LDOL Index. 

Factor 2 
Factor 1 Activities (social and Factor 3 
Emotional function physical function) Symptoms 

Lack of self-confidence 0.81 Limited in social activities 0.80 Swollen abdomen 0.65 
Depressed 0.78 Limited in housework 0.82 Itching 0.59 
Loss of control over life 0.75 Dependent on others 0.82 Food restriction 0.66 
Frustrated about illness 0.72 Problems in sexual act 0.39 Stomach pain 0.50 
Depressed about illness 0.76 Ability to work 0.82 Bone pain 0.32 
Nervous about health 0.72 Weakness/loss of strength 0.57 Nausea 0.68 
Changes in appearance 0.56 Difficulty to move around 0.76 Headaches 0.63 
Changes in mood 0.64 Feeling unwell 
Thoughts about death 0.61 

strument. Practical issues and adaptations that 
might be encountered in the development of such 
an instrument are illustrated by an example from 
hepatobiliary surgery. The author recently devel
oped an index to evaluate quality of life in patients 
before and after liver transplantation, and in pa
tients with chronic liver disease. The underlying 
clinical problem was that not only long-term sur
vival but also improvements in quality of life have 
frequently been observed in patients following 
liver transplantation. In this case, existing major 
impairments concerning quality of life are con
tributing factors for (even earlier) liver transplan
tation, which has traditionally been considered 
only as a "life-saving" procedure. 

Definition of Quality of Life CQl) 

Qyality of life has been defined as an individual's 
perception of limitations in relation to personal 
goals, expectations, standards, and concerns.23 

Following the currently accepted hypothesis, 
medically relevant QI.- can be objectively assessed 
in the subareas of an individual's emotional func
tion, activities (physical and social function, in
cluding the level of independence and social re
lationships), and perception of general health. 
Furthermore, disease-specific information and 
symptoms are possibly of direct clinical relevance 
and affect the patient's QI.-.24.25 

0.59 Vision problems 
Dizziness or ringing ears 
Memol}' 
Concentration 

Development of the Liver Disease
Specific Quality of Life CLDQl) Index 

0.64 
0.48 
0.76 
0.58 

The liver disease-specific QI.- instrument was 
developed according to the standard methods 
described. Briefly, a total of 82 items that could 
affect QI.- in patients with chronic liver disease 
and after orthotopic liver transplantation (OLT) 
were selected by a panel of transplant physicians 
and surgeons, methodologists, specialized health 
care workers, and selected patients and relatives. 
The first step of item reduction was achieved 
through correspondence with other experts and 
selected patients (n = 20). The altered question
naire (reduced to 55 items) was applied to 49 se
lected patients and controls, who were chosen to 
be representative for the future study. This ques
tionnaire was analyzed by calculating frequencies, 
inter-item correlations, and the ability of each 
item to differentiate different stages of a disease. 
It was finally checked for completeness. As a re
sult of this analysis, the questionnaire was reduced 
to 39 items and was then applied to 78 randomly 
selected patients. Subsequent frequency-impor
tance analysis resulted in a 5-point Likert Scale
format instrument consisting of 28 specific and 5 
general questions that were self-administered and 
completed within approximately 10 minutes. 

Assessment of Quality of Life CQl) 

The questionnaire was mailed to an additional 
245 available but otherwise randomly selected pa-
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tients. This group consisted of patients with ad
vanced chronic liver disease (biopsy-proven liver 
cirrhosis) from a general hepatology practice (n 
= 61), patients currently listed for transplantation 
(n = 15), and patients at three months after suc
cessful OLT (n = 169). All patients were in
formed that they were participating in a study 
assessing Q!... The term quality of life was men
tioned, but no specific definition of Q!.. was given 
to the individual patient. Of the 245 patients, 200 
completed and returned the questionnaire (re
sponse rate 82.8%) and were eligible for further 
analysis. In addition to the LDQ!.. Index basic 
demographic data, the staff assessment regarding 
presence and significance of associated diseases or 
treatment side effects, and the short form of the 
SF36, a widely used and well-validated general 
health measure,26 were applied to these patients at 
the same time. The patients' level of education 
and professional activity were recorded. Addition
ally, reproducibility (test-retest reliability) was as
sessed by repeated application (within 2-4 weeks) 
of the LDQ!.. Index to 34 medically stable pa
tients following OLT. 

Data Analysis 

The results for every single answer of the newly 
developed questionnaire, the patients' details, and 
the SF36 data were entered into a computer-data 
file. On the 5-point Likert Scale, the answer 
"never" was coded as "5," and the answer "always" 
(maximal impairment ofQ!..) as "l." The raw val
ues were then transformed into percentages 
through multiplication with 100 (raw scale score 
minus the lowest possible score divided by the 
possible score range). This allowed for compari
sons between different subareas of Q!.. in the 

newly developed index, as well as with the results 
of the SF36. Prior to this analysis, LDQ!.. data 
had been further processed by factor analysis using 
the SPSS statistical package (version 4.1). This 
principal component analysis including varimax 
rotation identified five different factors with 
EIGEN values greater than l. Final analysis was 
restricted to 3 factors because all symptom-related 
items loaded on the factors 3-5. Two techniques 
were used to determine whether a specific item 
correlated with the scale items: item total corre
lation (internal consistency) and calculation of 
Cronbach's alphaY Cronbach's alpha was calcu
lated after K X Tiil1 + (K - 1) rii (where rii is 
the inter-item correlation, and Kis the number of 
items). In the different subgroups of patients, the 
newly developed index was then compared to the 
results of the SF36, and with the patients' own 
global ratings of health and quality of life. Sen
sitivity was evaluated by comparing the impair
ments of Q!.. with "objective" parameters such as 
the number and importance oflimiting associated 
diseases and by analyzing whether the newly de
veloped index discriminates among the three dif
ferent clinical groups of liver disease. 

Validation of the Newly Developed 
Disease-Specific QL Questionnaire 

The results of the principal component analysis 
and internal consistency data of the LDQ!.. ques
tionnaire are given in Table 34-4. The item to 
own dimension correlation, after correction for 
overlap, exceeded 0.4 for all except the question 
about the patients' sexual restrictions and most of 
the symptom-related questions. Cronbach's alpha 
exceeded the recommended minimum of 0.8 and 

Table 34-5. LDQl-Values in the different subareas of Ql and number of limiting associated diseases after OlT. 

Number of limiting diseases;" 

Areas ofQ!. o (n = 86) 1 (n = 53) 2 (n = 36) ;:::3 (n = 25) p-Value 

Emotional function 82.4 74.8 69.3 56.0 <0.001 
Activity (physical and 

social function) 80.6 71.2 65.4 50.7 <0.001 
Symptoms 82.0 74.7 72.5 66.1 <0.001 
General health 68.8 63.0 57.6 45.6 <0.001 

"Values in percent: 100%, perfect health; 0%, worst health possible. 
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was 0.92 for the emotional function and activity 
(social and physical function), and 0.82 for the 
symptom-related questions. The mean ranges of 
correlations of variance were 0.45, 0.49, and 0.48, 
respectively. Ninety-eight percent of cases fell 
within the 95% confidence interval in all three 
subareas of Q!-. The test-retest reliability (repro
ducibility) in 34 stable patients following trans
plantation was overall 0.7 and did not reveal any 
significant differences in the subareas of Q!- when 
analyzed separately. 

The validity of the newly developed question
naire was further assessed by checking for sensi
tivity and by comparing with the SF36 health sur
vey questionnaire. Sensitivity, the proxy that a Q!
questionnaire measures the currently present 
medically relevant limitations, was evaluated by 
comparison with objective medical parameters of 
the study population. The results of this compari
son are shown in Table 34-5. In all subareas of 
Q!-, a significant correlation of Q!- impairment 
with an increasing number of the patients' limit
ing associated diseases was found. Furthermore, 
the newly developed LDQ!- Index separated the 
different stages of liver disease more distinctly 
than the SF36. Detailed information is given in 
Table 34-6. In all subareas of Q!- and in the as
sessment of general health, highly statistically sig
nificant differences were detected among the pa
tients with chronic liver disease, those awaiting 
transplantation, and following successful OLT. 
There were no significant differences in the sub
areas of social and emotional function for the 
SF36. 

Quality of Life-Overall Results 

As shown in Table 34-6, there are statistically sig
nificant improvements in all investigated subareas 
of Q!- following OLT. Further subset analysis in
cluding age, sex, time from transplantation, num
ber of episodes of rejection, and so forth did not 
reveal any further significant differences in im
provements of Q!-, when these different sub
groups were compared (data not shown). Only pa
tients with primary sclerosing cholangitis (PSC), 
usually transplanted in the early stage of their dis
ease, achieved significantly higher scores in all ar
eas of Q!- after 0 LT (81% versus 72%, mean val
ues for all dimensions of Q!-, p < 0.05). Since no 
data from a representative cross-section of normal 
individuals for the newly developed LDQ!- Index 
were available, comparisons with normal indi
viduals-corrected for age, sex, and profession 
(manual workers versus nonmanual workers)
were performed using the SF36 data. The "emo
tional function" and overall "vitality" of the pa
tients were normal or close to normal following 
OLT. Minor limitations regarding the symptom 
"pain" and "general health perception" were still 
present. The "social" and "physical" functions and 
the "role limitations related to the physical func
tion" were still impaired when compared to nor
mal individuals. 

Using the LDQ!., Index, there were no statis
tically significant impairments, but also no im
provements of the preexisting symptoms such as 
bone pain, vision problems, and headaches. Al
most all symptoms related to the advanced char-

Table 34-6. Comparison of the LDQL Index within the different subareas of QL. 

Emotional General 
Disease Index Symptoms Physical Social function health 

Chronic liver SF 36 62.7% 67.9% 52.0% 64.6% 44.7% 
disease (n = 42) LSLQ 65.9% 65.5% 65.2% 48.7% 

Before treatment SF 36 51.2% 49.6% 54.9% 56.9% 24.7% 
(n = 13) LSLQ 64.3% 52.4% 64.3% 39.7% 

Following Transplant SF 36 70.5% 67.1% 55.2% 75.9016 62.5% 
(n = 145) LSLQ 79.7% 75.2% 78.4% 68.3% 

p-Valuea SF 36 O.OP n.s. n.s. O.OOP O.OOP 
p-Valuea LSLQ <0.0001 0.0095 0.008 <0.0001 

"Kruska-Wallis Test, one-tail anova (100%, perfect health; 0%, worst possible health) 

'for the SF 36 only pain. 
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acter of their underlying liver disease showed sig
nificant improvements. 

Conclusion 

An "instrument" as discussed in this chapter is a 
surgical tool to evaluate the most clinically rele
vant endpoint of a defined intervention, or it 
functions as a part of the evaluation of the natural 
history of a disease. From an individual patient's 
point of view, the quantity and quality of sur
vival-how much fun, happiness, love, and satis
faction one can have and expects to have in the 
future-is one of the most important endpoints. 

Troidp7 emphasizes that quality of life should 
be measured in a simple and practical way. The 
questionnaires applied to patients should be easy 
to understand and complete within 1(}-20 min
utes and should focus on the most clinically rele
vant problems. 

Applying the methodology described here shows 
that conversion of quality of life data that is so often 
believed to be "soft," into reproducible "hard" data 
is possible. Nonvalidated "ad hoc" questionnaires 
are not acceptable because no relevant information 
can be gained by the scientists or clinicians using 
them. Whenever improvement of quality of life is 
the indication or part of the intention to treat, the 
success of the intervention should be checked by 
means of a reasonably validated Q!. questionnaire. 
Validation of such questionnaires is never complete 
and must therefore be considered an ongoing pro
cess. The incompleteness of our methodology must 
be the motivation for further clinical and experi
mental research. 
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CHAPTER 35 

How to Choose a 
Relevant Endpoint 
H. Troidl, A.S. Wechsler, and M.P. McKneally 

Two well-dressed gentlemen were on their way 
home from a party, where they had obviously 
wined and dined too well. One was on his knees 
systematically examining the sidewalk beneath a 
streetlight. His friend volunteered helpfully: "I am 
sure I heard your keys drop back here where it is 
dark!" The searcher on his knees replied: "I know, 
but what is the use oflooking back there where I 
can't see, when it is so much easier here in the 
light?"! 

The chapter on endpoints in the last edition 
began with this anecdote, illustrating the classic 
fallacy of confusing the measurable with the im
portant. We used it to introduce the difference 
between conventional, easily measurable end
points (such as mortality), and innovative, less 
readily quantified endpoints (such as quality of 
life) in clinical research. This chapter discusses the 
concept of an endpoint and its decisive signifi
cance in clinical and experimental research, illus
trated by simple examples. The important meth
odology for testing their validity is discussed in 
the chapter by Paul, "How to develop a measuring 
instrument" (Chapter 34). 

"How Are You?" 

This ancient and enduringly fundamental ques
tion of a doctor to a patient is important before 
and even more important after a treatment. A 

question encompasses specific symptoms and the 
general condition; there is a special nuance hidden 
in this question-how this particular patient, un
der the current circumstances and at this particu
lar time, is handling the symptoms and the treat
ment.2 

In most cases, symptoms (such as pain, worry, 
and fear) bring the patient to his doctor. Patient 
and doctor discuss and carefully consider whether 
an operation or some other treatment is indicated 
or not, and decide after the treatment on its suc
cess or failure by answering the original question: 
"how are you?" This scene describes a transaction 
and a relationship between patient and doctor that 
has been unchanged for generations. Generally, 
this is never reflected with the original intensity 
and significance in the scientific world of con
gresses, papers, research grants, and protocols. 

One example for demonstrating the reality of 
"seeking for the key in the light of a streetlamp" 
is the determination of blood sugar in patients 
with chronic pancreatitis. Every clinician knows 
that the main indication for surgical intervention 
in chronic pancreatitis is the patient's unbearable 
pain. Patient and doctor should pay attention to 
this "endpoint," because to get rid of pain is the 
patient's main intention; blood sugar deviations 
counted in millimoles per liter of plasma are not 
of interest to the patient.2 

"How are you?" This simple question with mul
tiple layers of meaning has many possible answers. 
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This transaction between patient and doctor is of
ten reduced in today's language to "outcome mea
surement," an essential aspect of clinical research; 
its significance is just starting to be appreciated 
and responsibly developed. The endpoint is part 
of this research- maybe the most important part. 

Although "How are you?" is the decisive ques
tion according to Feinstein,3 it is not readily ac
cepted by methodologists, because it is not suffi
ciently "objective" and "reproducible." Great 
clinicians have traditionally evaluated their pa
tients according to this question and changed 
their treatment significantly according to the an
swers received. John Goligher modified stomach 
surgery with the "Visik criteria" and brought great 
benefit to patients, without perfect validation and 
testing of the criteria according to current meth
odological standards.4 

Methodologists have sound reasons for their 
objections; we have to remember that great cli
nicians like Billroth realized this more than 100 
years ago. 

It is difficult when one's therapeutic manage
ment is based on nothing more than the memo
ries of personal experiences, because it is impor
tant to realize how fallacious some of these 
memories can be .... What a cautious person 
calls "sometimes" is "often" or even "always" to 
the overly enthusiastic, and "seldom" or "never" 
to the overly sceptic.s 

Bryan Jennett, a critical and thoughtful neu
rosurgeon, delivered the theme in a nutshell: "If 
we would be as interested in outcome measure
ment as we are in making a diagnosis, most sur
gical interventions would be changed or even 
dropped!"6 How to obtain information on the ef
fectiveness of medical treatment in different local 
and social circumstances will be one of the most 
important questions of clinical research in the 
near future. 

Toward a Definition 
of Outcomes and Endpoints 

The English word outcome is almost untranslat
able to other languages. This short word indicates 
an effect being experienced and felt by individual 

patients in individual situations in different pe
riods oflife. Since Western science always requires 
definitions, we now need one. What is fatigue, 
what is quality oflife, what does health or sickness 
mean? According to Sir Karl Popper, definitions 
are often senseless or of little use. He demon
strates this with the following sentences: "A hu
man being is a featherless biped" and "A human 
being is a rational vertebrate."? 

Nevertheless, definitions are necessary in the 
real world. We summarize Popper's concept of 
useful definition in more detail in chapter 1, "To
ward a Definition of Surgical Research." Popper 
feels it is more reasonable to generate a definition 
from an expandable list of all reasonable, practical 
characteristics. In this way a definition is always 
kept open but can be summarized as a hypothesis 
at any time. 

With Popper's cautionary advice in mind, let us 
look at a possible definition of outcome. Dona
bedian suggests the following: An outcome is "any 
change in the actual or future health status of an 
individual person or society that is related to a 
previous or ongoing intervention."8 This defini
tion includes essential components such as the sit
uation of an individual or even of society at one 
particular time, and the change of this situation 
over time. However, the most important aspect 
remains unconsidered, the question 'What is 
meant by health/sickness?" This is a difficult 
question, we admit, so difficult that it is rarely 
discussed during congresses or in the literature, 
not even in daily life or in the education of medi
cal students. This is a peculiar but grave situation. 

Henrik Wulff tried to answer this question us
ing two different approaches, singly and in com
bination, with one or the other dominant.9 The 
"mechanical model" uses established biochemical 
and physiological measuring methods: 'Without 
numbers, there is no science!" The "hermeneutic 
approach" to health/sickness puts emphasis on the 
individual's opinion, the explanation of one's situ
ation, and rejection and acceptance of deviations 
from standard. 

The endpoint helps to describe outcome. The 
right endpoint is the essential prerequisite for ob
taining relevant information on outcome. The 
German word Zielkriterium makes this even more 
clear (Ziel, meaning aim, Kriterium, meaning cri
teria). The endpoint is not synonymous with "re-
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sult," because there may be many results depend
ing on the question (assay) used. Ideally, the 
endpoint consists of only one variable, but some
times several are necessary to show the effect more 
clearly. 

The acquisition of information is more critical 
than methodology and should not be limited by 
preconceived methodological approaches. If the 
variable to be used as an endpoint can be objec
tively measured, it has to be handled methodo
logically; this is an advantage but not a necessity. 
An endpoint does not necessarily lose its infor
mational content if it is not reproducible or ob
jectively measurable. Death is also not repro
ducible.3 An acute abdomen is rarely measured 
objectively, even though it is real. Subjective in
formation is still information, even though it is 
not possible to measure it in centimeters or other 
units. Vomiting, fatigue, nausea, pain, hate, or 
love are not unreal or without informational con
tent because they cannot be determined by plasma 
levels. 

The personal, the unique, is essential. Every 
thoughtful clinician realizes that highly esteemed 
objective data-obtained for example by X ray 
and pathology-are not as "hard" as they were 
thought to be, when looking at them a little closer. 
On the other hand, "soft data" can be made even 
harder than "hard data" with appropriate methods.ll 

The arguments of evolutionary epistemology 
can also be used, such as whether an "objective" 
observation is objective at all, since observations 
are always a reproduction, and reproductions are 
never identical, especially if they were made in 
different situations. 

The relevant endpoint in experiments using 
animals or small subsystems is as problematic as 
it is in clinical investigation. Every experiment is 
a reduction of reality. An experiment as part of 
methodological research uses manipulation and 
standardization in an attempt to achieve an out
come. 

Irrelevant and Perverted 
Endpoints 

In clinical and experimental research, irrelevant 
endpoints are sometimes chosen, or the selected 
endpoint could even be called "perverse." Qyes-

tions regarding hygiene and surgical infection are 
often answered via number and kinds of bacteria 
per cubic meter of air. What is clinically relevant 
is the infection rate of patients in a hospital and, 
even more to the point, the effect of the infection 
on the individual. Nosocomial infection rates-a 
very sensitive topic that could be seized by the 
press-include positive urinary tract cultures of 
unknown clinical relevance. Here the endpoint 
has become perverted because bacterial counts are 
used as an inappropriate surrogate for clinical in
fection-the correct endpoint. 

After surgical interventions for chronic pancre
atitis, the patient, who is solely interested in get
ting rid of the pain, will judge the operation as 
successful if pain has been eliminated, and as un
successful if pain remains or gets worse. From the 
patient's perspective, his or her blood sugar level, 
although precise, is meaningless. 

Oncologists have been aware of inadequate 
endpoint usage for the past 30 years (Table 
35-1).12 Walter Spitzer, a pioneer in dealing with 
these problems, stated in the 1986 Sintra sym
posium on quality of life: "Cure has something to 
do with surviving, palliation only with quality of 
life."!3 

In 1971 United States President Nixon called 
for "a war on cancer." In 1990 ].C. Bailar, a sta-

Table 35-1. Endpoints in oncological research.12 An 
example of objective measurement without consid
ering what it means to the patient. From a patient
centered view, this is a peNerted endpoint. 

Complete Response 

Complete disappearance of measurable disease for a 
period of at least 1 month. 

Partial Response 

A greater than 50% decrease in the sum of the 
products of the perpendicular diameters of all 
measurable lesions, which lasts at least 1 month. 

Stable Disease 

A smaller than 50% decrease of tumor diameter 
and no tumor diameter increase greater than 
25%. 

Progression 

A greater than 25% tumor diameter increase or the 
appearance of new metastasis. 
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tis tical expert for the New England Journal of 
Medicine, had to admit: 'We have lost the war."14 
Because cancer therapy so rarely achieves cure, 
and palliation is the reality, the military paradigm 
for treating cancer with radical interventions is in
appropriate. Since this is so, it is hard to justifY 
descriptions of the success of therapy measured by 
survival rates expressed in months and years. 

During surgical congresses, statistical manipu
lations are more often the topic of discussion than 
the suffering of patients. Figure 35-1 demon
strates this convincingly. Death is not the worst 
outcome, dying badly is worse. In 1972 Small and 
Krause wrote, 'What you really want to know, and 
to show in presenting results, is the quality of pa
tients' lives. "16 As a young surgeon I realized this 
bitter reality after technically achieving safe pneu
monectomy and gastrectomy for cancer therapy. I 
celebrated surgical success but realized a bad out
come after 3-6 months (see Figure 35-1b). This 

a. 

was the key issue for starting my interest in pa
tients' well-being as a critical outcome measure. 
Intense discussion of this issue with Walter 
Spitzer at a Canadian lake cottage at 4:00 A.M. 

led to the development of the first edition of this 
textbook. 

Why does the mechanistic approach dominate 
our thinking? It is based in Western scientific 
thinking. In contrast with the holistic thinking of 
the ancients, Cartesian rationalism separated 
emotions and everything "subjective" from sci
entific observations. Despite accurate planning, 
standardization, and reduction, the result is totally 
dependant on the method and the given question. 
According to Thomas Kuhn, the paradigm using 
the same questions and the same methods leads 
consistently to the same results, even when mis
taken, as illustrated by cancer therapyY 

Selection of relevant endpoints is essential for 
the development of scientific theory. It deserves 

b. 

Figure 35-1. (a) Patient before gastrectomy and (b) the same patient 6 months later. 
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Table 35-2. The 5 Os according to White (1967), showing examples of ranking in different clinical situations.23 

Clinical situation 

Impaired quality of life but not 
life threatening 

Impaired quality of life and life 
threatening; surgery prolongs 
life but increases morbidity 

Different therapeutic approaches: 
similar operative mortality, 
complications, and survival 

Trade-offbetween better quality 
of life and therapeutic risk 

Palliation 

'Read > as "more important than." 

Surgical examples 

Hernia 
Gallstones 
Lacerated meniscus 
Peripheral arterial occlusion 

Stoma for colitis 
Amputation for vascular disease 
Transplantation 

Arterial occlusion: bypass vs. 
profundplasty 

Stomach cancer: different recon
structions 

Colitis: stoma vs. pelvic pouch 
Coxarthrosis: conservative vs. 

endoprothesis 

Esophageal carcinoma 
Pancreatic carcinoma 

Ranked importance of 
outcome variables' 

Discomfort > 
Disability > 
Disease> 
Dissatisfaction > 
Death 

Discomfort > 
Disability > 
Disease> 
Dissatisfaction > 
Death 

Discomfort > 
Disability > 
Dissatisfaction > 
Disease> 
Death 

Discomfort > 
Death> 
Disability > 
Dissatisfaction > 
Disease 

Discomfort > 
Disability > 
Dissatisfaction > 
Disease> 
Death 

to be given the appropriate value in research and 
methodology. To work in clinical research, com
mon sense is needed. Feinstein stated, "Clinically 
relevant problems have to be solved by clinicians 
themselves; methodologists and epidemiologists 
are useful partners."18 A scoring system for gas
trointestinal disease cannot be designed by some
one who has never seen a patient suffering from 
vomiting. 

tients. It influences animal experiments; when 
animals receive careful, intensive treatment, their 
natural history changes.19 

Motivation. The influence of socioeconomic 
and cultural aspects are important in clinical re
search. Returning to work strongly depends on 
social and economic circumstances.20 A mother 
without available help from relatives returns home 
after cholecystectomy as soon as possible in order 
to take care of her children. The same is true for 
an employer who manages the company, quite dif
ferent from the behavior of an employee who may 
have financial gain in case of sickness. The influ
ence of motivation in the Third World is outside 
our comprehension. 

Some Prerequisites 
for Relevant Endpoints 

Placebo effects. Surgery has a strong placebo effect 
that varies with the personality, social circum
stances, and culture of the surgeon and the pa-

Time. It is important to define the time at 
which an endpoint is assessed. After a knee is op
erated on, it will function very differently in 1 
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a. ~ 

Figure 35-2. Two "midline abdominal wound infections." The dramatic difference from the patient's 
perspective is not included in the definition of the endpoint. 

week as compared with 1 year. Survivors of gas
trectomy may present an excellent picture regard
ing quality of life 1 year later, but probably have 
been through hell during that year. Appetite is 
worst in the first 6 weeks after operation but im
proves after 3 months. Patients not lucky enough 
to survive the first year after this intervention have 
no benefit at all.21 

Social context. A measuring instrument devel
oped according to state-of-the-art methods in 
clinical research may be easy to process statisti
cally, but less useful than a questionnaire based 
on the long-term experience of clinical research
ers (for example, the Visik classification).4 End
points such as cost-utility, cost-benefit, and cost-

effectiveness may have to be assessed to demon
strate effects in and on society. Because these 
measurements and inferences are made in com
plex systems, they may be misleading. The distin
guished biologist Rupert Reidel has developed the 
epistemological position that experiments are re
liable when they are done in simple systems such 
as mathematics and physics; they are far less re
liable in complex systems such as human biology 
and social groupS.22 Inferences from clinical stud
ies, particularly those related to cost, utility, and 
benefit, may mislead because they focus on the 
disease, not the individual patient. Clinicians 
avoid this pitfall in their practice by adjusting the 
treatment as needed, based on the patient's co-
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morbidity, social situation, and other contextual 
details. Research protocols restrict this adaptation. 
Their endpoints should be chosen to insure that 
they provide clinically relevant information. The 
clinician will ask, "Does this conclusion apply to 
my patients, or does it only answer a study ques
tion?" 

In summary, the final test of relevance of an 
endpoint is its relationship to the well-being of 
the individual patient. In choosing endpoints, the 
doctors should envision themselves as advocates 
for the patients. The closer the chosen endpoint 
comes to answering the age-old, elemental ques
tion "How are you?" the more appropriate and 
relevant it will be. 

"How to Find a Key 
in the Darkness"? 

An easy way for clinicians to develop their think
ing about endpoints is to consider the "5 Ds" ap
proach described by White in 1967.23 Table 35-2 
shows the ranking of the "5 Ds" (death, disease, 
discomfort, disability, and dissatisfaction) in re
alistic, clinical situations. 

Death. For evaluation of surgical interventions 
in life-threatening situations, operative mortality 
is the most definite endpoint. Striking examples 
are ruptured aorta, transplantation, or multiply in-

jured trauma patients. Risk factor adjustments 
provide better conceptualization of even such a 
specific endpoint as death. Although complica
tion rates are frequently cited as endpoints, they 
are of importance only if they are relevant for the 
sick patient. In Figure 35-2, two examples meet
ing the definition of "wound infection" are shown. 
The essential difference in terms of impact on the 
patient's recovery is clearly evident. 

Disease. To determine an endpoint related to 
disease, the mechanical or hermeneutic approach 
or a combination of both might be chosen. For 
example, measurement of blood pressure or the 
fasting blood sugar would be a relevant mecha
nistic endpoint appropriate for diseases such as 
insulinoma or an adenoma of the adrenal gland. 
In contrast, the impact of an amputation depends 
much more on the patient's acceptance or refusal 
of the social implications and context. Some pa
tients participate in the Olympics of the Disabled 
after limb amputation; others despondently await 
their old age at home. The nature of a disease 
(silent carcinoma versus acute and painful appen
dicitis) and its natural course of ups and downs 
should be considered in choosing the endpoint for 
evaluating treatment effects. 

Discomfort. Discomfort has been long neglected 
but is of great importance for the patient. It has 
become one of the most relevant endpoints in 

Table 35-3. Different endpoints of hemia repair in 1997, including feasibility, economics, and social circumstances. 

Which procedure should you choose? 

Procedure 
Relevant endpoint 1 2 3 

1. Technical difficulty high medium low 

2. Overall complication rate low medium low 
• seriousness of possible complications high low low 

3. Overall rehabilitation fast slow fast 
• postoperative comfort high medium high 
• return to daily activities and work fast? slow fast 

4. Recurrence rate 1% 2% 2% 
• formidability of repairing a recurrence difficult medium high 

5. Socioeconomic factors 
• charges for operating room, hospital stay, etc. high low medium 
• societal costs, notably lost work time low medium low 

Modified from Rutkow." 



310 H. Troidl, AS. Wechsler, M.F. McKneally 

Table 35-4. A classification as an endpoint (TroidI1990). 

Class I. Incident-free surgery: 

. no surgical technical problems and no negative outcome for the patient 

Class II. Inconsequential incident: 

one or more surgical technical problems, but no negative outcome for the patient (intraabdominal stone loss, 
bleeding) 

Class III. No incident, negative consequence: 

no surgical technical problems, but one or more negative outcomes for the patient (hematoma, wound infection) 

Class IV. Consequential surgical incident: 

one or more surgical technical problems with corresponding negative outcomes for the patient (conversion to 
operation, relaparatomy) 

Class V. Death: 

in any relation to operation 

studies of endoscopic surgery. The hypothesis of 
endoscopic surgery is: "less trauma, more comfort, 
at equal or better safety."24 Endpoints for assessing 
the quality of endoscopic surgery include pain, 
fatigue, nausea and vomiting, general working 
ability, daily activity, physical integrity, and cos
meSIS. 

Disability. Equally important is the fourth D, 
disability, to what extent an individual is able to 
work actively and live independently after treat
ment. Daily activity is the baseline of this end
point: to eat independently, bathe, shower, get 
dressed, go to the toilet. Disability evaluation in
cludes a combination of psychological and physi
cal components such as intellectual competence, 
being able to read a book, listen to music, or have 
an interesting conversation. 

Dissatisfaction. Dissatisfaction with one's state 
of health or with medical treatment is a complex 
and interesting endpoint. Satisfaction does not 
necessarily correlate with good or improved 
health. A patient with a serious illness may be 
more satisfied with his circumstances than some
one less severely ill or even fully recovered. Sat
isfaction or dissatisfaction depends on intro
spection, acceptance of reality, and balancing ex
pectations with outcome. 

Rutkow's evaluation of hernia repair (Table 
35-3)25 considers economic and socioeconomic 
reality as well as surgical and technical problems. 
A professional athlete, financially independent, 

will choose the method promising quick recovery 
despite the high cost and the higher risk of need
ing a repeat operation. For an older, less finan
cially secure person, cost, not time, may be more 
important. 

Endoscopic surgery is formulated on the hy
pothesis that it yields more comfort and less 
trauma with equal or better safety when compared 
with "open" operations. The classification shown 
in Table 35-4 has been very helpful in our clinic 
and may lead to a useful method to test this hy
pothesis.26 The most important feature of this 
classification is that the view of the patient has 
been recognized. The classification ranges from 
positive to negative, has a differentiated grading, 
is legally neutral, and is quite practical. 

Figure 35-3 illustrates three controlled clinical 
trials conducted in our department. Their design 
schema contains some of the patient-centered 
endpoints discussed above and demonstrates the 
relevance of an endpoint within the design struc
ture of a trial. 

Figure 35-4 illustrates relevant endpoints for 
three different animal experiments. In the first ex
periment we tried to determine if helium gas im
paired intestinal blood supply less than CO2 , in 
endoscopic surgery (tested on pigs). The relevant 
endpoints are the intestinal blood supply and en
ergy changes in the mucosal cells. The second ex
periment tested whether a liver from a non-heart
beating donor can be used after corresponding 
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The Clinical Experiment 

A. Pelvic Pouch vs Ileostomy after Total Colectomy 
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Figure 35-3A-C. The design of three different controlled clinical trials showing the relevant endpoints 
within the design. 
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The Animal Experiment 

A. Helium less danger in haemodynamic 
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Figure 35-4A-C. The design of 3 different controlled animal experiments. 
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Table 35-5. Selected measures for assessing pain. 

Dimensions 
Authors Measure included Rater Time Validity" Reliability" Comments 

Huskisson Visual analogue Intensity Patient 30 XXX XX Widely used 
197427 scale seconds clinically and 

in research 

Melzack VerbalS-point Intensity P-{ltient <1 X X May be as use-
197528 rating scale minute ful as entire 

MP~4 

Melzack McGill Pain Sensory; affective Patient 15-20 XX XX Useful for 
197528 Qyestionnaire evaluative minutes chronic and 

acute pain 

Melzack Short-Form Sensory; affective Patient 5-10 XX XX Useful when 
198729 McGill Pain evaluative minutes MPQtakes 

Qyestionnaire too long 

Pilowski Illness Behavior Emotionall Patient 15-20 XX XX Used with 
et al. Qyestionnaire behavioral minutes coronary by-
198330 responses passpatients35 

to pain 

Black and SAD Index Somatic, anxiety Physician X X Useful only as 
Chap- & depressive a clinical 
man response to tool 
197631 pam 

Tursky et Pain perception Intensity; un- Behavior Used mainly in 
al. 198232 profile pleasantness therapist research 

type 

Zung Pain and dis- Emotional and Patient 
198333 tress scale behavioral re-

sponses to 
pain 

·X, weak; XX, adequate; XXX, excellent. 

Compiled mainly from information contained in McDowell et al. 36 

preparation (02 persufflation) for transplantation. 
Here the appropriate endpoint is survival of the 
recipient, not just a chemical measurement of liver 
function. Finally, the third experiment determines 
whether Sucralfate prevents bacterial transloca
tion and, far more relevant and important, 
whether it favorably influences survival from 
hemorrhagic shock. 

Symptoms as 
Relevant Endpoints 

Symptoms are important endpoints that may be 
inadequately assessed if they are fused under too 
broad an endpoint, such as general well-being. 

5-10 XX Used only with 
minutes acute pain 

Failure to probe for a symptom may result in miss
ing a potentially important harbinger of a negative 
outcome. Alternatively, failure to assess symptoms 
in a patient "not feeling well" may miss the cause 
of poor health. Different examiners will be more 
or less successful in persuading patients to disclose 
the symptoms. 

Symptoms such as anorexia or nausea have to 
be graded according to their intensity. The prob
lem when looking at isolated symptoms is deter
mining their relationship to well-being in general. 
Symptoms like dysphagia, nausea, vomiting, loss 
of appetite, incontinence, impotence, fatigue, and 
pain may be the relevant endpoints to measure. It 
is also important to determine how the individual 
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Figure 35-5. A. Feinstein's drawing modified by H. Troidl approaching the concept of quality of life 
by combining surgical and psychological aspects. 

patient deals with the symptoms and judges his or 
her own situation. 

Symptoms 

The intensity of pain and its duration and quality 
are significant endpoints. Pain is a diagnostic sig
nal, a stressor and at its worst a torment. In many 
cases pain is the only reason for surgical interven
tion. Examples of pain as an indication and as an 
endpoint for successful treatment include biliary 
colic, pain after herniation of an intervertebral 
disk, pain of chronic pancreatitis, and so on. Post
operative pain is the endpoint for evaluation of an 
endoscopic surgical intervention. 

Instruments for obtaining detailed information 
on this endpoint exist: 

1. Estimation scales (linear, numeric, verbal) 
2. Qyestionnaires, instruments informing about 

quality and intensity of pain 
3. Dosage of pain killers 

Table 35-5 shows several tested instruments for 
pain measurementY-36 

Another important endpoint that has received 
less attention is the fatigue experienced by pa-

tients after surgical interventions. Instruments for 
determination exist but have not been adequately 
tested according to the present standards of clini
cal research. Fatigue has biochemical, physiologi
cal, and psychological components. Despite nor
mal muscle function a depressed or fearful patient 
may still experience fatigue, and muscles impaired 
by a large incision or by a metabolic disease cannot 
compensate for fatigue despite a normal or en
hanced psychological state. 

Physical Functions 
as an Endpoint 

Physical function as an endpoint is generally dom
inated by the patient's profession, interest, and 
age. An elderly man may not take up competitive 
athletic activity after an operation on his knee or 
hip. Nevertheless, it is important that he be able 
to carry out his daily activities and interests. A 
wrist that has not healed in an optimal position 
after radial fracture may not be a significant prob
lem if it is not painful, but it is a disaster for a 
musician if the malunion hinders playing his or 
her musical instrument. 
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Table 35-6. Selected health-related quality of life measuresH -48 

Response 
Authors Dimensions format/rates Applications Validity' Reliability' Comments 

Spitzer et Daily activities; 5 items: 0-3 Cancer, cardiac XX XX Most useful to 
al. 198143 self care, health; scale/patient, transplantation, document net 

support; outlook clinician, sig- terminally ill, and effects of disease 
nificant others lCU patients and manage-

ment over time 

Padilla et al. Physical condition, 14 items: visual Cancer patients X X Unable to locate 
198348 daily activities, analogue usage by other 

personal atti- scales/patients authors 
tudes 

Padilla et al. Physical, social, 24 items: visual Colostomy patients X X Unable to locate 
198548 physiological analogue usage by other 

well-being; scale/patient authors 
treatment re-
sponse (surgical) 

Schipper et Daily functioning: 22 items: 1-7 Cancer patients XX XX Presented on tear 
al. 198444 symptoms, satis- scale/patient sheets to be re-

faction turned by pa-
tients 

Priestman Physical function- Variable number Cancer patients X X Extensively used 
& Baum ing, physical and of items; visual by other investi-
197645 physiological analogue scale/ gators 

symptoms, per- patient 
sonal relation-
ships 

Eypasch et Symptoms, emo- 36 items: 0-3 Various benign and XX XX Used by other in-
al. 199546 tions, physical score points malignant GI dis- vestigators in 

functions, social patients eases English and 
functions German 

Paul et al. Physical, social, 24 items: 5-point Patients before and X XX No norms; needs 
199647 emotional func- Licart scale/ after liver trans- further valida-

tion symptoms; patients plantation tion 
general health 

aX, present; XX, strong feature. 

Table compiled from information contained in William Jr, Wood-Dauphinee S. Assessing quality oflife: Measures and utility. In: Q,Jality of Life 
and Technology Assessment. Mosteller F, Falotico-Tylor J, eds. Washington DC: National Academy Press, 1989; 65-115.48 

To measure this endpoint, several instruments 
have been developed. The earliest proposals de
termined physical fitness with the aid of a scoring 
system, including push-ups and knee-bends, 
without considering the patient's age. Physical fit
ness is an important endpoint for the evaluation 
of treatment in trauma patients, but it cannot be 
looked at in isolation. For determining this end
point in older patients, Sidney Katz developed a 

"daily activity score" based on six components: 
bathing, dressing, toileting, transferring, conti
nence, and feedingY The Karnofsky Scale is an
other pioneer work, developed in 1949, describ
ing physical fitness. 38 This has often been applied 
in judging physical fitness in carcinoma patients 
and has an excellent correlation with the well
being and quality of life instruments developed 
later. 
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Figure 35-6. The four domains of well-being that may be measured to assess overall quality of life. 

Well-Being as an Endpoint 

Overall quality of life is the most difficult end
point to assess. To maintain and improve well
being and quality of life is the ancient approach 
of medical treatment. For more than 20 years I 
have followed discussions on the definition, mea
surement, and feasibility of quality of life assess
ments.39-42 My colleagues in the fight for quality 
of life assessments in the early days were Walter 
Spitzer, Jack McPeek, Martin McKneally, later 
Sharon Wood-Dauphinee, Jack Williams, and 
still later Monika Bullinger, and my present co
workers Ernst Eypasch, Andreas Paul, and Lothar 
Kohler. Since that time the situation has changed; 
the topic is now discussed. 

The main source of the resistance and skepti
cism toward quality oflife as an endpoint in clini
cal research lies in our focus on measurability in 
disease and health. Ignorance, indifference, and 
preoccupation with the fads and fetishes of mea
surement have impeded understanding and de
velopment of approaches to describe quality oflife 

with some degree of realism. In 1986 at the Sintra 
symposium we tried to develop a definition or a 
reasonable summary of quality of life. Feinstein 
(see Figure 35-5) summarized the average ap
proach of clinicians and the similarly isolated ap
proach of psychologists, and he thoughtfully and 
enthusiastically offered "How are you?" as a pos
sible solution. 

Pragmatists and methodologically oriented 
members agreed upon the definition as shown in 
Figure 35-6 as a possible hypothesis for a suitable 
definition of quality of life. In general, quality of 
life is sufficiently described by the domains of 
physical fitness, psychological aspects, social as
pects, and symptoms. Still, the problem of inter
action between these domains exists. The individ
ual domains can be determined with acceptable 
objective methods. A number of good instruments 
for determination of quality of life have been de
veloped, most of them focused on methodology 
for present clinical research. A general discussion 
is ongoing between clinicians and epidemiologists 
related to an "organ-specific" index;41 it has the 
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Figure 35-7. 

advantage over global determinations of quality of 
life of discovering specific symptoms responsible 
for impaired quality of life that may be treatable. 
Practicability and sensitivity not only for dying 
patients, but also for patients in less-advanced 
stages of disease are important unfilled goals. 

Conclusion 

We close with the example of organ transplanta
tion. Indications for transplantation of a liver, kid
ney, lung, heart, or pancreas can be understood 
more easily if an extremely bad quality of life can 
be improved. The relevant endpoint in transplan
tation is often palliation of unacceptable overall 
quality of life. ~ality of life is also the relevant 
endpoint when treatments offer only small altera
tions in survival time. ~ality of life is a signifi
cant endpoint in "trade-offs"; for example, is the 

Ciencia Y Caridad. 

risk of pelvic pouch versus permanent ileostomy 
worthwhile? Only a quality of life determination 
can justifY the risk of this large, complicated 
operation for patient and surgeon. 

Fortunately, interest in this complex issue is 
broadening. Newly developed instruments for de
termining quality of life-not only in carcinomas, 
but also in diseases of the intestinal organs and 
transplant surgery-demonstrate this. Table 35-6 
shows several important and tested instruments 
for measuring quality oflife.43- 48 

Picasso's painting of "Ciencia y Caridad" (Fig
ure 35-7), which he made at the age of 18, por
trays the essence of the medical profession. The 
nurse with the child stands for "caridad" (care), 
the physician measuring the pulse represents 
medical science. After many earlier versions, Pi
casso evolved this picture dominated by care, with 
the patient put into the center of the picture. 
Shouldn't we do the same? 
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CHAPTER 36 

Introductory Biostatistics Texts: 
Selected Annotated Bibliography 
F Mosteller and B. Rosner 

When asked to prepare this bibliography, we se
lected a few books based upon our personal 
knowledge. We performed a computer search in 
the American Statistical Association Institute of 
Mathematical Statistics Current Index of Statis
tics to identifY reviews of these books and used 
the reviews to help produce the comments in
cluded below. The purpose is to give the potential 
consumer a quick overview of the contents, ori
entation, and special features of several texts in 
biostatistics. 

In addition to the full reference, we have in
dicated the pages of appendices, tables, and other 
materials. 

We indicate the intended audience, where the 
examples and problem materials come from, the 
extent of tables, how computing is handled, and 
special features. This list may be helpful as a start
ing point for choosing books for a library or for a 
course of study. 

Armitage P, Berry G. Statistical Methods in 
Medical Research, 3rd edn. London: 
Blackwell Scientific, 1994, pp. 558 + xi + 
Tables 22 + References 14 + Index 26. 

Audience. "This book is intended to be useful 
both for the medical research worker with no par
ticular mathematical expertise but with the ability 
to follow straightforward formulae and for the 
professional statistician interested in medical ap
plication" (p. ix). "Statisticians engaged in medical 

work or interested in medical applications will, we 
hope, find many points of interest in this review 
of the subject. In particular, the book may provide 
a useful framework for the teaching of courses for 
students trained in medical or biological science. 
Much of the exposition and many of the examples 
are based on material used in courses for post
graduate students in the medical sciences" (p. xi). 

Chapter titles. 

1. The Scope of Statistics 
2. Probability 
3. Sampling 
4. Statistical Inference 
5. Regression and Correlation 
6. The Planning of Statistical Investigations 
7. Comparison of Several Groups 
8. Further Experimental Designs 
9. Further Analysis of Straight Line Data 

10. Multiple Measurements 
11. Data Editing 
12. Further Analysis of Categorical Data 
13. Distribution-Free Methods 
14. Survival Analysis 
15. Sequential Methods 
16. Statistical Methods in Epidemiology 
17. Biological Assay 
18. Statistical Computation 

Examples and problems. Examples are selected 
almost entirely from real medical research prob-
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lems, which are a strength of the book. There are 
no problems, which is a drawback for the purpose 
of classroom use. 

Computing. Computer packages are not explic
itly used in the book. Chapter 18 is concerned 
with statistical computation and summarizes 
some of the major statistical packages, each in 
about one paragraph. 

Tables. There are ten tables that include the stan
dard tables used in basic statistical inference as well 
as two special tables concerned with sample size for 
comparing two proportions, and sample sizes for 
detecting relative risk in a case control study. 

Special features. This book is more comprehen
sive than most elementary books on biostatistics. 
It contains some topics that might ordinarily be 
found in intermediate-level specialty biostatistics 
books, such as generalized linear models, sequen
tial methods, experimental design, Bayesian 
methods, and methods for longitudinal data. One 
of the great strengths of the book is its ability to 
give the reader an informed glimpse on anintro
ductory level at these more advanced topics, with
out requiring that the reader be familiar with these 
specialty areas. Another strength of the book is its 
fine use of real examples throughout, although the 
examples are usually presented as excerpts from a 
study without giving the big picture as to what the 
study is about. One drawback of the book is that, 
although little mathematics is used, it is written 
on a higher level than most other elementary bio
statistics books. 

Colton T. Statistics in Medicine. Boston: Little 
Brown, 1974, pp. 352 + xii + answers 22 
+ tables 9 + references 5 + index 12. 

Audience. "This book enunciates the principles 
of statistics for the present or future practicing 
physician ... to arm the reader with sufficient sta
tistical expertise so that he can critically evaluate 
an author's presentation, analysis, and interpre
tation of data" (p. vii). 

Chapter titles. 

1. Rationale for Statistics in Medicine 

Part I. Fundamentals 
2. Descriptive Statistics 
3. Probability 

Part II. Statistical Inference 
4. Inference on Means 

5. Inference on Proportions 
6. Regression and Correlation' 
7. Nonparametric Methods 
8. Sequential Analysis 
9. Longitudinal Studies and Use of the Life 

Table 

Part III. Statistics in Medical Research 
10. Clinical Trials 
11. Medical Surveys 
12. Fallacies in Numerical Reasoning 
13. Critical Reading of the Medical Literature 

Examples. Drawn from medical and epidemio
logical research and practice. 

Problem material. Drawn from practical work, 
about 60 problems composed of 155 parts. 

Computing. Not treated. 
Tables. Standard statistical tables for the nor

mal, t, X2, rank correlation, and a few nonpara
metric tests. 

Special features. Discussion of fallacies. 

Daniel WW. Biostatistics: A Foundation for 
Analysis in the Health Sciences, 6th edn. New 
York: Wiley, 1995, pp. 645 + x + 
appendices 112 + answers to odd-numbered 
exercises 18 + index 4. 

Audience. "The sixth edition of Biostatistics: A 

Foundation for Analysis in the Health Sciences 
should appeal to the same audience for which the 
first five editions were written: advanced under
graduate students, beginning graduate students, 
and health professionals in need of a reference 
book on statistical methodology" (p. vii). 

Chapter titles. 

1. Introduction to Biostatistics 
2. Descriptive Statistics 
3. Some Basic Probability Concepts 
4. Probability Distributions 
5. Some Important Sampling Distributions 
6. Estimation 
7. Hypothesis Testing 
8. Analysis of Variance 
9. Simple Linear Regression and Correlation 

10. Multiple Regression and Correlation 

'Multiple regression and logistic regression are not 
treated except for a two-page mathematical discussion 
about extending simple linear regression. 
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11. Regression Analysis-Some Additional 
Techniques 

12. The Chi-Square Distribution and the Analy
sis of Frequencies 

13. Nonparametric and Distribution-Free Statis
tics 

14. Vital Statistics 

Examples and problems. There are a total of 715 
problems. The problems are organized at the end 
of specific sections as well as in the form of review 
exercises at the end of a chapter. There are a few 
problems at the end of many of the chapters that 
make use of the 20 computer datasets on the data 
disk that comes with the book. The examples and 
problems are sometimes from the medical or bio
logical literature and in some cases are fictitious 
problems. Answers are supplied to the odd
numbered exercises at the end of the book. 

Computing. MINIT AB output is used through 
the book. SAS output also appears for the first 
time in the sixth edition. In addition, an appendix 
with some MINIT AB commands is given at the 
end of the book. In some cases the author also 
indicates specific MINIT AB commands in the 
text to carry out particular types of analyses. 

Tables. There are 16 tables available, which 
cover the standard tables used for basic statistical 
inference. The tables for nonparametric methods 
are more detailed than one finds in most intro
ductory texts. 

Special features. The book spans traditional top
ics in introductory courses. The book is very 
strong on nonparametric methods, but somewhat 
weak on methods used in epidemiologic studies. 
There is a chapter on vital statistics, which is very 
brief and does not include some topics of current 
interest such as the log rank test or the Cox model. 
The large number of exercises makes the book 
appealing for classroom use. 

Ingelfinger JA, Mosteller F, Thibodeau LA, 
Ware JH. Biostatistics in Clinical Medicine, 
3rd edn. New York: McGraw-Hill, 1994, pp. 
360 + xxv + additional problems 4 + 
solutions to odd-numbered problems 14 + 
tables and charts 30 + index 10. 

Audience. "This book prepares physicians to un
derstand probability and statistics and apply them 
to the care of the individual patient .... We em-

phasize their use in problems of diagnosis, treat
ment, and follow-up" (p. xxi). 

Chapter titles. 

1. Diagnostic Testing: Introduction to Proba
bility 

2. Diagnostic Testing: Likelihood and Odds 
3. Screening for Breast Cancer. Guidance from 

Decision Trees 
4. Has the Treatment Helped the Patient? In

trasubject and Intersubject Variability 
5. Blood Pressure and Hypertension: Distri

bution and Variability 
SA. Ideas of Exploratory Data Analysis: Reana

lyzing an Exercise Dataset 
6. Assessing Treatment Efficacy by Analyzing 

Counts 
7. What are P Values? 
8. What is Chi-Square? 
9. Regression: an Overview 

9A. More about Regression: A Closer Look at 
the Regression of Glomular Filtration Rate 
on Plasma Creatinine 

9B. Introduction to Multiple Regression 
10. The Management of Stable Angina: Inter-

preting Life Tables 
11. Reading a Report of a Clinical Trial 
12. Applying a Clinical Trial 
13. Reading a Report of an Epidemiological 

Study 
14. Using Meta-Analysis for Research Synthe

sis: Pooling Data from Several Studies 

Examples and exercises. Almost all examples and 
exercises are based on data from medical research 
studies. There are 152 problems composed of216 
parts. 

Tables and charts. Tables for the normal, t, bi
nomial, binomial confidence limits, Poisson, F, 
Poisson confidence limits, X2 , binomial (p = 1/ 
2), and random digits and binomial confidence 
charts. 

Computing. Shows printout from computed re
gressIOn. 

Special features. Each principal chapter contains 
at least one detailed clinical problem with asso
ciated quantitative methods leading to interpre
tations and solutions. Chapter 14 gives an over
view of research synthesis. 
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Pagano M, Gauvreau K. Principles of Biosta
tistics. Belmont, California: Wadsworth, 1993. 
pp. 481 + ix + tables 20 + datasets 10 + 
solutions to selected exercises 8 + index 3. 

Audience. "This book was written for students 
of the health sciences and serves as an introduc
tion to the study of biostatistics-the use of nu
merical techniques to extract information from 
data and fact" (p. vii). "Principles of Biostatistics 
is aimed at the student who wishes to learn mod
ern research methods. It is based on a required 
course offered at the Harvard School of Public 
Health. A large number of health professionals in 
the rest of the Harvard medical area attend as 
well" (p. vii). 

Chapter titles. 

1. Introduction 
2. Data Presentation 
3. Numerical Summary Measures 
4. Rates and Standardization 
5. Life Tables 
6. Probability 
7. Theoretical Probability Distributions 
8. Sampling Distribution of the Mean 
9. Confidence Intervals 

to. Hypothesis Testing 
11. Comparison of Two Means 
12. Analysis of Variance 
13. Nonparametric Methods 
14. Inference on Proportions 
15. Contingency Tables 
16. Multiple 2 X 2 Tables 
17. Correlation 
18. Simple Linear Regression 
19. Multiple Regression 
20. Logistic Regression 
21. Survival Analysis 
22. Sampling Theory 

Examples and problems. The author states, 
"Throughout the text we have used data drawn 
from published studies to exemplifY biostatistical 
concepts. Not only is real data more meaningful, 
it is usually more interesting as well .... To this 
end, we have been guided by the backgrounds and 
interests of our students-mostly public health 
and clinical research-to choose examples that 
best illustrate the concepts at hand" (p. viii). There 
are 113 exercises, some with multiple parts. So-

lutions are provided for selected exerCises (ap
proximately half). 

Computing. There are 12 datasets listed in the 
appendix, which are also provided on a data disk 
that accompanies each copy of the book. Most of 
the datasets contain a few columns of specific vari
ables without any specific context of the studies 
from which the data is derived. Some of the ex
ercises make use of these datasets. The course that 
the book is derived from uses Stata, which is the 
package used to display results of some of the ex
amples in the text, although the datasets can be 
accessed by any statistical package. No specific 
guidance is provided on statistical computing 
techniques. 

Tables. There are six tables covering standard 
tests of significance and nonparametric tests. 

Special features. At the end of each chapter is a 
section on further applications, which provides a 
few additional examples for discussion. 

Rosner B. Fundamentals of Biostatistics, 4th edn. 
Belmont, California: Wadsworth, 1995, pp. 631 
+ xi + tables 27 + answers to selected 
problems 5 + flowchart: methods of statistical 
inference 5 + index 7 + index of applications 4. 

Audience: "I have written this introductory-level 
biostatistics text for upper-level undergraduate or 
graduate students interested in medicine or other 
health-related areas" (p. iii). "The material in this 
book is suitable for either a one- or two-semester 
course in biostatistics. The material in Chapters 
1 through 8 and Chapter 10 is suitable for a one 
semester course. The instructor may select appro
priate material from the other chapters as time 
permits" (p. iii). 

Chapter titles. 

1. General Overview 
2. Descriptive Statistics 
3. Probability 
4. Discrete Probability Distributions 
5. Continuous Probability Distributions 
6. Estimation 
7. Hypothesis Testing: One-Sample Inference 
8. Hypothesis Testing: Two-Sample Inference 
9. Multisample Inference 

10. Hypothesis Testing: Categorical Data 
11. Regression and Correlation Methods 
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12. Nonparametric Methods 
13. Hypothesis Testing: Person-Time Data 

Examples and problems. "Most examples and 
exercises used in this book are either based on 
actual articles from the literature or on actual 
medical research problems that I have encoun
tered during my consulting experience at the 
Harvard Medical School" (p. iii). "Every new 
concept is developed systematically through com
pletely worked out examples from current medi
cal research problems" (p. iii). There are a total 
of 900 problems in the text. An additional 700 
problems are available in a study guide that is an 
ancillary text that students can purchase to sup
plement the text. Approximately 300 problems 
are solved in the back of the book. Complete 
solutions are provided for all problems in the 
study guide. An Index of Applications provides 
an index by medical subspeciality of the examples 
and problems in the text. 

Computing. A data disk accompanies the text 
with 20 datasets that are used for the computer
based problems in the text (of which there are 
approximately 150). The datasets are available 
both in ASCII and MINITAB format. In addi
tion, computer output in MINITAB, SAS, and 
SPSS is provided illustrating the methods 
throughout the book. However, no specific in
structions are given for how to use these packages. 

Tables. There are 15 tables in the text, which 
cover most of the standard distributions used in 
routine statistical inference. In addition, a few 
special tables are concerned with exact confidence 
limits for the binomial and Poisson distribution 
and tables for outlier detection methods. 

Special features. A special feature of the book 
is the quality and quantity of the examples and 
problems. The datasets in some cases are based 
on entire datasets from real studies rather than 
excerpts from a few selected variables. The sci
entific questions posed by the datasets have their 
own substantive interest. There is also a flow
chart of methods of statistical inference that uni
fies the methods covered through the book. A 
case study is discussed throughout the book to 
illustrate different statistical methods. The book 
can serve both as an introductory text as well as 
a reference book. Some special topics include 
power and sample size in many different con-

texts, intraclass correlation coefficient, the cross
over design, analysis of incidence rate data, and 
outlier detection methods. 

Woolson RF. Statistical Methods for the Analysis 
of Biomedical Data. New York: John Wiley & 
Sons, 1987, pp. 464 + xx + tables 43 + 
index 5. 

Audience. " ... two audiences in mind. First, the 
book may fill the needs of medical researchers 
who would like to reference a book that is more 
substantial than an introductory biostatistics text. 
Second, ... as a text book for an introduction se
quence in biostatistics, particularly for majors in 
biostatistics and statistics .... As a text book for 
a biostatistics program, the book would be suited 
to those students who are pursuing a master's de
gree" (p. vii). 

Chapter titles. 

1. Introduction 
2. Descriptive Statistics 
3. Basic Probability Concepts 
4. Further Aspects of Probability for Statistical 

Inference: Sampling, Probability Distribu
tions, and Sampling Distributions 

5. Confidence Intervals and Hypothesis Test
ing: General Considerations and Applica
tions 

6. Comparison of Two Groups: t-Tests and 
Rank Tests 

7. Comparison of Two Groups: Chi-Square and 
Related Procedures 

8. Tests of Independence and Measures of As
sociation for Two Random Variables 

9. Least-Squares Regression Methods: Predict
ing One Variable from Another 

10. Comparing More Than Two Groups of Ob
servations: Analysis of Variance for Compar
ing Groups 

11. Comparing More Than Two Groups ofOb
servations: Rank Analysis of Variance for 
Group Comparisons 

12. Comparing More Than Two Groups of Ob
servations: Chi-Square and Related Proce
dures 

13. Special Topics in Analysis of Epidemiological 
and Clinical Data: Studying Association Be
tween a Disease and a Characteristic 
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14. Examination and Comparison of Survival 
Curves 

Examples and problems. Many of the examples 
are drawn from real-life biological or medical 
data, as are some of the problems. Citations to the 
original research simplifies follow-up. There are 
114 problems, some of which have many parts. 

Computing. The author shows tables that might 
appear as printouts. The regression chapter ends 
with a paragraph about SAS and BMDP. The 
analysis of variance chapter closes with more than 
half of a page devoted to statistical software. 
Other chapters provide similar brief discussions. 

Tables. The appendix provides 16 tables cover
ing random digits, the binomial and Poisson dis
tributions, the usual normal, t, X2, F distributions, 
charts for binomial confidence limits, and tables 
for various nonparametric methods. 

Special features. The parametric tests and the 
nonparametric tests are presented in parallel. 

In addition to the textual description of the 
various methods, the author provides handy out
lines associated with a technique indicating the 
kind of data, assumptions, and computations, and 
in hypothesis testing gives the various hypotheses 
and the decision rules associated with them. Then 
an associated table gives a worked example follow
ing the layout. Additional examples sometimes il
lustrate several approaches or situations. 

Richard G. Cornell alerts us to a notational trap 
in designating the degrees of freedom for the t 

distribution. The (n - 1) in the confidence limits 

X ± t1 _ all n - 1 )sl j~ is not a multiplier but 
indexes the degrees of freedom (p. 121). 

Zar JH. Biostatistical Analysis, 3rd edn. Upper 
Saddle River, New Jersey: Prentice Hall, 
1996, pp. 662 + x + appendices 205 + 
answers 11 + references 19 + index 21. 

Audience. "First, it has served as an introductory 
text book, assuming no prior knowledge of statis
tics. Secondly, it has functioned as a reference 
work, covering a sufficient variety of concepts and 
procedures to satisfY a large portion of the bio
logical disciplines that require statistical analysis, 
and being consulted long after formal instruction 
has ended" (p. ix). 

Chapter titles. 

1. Introduction 

2. Populations and Samples 
3. Measures of Central Tendency 
4. Measures of Dispersion and Variability 
5. Probabilities 
6. The Normal Distribution 
7. One-Sample Hypotheses 
8. Two-Sample Hypotheses 
9. Paired-Sample Hypotheses 

10. Multisample Hypothesis: The Analysis of 
Variance 

11. Multiple Comparisons 
12. Two-Factor Analysis of Variance 
13. Data Transformations 
14. Multiway Factorial Analysis of Variance 
15. Nested (Hierarchical) Analysis of Variance 
16. Simple Linear Regression 
17. Comparing Simple Linear Regression Equa-

tions 
18. Simple Linear Correlation 
19. Multiple Regression and Correlation 
20. Polynomial Regression 
21. Testing Goodness of Fit 
22. Contingency Tables 
23. More on Dichotomous Variables 
24. Testing for Randomness 
25. Circular Distributions: Descriptive Statistics 
26. Circular Distributions: Hypothesis Testing 

Examples and problems. The author states that 
the data in the examples and exercises are largely 
fictional and intended to illustrate statistical, not 
biological, principles (p. x). There are about 159 
exercises composed of 293 parts. The illustrations 
come from many biological disciplines, not pri
marily from medicine. 

Computing. Occasionally, printouts of com
puter output are produced for illustration. Appen
dix A gives advice about the appropriate compar
isons for F-ratios and degrees of freedom 
associated with the analysis of variance. 

Tables. Forty-one tables cover the usual tests of 
significance plus nonparametric tests, including 
runs and tests associated with data distributed on 
a circle. 

Special features. The author provides many his
torical remarks about the inventors of statistical 
techniques. A strength of the book is in its en
cyclopedic coverage of many topics including 
some rarely seen in introductory books, such as 
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tests for randomness, extensive handling of analy
sis of variance, and circular distributions. 

Commentary 

The editors chose not to include a "primer chap
ter" on statistics in this edition, but rather asked 
the dean of American statisticians to guide us 
through a spectrum of currently available text
books on statistical methods that might be helpful 
to the surgical researcher. The reader will find the 
chapter an insightful critique of existing textbooks 
on biostatistics that is easy to read. Based on re
views culled from a survey of the American Sta
tistical Association Institute of Mathematical Sta
tistics Current Index of Statistics, this chapter will 
allow researchers to select a book based on their 
level of training and needs, and to find out where 
to go for more information. 

My personal favorite of the textbooks evaluated 
is the book by Ingelfinger, et al., entitled Biosta-

tistics in Clinical Medicine. It provides a broad ar
ray of well-illustrated information and the basic 
methodology a surgeon-investigator needs to as
sess most clinical data. It is reader friendly, and 
each chapter contains at least one detailed prob
lem illustrating the application of biostatistic 
methodology. 

Professor McPeek, reminding us that the field 
o~ b~os.tatistics is a well established, free-standing 
dlsclplme, makes the point that "a surgeon par
tially informed in statistical methodology can be 
almost as dangerous as a statistician attempting 
an appendectomy after 6 months' exposure to sur
gical teaching." He counsels working with the 
statistician as a two-way consultation, as empha
sized in Moses's chapter (chapter 39). These 
chapters, combined with practical surgical exam
ples and advice from Olak and Chiu (chapter 37), 
will help the reader to become an informed con
sumer and more effective collaborator in biosta
tistical methodology. 

D.S.M. 



CHAPTER 37 

A Surgeon's Guide to Biostatistical 
Inferences: How to Avoid Pitfalls 
J Olak and R. C. -J Chiu 

In this last decade of the twentieth century, sur
geons are finding themselves making decisions 
based on statistical analyses. These analyses ap
pear regularly in professional journals and sci
entific presentations, but they are also used by 
governments and insurance companies in the for
mulation of health care policy documents. Mass 
media may disseminate this information, often ig
noring serious pitfalls associated with the statis
tical methods used to reach the conclusions pub
lished. The consumer generally assumes that the 
statistical tests used in peer-reviewed journal ar
ticles are appropriate. It has been estimated, how
ever, that up to two-thirds of the studies appear
ing in some of the best medical journals contain 
statistical errors or unwarranted conclusions.1,2 In 
order to critically appraise this information, some 
understanding of biostatistical methods and their 
constraints has become essential. Education to 
enable surgeons to do so is being incorporated 
into the training of future surgeons and will be a 
valuable part of the continuing education of prac
ticing surgeons. This chapter is intended to con
tribute to this effort, building on the information 
provided in earlier chapters. 

In addition to understanding methodological 
issues and their pitfalls, surgeons need to interpret 
results in a clinical context. Some experts feel that 
there has been an unnecessary shift in emphasis 
from reporting raw data to hypothesis testing, in
creasing the risk of equating statistical significance 

with clinical relevance.3- S For example, some 
studies report clinical outcomes using endpoints 
that are sensitive but of no proven clinical sig
nificance.6 

Today the randomized prospective clinical trial 
is thought to be the gold standard method for the 
evaluation of the effectiveness of diagnostic or 
therapeutic interventions, It is felt to provide the 
best evidence of cause and effect.? It is also the 
most expensive type of trial to conduct. 

CLUE: Beware of the paper that attempts 
to establish a cause and effect relationship 
on the basis of a retrospective or cross
sectional study. This is best established 
within the context of a randomized clinical 
trial. 8 

Trial methodology has evolved substantially 
since the first randomized prospective clinical tri
als were published 30 years ago.9 The strength of 
this approach lies in the similarity between control 
and treatment groups, resulting from the random 
allocation of patients to these groups. Historical 
observational studies achieve a higher rate of sta
tistical significance than randomized trials. This 
is usually attributable to the fact that the control 
groups do more poorly in these studies, and this, 
in turn, relates to the difficulty in eliminating se
lection bias whenever random allocation of sub
jects is not practiced. lO Unexplained variability 
among historical groups might account, to some 
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extent, for this phenomenon as well. It is not al
ways possible, however, to perform a randomized 
clinical trial in order to answer a surgical question. 
The reasons for this are manifold. For example, 
the condition under question might be so rare that 
it would take an unacceptable amount of time to 
complete a trial. On the other hand, the cost of a 
trial when weighed against the importance of the 
question might be prohibitive and thereby pre
clude its being done. Finally, it might not be con
sidered ethical to withhold therapy from a control 
group if, for example, the disease of interest is 
uniformly fatal. 

This chapter will discuss comparability of study 
groups, prognostic stratification, randomization, 
the issue of sample size, and p-values. It will also 
address the difference between positive and nega
tive trials, as well as the difference between sta
tistical and clinical significance. Statistical com
parisons of two treatment strategies are 
meaningful only when they can detect clinically 
important differences. 

This chapter will also address confidence inter
vals, statistical power, and survival statistics in
cluding life-table methods, regression, propor
tional hazards, correlation, and decision analysis. 
Meta-analysis will be discussed in a subsequent 
chapter. 

Evaluation of Study Groups 

The first paragraph of the results section of a typi
cal journal article usually describes the study 
groups in terms of demographic characteristics 
and prognostic factors. This enables the reader to 
verifY whether the groups were sufficiently similar 
to one another. It is important to establish simi
larity of study groups, since all tests of statistical 
significance are predicated on the supposition that 
the study groups are drawn randomly from the 
population. Of course, this is strictly true only in 
properly randomized clinical trials.7 It does not 
mean that the results of tests of statistical signifi
cance are not otherwise accurate, but rather that 
they should be interpreted with caution. The level 
of significance reported and the generalizability of 
the result to the population can be affected by the 
failure to randomly allocate patients to the differ
ent treatment arms. 

In randomized trials it is not necessary to prove 
that control and treatment groups are similar to 
one another by testing for statistically significant 
differences between them. It is considered suffi
cient to report the absolute number of subjects 
with each pertinent variable in table form. In non
randomized trials it is particularly important to 
check for imbalance between study groups be
cause bias may enter into the selection of a par
ticular patient for one treatment arm as opposed 
to the other. If an imbalance between groups with 
respect to a particular variable is apparent, a single 
test of statistical significance should be performed 
to determine its potential for impacting on the 
results.8 In addition, a look back at how the pa
tients were accrued to the study might illustrate 
that selection bias could be influencing the results. 

If the surgeon suspects that not all eligible pa
tients were offered participation in the study, se
lection bias may indeed be acting. In a truly ran
domized study, the authors should indicate not 
only how many patients were ultimately random
ized, but how many otherwise eligible patients did 
not participate and the reasons for failure to par
ticipate. For example, an individual patient may 
not have been made aware of the study. The sur
geon may have felt the patient to be higher risk, 
lower risk, or otherwise unacceptable for the 
study, or may have forgotten about the study. The 
referring doctor might have requested a particular 
approach for the patient. The reader must judge 
based upon the information provided whether or 
not selection bias might be acting and to what 
extent it may affect the generalizability of the re
sults to patients. 

There are three questions that a wary reader 
should be able to answer to ensure that the data 
are correctly summarized: (1) Do the numbers 
add up, that is, are all patients accounted for with 
regard to each parameter reported? (2) Are the 
observations counted correctly? Just because mul
tiple observations are made on a treatment group 
does not mean that the sample size increases. 
(3) Are the baseline variables similar among con
trol and treatment groupS?8 

Stratification for prognostic variables should be 
sought because it is much more meaningful when 
patients are stratified prior to randomization (a 
priori) in a study rather than performing subgroup 
analyses at the end. In the former instance, the 
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investigators anticipated a difference in response 
between subgroups defined by a particular attri
bute and attempted to ensure that equal numbers 
of patients with that attribute were randomized to 
each treatment arm; whereas, in the latter in
stance, the investigator found a difference in re
sponse rates and elected to analyze the data ac
cording to subgroups after the fact (a posteriori). 
For example, in a study of antibiotic prophylaxis 
in surgical patients, one might anticipate a differ
ence in wound infection rates in diabetics when 
compared to non diabetics and stratifY for the 
presence of diabetes before randomization to en
sure equal numbers of diabetics in each group. 
Subgroup analysis, on the other hand, can be both 
informative and potentially misleading. ll The 
strength of inference regarding a proposed differ
ence in treatment effect among subgroups is de
pendent on several factors. If the magnitude of 
the difference would not impact on clinical deci
sion making, subgroup analysis is not useful. In 
addition, the performance of separate significance 
tests on different subgroups increases the likeli
hood of obtaining a statistically significant differ
ence by chance alone and thus may not provide 
direct evidence that a prognostic factor affects the 
observed difference. 12 In this instance, a test for 
interaction can be performed and is a valid 
method of assessing the relationship between the 
variable and treatment response. If the authors an
ticipated a differential treatment effect, subgroup 
analysis has more credibility than the post-hoc 
finding of an effect for which they might be ac
cused of data dredging. The finding of a differ
ential treatment effect in a second separate study 
adds to its credibility as well. Finally, a differential 
treatment effect that makes biological sense is 
even more plausible. ll 

CLUE: Be careful not to overinterpret data 
that have been subjected to multiple sub
group analyses. Subgroups may be of very 
different size {n}, and the p-values associ
ated with subgroup analysis must be taken 
within the context of each group's size. Be
ware of the study whose primary outcome 
is not statistically significant but reports 
a series of secondary outcomes, some of 
which are significant: if you perform enough 
tests of statistical significance, you increase 

the likelihood of obtaining a positive result 
due to chance alone. 

Only rarely is the effect of an intervention really 
confined to one subgroup of patients. Without a 
positive test for interaction, the factor being as
sessed is unlikely to profoundly influence the out
come.12 Stratified randomization can be used to 
reduce the risk of having any imbalance in prog
nostic factors. 

It is important to ascertain whether or not all 
patients who entered the study are accounted for 
in the results section. If the number of dropouts 
or withdrawals was high overall or disproportion
ately high in one treatment arm, a significance test 
should be performed to ascertain whether or not 
this created inequality between control and treat
ment groups because this might impact on the 
validity of the study. For example, in a comparison 
of two drugs for the treatment of hypertension, 
one drug might result in a disproportionately high 
incidence of undesirable side effects, resulting in 
more patient withdrawals from that treatment 
arm and thereby create an imbalance between 
control and treatment groups. It is likewise im
portant to be assured that there were equal num
bers of observations made on each subject studied. 
For example, if a researcher reports on the anti
hypertensive effect of two drugs 1 hour after their 
administration, but reports only 20 observations 
in the control group and 100 observations in the 
treatment group, the reader should be suspicious 
of possible reporting bias. Reporting bias could 
affect either the control or treatment group.13 

This information is important to the reader. 
Patients drop out or withdraw from studies for 
many reasons. For example, they may (1) suffer 
severe side effects or complications of therapy and 
withdraw from the study, (2) recover and not want 
further follow up, (3) die, or (4) move and be un
able to complete follow up. In a report addressing 
prognosis it is especially important to indicate the 
fate of every patient enrolled in the study and to 
include each one in the analysis of results. If a 
study does not account for all of its patients, the 
impact can sometimes be assessed by recomputing 
the statistics, assuming that all patients lost to 
follow-up experienced the least desirable out
come. If the conclusion is unchanged despite this 
adjustment, then the physician can assume that 
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the results are robust; whereas, if they do change, 
their clinical relevance must be questioned. 

Analysis of Results 

p-Values 

When p-values began to be incorporated into sur
gical articles, physicians learned that ''p < 0.05" 
meant that the difference in whatever was being 
compared was statistically significant. What does 
this really mean? 

First of all, most statisticians urge the publi
cation of the actual p-value (e.g., p = 0.04 instead 
of p < 0.05) as well as the value of the test statistic 
from which the p-value is obtained (e.g., t-value 
for student's t-test, or F-value for analysis of vari
ance (ANOVA)). This will enable a doubting 
reader to verifY the value on his or her own tables. 
For most studies, two-tailed statistical tables 
should be used. As stated previously, these are 
more conservative, and thus statistical significance 
is harder to achieve. By using two-tailed tables, 
the investigator is allowing for the possibility of 
either a positive or negative effect to occur. 

When p = 0.05, it means that there is a 5% 
probability that the difference observed between 
the control group and the treatment group with 
respect to whatever is being compared has oc
curred by chance alone. Conversely, it means that 
there is a 95% probability that the observed dif
ference is really the result of the intervention. 
p-values imply little, however, about the magni
tude of the difference between groups. When p < 
0.0001, for example, it does not mean that the 
result is very important, but rather that a large 
sample size was used. It does mean that chance is 
an unlikely explanation for the difference ob
served. In the real world, however, this result 
might be clinically irrelevant. In any study, the 
author should specifY beforehand what magnitude 
of treatment effect would be considered clinically 
meaningful.! 

Several reasons why a statistically significant dif
ference (e.g., p = 0.05) might not translate into a 
clinically relevant difference are outlined below: 

1. The population of patients upon whom the in
tervention was applied might not represent the 

patients whom you treat. For example, age, 
race, or coexisting illnesses might be quite dif
ferent, and this information must be gleaned 
from the article in order to determine the clini
cal applicability of the result to patients. 

2. The cost of the intervention might be prohibi
tive for the magnitude of difference in outcome 
seen, even though the outcome is statistically 
significant. For example, a new chemothera
peutic regime might prolong life by 4 weeks in 
women with breast cancer compared to the 
current regime, but is 4 weeks clinically sig
nificant? Do the side effects of this new regime 
reduce a patient's quality of life for a longer 
period of time than the presently used regime, 
thereby reducing the actual 28-day life benefit? 
Is 28 days a clinically important amount of 
time for patients suffering from breast cancer? 
What is the cost of the therapeutic interven
tion? You must decide if this new treatment 
regime is practical and feasible within the con
straints of your clinical setting. 

3. The risk of the intervention might, in your pa
tient population, be considerably greater, so 
that you would be unwilling to accept even a 
5% probability that the observed difference in 
outcome was due to chance alone. For exam
ple, a trial of resection and primary anasto
mosis in patients with obstructing colonic can
cer might come out in favor of this approach 
over resection, colostomy, and secondary colo
colostomy. Your patient population might have 
a higher percentage of diabetics, patients on 
steroids, or elderly patients than in the clinical 
trial and tor whom this surgical approach 
might not result in the same outcome. On the 
other hand, you may be willing to accept an 
even higher probability (say 10%) of the dif
ference having occurred by chance alone if the 
intervention had no associated risk or cost in 
your patient population. 

CLUE: Rely more on the author who re
ports the exact value of the test statistic he 
or she calculated, along with its associated 
p-value. 

When a p-value is reported as greater than 0.05, 
or NS, the clinical relevance of this information 
is even more difficult to decide. Small differences 
in treatment effects may be important to 
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the clinician even though not statistically signifi
cant. Reporting p = NS deprives the reader of 
potentially important information, since p = 0.07 
as opposed to p = 0.70 may have clinical rele
vance. A slightly larger sample size in the former 
instance might result in a statistically significant 
outcome; whereas, an increase in sample size in 
the latter instance would be unlikely to change the 
interpretation of the result. Many readers and re
searchers wrongly conclude that two treatments 
or tests are equivalent when a value of p > 0.05 
is reported.3 All that can, in fact, be concluded 
from this result, is that if there is a difference in 
the groups, the study failed to detect it. Failure to 
detect a statistically significant difference might 
not mean that in clinical practice the difference 
does not exist or is not relevant. There are three 
possible explanations for this: (1) the number of 
subjects being compared might be too small, so 
that the p-value is greater than 0.05 only because 
the sample size was too small to detect a difference 
when a difference did exist; (2) the method used 
to measure treatment effect might be too insen
sitive to detect a difference when one did exist; or 
(3) a significant difference might indeed exist, but 
by chance it was not detected in the study.14 In a 
review of 71 "negative trials" that had been pub
lished in the New England Journal of Medicine, 
nearly all of the accepted null hypotheses were 
erroneously interpreted to mean there was no 
treatment effect, despite some differences as great 
as 25%. While these differences failed to reach 
statistical significance, they may have had consid
erable clinical relevance.1 

Negative Studies 
and Confidence Intervals 

One way to appraise the value of a negative study 
(one that has not demonstrated a statistically sig
nificant difference between control and treatment 
groups) is to calculate 95% confidence intervals 
around the observed difference. Confidence in
tervals reflect a range of values that are plausible 
for the population of patients from which the sam
ple came. They are complementary to p-values, 
and both should be reported in negative studies. 
Confidence intervals say something about the size 

of the difference observed. If the confidence in
terval is narrow and contains zero, it supports the 
notion that the difference observed is really not 
statistically significant. Most often, confidence in
tervals are used to aid predictions and compari
sons, either of proportions or of time-related 
events. For example, in my (J.O.) randomized 
study involving patients undergoing elective tho
racotomy, comparing the number of wound in
fections using one preoperative dose of antibiotic 
to six perioperative doses, the 95% confidence in
terval was - 0.008 to + 0.048.15 This indicated 
that there was no more than a 4.8% chance that 
one dose was better than six doses, and no more 
than a 0.8% chance that six doses were better than 
one dose. The fact that this interval was both nar
row and contained zero indicated that it was un
likely that a clinically significant difference in 
wound infection rates would result from adoption 
of one approach over the other. I anticipated that 
the outcome would be negative, that is, the num
ber of wound infections in the one- and six-dose 
groups would be similar. Anticipating no differ
ence, I estimated the sample size required by cal
culating the 95% confidence interval on the dif
ference in proportion of wound infections. Thus, 
I felt safe in concluding that it was very unlikely 
that six doses of antibiotic conferred a clinically 
important benefit upon the patients compared to 
one doseY Table 37-1 helps to illustrate the re
lationship between p-values, confidence intervals, 
and trial size. The values presented are based on 
the assumption that the true improvement in sur
vival in the treatment group compared to the con
trol groups is 55%, up from 50%. 

The exact location and width of the confidence 
interval suggests a good deal about where the 
truth lies and the adequacy of the sample size to 
determine it.S Confidence intervals are not appro-

Table 37-1. 

Trial size 

20 
200 
2,000 
20,000 

95% confidence interval 

(0.12,3.79) 
(0.47, 1.43) 
(0.69, 0.98) 
(0.77,0.87) 

Modified from Parmar MKB (1994).16 

p-value 

0.33 
0.24 
0.01 

<0.00001 
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priate, however, to use with descriptive data (e.g., 
patient weights), for which means and standard 
deviations should be usedY 

The relevance of a negative study depends on 
how large a difference it could detect if one ex
isted, that is, on its power. 18 

CLUE: In a negative study, look for con
fidence intervals to help you to determine 
whether or not the sample size was large 
enough to detect a difference if one did ex
ist, that is, if the power of the study was 
adequate. 

The width of the interval depends on its stan
dard error and thus on both the sample size and 
the standard deviation of the sample measure
ments. A wide interval should alert the reader to 
the possibility that the sample size was too small, 
a commonly encountered finding in the litera
ture. 17 Alternatively, though less likely, a wide 
confidence interval might reflect natural variation. 
The level of confidence reported (90% vs. 95%) 
also affects the size of the interval. A 90% confi
dence interval is always narrower than a 95% con
fidence interval because the researcher is taking a 
greater (10%) chance that the truth lies outside 
the calculated limits. Confidence intervals are 
probably most valuable in situations where the 
sample size is neither very small nor very large. '9 

CLUE: Confidence intervals are a useful 
way of expressing the range of differences in 
outcome that can be expected between con
trol and treatment groups. If the interval 
includes zero, the reader knows that it is 
entirely possible that the observed differ
ence in outcome may have been due to 
chance alone. If the interval is narrow, the 
reader can be reassured that the sample size 
was sufficient. 

Some journals are now moving away from re
porting standard errors in favor of confidence in
tervals, because of the added information con
tained in the latter statistic. 

CLUE: The same problem can arise with 
computation of multiple confidence inter
vals as can arise with the calculation of mul
tiple p-values, that is, with every 95% inter-

val reported, there is a 5% chance that the 
truth lies outside the range. 

Power 

The power of a study relates to its ability to detect 
a difference between groups, if one exists. This, 
in turn, relates to the sample size. Power levels are 
usually set at 80%. In a negative study, for ex
ample, a power level of 80% means that there is 
an 80% probability that a real difference between 
control and treatment groups does not exist, that 
is, that the "negative" conclusion is correct. In 
other words, the authors are willing to accept a 
20% possibility that a "positive" conclusion eluded 
their detection due to insufficient sample size. 

Researchers often design studies in order to de
termine if one drug, diagnostic test, or operation 
is better than another. They most often elect to 
take a 5% chance that a difference, if observed, is 
due to chance alone. What they do not do often 
enough, however, is assign a risk of being incor
rect in the event that the study fails to yield a 
significant result. When a trial reports results that 
are not statistically significant, it cannot necessar
ily be said that the two drugs or tests studied are 
equivalent. Without knowledge of the power of 
the study, interpretation of a statistically nonsig
nificant result is difficult, if not impossible, to 
make. In a review of 84 therapeutic trials appear
ing in six general surgical journals from July 1981 
through June 1982, only 5% of authors discussed 
the power of their study.20 Reed et al. stated that 
almost 86% of articles published in six medical 
journals, and which reported negative results, 
could have missed small effects, 60% could have 
missed medium effects, and 40% could have 
missed large effects. 14 That is, the articles lacked 
sufficient power to detect differences of these 
magnitudes. The clinical relevance of a negative 
study generally depends on how large a difference 
between groups the study can detect, in other 
words, on its power.s In general, confidence in
tervals are more useful for interpreting clinical 
relevance than power calculations, because the lat
ter do not take into account the actual results ob
tained. 
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Survival Rates, 
Life-Table Methods 

A properly calculated survival rate is the best sin
gle statistical index available for measuring the ef
ficacy, for example, of one cancer therapy com
pared to another. 

In a clinical trial, the mean duration of survival 
may be calculated for each group being studied. 
Its meaningfulness is limited by the duration of 
follow-up. Unless all patients have died when the 
calculation is made, the reader may not be able to 
ascertain whether or not prognosis or survival is 
different between the groups being studied. 

Alternatively, a mortality rate may be calcu
lated. This is the percentage of patients dead at 
the end of the study. This rate also depends upon 
the duration of the study; if the duration of 
follow-up is too short, there might not have been 
enough deaths in either arm to allow the reader 
to decide on the risks or benefits of the treatment 
under investigation. 

Yet another rate, a survival rate, may be calcu
lated. This is the percentage of patients in each 
arm of a study who are alive at the end of a specific 
interval. This rate also wastes potentially valuable 
information, however, because it does not permit 
patients who have been followed for shorter in
tervals to contribute to the rate. 

An "adjusted" survival rate reflects the propor
tion of patients in the group who escaped death 
from the cause of interest. It ignores those who 
died from other causes (and hence adjusts the sur
vival rate) and might be appropriate to use when 
it is ascertained that the death rate in one group 
from causes unrelated to the disease was dispro
portionately higher than in the other. Admittedly, 
this would be unlikely to occur within the context 
of a randomized trial. 

CLUE: Beware of the data from an author 
who reports an "adjusted" survival rate. Ask 
yourself what was adjusted for and whether 
or not the adjustment was appropriate. 

A "relative" survival rate reflects the proportion 
of patients in a group who died compared to the 
expected rate for a group of people in the general 
population who are similar with respect to race, 
sex, age, and period of observation. This method 

should be used only when information on cause 
of death is incomplete. 

Actuarial or life-table methods, on the other 
hand, provide a means for using all follow-up in
formation accumulated up to the date of assess
ment.21 

Life-table analysis is the method most com
monly used to summarize survival data in clinical 
trials. It is also used when reporting results oflon
gitudinal investigations whose objective is to de
termine, for example, prognosis or outcome in a 
study of chronic disease. Its principal advantage 
over reporting 5-year survival data is that it uses 
all survival information gathered on patients en
rolled in a study including those who have not yet 
reached the 5-year point. The method is not stan
dardized, however, and it is incumbent upon the 
a.uthors to describe how they handled their pa
tients. A clearly defined "time equals zero" should 
be indicated (e.g., date of diagnosis, date of initial 
treatment, or date of hospital admission). In ad
dition, a clearly defined endpoint should be in
dicated (e.g., death). To avoid the potential for 
biased results, authors should attempt to mini
mize the number of patients lost to follow-up and 
report how they did SO.21 

Life-table analysis takes into account the fact 
that patients are enrolled into studies at different 
points in time, partake in the study for variable 
amounts of time, and may be either alive, de
ceased, withdrawn, or lost to follow-up at the end 
of the study period. Life tables quantitate the pro
portion of patients alive at the end of various in
tervals ~ompared to those alive at the beginning 
of the mterval. In general, patients who survive 
less than a complete interval are most often cred
ited with having survived one-half the interval. 

The advantages of using all patients are that 
(1) if there are only a few cases of a particular 
disease, all of the potential information is in
cl~d~d in the life table; (2) if the mortality rate 
wlthm the first few years is more substantial and 
trails off subsequently, patients who contribute for 
the smaller periods of time provide as much rele
vant information as those who contribute to the 
entire life table; (3) survival information is more 
completely described, and a smaller percentage of 
patients are considered to have been lost to 
follow-up; and (4) if subgroup analysis is under
taken, the reliability of the survival rate increases 
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with the use of all available patient information 
for the same reason as (2) above. 

In cancer trials, for example, mortality rates are 
often higher within the first 2-3 years of surgery, 
as are recurrence rates (events). However, in a re
port of 5-year survival or late mortality, which are 
usually reported as a percentage, a patient who 
had survived for 3 years would not "count" for 
anything; whereas, in a life table this patient 
would contribute to the first 3 years of data tabu
lated. Reporting 5-year survival data or mortality 
data as a simple percentage ignores the distribu
tion of patient-events over time, information that 
is of potential value because it might influence 
follow-up protocols and so forth. 21 Furthermore, 
using every patient's survival information reduces 
the standard error of the survival data. 

CLUE: Beware of the study that reports 
"survival rates" when patient follow-up to 
the date of assessment is largely incomplete. 
There might be important information that 
is not incorporated into the rates, which 
life-table methods would have included. 

All patients who contribute to a life table must 
be categorized by the closing date of the study 
as either (I) alive, (2) dead, (3) withdrawn, or 
(4) lost to follow-up. 

Patients who withdraw from a study are gen
erally considered to contribute fully to the life ta
ble until the interval immediately preceding the 
one during which they withdraw. They are con
sidered to have contributed to one-half of the in
terval during which they withdraw. The author 
should document the number of patients who 
withdrew from the study and the reason{s) for 
their withdrawal in his or her report. 

Patients lost to follow-up can be dealt with in 
a number of ways. The most conservative ap
proach is to consider them to have died as of their 
last follow-up. This is, however, contrary to fact 
in most cases. Registry experience with intensive 
field investigation of lost cases has resulted in the 
recovery of some patients and indicated that such 
patients often live for several years beyond the ini
tial date oflost contact.22 The method most often 
opted for is to assume that patients lost to follow
up have a survival experience similar to that of the 
remaining cases. This approach might overesti-

mate survival. Yet another method for dealing 
with patients lost to follow-up is to omit these 
patients from the table altogether. Most epide
miologists agree that this discards available and 
potentially useful information. Whatever method 
is adopted, the author should state how many pa
tients were lost to follow-up, how their status was 
ascertained, and how they were handled in the 
data analysis. 

CLUE: Even though patients who are lost 
to follow-up and those who withdraw from 
a study are dealt with in the same fashion 
when generating a life table, it is important 
to distinguish between the two. If, for ex
ample, a large number of patients are lost to 
follow-up in a particular study, conclusions 
might be biased as a result. 

The study authors may invoke removal for 
cause. Any patient whose status changes during 
the period of observation and who no longer 
meets criteria for inclusion in the table may be 
removed for cause. 'Failure to do so may bias re
sults. The reason for removal of all such patients 
must be stated. For example, in a life table ex
amining the survival of patients undergoing car
diac valve replacement using two different valves, 
one might argue that considering a study patient 
who dies during the follow-up period as a result 
of coronary artery surgery as a death during the 
study might distort data. There are others who 
would argue, however, that the likelihood of this 
event occurring in either group of patients would 
be expected to be similar. This is the "intention 
to treat" principle. 

Life-table methods also can be used to describe 
outcome data other than survival. Analysis of 
nonfatal events by actuarial methods is also ap
propriate.21 For example, in a study of two cardiac 
valves, freedom from reoperation for valve failure 
can be translated into a curve with patients con
sidered to cease contributing to the curve when 
they require reoperation. 

When interpreting a life table, one should look 
for the number of data points contributing to the 
curve at various points along the x-axis. This will 
give an indication of the number of patients who 
are contributing to the curve as time from entry 
into the study increases. If these numbers are not 
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published, less significance should be placed on 
the curve as it goes further out from time zero. 
The number of patients contributing to the curve 
generally decreases with time, making it a less re
liable estimate of the truth. When less than 10 
persons are contributing to a point on a survival 
curve, it is generally felt that the curve should be 
terminated.23 There has been much debate about 
the most appropriate method of analyzing life ta
bles, that is, whether the curves should be com
pared in their entirety or whether comparison at 
selected points in time is also appropriate.24 The 
latter method of analysis is appropriate when cli
nicians are discussing treatment options with in
dividual patients, though it might not be appli
cable when generalizing results from the sample 
studied to the population. 

The Kaplan-Meier method of survival analysis 
is similar to the life-table method. It involves cal
culation of the proportion of patients surviving to 
each point in time that a death occurs, instead of 
survival to some present interval of time.25 This 
method generates a stepwise curve, whereas, the 
life-table method results in a line. 

Decision Analysis 

Decision analysis is a way of attempting to address 
a health question when a clinical trial is consid
ered either not feasible or too expensive to con
duct considering the importance of the question. 
It can be used to improve, verify, or support in
tuitive decision making when a medical problem 
is rare and thus the question is unanswerable by 
the usual means. It has become a popular method 
used by health policy makers and textbook writers. 
It is a technique based on quantitative reasoning 
and probabilistic models.26 It involves the de
velopment of strategies and tests the impact of 
uncertainty on the result of these strategies by 
varying the estimates (sensitivity analysis).26 It 
employs a computer software program that gen
erates a decision tree, branches of which describe 
various treatment strategies. The risks and bene
fits of each branch generate subbranches, and the 
endpoint of each of these has a utility attached. 
Utility reflects a patient's preference for different 

health states and can be estimated using any of 
several techniques. 

In 1990 one of the authors (J.O.) used decision 
analysis to compare three strategies for the man
agement of the patient undergoing esophagogas
trectomy for carcinoma of the distal esophagus or 
gastric cardia. The question was, "Should all, 
some, or no patients undergoing esophagogas
trectomy with esophagogastrostomy for carci
noma have a drainage procedure performed at the 
time of initial operation?" The few studies that 
addressed the question had either included too 
few patients, had short follow-up times, examined 
different types of esophageal resection, or in
cluded different drainage procedures. The goal of 
the analysis was to minimize the proportion of 
patients in whom any complication developed ei
ther as a result of gastric outlet obstruction or as 
a result of the drainage procedure. The decision 
tree had three branches: (1) drain all patients and 
accept the risk of a drainage-associated compli
cation, (2) drain no patient and accept the risk of 
gastric outlet obstruction, and (3) assess each pa
tient's risk of development of gastric outlet ob
struction and perform the drainage procedure on 
those patients felt to be a high risk. All risks were 
estimated from available published studies. It was 
determined that all patients should undergo a 
drainage procedure in a clinical setting when the 
risk of gastric outlet obstruction is greater than 
10%, as long as the drainage procedure is 95% 
effective. Furthermore, the analysis indicated that 
if a test were developed to stratify patients into 
high and low risk groups for the development of 
gastric outlet obstruction, it would have to have a 
sensitivity of 80% if its specificity was 100%. The 
likelihood that a test as good as this could be de
veloped is slight.15 From a health policy perspec
tive, this finding indicates that it might be unwise 
to fund research aimed at developing this type of 
test. 

Decision analysis can be applied both to generic 
clinical problems and to decisions involving in
dividual patients, as in the above exampleY It is 
useful, however, only to the extent that it alters 
clinical behavior, and thus the reader must have a 
basic understanding of the concepts underlying 
the development of the analysis to have faith in 
its results. 
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Correlation 

Correlation can be used as an alternative to hy
pothesis testing. It describes the strength of the 
linear relationship or association between two 
variables. The correlation coefficient ranges from 
-1 to + 1. Correlation is used most often to de
scribe the relationships between risk factors and a 
disease. A correlation coefficient between -1 and 
o implies an inverse relationship between a factor 
and a disease (e.g., modest alcohol consumption 
and coronary artery disease); whereas, a coeffi
cient between 0 and + 1 implies that a factor 
changes in the same direction as the risk of de
veloping a disease (e.g., number of pack-years 
smoked and the risk of developing carcinoma of 
the lung). 

CLUE: A small correlation between two 
variables can be due to (1) little linear as
sociation between two variables, or (2) large 
errors in the measurement of the variables.28 

The type of correlation coefficient calculated in 
a particular article wi11 depend on the type of data 
that have been co11ected. The Pearson Product
Moment r (Pearson r) is used to quantifY the 
strength of a linear relationship between continu
ous variables (of interval or ratio type) from nor
ma11y distributed data. The Spearman Rank Or
der r (Spearman r) is used for data that are either 
not interval or ratio, not normally distributed, or 
not linearly related. Correlation quantifies the 
strength of the relationship between a risk factor 
and a disease, as we11 as the direction of the re
lationship (direct versus inverse). It does not, 
however, imply causation.29 To determine 
whether or not the relationship between two vari
ables is statistically significant, standard hypoth
esis testing can be performed. The question an
swered by performance of a test of statistical 
significance is, "Is 'r' significantly different from 
o because of chance or because the true population 
correlation coefficient is not O?"30 

CLUE: It is generally felt that correlation 
coefficients should be reported with their 
corresponding level of significance.29 

Once again, however, the question of clinical 
relevance is left to the discretion of the reader. 

Regression and 
Multiple Regression 

Correlation actually belongs to a larger class of 
statistical techniques known as regression.31 Re
gression can be used to describe the relationship 
between two or more variables. It fits a line or 
curve to paired data points. Its principal use is in 
describing the relationship between two variables 
that are nonlinear, or between multiple variables. 30 
Regression describes both the strength and mag
nitude of the relationship between variables. Re
gression techniques are being used more often in 
the surgical literature, most often to describe di
agnostic and therapeutic predictive models.31 As
sumptions underlying simple linear regression in
clude that (1) the values of the independent (x) 
variable are set by the investigator, (2) the inde
pendent (x) variable should be measured without 
experimental error, (3) for each independent vari
able there is a subset of y variables that are nor
mally distributed, (4) the variances of the y vari
ables should be homogeneous, (5) the y variables 
are distributed linearly, and (6) y values are inde
pendent of one another.32 

Many regression techniques have been de
scribed, a11 of which involve the manipulation of 
multiple variables simultaneously in order to de
termine which one(s) best predict the outcome of 
interest.31 These techniques include logistic re
gression, log linear regression, stepwise multiple 
regression, and discriminant function analysis. 

Significance testing for linear regression is con
ceptually similar to ANOVA. It generates an F 
ratio for which a p-value can then be found using 
the appropriate table. Significance testing answers 
the question, "Is the slope of the regressions line 
statistica11y different from zero?" 

CLUE: Authors who perform tests of 
statistical significance on regression data 
should report the corresponding p- or 
F-value obtained. 

Conclusion 

In this chapter, an attempt has been made to re
view the statistical tests commonly used in sur
gical studies, pointing out their strengths as well 
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as the pitfalls associated with their use and inter
pretation. 

It is also hoped that this chapter has served to 
illustrate the difference between statistical and 
clinical significance. 

A heightened understanding of how statistics 
should be applied to datasets and how the results 
of statistical testing should be interpreted will im
prove the quality of surgical studies and reduce the 
number of studies reporting conclusions that are 
not supported by the data presented. 
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from six general surgical journals from July 1981 
through June 1982. The authors review the infor
mation that a reader needs to be made aware of with 
regard to trial design and analysis so that an evalua
tion and interpretation of the results can be made. 
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Importance of beta, the type II error, and sample size 
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control trial. New Engl J Med 1978;299:690-694. 
This paper illustrates the importance of having an 

adequate sample size when designing a clinical trial, 
and the impact of sample size on the interpretation 
of results. 

Gardner MJ, Altman DG. Confidence intervals rather 
than p-values: estimation rather than hypothesis test

ing. Br Med J 1986;292:746-792. This paper dis
cusses the limitations of p-values and the value of 
confidence intervals in the reporting of results of 
clinical studies. Confidence intervals enable the 
reader to determine whether or not the magnitude of 
effect·seen is of clinical importance. 

Commentary 

Even when something is demonstrated to be sta
tistically significant, there is still a probability that 
an erroneous interpretation of the data has been 
made and that what is observed is simply a chance 
occurrence. The increased power of computing al
lows a greater number of tests to be applied to 
data, including tests of increasing complexity. Al
though there is no substitute for a trained bio
statistician as a collaborator in research projects, 
Drs. Olak and Chiu provide good advice to help 
you analyze the literature on your own. They il
lustrate some of the common and important pit
falls in the use of statistics in a clear, collegial style. 
Readers are referred to the excellent bibliography 
provided by Mosteller and Rosner (chapter 36) for 
a more extensive exploration of this critically im
portant discipline. 

A.S.W 
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Systematically Reviewing 
Previous Work 
E.A.M. Neugebauer, R. Lefering, B. McPeek, and S. Wood-Dauphinee 

Reviewing previously published literature seems 
time-consuming and boring when compared to 
performing clinical or laboratory experiments to 
develop new information in surgery. For this rea
son, the task of reviewing and summarizing the 
literature is often delegated to a research assistant 
or the most junior member of the team. 

This is a major error in thinking. The accu
mulation of evidence is an important goal under
lying all scientific inquiry; an individual study is 
seldom an isolated event, but rather part of a con
tinuum in which each new endeavor builds on 
preceding work. New findings lose much of their 
value if they have not integrated the accumulated 
knowledge, both theoretical and empirical, of ear
lier reports. When you discover that some of your 
findings or problems have already been addressed 
or even published by someone else, you will prob
ably recognize the necessity of a thorough litera
ture review. Performing a review not only avoids 
errors and saves you time and money, but will en
able you to estimate more accurately the signifi
cance of your ideas and results. It is even possible 
to base whole textbooks on meta-analytic princi
ples,! using quality criteria to separate valid results 
from questionable or invalid results. 

On a practical level, a thorough critical ap
praisal of existing literature provides background 
information for developing a research proposal, a 
grant application, or a report for publication. 

A research review will likely lead to one of four 
products: 

1. It may bring together what is known about a 
specific research area and lead directly to new 
work designed to test a specific hypothesis, or 
add to the knowledge base. 

2. It may analyze data from previous studies in a 
new way, to answer new research questions. 

3. It may summarize what is known in an area, 
appearing in a journal in its own right as a 
"state-of-the-art" paper. Such a review will not 
only be of interest to those working in the spe
cific field, but will also be particularly helpful 
to other specialists who wish to bring them
selves up-to-date quickly. 

4. It may inform clinical decisions made by in
dividual clinicians about the care of patients, 
or by chiefs of units about policy matters. 

Approaches to Reviewing 
the Literature 

Traditional Reviews 

The task of examining and evaluating previous 
work is frequently done by experts in the specific 
field who write traditional narrative review arti
cles. Performed carefully, this is a quick way to get 
an overview of a specific topic. However, one must 
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always be aware that the bias of its author can 
subtly contaminate a traditional narrative review. 
The studies used are often selectively chosen in 
order to support the author's view. Equally able 
reviewers often disagree about basic issues and oc
casionally arrive at diametrically opposite conclu
sions. With little concern for scientific rigor, some 
reviewers turn to a simple vote count. When some 
studies show a positive treatment effect, others no 
effect, and still others a negative effect, the re
viewer counts the number supporting each result 
and selects the majority view. This procedure, also 
called "box score analysis," or the vote-counting 
method,2 ignores the size of the effect found and 
the strength of the research design. If the number 
of previous studies is large, the traditional re
viewer easily gets lost. Despite the subjectivity, 
questionable scientific validity, and inefficiency of 
the traditional narrative approach to reviewing the 
literature, most scholars in medicine and surgery 
still use this antiquated procedure. Over the past 
generation, new methods have been developed. 
They are increasingly known to clinical scientists 
and represent significant advances in the meth
odology of reviewing scientific literature. 

Data Analysis 

Gene V. Glass3•4 has written about three levels of 
data analysis: primary analysis, secondary analysis, 
and meta-analysis. 

Primary Analysis 

Primary analysis is the original analysis of data 
from a research study. This is what most of us 
think of as research, and articles describing such 
work form the bulk of medical communications. 

Secondary Analysis 

Secondary analysis, as described by Glass, is the 
reanalysis of original data to bring current statis
tical methods to bear on them or to answer new 
questions. We can learn much from secondary 
analysis. Better ways of looking at the data gath
ered in a project may be suggested after they have 
been published. For example, a variety of useful 
secondary analyses of the data collected by the 

University Group Diabetes Project (UGDP 
study) in medicineS advanced our understanding 
of how diabetes should be treated. Similarly, new 
hypotheses can be tested by the imaginative re
analysis of data already collected for a similar or 
even an entirely different purpose. Secondary 
analysis can be particularly useful in dealing with 
volunteer case reports, where volunteer reporting 
bias may have produced an effect if the data were 
collected prospectively. 

Meta-Analysis 

Like secondary analysis, meta-analysis uses exist
ing data, but it focuses on the quantitative inte
gration of findings across a group of independent 
studies and provides a more scientific alternative 
to the traditional narrative method of literature 
reVIew. 

There is no question that meta-analysis is a ma
jor advance, but we must remember that it is a 
comparative observational study with all the 
strengths and weaknesses of observational studies. 
We celebrate the fact that we now have a way to 
review work systematically, but guard against try
ing to extend it too far. 

In thinking about meta-analysis, we lean heavily 
on three principles. First, develop a strategy. Bear 
in mind that the most effective review strategies 
and analytic techniques arise from the answers to 
the specific questions that are leading you to make 
the review. What do you want from the review? 
Do you seek a broad exploration of available in
formation on a subject, or do you want to test 
specific hypotheses? Is an overall answer desirable, 
or are you interested in identifYing interactions 
between specific treatments, patient populations, 
or settings, such as hospitals or clinics? Are you 
interested in the feasibility of implementing a new 
program locally? If the plan is for an exploratory 
review, you ask what is known about a particular 
area of research, a specific disease, a clinical prob
lem, or a treatment, such as an operation or an 
element of pre- or postoperative care. Your strat
egy will be to include diverse studies to increase 
the chance of uncovering interesting findings that 
may lead to new directions for future research. 
Unless you know what you are doing at the start, 
you may finish with a simple recitation of previous 
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findings that does little to advance research, con
tribute fresh insight, or inform decisions. 

The second principle is that coriflicting results 

must be carefully investigated. When we find doz
ens of previous studies, we hope that most of them 
will agree. If they do, a review is easy, but this 
rarely happens. Conflicting findings have several 
potential explanations. There may be substantial 
differences between operations with the same 
name. Follow-up care may be quite dissimilar. 
Perhaps the treatment works poorly for some 
kinds of patients and well for others, or is effec
tive in certain hands or settings but not in 
others. These explanations can be uncovered only 
through the careful study of the narrative reports 
of patients, treatment descriptions, and details of 
hospital, clinical, or laboratory procedures. A let
ter or telephone call to the authors may uncover 
new postpublication information or insights that 
clarifY the analysis. 

The third principle is that we often need formal, 

quantitative, analytic methods to identifY small ef
fects across studies that are not apparent through 
simple inspection of the results of the studies in
dividually. 

Beware! Drawing inferences about findings un
covered from exploratory analyses can be risky. 
Searching among many research studies for fac
tors significantly related to outcome will lead to 
some false positives-statistically significant re
lationships due only to chance. If you examine 
many separate relationships, each at the 0.05 level 
of significance, you should not be surprised to dis
cover that 1 in 20 is significant due entirely to 
chance-a finding consistent with probability 
theory. 

If several treatments are compared, sample vari
ation alone may make some look better than oth
ers even when they are truly equivalent. Similarly, 
when institutions are compared for success with 
an operation, sampling variation will make some 
look much better than others even if they are equal 
in excellence. For example, in the United States 
National Halothane Studt 34 institutions were 
compared for standardized surgical mortality 
rates, and they appeared to differ, initially, by a 
factor of 24; after allowance was made for sam
pling variation, the ratio between the highest and 
lowest was only 3:1. 

One way to prevent a review from over-capi-

talizing on chance is to break the data into parts. 
Half of the studies can be used to generate hy
potheses about effective treatments or to predict 
treatment success; the other half can be used to 
test the hypotheses so generated. If the entire set 
of studies has some systematic bias, this procedure 
cannot eliminate it. Regardless of how you per
form the review, your inferences will be only as 
valid as the underlying studies. 

If your review is aimed at testing a previously 
established hypothesis, you must specifY the hy
pothesis precisely, before you start. This may lead 
you to an early decision as to whether your review 
should look across studies to aggregate treatments 
(such as operations), aggregate patients, or aggre
gate settings (such as clinics or hospitals). 

We ordinarily view the outcome of a clinical 
research study as being the result of interactions 
between the treatment, the patient, and the set
ting, compounded by random error. Reviews can 
answer many diverse questions, but we commonly 
seek answers to three: 

1. What is the average if.Ject of the treatment? 
2. Are there particular patient groups or settings 

where the treatment works especially well? 
3. Can we implement it in our department? 

To answer the first question, we compare pa
tients who receive the treatment with similar peo
ple who do not. 

The second question asks for interactions. Do 
particular combinations of treatments and pa
tients work especially well or poorly? For example, 
suppose a surgeon believes that a particular opera
tion is especially valuable for elderly men, while 
anyone of several operations is as effective 
in younger men. A single research design that 
crosses different operations with patients of vari
ous age groups can test this hypothesis. But what 
do you do if no study systematically considers all 
of the combinations of operations and patients 
that you wish to examine? For example, one study 
may have looked at large numbers of elderly men, 
and other studies at large groups of younger men. 
Taken together, these studies may give the re
viewer some information about whether or not 
interactions exist. In other words, a collection of 
studies can sometimes shed light on complex in
teractions, when studies considered individually 
do not. 
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The third question concerns implementation. 
Strictly speaking, studies tell us only what hap
pened to the patients or the participants in the 
investigation. We are ordinarily interested in gen
eralizing these findings to similar patients under 
our care. If we know from the start that a review 
is to inform a local policy decision, the reviewer 
will look for studies that bear particularly on the 
local circumstances. Information can be sought 
that would help us to decide how an operation is 
likely to work in our hands, at our hospital, on 
our kinds of patients. 

Both qualitative and quantitative conclusions 
from meta-analysis can be updated as new study 
results become available. A wide array of descrip
tive, etiological, intervention, clinical tool valida
tion, or diagnostic method testing studies may be 
the subject of meta-analysis. The general objec
tives of meta-analysis are as follows. 7 

To confirm information (hypothesis, proof, initial 
findings) 

To find errors 
To search for additional findings-to develop new 

ideas (hypotheses) for further research and fu
ture original studies 

Origin and Types 
of Meta-Analysis 

During the past 20 years scholars, particularly in 
the social sciences, have developed the notion of 
quantitative meta-analysis in a robust way. After 
the first stimulating article on the subject by Light 
and Smith,8 Glass put forward his first definitions 
of meta-analysis:3 the "analysis of analyses," or 
better, "the statistical analysis of a large collection 
of analyses results from individual studies for the 
purpose of integration of the findings." The 
methodology for combining evidence from dif
ferent studies stems from work in the 1950s.9.10 

Qiantitative methods and techniques were fur
ther developed by Rosenthal,l1·12 Hedges,!3 and 
others. The 1983 annual review of Evaluation 
Studies, edited by R. Light,!4 brought together an 
important array of methodological articles and 
many important original studies. Basic method
ological textbooks,15-19 monographs dealing with 

statistical methods,20 and computer software21 

soon followed. 
Since 1989, "meta-analysis" has been a MeSH 

term (i.e., a keyword in MEDLINE). After 
having reached a peak of nearly 400 publica
tions in 1991, about 150 meta-analyses annually 
are found in medical journals today. Many surgical 
problems have been addressed by means of meta
analysis,22-3o and further investigations will un
doubtedly follow. 

The usual purpose of quantitative or "classical" 
meta-analysis was to assess effectiveness of treat
ments, programs, and interventions and, less of
ten, to study pathogenesis. To obtain reliable an
swers, meta-analysts gathered as many published 
and unpublished studies as possible. They did not, 
however, give enough consideration to the quality 
of the studies and were subsequently criticized on 
that score.16 Problems of heterogeneity, experi
mental design, and execution-especially in fields 
such as education and medicine-soon demanded 
that a qualitative meta-analysis be added to the 
quantitative approach, "classical meta
analysis." The former is not only a systematic 
accumulation of the information in and charac
teristics of different studies, but also an assess
ment of quality, uncertainty, missing data, random 
error, and bias across relevant studies. In medi
cine, the greatest challenge of meta-analysis lies 
in the integration of the qualitative and quanti
tative assessment of given information (e.g., scor
ing of quality, weighing of the effect size by qual
ity score). 

When should you perform a meta-analysis? 
First of all, you must recognize that a meta
analysis, if performed adequately, is an enormous 
amount of work. The time and effort needed are 
comparable to that required for planning and con
ducting a clinical trial. Therefore, the question 
you want to answer with a meta-analysis should 
have comparable importance. If you plan to do a 
new study or if you want to establish a new re
search project, it would be an ideal starting point 
to conduct a meta-analysis. A thorough presen
tation of existing evidence avoids repetition and 
clearly focuses the project on those questions that 
still need an adequate answer. This holds true also 
if you are applying for a grant or if you are trying 
to get your research project funded. If you intend 
to set up diagnostic or therapy guidelines for your 



Chapter 38 Systematically Reviewing Previous Work 345 

clinic, or if a society intends to define "rules" for 
a broader group of users, a meta-analysis can serve 
as a scientific basis. Consensus conferences can 
work more efficiently, and recommendations 
achieve a broader rate of acceptance if their find
ings are based on a meta-analytic examination of 
existing evidence (evidence-based medicine). 

However, there are certain prerequisites that 
have to be fulfilled before a meta-analysis can be 
performed. First of all, there must be a sufficient 
amount of previous work on that specific problem, 
for example, clinical studies must have been con
ducted, because meta-analysis integrates only ex
isting results. A new technology, for example, 
with hardly any data about its effectiveness cannot 
be assessed by means of a meta-analysis. Second, 
you need a team with at least two attributes. You 
require clinical experts who are thoroughly famil
iar with the problem under investigation; they 
guarantee the required completeness of informa
tion and are able to pose the relevant questions. 
And you need at least one person with compe
tence in methodology who provides the necessary 
tools for combining information. A statistician 
with minimal understanding of the problem or a 
clinician without experience in methodology will, 
each working alone, produce poor results. 

Qualitative Meta-Analysis 

QIalitative meta-analysis, or best-evidence syn
thesis,31.32 in medicine, has been defined as a 
"method of assessment of the importance and 
relevance of medical information coming from 
several independent sources through a general, 
systematic and uniform application of pre
established criteria of acceptability to original 
studies representing the body of knowledge of a 
given health problem or question."33 The objec
tives of qualitative meta-analysis, according to 
Jenicek,7 are as follows. 

To determine the prevalence, homogeneity, and 
distribution of quality attributes 

To expand the knowledge of missing and/or im
perfect "outliers" (e.g., observation beyond a 
customary range) 

Almost any clinical question or controversy can 
be subjected to qualitative meta-analysis, but the 

objectives for each meta-analysis must be clearly 
formulated before analysis. As in any research en
deavor, development of a working protocol will 
formalize the decisions made at the design stage, 
to achieve the objectives. For each general objec
tive, investigators can also identify such secondary 
objectives as determining the age groups for 
which a treatment may be most effective. 

A valid meta-analysis includes as many relevant 
studies as possible, but the authors should provide 
details of their search procedures. At present, sole 
reliance on computer searches of the literature is 
not sufficient because they may yield less than 
two-thirds of the relevant studies.34 Efforts to 
minimize this bias include working from refer
ences of published studies, searching databases of 
unpublished material, and questioning experts in 
the particular field. The meta-analysis will be 
clear only if the studies are chosen according to 
predefined inclusion and exclusion criteria whose 
rationale is clearly stated. Each meta-analysis 
should list the studies analyzed, the studies ex
cluded, and the reasons for exclusion. 

QIalitative meta-analysis calls for an adequate 
dimensional assessment of the quality of studies. 
Several methods of assessment of the quality of 
original studies are available. 

Table 38-1 lists selected authors who have pro
posed criteria checklists, or other methods, to 
evaluate different types or parts of clinical studies; 
a recent review by Moherso gives a thorough over
VIew. 

Mahon and Danieps proposed a four-step 
method to evaluate reports of drug studies. Their 
process consists of applying only four criteria: 

1. Were adequate controls used? 
2. Were treatments randomized? 
3. Were drug effects measured objectively? (This 

usually involves double-blind techniques.) 
4. Were results analyzed statistically? 

In 1970 Lionel and Herxheimer36 presented the 
checklist they used to evaluate 141 clinical studies 
in four medical journals. Their checklist consti
tutes a formal assessment of whether an article is 
definitely acceptable, probably acceptable, or un
acceptable. In 1979 Horwitz and Feinstein3? pro
posed a set of 12 standards to be applied to ret
rospective case-control research; the standards 
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Table 38-1. Formal approaches of several authors for evaluating the quality of published clinical trials. 

Author(s) Year 

1. Mahon and Daniel 1964 
2. Lionel and Herxheimer 1970 
3. Horowitz and Feinstein 1979 
4. Levine 1980 
5. Chalmers et al. 1982 
6. Weintraub 1982 
7. DerSimonian et al. 1982 
8. Bailar et al. 1984 
9. Evans and Pollock 1985 

10. Neugebauer et al. 1987 
11. Colditz et al. 1989 
12. Ter Riet et al. 1990 
13. Oxman et al. 1993 
14. Goodman et al. 1994 

-ReT, Randomized controlled trials. 

were successfully used in the evaluation of 85 
studies. 

There may be sound reasons for a study not 
having adequate external, or even internal, con
trols and having to rely on controls outside the 
study (e.g., historical controls). Bailar and col
leagues42 proposed a series of five questions for 
assessing the value (i.e., strength of evidence) of 
externally controlled studies and used them to 
evaluate a group of 20 publications in the New 
England Journal of Medicine. 

Neugebauer and coworkers44 used a decision 
tree (Figure 38-1) in their meta-analysis of the 
current status of histamine as a causal chemical 
factor in the pathogenesis of septic/endotoxic 
shock. All published studies investigating the 
presence of histamine release in septic I endotoxic 
shock in vivo, and its absence in a state of health 
were evaluated by the criteria defined by the test 
nodes in the decision tree. All criteria and meth
odological standards at the test nodes were tabu
lated and set up in detail before the analysis was 
started. This meta-analysis suggested that, despite 
decades of histamine research, there is still no ac
ceptable answer to the question of whether his
tamine plays a pathogenetic role in septic/endo
toxic shock. 44 

In many cases, it may not be enough to list 
present or absent attributes of each study; these 

No. of 
items Applicability Reference 

4 
42 
12 
29 
36 
55 
11 
5 

33 
9 
9 

18 
8 

34 

General (35) 
Therapeutical studies (36) 
Case-control studies (37) 
Clinical studies (38) 
RCT- (39) 
Drug trials (40) 
Clinical studies (41) 
General (42) 
RCT (43) 
Experimental studies (1,26,44) 
Clinical trials (45,46) 
Clinical studies (47) 
Clinical reports (48) 
Clinical studies (49) 

facts must have an appropriate dimension, where 
necessary. Scoring of quality is of particular inter
est. Evans and Pollock'13 proposed a qualitative as
sessment of clinical trials, based on the method of 
Chalmers and colleagues,39 where-from a total 
score of 10o-up to 50 points are given for the 
database, design, and "protocol," with emphasis 
on blinding; up to 30 points are allowed for sta
tistical analysis; and up to 20 points are given for 
the way the study is presented (Table 38-2). They 
used this method to rate 36 randomized con
trolled studies and found only 16 that scored more 
than 70 points. The same method was successfully 
used, recently, in two meta-analyses about steroid 
therapy for trauma patients28 and in sepsis and 
septic shock. 26 

The Trial Assessment Procedure Scale (TAPS) 
of Levine38 is one of the most detailed trial as
sessment procedures with a scoring system. It in
volves an analysis of each report (e.g., trial pro
tocol, completed study report, or journal article) 
in terms of attributes that reflect trial quality. The 
attributes are clustered into eight categories, each 
covering two to five related characteristics, to fa
cilitate independent assessment of the quality of 
the various components of a trial-that is, to rate 
trial quality without regard to findings on treat
ment efficacy or safety. This form should be used 
only by very experienced raters. 
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Publication on mediator release response in septic shock -t\+ conditions in vivo? 

• _ t\+ Assay for mediator determination reliable? 

• t Sample preparation appropriate? - V • _ t\+ Sampling in the relevant body fluid or organ system? 

• _ t\+ Sampling at the right time? 

• t Study design appropriate? 
- V • t Shock model clinically relevant? - V • _ t\+ Species clinically relevant? 

• t Response caused by the shock itself? 

+ • yes - V 
- • no • Yes, study shows a real association 

between mediator release and septic 
shock in vivo 

Figure 38-1. Decision tree for investigating a real, existing association between mediator release and 
septic/endotoxic shock under in vivo conditions. 1•44 

The sequence followed in all the approaches 
above is qualitative assessment of studies, then se
lection of acceptable or best evidence, and finally, 
if possible, quantitative meta-analysis of the latter. 
Frequently, quantitative meta-analysis is not feasi
ble because few studies fulfill the current standards 
of trial methodology'" and survive the systematic 
qualitative assessment, or because the studies with 
acceptable quality are so heterogeneous (i.e., they 
used widely differing research designs, treatments, 
and target populations). Unacceptable studies must 
be rejected, for stated reasons, before quantitative 
meta-analysis is undertaken. Acceptable studies 
may undergo quantitative meta-analysis according 
to the rules stated next. 

Quantitative Meta-Analysis 

In medicine, quantitative meta-analysis can be de
fined as a general, systematic, and uniform eval
uation of dimensions across studies dealing with 
topics such as the following: 

The magnitude of a health problem 
The strength and specificity of a causal relation

ship in etiological research 
The strength and specificity of the impact of a 

preventive or therapeutic intervention 

The internal and external validity of clinical tools 
(e.g., diagnostic methods) 

The costs and benefits of diagnostic methods and 
treatments 

Q,Iantitative meta-analysis was developed to 
overcome the weakness of previous methods of 
research integration. Like any other scientific 
work, each meta-analysis should begin with a plan 
that clearly states the question to be answered and 
the methods to be employed. There is no single 
"correct" method for performing a meta-analysis, 
but several attempts have been made to define the 
basic methodological issues. The workshop on 
methodological issues in overviews of randomized 
clinical trials, sponsored by the National Heart, 
Lung, and Blood Institute and the National Can
cer Institute,sl and the Potsdam International 
Consultation on Meta-Analysis52 were two recent 
examples. Sacks and colleagues53 have evaluated 
the quality of 86 meta-analyses of randomized 
controlled trials, using a scoring method that con
sidered the most important elements of meta
analysis (i.e., a meta-meta-analysis). The gener
ally accepted issues in a quantitative meta-analysis 
are portrayed in Figure 38-2 and explained, 
briefly, in subsequent paragraphs. 
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Table 38-2. Method of Evans and Pollock for evaluating controlled clinical studies. Reprinted with permission 
from Evans M, Pollock AV43 (1985). 

Steps in evaluation 

Design and conduct 
Is the sample defined? 
Are exclusions specified? 
Are known risk factors recorded? 
Are therapeutic regimens defined? 
Is the experimental regimen appropriate? 
Is the control regimen appropriate? 
Were appropriate investigations carried out? 
Are endpoints defined? 
Are endpoints appropriate? 
Have numbers required been calculated? 
Was patient consent sought? 
Was the randomization blind? 
Was the assessment blind? 
Were additional treatments recorded? 
Were side effects recorded? 
Analysis 
Withdrawals: 

Are they listed? 
Is their fate recorded? 
Are there fewer than lO%? 

Is there a compatibility table? 
Are risk factors stratified? 
Is the statistical analysis of proportions correct? 
Is the statistical analysis of numbers correct? 
Are confidence intervals reported? 
Are values of both test statistics and probability given? 
In negative trials, is the type II error considered? 
Presentation 
Is the title accurate? 
Is the abstract accurate and helpful? 
Are the methods reproducible? 
Are the sections clear-cut? 
Can the raw data be discerned? 
Are the results credible? 
Do the results justify the conclusions? 
Are the references correct? 

Methodological Elements of a 
Quantitative Meta-Analysis 

Aim 

A meta-analysis usually addresses sharper ques
tions than a literature review and seeks quantita
tive answers; thus its objectives must be clearly 
formulated before the study begins. A review of 

Yes No 

2 0 
2 0 
3 0 
5 0 
5 0 
5 0 
2 0 
5 0 
5 0 
2 0 
1 0 
3 0 
4 0 
4 0 
2 0 

3 0 
4 0 
4 0 
3 0 
3 0 
3 0 
3 0 
2 0 
1 0 
4 0 

2 0 
3 0 
3 0 
2 0 
2 0 
3 0 
3 0 
2 0 

care for stoma patients might discuss treatment 

methods available, changing uses, and the pros 

and cons of different methods. A meta-analysis 

might take such a specific measure as the propor

tion of patients rehospitalized within 1 year of re

lease under various conditions, combine the rele

vant evidence from several studies, and try to 

compare performance of different treatments. A 

distinction between two levels of questions lead-
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- Specific 
question or 
hypothesis 

discussion 

- Primary and 
secondary 
endpoints 

cation. etc.) - Uniform list - Confidence 
- Evidence
based 
conclusions 

- Impacton 
further trials 

identified 
papers 

-Inclusion 
criteria for 
studies 

- Quality 
scores 

with raw 
numbers 

intervals 
- Heleroge- results 
neity test 

- Graphical 
display 

Figure 38-2. Sequence of methodological steps of qualitative and quantitative meta-analysis. 

ing to two different types of hypothesis can be 
made: (1) a search for tentative answers and their 
verification, and (2) verification or hypothesis 
testing. 

Literature Search 

As many relevant studies as possible should be 
included in a qualitative meta-analysis; details of 
the computerized and manual search procedures 
used to find them should be described. Comput
erized searches are not always straightforward and 
consistent, and several articles have examined this 
problem54.55 (see chapter 10). A professional li
brarian who specializes in literature searches of 
clinical topics should be involved. 

Literature searches will not find unpublished 
studies, and published studies may differ, system
atically, from unpublished studies. Meta-analyses 
based on literature searches alone may display 
"publication bias.» 

Authors are more likely to submit, and editors 
are more likely to publish, work with statistically 
significant versus nonsignificant results. As a con
sequence, a reviewer who focuses on published 
studies will likely overstate treatment effects. 

A computer search should be supplemented by 
consulting Current Contents, reviews, textbooks, 
and people with relevant expertise, and by review
ing the references cited in the trials found. 53 Pub
lication bias is one of the main criticisms leveled 
at meta-analysis, but sampling bias and data re
trievallimitations are inherent in any literature re
VIew. 

Selecting Studies for Inclusion 

Studies for meta-analysis are chosen on the basis 
of inclusion and exclusion criteria. How you select 
studies for inclusion depends on the availability of 
research reports, the number and frequency of dif
ferent designs, and the specific questions driving 
your analysis. Including everything you can find 
has the advantage of avoiding criticism for ne
glecting some work or including one study while 
excluding another, but it does present some prob
lems. If you discover 1,100 studies, such an em
barrassment of riches will almost certainly sink 
your project and you must find some appropriate 
way of reducing the number. For example, you 
could draw a random sample of all the studies 
available and use the sample for your review. 

It is important to include a wide variety of re
search designs and treatment variations, but if a 
particular study clearly has obvious, substantial, 
fundamental flaws, exclude it and state why. 
Wrong information is much worse than no infor
mation. 

You may have trouble finding some studies; for 
example, it may be difficult to find a translator for 
a paper in a particular language, and certain 
monographs may be out of print. You may have 
to decide how much digging is warranted on the 
basis of a title or an abstract. 

Another approach is to stratifY your sample by 
dividing the available studies into categories for 
review. This procedure guarantees inclusion of 
each important type of study but requires you to 
analyze in detail only the shorter list of selected 
studies. 
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Experimental design is often a strong predictor 
of research outcomes. In a review of almost 100 
studies of portacaval shunt, Chalmers56 found a 
clear negative relation between the degree of con
trol in a research design and the level of success 
attributed to the surgical intervention; the higher 
the degree of control, the less enthusiastic the in
vestigators were about an operation's effectiveness. 
Similar findings were reported by Gilbert, Mc
Peek, and Mosteller57,5s in a study of innovations 
in surgery and anesthesia. Such results support 
the "law" enunciated by the famous statistician 
Hugo Muench, that nothing improves the perfor
mance of an innovation more than the lack of con
trols.59 Some papers suggest this rule is not uni
versal,6G-62 but there is much evidence that it often 
applies in medicine and surgery. 

Research design is not the only basis for strati
fication. You may wish to stratifY by geography, 
treatment, type of operation, type of clinic or hos
pital, or the sociodemographic or clinical charac
teristics of patients. 

In summary, we are not aware of standardized 
criteria for inclusion of studies in meta-analysis. 
Universal criteria are not appropriate, because 
meta-analysis can be applied to a broad spectrum 
of topics, and criteria may need to vary for dif
ferent objectives; disagreement on inclusion and 
exclusion criteria is to be expected among the 
readers of the published report of a particular 
meta-analysis. For this reason, criteria and their 
rationale should be stated, and all studies found, 
whether included or excluded, should be listed. 

Study Characteristics 

After the studies have been collected and selected, 
it is helpful to record the key descriptive charac
teristics of each study on data abstract forms. The 
reader needs to be convinced that the results of 
separate trials have been meaningfully combined. 
Common methodological characteristics included 
in meta-analyses are type and year of publication; 
study design; type, dosage, route, frequency, and 
duration of treatment; control; sample size; and 
subject randomization and loss. Studies may differ 
in any of the foregoing characteristics. In general, 
the meta-analyst should note any differences be-

tween the primary studies and discuss how they 
affect the conclusions. 

Study Outcomes 

Similar data abstract forms are useful for study out
come characteristics, because various endpoints or 
outcome variables are used to assess treatment ef
fects. The outcome of interest may be measured by 
a continuous variable such as blood pressure, by 
categorical variables such as mortality or compli
cation rates, by an ordinal variable such as tumor 
stage, or by time-related variables expressed in life 
tables. Meta-analysis has the advantage of being 
able to take several different dependent variables 
into account.63 If you are reviewing the literature 
on the effects of selective vagotomy with antrec
tomy in patients with peptic ulcers, such outcome 
measures as mortality, recurrence, pain, or quality 
of life can be examined. When you are extracting 
data, record raw numbers rather than proportions, 
because the process is a potential source of bias. 
Control this type of bias by having the extracting 
done by more than one observer, having each ob
server blinded to the various treatment groups 
through a coded photocopying process, and mea
suring the interobserver agreement.53 

Statistical Analysis 

A major feature of meta-analysis is that the unit 
of analysis, when the results of many studies are 
being assessed, is not an individual patient or 
clinic, but a study. To compare studies, we must 
measure treatment impact for each study. Meta
analysis includes transformation of multiple study 
findings into a common matrix. The two most 
common measures are statistical significance and 
effect size. 

Most research about the effectiveness of treat
ments asks the question, Do the differences be
tween the treatment and the control groups ex
ceed those we expect due to chance alone? If each 
of several studies compares treatment and control 
groups, we can take the p-values as measures of 
statistical significance to interpret the effective
ness of treatment. This strategy has two problems. 
Many studies in medicine and surgery have rather 
few participants in each of the comparison groups. 
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Small investigations have weak power because 
their ability to detect real differences between 
groups is low. If a weak study reports a difference, 
we can assume that the difference is substantial; 
if no significant difference was found, we can only 
wonder whether the findings indicate true absence 
of any important difference or only failure to de
tect a difference that does exist, because the study 
is too small. Consequently, relying on a p-value 
may be misleading. 

The sample size issue can cut the other way too. 
Occasionally, a study has very large sample sizes, 
and tests of significance, such as the p-value, are 
heavily influenced by sample size. In a truly large 
study, very small or even trivial differences can be 
statistically significant. "Significant" does not 
mean "important"! 

Effect sizes provide a simple estimate of how 
valuable a treatment is. Suppose we wish to com
pare the main results between the treatment group 
and the control group. If the information is re
ported in each of the individual studies, an average 
effect size for the entire group of studies can easily 
be calculated. For each study, we need to know 
the mean of the treatment, the mean of the con
trol group, and the standard deviation of the con
trol group. With an average size across a number 
of studies, we have a single summary value for the 
effectiveness of the treatment studies. In 1976 
Glass and Smith"4 computed the average effect 
size for psychotherapy treatment across 400 sepa
rate studies to be 0.68. They concluded that an 
average patient receiving psychotherapy was ap
proximately two-thirds of a standard deviation 
more improved than the average control group 
member.4 

A comparison of proportions will give another 
measure of effect size. For example, one could 
compare the proportion of people who live longer 
than 5 years following different treatments for 
cancer. The effect size for proportions is calcu
lated by simply subtracting the proportion surviv
ing in the treatment group from that surviving in 
the control group. 

Frequently, your chosen measure of effect size 
will depend on what numerical information is re
ported in the various studies. If the standard de
viation of the control group, for example, is not 
reported or cannot be calculated, a mean-score ef
fect size cannot be computed. 

Another method of looking at the overall im
pact of treatment is to try to combine the signifi
cance tests from many separate studies into one 
comprehensive test of a null hypothesis for the 
studies as a whole. Rosenthalll has described nine 
ways to accomplish this. To illustrate one tech
nique, consider the method of adding Z-scores 
(standard normal deviates). If each study has two 
comparison groups, there is a Z-score associated 
with each reported p-value. The Z-scores from 
each individual study are simply added across 
studies. The sum of the Z-scores is divided by the 
square root of the number of studies. The proba
bility associated with this total score gives an over
all level of significance for the studies under re
view. 

Combined significance tests are simple to com
pute and generally require only that we know the 
sample size and the probability level or the level 
of a test statistic, such as the value of T, Z, or F, 
for each individual study. The larger the overall 
sample size, the more likely it is that a given un
derlying effect size will be detected as statistically 
significant. For example, assume that patients 
with duodenal ulcer treated by vagotomy and an
trectomy have slightly better results than those re
ceiving vagotomy and pyloroplasty. If the two 
operations are repeatedly compared in very weak 
trials-small sample sizes for each group-many 
of the studies will not show statistically significant 
differences between the two operations, even if 
such differences exist. A traditional informal re
viewer who did only a vote count would almost 
certainly fail to see the true effectiveness of va
gotomy and antrectomy. A careful reviewer who 
combines the studies by adding Z-scores is much 
more likely to find that the overall statistical test 
is significant because the small numbers of pa
tients in each weak study combine to become a 
much larger number of patients and produce a 
meta-analysis of greater power than any of the 
smaller studies taken individually. 

Sensitivity Analysis 

Because there will undoubtedly be differing opin
ions on the appropriate method for performing a 
particular meta-analysis, the investigator should 
always ask, "How sensitive are the meta-analysis 
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results to changes in the way the meta-analysis 
was done?" This process, called sensitivity analy
sis, is an important element in meta-analysis 
methodologfs (Figure 38-2). 

You may want to study how the pooled results 
change when randomized and nonrandomized 
studies, instead of randomized trials only, are in
cluded in a meta-analysis. This type of study 
simply involves the addition of a second analysis 
that includes data from the nonrandomized stud
ies. A comparison of the results of the two meta
analyses will show that the type of study has little 
effect on the meta-analysis results, and any dis
agreement about inclusion criteria is unimportant, 
or that the type of study is indeed an important 
factor in drawing conclusions from the analysis. 
Sensitivity analysis used as a tool within meta
analysis can help to resolve clinical controversies. 

Factors influencing the sensitivity analysis can 
be discovered in the process of meta-analysis, such 
as differences between studies of young compared 
with old patients. By testing the effect of the more 
subjective elements of meta-analysis, such as the 
choice of inclusion and exclusion criteria, the con
clusions drawn from a meta-analysis can be 
strengthened. 

A related issue is the extent to which meta
analysis results are potentially distorted through 
publication bias. If one assumes that negative 
studies or studies showing no difference are less 
likely to be published than positive studies, this 
issue should be addressed if meta-analysis shows 
significant differences in outcome between treat
ment groups. Some published meta-analyses have 
estimated how many unpublished trials, showing 
no difference between treatments, would be re
quired to convert a statistically significant pooled 
difference into an insignificant difference.6S-68 A 
carefully performed meta-analysis describes the 
different analyses used to strengthen the overall 
result obtained. 

Study Quality Assessment 

The scientific quality of the papers to be com
bined should be assessed and included in the sen
sitivity analysis. The resulting conclusion will be 
less reliable if the original trials were poor; see the 
earlier discussion of qualitative meta-analysis. 

Conclusions and Recommendations 

The extraction and pooling of data from pub
lished reports with the methodology of quantita
tive meta-analysis is time-consuming and tedious. 
At the end of the process, the meta-analysis must 
put the results in perspective and, if the data are 
not decisive, should recommend appropriate fu
ture studies. 

Presentation of Results 

There are no hard and fast rules about the format 
for presenting the findings of a review employing 
meta-analysis. The format depends, to some ex
tent, on the purpose of the final product and the 
organizational framework of the individual re
viewer. Cooper69 has suggested that such reviews 
follow an outline similar to the one used for pri
mary research, as follows: 

1. An introduction defining the problem to be 
addressed and identifYing the controversy in 
the literature 

2. A methods section describing how the articles 
were selected, the sources tapped, and the kind 
of information collected about each study 

3. A results section presenting the statistical pro
cedures and findings 

4. A discussion section containing a summary of 
the findings, a comparison with other related 
work, and a statement of the direction future 
research might take 

Conclusion 

Systematic reviews have an important place in the 
link between basic research and improved human 
health. The growth in the number of systematic 
reviews, especially meta -analyses, reflects this.70 A 
network of individuals and institutions, the Coch
rane Collaboration,?! has evolved at an interna
tionallevel in response to Cochrane's criticism of 
the health professions for not having organized, 
systematic, and periodically updated reviews of all 
relevant randomized controlled trials.72 Pilot proj
ects began in 1993 with the creation of databases 
that represented existing knowledge in certain ar-
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eas. It is the future intention of the Cochrane Col
laboration to establish a procedure to update and 
present the current knowledge in many areas.73, 74 

There is an obvious need to establish an objec
tive and systematic way to combine existing 
knowledge from clinical studies or experimental 
findings. The qualitative and quantitative process 
of meta-analysis is an established procedure to 
achieve this integration. The crucial elements of 
meta-analysis are its prospective planning, com
plete evaluation of existing evidence, qualitative 
assessment and reproducible selection of relevant 
information, statistical combination of results 
with subsequent sensitivity analysis, and objective 
conclusions that are based on facts (rather than on 
opinions). Thus, meta-analysis provides an ideal 
tool to perform evidence-based medicine. Com
pared to typical narrative review articles, meta
analysis provides reproducible reasoning based on 
scientific methods. Results of meta-analysis can 
be used to set up guidelines for treatment, prepare 
future studies or research endeavors, or generate 
a scientific basis for discussions. 

References 

1. Neugebauer EA, Holaday]W. Handbook of me

diators in septic shock. Boca Raton, FL: CRC, 

1993. 
2. Hedges LV, Olkin 1. Vote-counting methods in re

search synthesis. Psychol Bu111980;88:359-369. 
3. Glass GV. Primary, secondary, and meta-analysis 

of research. Educ Res 1976;5:3-8. 
4. Glass GV. Meta-analysis: an approach to the syn

thesis of research results. Res Sci Teach 1982;19: 
93-112. 

5. University Group Diabetes Program (UGDP) 
Study. J Diab 1970;19(suppl. 2):740-850. 

6. Moses LE, Mosteller F. Afterword for the study of 

death rates. In: Bunker JP, Forrest WH Jr, Mos

teller F, Vandam LD, eds. The National Halothane 

Study: a study of the possible association between 

halothane anesthesia and postoperative hepatic ne

crosis. Washington, DC: U.S. Government Print
ing Office, 1969, pp. 395-408. 

7. Jenicek M. Meta-analysis in medicine. Where we 
are and where we want to go. J Clin Epidemiol 
1989;42:35-44. 

8. Light RJ, Smith PV. Accumulating evidence: pro-

cedures for resolving contradictions among differ
ent research studies. Harvard Educ Rev 1971;41: 

429-471. 

9. Cochran WG. The combination of estimates from 
different experiments. Biometrics 1954;10: 101-129. 

10. Mantel N, Haenzel W. Statistical aspect of the 

analysis of data from retrospective studies of dis

ease. J Natl Cancer Inst 1959;22:719-748. 

11. Rosenthal R. Combining results of independent 

studies. Psychol Bull 1978;85:185-193. 

12. Rosenthal R. Assessing the statistical and social 

importance of effects of psychotherapy. J Consult 
Clin Psychol1983;51:4-13. 

13. Hedges LV. Statistical Methodology in Meta

Analysis. Princeton, NJ: ERIC Clearinghouse on 

Tests, Measurement and Evaluation, Educational 

Testing Service, 1982. 

14. Light RJ, ed. Evaluation Studies, Review Annual. 

Beverly Hills, CA: Sage, 1983, p. 8. 
15. Glass GV, McGraw B, Smith ML. Meta-Analysis 

of Social Research. Beverly Hills, CA: Sage, 1981. 

16. Hunter JE, Schmidt FL, Jackson GB. Meta

Analysis: Cumulating Research Findings Across 

Studies. Beverly Hills, CA: Sage, 1982. 
17. Borg WR, Gall MD. Critical Evaluation of Re

search. Educational Research: An Introduction, 
4th edn. New York: Longman, 1983. 

18. Light JRJ, Pillemer DB. Summing-Up. The Sci

ence of Reviewing Research. Cambridge, MA: 
Harvard University, 1984. 

19. Rosenthal R. Meta-analytic Procedures for Social 
Research. Beverly Hills, CA: Sage, 1984. 

20. Hedges LV, Olkin 1. Statistical Methods for Meta
Analysis. New York: Academic, 1985. 

21. Mullen B, Rosenthal R. Basic Meta-Analysis: 
Procedures and Programs. Hillsdale, NJ: Erlbaum, 

1985. 

22. Bollschweiler E, Feussner H, Huber F, SiewertJF. 
1st die Cholezystektomie ein Risikofaktor fur das 
kolorektale Karzinom? Eine Metaanalyse. Langen

becks Arch Chir 1993;378:304-312. 

23. Cheatham ML, Chapman WE, Key SP, Sawyers 

JL. A meta-analysis of selective versus routine na

sogastric decompression after elective laparatomy. 

Ann Surg 1995;221:469-478. 
24. Detsky AS, Baker JP, O'Rourke K, Goel V. Peri

operative parenteral nutrition: a meta-analysis. 
Ann Intern Med 1987;107:195-203. 

25. Imperiale TF, TeranJC, McCullough AJ. A meta
analysis of somatostatin versus vasopressin in the 



354 E.A.M. Neugebauer, R. Lefering, B. McPeek, S. Wood-Dauphinee 

management of acute esophageal variceal hemor

rhage. Gastroenterology 1995;109:1289-1294. 
26. Lefering R, Neugebauer EAM. Steroid contro

versy in sepsis and septic shock: a meta-analysis. 
Crit Care Med 1995;23:1294-1303. 

27. Meijer WS, Schmitz PIM, J eekel J. Meta -analysis 
of randomized, controlled clinical trials of antibi
otic prophylaxis in biliary tract surgery. Br J Surg 
1990;77:283-290. 

28. Neugebauer E, Dietrich A, Bouillon B, Lorenz W, 
Lechleuthner A, Troidl H. Steroids in trauma 
patients-right or wrong? A qualitative meta

analysis of clinical studies. J Theor Surg 1990;5: 

44-53. 
29. Nurmohamed MT, Rosendaal FR, Buller HR, 

Dekker E, Hommes DW, VandenbrouckeJP, Briet 
E. Low molecular weight heparin versus standard 

heparin in general and orthopaedic surgery: a 
meta-analysis. Lancet 1992;340:152-156. 

30. Selective Decontamination of the Digestive Tract 
Trialists' Collaborative Group. Meta-analysis of 

randomized controlled trials of selective decon

tamination of the digestive tract. Br Med J 1993; 
307;525-532. 

31. Spitzer WO, Lawrence V, Dales R, Hill G, Archer 

MC, Clark P, Abenhaim L, Hardy J, Sampalis J, 
Pinfold SP. Links between passive smoking and 
disease: a best-evidence synthesis. Clin Invest Med 
1990;13:17-42. 

32. Slavin RE. Best-evidence synthesis: an alternative 
to meta-analytic and traditional reviews. Educ Res 
1986;15:5-11. 

33. Jenicek M. Meta-analyse en medecine. Evaluation 
et synthese de l'information clinique et epidemiol
ogique. St-Hyacinthe and Paris: EDISEM and 
Maloine,1987. 

34. Dickersin K, Hewitt P, Mutch I, Chalmers I, 
Chalmers TC. Perusing the literature: comparison 
of MEDLINE searching with a perinatal trials 
data base. Control Clin Trials 1985;6:306-317. 

35. Mahon WA, Daniel EE. A method for the assess

ment of reports of drug trials. Can Med Assoc J 
1964;90:565-569. 

36. Lionel NDW, Herxheimer A. Assessing reports of 
therapeutic trials. Br Med J 1970;3:637-640. 

37. Horwitz RI, Feinstein AR. Methodologic stan
dards and contradictory results in case-control re

search. Am J Med 1979;66:556-564. 
38. Levine J. Trial Assessment Procedure Scale 

(TAPS). U.S. Department of Health and Human 

Services, Public Health Service, Alcohol, Drug 

Abuse, and Mental Health Administration, Na

tional Institute of Mental Health, Bethesda, MD, 

1980. Available from Dr. Levine, University of 

Maryland, Maryland Psychiatric Research Center, 
P. O. Box 3235, Catonsville, MD 21228. 

39. Chalmers TC, Smith HJr, Blackburn B, Silverman 
B, Schroeder B, Reitman D, Ambroz A. A method 

for assessing the quality of a randomized control 
trial. Control Clin Trials 1981;2:31-49. 

40. Weintraub M. How to critically assess clinical drug 

trials. Drug Ther 1982;12:131-148. 

41. DerSimonian R, Charette LJ, McPeek B, Mos

teller F. Reporting on methods in clinical trials. 

New EnglJ Med 1982;306:1332-1337. 

42. Bailar JC III, Louis TA, Lavori PW, Polansky M. 

Studies without internal controls. New EnglJ Med 
1984;311:156-162. 

43. Evans M, Pollock AV. A score system for evalu

ating random control clinical trials of prophylaxis 

of abdominal surgical wound infection. Br J Surg 

1985;72:256-260. 

44. Neugebauer E, Lorenz W, Maroske D, et al. The 

role of mediators in septiclendotoxic shock. A 

meta-analysis evaluating the current status of his

tamine. Theor Surg 1987;2:1-28. 

45. Colditz GA, Miller IN, Mosteller F. How study 

design affects outcomes in comparisons of therapy. 
I. Medical. Stat Med 1989;8:441-454. 

46. Miller IN, Colditz GA, Mosteller F. How study 
design affects outcomes in comparisons of therapy. 

II. Surgical. Stat Med 1989;8:455-466. 
47. Ter Riet G, KleijnenJ, Knipschild P. Acupuncture 

and chronic pain: a criteria-based meta-analysis. J 
Clin EpidemioI1990;43:1191-1199. 

48. Oxman AD, Guyatt GH, Cook DJ, Jaeschke R, 

Heddle N, Keller J. An index of scientific quality 

of health reports in the lay press. J Clin Epidemiol 
1993;46:987-1001. 

49. Goodman SN, Berlin J, Fletcher SW, Fletcher 

RH. Manuscript quality before and after peer re

view and editing at Annals of Internal Medicine. 

Ann Intern Med 1994;121:11-21. 

50. Moher D, Jadad AR, Nichol G, Penman M, Tug
well P, Walsh S. Assessing the quality of random

ized controlled trials: an annotated bibliography of 
scales and checklists. Control Clin Trials 1995;16: 
62-73. 

51. Proceedings of "Methodological issues in over-



Chapter 38 Systematically Reviewing Previous Work 355 

VIews of randomized clinical trials." Stat Med 

1987;6:217-409. 

52. Cook D], Sackett DL, Spitzer WOo Methodologic 

guidelines for systematic reviews of randomized 

controlled trials in health care from the Potsdam 

Consultation of Meta-Analysis. ] Clin Epidemiol 

1995;48:167-171. 

53. Sacks HS, Berrier], Reitman D, Ancona-Berk VA, 

Chalmers TC. Meta-analyses of randomized con

trolled trials. New Engl] Med 1987;316:45(}-455. 

54. Hewett P, Chalmers TC. Using MEDLINE to pe

ruse the literature. Control Clin Trials 1985;6: 

75-84. 

55. Hewett P, Chalmers TC. Perusing the literature: 

methods of assessing MEDLINE and related da

tabases. Control Clinical Trials 1985;6:168-178. 

56. Chalmers TC. The randomized controlled trial as 

a basis for therapeutic decisions. In: Lachin], Tygs

trup N, ]uhl E, eds. The Randomized Clinical 

Trial and Therapeutic Decisions. New York: 

Dekker, 1982, ch. 2. 

57. Gilbert ]P, McPeek B, Mosteller F. Statistics and 

ethics in surgery and anesthesia. Science 1977; 198: 

684-699. 

58. Gilbert ]P, McPeek B, Mosteller F. Progress in sur

gery and anesthesia: benefits and risks of innovative 

therapy. In: Bunker ]P, Barnes BA, and Mosteller F, 

eds. Costs, Risks, and Benefits of Surgery. New York: 
Oxford University, 1977:124-169. 

59. Bearman ]B, Loewenson DB, Gullen WH. 

Muench's postulates, laws, and corollaries. Bio

metrics Note 4. Bethesda, MD: Office of Biometry 

and Epidemiology, National Eye Institute, Na

tional Institutes of Health, 1974. 

60. Stock WA, Okun M, Haring M, Witter R. Age 

difference in subjective well-being: a meta -analysis. 

In: Light R], ed. Evaluation Studies Review An

nual, vol. 8. Beverly Hills, CA: Sage, 1983, pp. 

279-302. 

61. Straw RB. Deinstitutionalization in mental health: 

a meta-analysis. In: Light R], ed. Evaluation Stud-

ies Review Annual, vol. 8. Beverly Hills, CA: Sage, 
1983, pp. 253-278. 

62. Yin RK, Yates D. Street level governments: assess
ing decentralization and urban services. Los An
geles: Rand, 1974. 

63. Ottenbacher K], Peterson P. The efficacy of ves
tibular stimulating as a form of specific sensory en
richment. Clin Pediatr 1983;23:418-433. 

64. Smith ML, Glass GV Meta-analysis of psycho
therapy outcome studies. Am Psychol 1976;32: 
752-760. 

65. L'Abbe KA, Detsky AS, O'Rourke K. Meta
analysis in clinical research. Ann Intern Med 
1987; 1 07 :224-233. 

66. Rosenthal R. The file drawer problem and toler
ance for null results. Psychol Bull 1979;86:638-

641. 
67. Begg CB. A measure to aid the interpretation of 

published clinical trials. Stat Med 1985;4:1-9. 

68. Neugebauer E, Lorenz W. Meta-analysis: from clas
sical review to a new refined methodology. Introduc
tion to the discussion forum about an example of 
meta-analysis in basic surgical research: the role of 
mediators in septic/endotoxic shock (Theor Surg 
1987;2:1-28). Theor Surg 1989;4:79-85. 

69. Cooper HM. Scientific guidelines for conducting 
integrative research reviews. Rev Educ Res 1982; 
52:291-302. 

70. Spitzer WO, ed. The Postdam international con
sultation on meta-analysis. ] Clin Epidemiol 
1995;48:1-172 (special issue). 

71. Chalmers I, Haynes B. Reporting, updating, and 
correcting systematic reviews of the effects of 
health care. Br Med] 1994;309:862-865. 

72. Cochrane AL. 1931-1971: A critical review, with 
particular reference to the medical profession. In: 
Teeling-Smith, ed. Medicines for the Year 2000. 
London: Office of Health Economics, 1979, 
pp.1-11. 

73. Chalmers I, Altman DG. Systematic reviews. Lon
don: BM], 1995. 

74. Robinson A. Research, practice, and the Cochrane 
Collaboration. Can Med Assoc] 1995;152:883-
889. 



CHAPTER 39 

Statistical Consultation in Clinical 
Research: A Two-Way Street 
L.E. Moses and T.A. Louis 

Introduction 

The results of clinical research often rest on sta
tistical interpretation of numerical data. Thus, ef
fective collaboration between clinician and stat
istician can be crucial. Interaction in the planning 
phases of a project can identifY tractable scientific 
and statistical problems that will need attention 
and can help avoid intractable ones. The central 
requirement for successful collaboration is clear, 
broad, specific, two-way communication on both 
scientific issues and research roles. 

Clinical research often depends for its conclu
sions on the correct design and performance of 
studies to collect numerical data, and on the sub
sequent interpretation of the results. Statistical is
sues arise in all three of these areas, and they must 
be correctly addressed, or the usefulness of the 
whole investigation can be threatened. 

Statistical issues mayor may not be straight
forward; the clinician mayor may not be statis
tically experienced and sophisticated. If the com-

Portions of this chapter have appeared elsewhere 
(Moses L, Louis T A. "Statistical consultation in clinical 
research: a two-way street" in Bailar ]C and Mosteller 
F. Medical Uses of Statistics, Second Edition, 1992: 349-
356. Copyright 1992 Massachusetts Medical Society) 
and are included with the permission of the Massachu
setts Medical Society. 

plexity of the statistical problem is greater than 
the clinician's readiness to deal with it, then re
course to biostatistical consultation is likely to ad
vance the investigation. Some statistical problems 
may not be readily apparent and may therefore be 
discovered only through such a consultation. 

The kind of transaction between the clinician 
and the statistical consultant that we are discuss
ing is scientific, not primarily technical. This 
chapter aims to indicate-to both parties-ways 
to improve the prospects of successful consulta
tion. Boen and Zahn1 and Hand and Everitt2 dis
cuss aspects of statistical consultation, and Bas
kerville3 proposes a plan for training consulting 
statisticians. All three works are bountiful sources 
of examples of the consultative process and of ad
ditional references. 

This chapter focuses neither on the consultative 
interaction that takes only five minutes nor on the 
mature relationship between a clinical and a sta
tistical investigator that has developed through 
joint work on several projects. Rather, we address 
situations in which the integrity of the research 
effort may depend on sound statistical design, 
analysis, and interpretation, all of which may re
quire a joint effort extending at least over several 
weeks. The merit of such a cooperative undertak
ing rests largely on the participants' success in 
dealing with two classes of activities that we call 
scientific interaction and coordination of affairs. 
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Scientific Interaction 

The consultation may start with a question that 
seems limited, such as "Would you give me a ref
erence to the Mann-Whitney test?" or 'What 
software package can do a logistic regression on 
our computer?" Or the question may seem (and 
be) broad, as in the following examples: "We are 
preparing a research proposal. Would you look 
over the statistics part? May we name you as a 
consultant?" or "A journal has just rejected this 
paper because of the statistics. Will you help me 
prepare it for resubmission?" However the trans
action may begin, its sound progress depends cru
cially on one thing: the clinician and the statistical 
consultant must ultimately be dealing with the 
same problem. At the beginning, the scientific 
problem is unknown to the consultant. Before he 
or she can be helpful, the statistician must cor
rectly understand the investigation-its purposes, 
motivating questions, materials, techniques, and 
measurements; if he or she offers advice based on 
a misapprehension of these features, the advice 
may be wrong and useless or even damaging. 
Thus, a clear, mutual understanding of the prob
lem is the single most important element in the 
consultation. 

Step-by-step communication is necessary for 
success. As noted above, the statistician must first 
gain a correct understanding of the substantive 
problem. When a point seems to be understood, 
he or she should check it by saying, "Now, let me 
tell you-the clinician-about this point and see 
if I have it right." This step may have to be re
peated. Similarly, the clinician needs to under
stand. the essential statistical features of the proj
ect; the investigator can best check his or her 
comprehension of a concept by explaining it to a 
colleague or to the statistician. 

Each partner should have high expectations of 
the other. Statistical thinking is in a large measure 
scientific thinking, once it is understood. Clarity 
from the statistician is a proper expectation. Sim
ilarly, the statistician may reasonably expect that 
the clinician can make clear most information that 
he or she understands well. The iterative style of 
communication helps to ensure that these high 
expectations will be met. Of course, jargon is an 
unacceptable encumbrance in the consultation. 

The statistician should not use it and should not 
accept it from the clinician. 

A broad definition of the problem can lead 
more quickly to a correct understanding of a 
highly specific concept than would a narrowly fo
cused treatment of that concept alone. This prin
ciple applies to both clinical and statistical issues, 
with two main consequences. First, each collabo
rator should be prepared to do some reading in 
the other's field. Second, each partner should be 
wary of attempting to protect the other by not 
mentioning topics that may be relevant, merely to 
avoid what may be perceived as needless compli
cation. Although in everyday life communication 
may be eased by the omission of details that seem 
inessential or difficult to explain, that practice can 
lead to trouble in scientific collaboration. 

Both participants' understanding of the prob
lem needs to be specific. The worth of a study 
may turn on details. For example, the difference 
between a sound randomized clinical trial and a 
collection of anecdotal material depends on the 
answers to questions like these: How were the pa
tients for this investigation chosen? How was it 
decided which ones would receive which treat
ment? Did the person assessing posttreatment 
status know which treatment the patient had re
ceived? Did the patient know? 

Specific knowledge about the measurement 
process can also be essential. Measurements of the 
same phenomenon may vary from day to day; to 
assess that possibility in a study, it is necessary to 
know which observations were made on which 
days, with which piece of apparatus, and by which 
technician or interviewer. Some measurements 
are actually composites of others, and the vari
ability of the composite will depend on the vari
ability of its components. If the statistical consul
tant is involved in planning the investigation, his 
or her understanding the details may permit a 
more effective and efficient experimental design. 

Broad, specific, and iterative communication is, 
therefore, essential to the consultation. But ad
ditional measures can also help the collaboration 
to succeed. For instance, it can be useful at an 
appropriate stage for one of the partners to attend 
a meeting of the other's colleagues, one addressed 
to the subject of the investigation. The clinician 
may invite the statistician to staff meetings or may 
be invited to a seminar of statistical staff and stu-
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dents. From such meetings, new ideas and helpful 
criticism often emerge. 

Frequently, the collaboration is advanced by ob
servation. The statistician may more quickly gain 
a fuller understanding of the study by seeing the 
apparatus in use, watching the diagnostic proce
dure, and looking at the recording processes. Sim
ilarly, the clinician who undertakes to follow the 
data-editing steps and statistical calculations may 
gain insight from doing so. 

Written communication may advance the work 
notably. Qiestions, requests, information, and 
tentative proposals all tend to gain specificity in 
written form. Memoranda are not subject to 
memory decay and can be discussed with knowl
edgeable colleagues of the recipient (and the 
sender). Memoranda may be used advantageously 
to record the current stage in the participants' 
thinking, the nature of an issue that urgently de
mands resolution, or the details of a proposal that 
will require consultative work. It pays to be aware 
of situations in which a memorandum may be the 
preferred method of communication. 

Thorough communication may take time, but 
shortcuts must be avoided. This recommendation 
parallels good medical practice, which calls for 
taking a medical history before prescribing treat
ment. The parallel reaches further; it may be that 
the analysis (or treatment) will not ultimately be 
changed by the fuller understanding ( or history). 
In that case, the payoff is the confidence that the 
right course has been taken. Boen and Zahn1 have 
a similar view of the role of consultation. 

Coordination of Affairs 

When two or more people share a task, certain 
difficulties may crop up as the work goes forward. 
Forethought can eliminate many such problems, 
especially when willing participants have joined 
together in a mutually attractive project. Problems 
are likely to be fewer and smaller when partners 
have worked together before. In a collaboration 
between clinician and statistician, there may be 
benefit in asking certain questions in advance and 
agreeing on the answers. Issues that merit such 
consideration are the schedule, resources, deci
sions about acknowledgment versus coauthorship, 
and the use of data. 

Schedule 

What is the schedule for the project? Are there 
deadlines and can they be met? Most clinicians 
and many statisticians grossly underestimate the 
time necessary to complete the project and over
estimate the time available. Data must be col
lected before they can be analyzed and before a 
report can be written, and each step takes time. 

If it can be foreseen that the work will proceed 
in stages, the participants should decide how 
much time should be allowed for each stage, and 
who is responsible for completing it. For example, 
data need to be prepared for computer entry, en
tered, and checked for validity before analysis can 
begin. Generally, the clinician will have to par
ticipate in the first and third of these activities, 
especially by providing feedback on acceptable 
ranges for data and by checking on numbers that 
are out of range. 

Resources 

Are the resources (budget, computer time, and 
personnel) adequate, or are some changes needed? 
Many long-term projects require a statistical col
laborator, not simply an occasional consultant. A 
person who is trained to use statistical computing 
packages should be identified early so that the 
analysis recommended by the statistician can be 
carried out. Occasionally, standard computing 
packages cannot perform appropriate analyses for 
a particular investigation, and special-purpose 
routines must be used or new programs must be 
written. However, statistical packages for micro
computers now provide all standard and many 
specialized analyses and graphics. Therefore, sta
tistical input sharply focuses on what to do and 
what to make of results; these enterprises require 
a large dose of statistical input. In addition, the 
statistician should ensure that the requisite hard
ware, software, and organizational structures are 
available to produce valid and timely data and 
analyses. 

If financial issues arise in relation to the work, 
then clarity about them is crucial. Are there to be 
charges for the statistical consultation? How will 
the services of programmers be funded? What 
about computing costs, data entry, secretarial sup
port? 
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Acknowledgment versus Coauthorship 

Sooner or later a decision about authorship of the 
study will need to be made. High-quality statis
tical input in the design and analysis phases of a 
project can be as important a scientific contribu
tion as that provided by the medical team. Early 
discussion of authorship may lead either to an 
agreement to defer the decision until the partici
pants' relative contributions can be assessed, or to 
a tentative decision subject to change. 

If coauthorship does not seem appropriate, 
then acknowledgement is in order. The statisti
cian should be acknowledged for his or her ad
vice-if it is taken, thus establishing responsibility 
as well as credit. Acknowledgments that are too 
broad or otherwise inaccurate can be unfair; it fol
lows that any acknowledgment should be re
viewed and accepted by the statistician. 

Use of the Data 

It may be wise to agree in advance on arrange
ments concerning possible future uses of the 
study's data and statistical analyses. Either party 
may someday wish to use the material in other 
articles or in textbooks. What steps should be 
taken if such an occasion arises? 

The message of this discussion of potentially 
troublesome issues is not that there are many ways 
to get into difficulty but that it is well to consider 
early, and to agree about, the essential steps in com
pleting the work. The collaborators should talk 
about the logistics of the project, resolve any im
mediate problems quickly, and be aware of poten
tial problems not yet settled. It can be helpful to 
record the results of these discussions in a joint 
memorandum that may bring to light some pre
viously unnoticed misunderstandings. We see dis
advantages to this method, too; sometimes the air 
is chilled by the utterance "Let's put that in writ
ing." But the possibility of preparing a memoran
dum about logistics deserves explicit consideration. 

The Benefits of 
Statistical Consultation 

We began this chapter by observing that clinical 
investigations often present problems that de
mand statistical treatment-correct statistical 

treatment. Of course, collaboration with a bio
statistician will usually help with such problems. 
Interaction between clinician and statistician in 
the planning phases of a project can identifY trac
table scientific and statistical problems that will 
need attention and can help avoid intractable 
ones. Mter the data are in, it can be too late for 
statistical attention. As a colleague, Helena Krae
mer (personal communication), has remarked, 

If consultation is at the Post Hoc stage, it may 
be that objectives cannot be accomplished (sam
pling bias, poor design, etc.). It is the statisti
cian's responsibility to state this frankly. We 
cannot do magic, and we can't participate in cover
ups. It is as well that researchers know our limi
tations in advance. This is a particular problem 
when the first consultation takes place after a re
search paper is rejected for publication because 
of poor methodology. Not much one can do! 

A study that has been planned in the light of 
statistical considerations is less likely to have sta
tistical flaws. In addition, it can occasionally be 
much more cost-effective, saving time, money, or 
both. Sometimes the scope of a study can be 
broadened at little or no cost by making use of 
familiar patterns of statistical design in experi
ments. Admittedly, however, a good study often 
costs more than a poor one. Finally, intellectual 
benefits often accrue to either collaborator, or 
both, and to their students and coworkers. 
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SECTION V 

Funding 
R.E. Pollock 

This part of Surgical Research: Basic Principles and Clinical Practice provides practical information about 
funding surgical research. We use the United States, Canada, and Europe as our examples, listing sources 
as well as "how to do it" advice about compiling and submitting grant applications. Perspectives of both 
the applicant and the reviewer are represented. These examples provide generalizable principles that can 
be applied in applications to most funding sources. 

Grants are important to the academic surgeon for several reasons. On a practical level, a successful 
grant application leads to research funds under the direct control of the investigator. These funds can be 
used to finance an independent basic research laboratory, and as a means to "purchase" protected time 
for research pursuits. They provide funds to support the research environment: utilities, housekeeping, 
and core facilities. These activities are supported by so-called indirect funds that are awarded to the 
institution on behalf of the principal investigator. Indirect funds help department chairmen negotiate 
from a position of strength for additional intramural resources. 

The well-prepared grant is a planning document that forces the principal investigator to define how 
an appreciable period of time and effort will be committed over the next three to five years in pursuit of 
specific research goals. A grant proposal provides an additional avenue for planning because it can be used 
as a tool to develop and strengthen collaborations. The grant is a succinct document demonstrating that 
the ideas of the principal investigators are on the "cutting edge," and the investigator is well organized 
and deeply committed to pursuing independent research. 

While independent extramural funding is difficult to achieve, surgeons have several important advan
tages. Surgeons are keenly aware of what constitutes the significant unresolved clinical issues. Natural 
strengths that surgeons bring to the grantsmanship arena include a strong work ethic inculcated during 
the many years of clinical training, coupled with an enthusiasm and willingness to work effectively with 
others. While there are scant funds available for frivolous projects, a well-conceived proposal that seeks 
to dissect out underlying biologic mechanisms stands a good chance of ultimate funding, provided that 
surgical persistence is applied to the process. This is a good struggle well worth joining. Even if not 
initially funded, preparing and submitting a grant provides a surgical investigator with an effective means 
of enhancing the understanding of a given disease process, focuses thinking about solutions, strengthens 
collaborations, and ultimately improves the welfare of surgical patients. 



CHAPTER 40 

Formulating an Initial 
Research Plan 
R.E. Pollock, G.M. Balch, J Roth, B. McPeek, and F. Mosteller 

Much thought occurs before you are ready to for
mulate an initial research proposal. At the broad
est level, a fertile mind must be receptive to fresh 
ideas, ready to nurture and support a nascent plan 
and, after a period of intellectual germination, 
able to formulate the idea into a written research 
proposal. The process, and this chapter, operates 
on two levels, one, broad, conceptual, and philo
sophical; the other, focused, structural, and ex
pository. 

Nurturing Scientific Creativity 

Research aims at learning more about the world 
we live in. Ordinarily, we cannot study the world 
or nature without first simplifying it to make our 
learning assignment more manageable. We study 
nature by abstracting it so that it becomes possible 
to handle, describe, and measure in a controlled, 
systematic way. We try to take nature into our lab
oratory. We subject it to experimental manipula
tion using modern techniques of biology and 
chemistry, biostatistics, epidemiology, and so forth. 

In theory, we first conceive a scientific topic or 
issue and then try to fashion a project we could 
do that would yield information on the issue. In 
an orderly world, one might first think about the 
issue, what is known about it, perhaps what's not 
known-and some scientists do work this way. 

More commonly, we conceive of a project and 
then realize it could produce information bearing 
on nature. 

A variety of strategies help bring fresh insights. 
Ideas or techniques from one field can be applied 
to another, producing information that is novel 
and not yet available in the second field. If you 
hope to do scientific work, read widely. Discuss 
your research ideas with a variety of people who 
work in different scholarly areas. The literature in 
your own field may have a limited view of research 
or approaches to your topic or issue. Make a habit 
of browsing and reading widely in science. Re
member that social scientists as well as natural 
scientists and clinical scholars have much to offer 
that is relevant to bedside medicine and surgery. 
Go to national scientific meetings, particularly 
meetings in fields other than your own. 

Teaching students offers a frequent source of 
new ideas or insights. Students may be less con
strained by the limits we see in our present knowl
edge and methodology. Students often ask 
"Why?" They have mental flexibility and recent 
exposure to other fields. 

You must have a skeptical attitude toward con
ventional wisdom. Do the explanations we offer 
about nature or about the problems we see in our 
clinic really make sense? Think about what is re
ally known and how surely it is known. Most of 
us are far too confident of the state of our own 
knowledge. 
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Good Questions 

What makes a good research question? A good 
question seems interesting; the more you think 
about it, the more interesting it appears. As you 
think about it and discuss it with your research 
team, you want to work on it. It sparks your cu
riosity and emphasizes your strengths and those 
of the team. Its solution seems important. You 
would feel rewarded for your effort. 

Scientists seek questions that offer originality 
and answers that would aim toward the solution 
of a basic scientific problem or have clear clinical 
value. We don't always think enough about fea
sibility. Most of us are good at devising infeasible 
projects requiring the key to the national treasury, 
as well as collaborators, patient material, equip
ment, space, or knowledge that is not available. 
This is not just an issue of a team's strengths and 
weaknesses (e.g., pediatric projects are difficult to 
run in a veterans' hospital). It is a more general 
problem. Inexperienced workers constantly find 
themselves asking too much of a research project. 
We forget that there is no scientific project that 
our own grandiose ideas cannot inflate to the 
point of infeasibility. 

Build on Experience 

As you start to develop your research project, take 
advantage of past experience, talk to your friends 
who work in the field. Seek the help of a senior 
scientific mentor if you are just starting out. Try 
to view your project as part of a continuing re
search program. This will serve to focus some of 
your interests and help you build on previous suc
cesses. It may subtly keep you from dissipating 
your efforts across too wide an area. 

Team Work 

As you develop a project, consider working with 
other people. Most of us find it is fun, and it is 
very productive. Different people have different 
strengths, different experiences, different insights. 
As you advance an idea, a whole new formulation 
may occur to your partner. When you plan a joint 

project, try to develop a series of short-term goals. 
They make definite what is needed or expected of 
individuals at a given time. They also subtly assign 
guilt for not having produced work (subtly is an 
important word because nothing will end a col
laboration quicker than an atmosphere of blame). 
On the other hand, a tiny amount of self-felt guilt 
may advance a project as partners take their re
sponsibilities more seriously. Regular meetings are 
vital for production because they provide definite 
expectations and deadlines. 

Let us say you have an idea that seems prom
ising and feasible, and you think it will be fun. An 
initial research proposal helps structure, focus, and 
communicate your ideas to others. 

Writing a Research Proposal 

A research proposal is an internal working docu
ment-not to be confused with a grant applica
tion-used by many investigators to formulate 
their ideas. It facilitates original and productive 
research by structuring intuitive intellectual pro
cesses into a carefully defined set of plans. These 
plans should delineate the hypothesis to be tested, 
appropriate controls, and an experimental design 
that will promote originality and clinical rele
vance. 

In our laboratories, we continuously develop a 
variety of research proposals as a means of struc
turing, focusing, and communicating our ideas. 

General Principles 

1. The proposal should address one or more 
hypotheses to be tested. These hypotheses should 
be grounded firmly in underlying biological or 
physiological principles. Occasionally, the neces
sary experiments are observational (phenomeno
logical), and a successful outcome depends on a 
positive result. The more incisive studies usually 
address hypotheses of significant scientific inter
est, whether the results are positive or negative. 

2. Have a clear understanding of the potential 
clinical relevance of your proposal. Most surgical 
investigations are preclinical studies in relevant 
animal or in vitro models that have ultimate ap
plicability to the surgical patient, or clinical stud-
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ies that use human materials in vitro or accom
pany clinical research protocols. 

3. Use the proposal-drafting process to capture 
and focus your ideas. Drafts only one to three pages 
long provide good frameworks for organizing data 
and concepts as they mature over time; review and 
update them periodically. Circulate your drafts 
among laboratory workers or possible collaborators 
as a means of initiating later discussion. 

4. Know and keep up with the literature in 
your field. The essence of good research is origi
nality and significance; remaining abreast of the 
literature helps to ensure that your own work will 
maintain its originality. It also allows you to de
sign experiments that permit comparisons with 
published results. 

5. Establish research collaborations and men
torships wherever possible. A research proposal 
provides a good basis for discussion and delinea
tion of responsibilities in a multifaceted and col
laborative research effort. 

Outline of a Research Proposal 

The basic elements of a research proposal include 
title, investigators, hypothesis, objectives, research 
design, and budget. 

Title 

The title delineates the theme of the research pro
posal; it should be as concise and focused as pos
sible. 

List of Investigators 

When multiple investigators are participating in 
collaborative research, it is especially important to 
name the principal investigators and to delineate 
their degrees of responsibility at the outset of a 
research proposal. Since the order of listing may 
well reflect the authorship sequence on subse
quent manuscripts or abstracts, the hierarchy 
should be decided at the start, to avoid later con
flicts about authorship. 

Hypothesis 

The hypothesis should be based on the specific 
questions to be asked. An effective hypothesis 

usually examines the biological or physiological 
mechanisms underlying an unexplained observa
tion; it should not be global but should focus on 
the specific area of inquiry. 

Research Objectives 

No more than four or five concise, specific ques
tions should be listed as objectives, and they 
should be compatible with the research theme re
flected in the title and the hypothesis being tested. 

Research I>esign 

The section on research design summarizes the 
overall strategy and specific tactics to be employed 
in testing the hypothesis and achieving the re
search objective. It is an outline of the basic ex
perimental design, including a delineation of the 
appropriate control sample size and statistical 
methods to be used, and might also include a data 
flow sheet in a form suitable for automation and 
computerized statistical analysis. 

Research Budget 

Make a strenuous attempt to take specific account 
of all the costs of conducting the research project, 
to ensure the availability of sufficient funds to 
complete the study. Funding requirements for 
new supplies or needed, or potentially needed, 
equipment to conduct the research should be 
identified. 

Conclusion 

Preparing research proposals is an integral part of 
the effective functioning of any research labora
tory, whether the research projects are large or 
small. The process engenders a rigorous and ana
lytical focusing of research ideas and minimizes 
the risk of wasting time and resources associated 
with more casual or informal approaches to lab
oratory research. After preliminary data have been 
generated, a research proposal may become the 
basic framework for a formal research proposal 
and grant application. 
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Ten Tips on Preparing 
Research Proposals 
WOo Spitzer 

New or potential investigators with good research 
ideas often fail to take even the first step toward 
exploring or implementing those ideas. This usu
ally happens when the required resources do not 
appear to be available. Young investigators and 
even mature clinicians with strong track records 
in teaching and service become unduly discour
aged at the thought of writing a study protocol, 
submitting it to peer appraisal, and overcoming all 
the real and imaginary hurdles associated with the 
preparation of grant applications. 

Unfortunately, clinicians who practice outside 
universities and colleges, and whose ongoing con
tact with the "real world" makes their work par
ticularly relevant to the needs of patients, are 
among those who are most easily discouraged. 
They assume they do not have the ability or the 
credentials required to generate the financial sup
port their project needs and merits, and they make 
no effort to seek it. 

Although some skills are necessary, and there 
is a "right way" to do certain things, much of what 
is needed to prepare a research proposal is com
mon sense. Seasoned investigators with long ca
reers have learned most of what they need to know 
about writing grant applications from the com-

Adapted with permission from Spitzer WOo Ten tips 
on preparing research proposals. Can Nurse 1973; 
69(3):30-33. 

ments, recommendations, and objections of the 
peer reviewers of their earlier proposals. 

The suggestions that follow are not intended as 
a "checklist" that will guarantee your success in 
"shaking the money tree" of research foundations 
and other research funding agencies. They are 
simply some tips learned over the years from col
leagues and passed on to the reader. Anybody 
venturing into research is certain to make mis
takes at first; the suggestions that follow may help 
you to avoid some predictable pitfalls. 

Before you consider each of the ten points, it is 
important that you realize that undertaking re
search without a protocol is irresponsible at best, 
and unethical at worst. Doing so is just as repre
hensible as embarking on the construction of a 
building without approved blueprints from an ar
chitect. As a general recommendation, avoid ini
tiating or participating in "off the cuff' or "infor
mal" research when no effort has been made to 
develop a plan, rationalize it, and commit it to 
writing in advance. Writing a grant proposal ac
complishes these goals, whether it is funded on 
the first submission or not. 

1. State Your Objective 
and Study Questions Clearly 

When you come upon a good idea, an intriguing 
hypothesis, a burning question, or an important 
demonstration project, write your thoughts down, 
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promptly. Then, preferably within days, carefully 
restate your project or study. Two important steps 
must now be taken; neglect of either will fre
quently jeopardize the quality of the rest of your 
work. First, write the broad objective of the study. 
Second, formulate the specific questions your re
search project seeks to answer. 

Try to limit the questions to two or three; if you 
find yourself writing more than five or six, your 
objectives may be vague and your concepts woolly. 
~estions should be phrased to permit objective 
and, preferably, quantitative answers. Here are 
some examples: 

Example I 

Objective. To determine whether the introduction 
of a system in which a senior general surgery resi
dent functions as a consultant in the emergency 
ward of a teaching hospital would expedite the 
handling of patients with surgical problems. 

Related Study Questions 

1. Is the span of time from the arrival of a patient 
in the triage station in the emergency ward to 
a disposition (i.e., discharge home or admis
sion to hospital) reduced? 

2. Are calls to other senior surgical residents and 
to surgical attending staff in the hospital to 
come to the emergency room reduced after in
troduction of the on-site surgical resident com
pared to the previous situation? 

3. Does an assessment of the quality of surgical 
care for nonelective conditions, using a quan
titative index developed specifically for surgical 
problems commonly seen in the emergency 
room, indicate any improvement following in
troduction of the new arrangement? 

Example II 

Objective. To determine whether a strategy of 
transporting trauma patients to hospitals that in
volves limiting intervention at the accident site or 
in transit to first aid and essential lifesaving ma
neuvers is preferable to deploying surgeons with 
sophisticated equipment to accident sites to ini
tiate more immediate and definitive treatment. 

Related Research Questions 

1. What are the rates of mortality and of serious 
residual morbidity for cases treated with 
the first versus the second approach, after ad
justments have been made for case mix and 
severity? 

2. What are the direct and indirect costs of the 
first compared with the second approach? 

3. What are the barriers to the feasibility of each 
approach in urban and rural areas? ("Urban" 
and "rural" will have been operationally de
fined very carefully.) 

Example III 

Objective. To determine whether a specific pre
operative bowel preparation in conjunction with 
intravenous administration of antibiotic X im
proves the results of aortofemoral grafting in pa
tients with selected types of aortoiliac occlusive 
disease and abdominal aortic aneurysms. 

Related Study Questions 

1. What is the immediate postoperative mor
bidity (i.e., within 72 hours) of patients who 
receive the bowel preparation plus antibiotic X 
compared to those who receive antibiotic X 
alone? 

2. What is the infection rate in the aortofemoral 
grafts within 30 days of the operation among 
patients in each of the arms of the study? 

3. What are the 1-year and 5-year survival rates 
for patients in each arm of the study? 

4. Do intervening dental procedures, minor oper
ations, or viral or bacterial infections such as 
pneumonia or gastroenteritis affect the survival 
and morbidity rates for patients in each arm of 
the study? 

When you have rewritten your objectives and 
study questions several times, review them with 
colleagues whose opinions you respect. They are 
likely to give you candid comments on the clarity 
of your objective, the feasibility of the project, and 
whether your research questions are sensible and 
amenable to research. 
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2. Study the Background 
Literature and Summarize It 
in Your Proposal 

It is important to determine whether the kind of 
study or project you propose has already been 
done. Those who are asked to review grant ap
plications are usually very knowledgeable in the 
appropriate field and are aware of related work 
reported in the literature or in progress. It is un
likely that you will be granted support for a project 
that is equivalent to seeking to "reinvent the type
writer." Expert advice on how to review the lit
erature is provided in chapters 7, 10, and 38. 

When you have reviewed the literature, write it 
up briefly. If you are not breaking completely new 
ground, you should demonstrate how or why your 
project would shed new light on a problem already 
studied by others, how you will obtain new knowl
edge, or how you will test an innovative applica
tion of existing knowledge. If your emphasis is on 
application of existing techniques or knowledge, 
you should indicate the relevance of your work in 
such terms as benefit to patients or greater efficiency 
attained. 

3. Decide on General Strategy 

Before you consider the detailed tactics you might 
adopt (e.g., selection of comparison groups, delin
eation of criteria, selection of samples, scoring 
techniques), design your general strategy. Are you 
proposing a demonstration model? Will you be 
conducting a survey? Do you plan a true experi
ment? The nature of your objective and your re
search questions will usually suggest the proper 
strategy. When two or more approaches would be 
suitable, your choice should be based on which is 
the most feasible and practical. 

A common pitfall is to seek support from a 
research-funding agency for a project that is 
clearly not research. If you are trying to establish 
a service or educational project, such as a coun
seling center for adolescents who have sustained 
serious skiing accidents, you should apply to 
granting agencies whose terms of reference in
clude the provision of funds for service or edu
cational programs on the basis of their merit, 

rather than an agency whose primary focus is on 
research into the pathophysiology and treatment 
of trauma. 

4. Identify the Most 
Appropriate Funding Agency 

You should investigate whether accepted proce
dures or ethical considerations justifY your sub
mitting your application to more than one fund
ing agency for support for the same project. It is 
important to make a decision about possible 
sources of funds at this stage because the tactics 
you specifY in your detailed research design may 
be influenced or even determined in part by the 
known policies of a funding agency. Most funding 
agencies publish their terms of reference, and you 
should obtain and study them before proceeding. 

5. Seek Expert Consultations 

This is the time to consult some experts. Al
though you may have spoken with colleagues or 
other advisers when you formulated your objec
tives and study questions, you should now consult 
with resource persons such as research method
ologists, biostatisticians, or other experts in the 
field that concerns you. Too often, consultations 
are sought after a grant application has been re
jected or the data have been gathered. By that 
time, it is usually too late for a consultation to be 
of much help to you. Consultation with the ad
ministration staff and with the director of the 
agency to which you are planning to apply is an 
invaluable but often neglected step. You can learn 
what is "fundable" under the agencies' present 
guidelines, and you can obtain many valuable sug
gestions about your application. For a major grant 
or contract, it is worthwhile to do this in person. 

At most institutions, there are experienced in
vestigators who have well-developed skills in the 
field of "grantsmanship." Do not hesitate to enlist 
their support in planning your grant. A critical 
review of the finished grant by such an adviser can 
be extremely valuable, even if the consultant is 
outside your field. 

When you seek expert advice about your re
search design, it is wise to consider some ethical 
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questions. Are there any risks to patients or other 
individuals who may become study subjects? If 
there are, do they outweigh the potential benefits 
to such individuals or to the population in gen
eral? Will the study subjects be free from invasion 
of their privacy or any form of personal assault? 
Are reasonable safeguards incorporated in the de
sign to protect the confidentiality of personal or 
clinical information? Is it ethical in your particular 
study to withhold some treatment from a control 
group? 

The following commitment, in these or equiva
lent terms, should be included in your grant ap
plication: 

The individuals and families involved in this 
investigation would enjoy freedom from assault: 
personal privacy, the ability to withdraw from the 
experiment at any time, and the confidentiality 
of all personal information obtained would be 
scrupulously protected. The applicants have 
carefully weighed the potential gains from the 
new knowledge that would be obtained from this 
investigation and have concluded that these 
gains vastly outweigh the risks to the individuals 
involved in this project. Consent to take part in 
this investigation will be requested only after full 
disclosure of the nature of the project and of any 
potential risks to the prospective participant as
sociated with the delivery of health services in 
the proposed fashion. 

Some agencies require a statement on ethics 
(i.e., approval of the project by a properly consti
tuted ethics review committee) in each proposal, 
along with copies of the consent forms that will 
be used. 

6. Specify the Criteria You Will 
Use to Evaluate the Answers 
to Your Study Questions and 
the Success of Your Project 

Unless you indicate what kind of objective or 
quantitative answers to your research questions 
will constitute a particular verdict, your proposal 
may be regarded as a self-fulfilling prophecy. 

Specifying the criteria for judging the answers to 
research questions, in advance, usually distin
guishes the disciplined and rigorous investigator 
from the wishful thinker who is out to prove a 
point. If we refer back to question 3 under Ex
ample I, the criterion for success might be: 

Criterion. Bowel preparation plus antibiotic X 
will be judged to be better than antibiotic X alone 
if two of the following three outcomes are dem
onstrated: 

1. The immediate postoperative morbidity in the 
combined approach is not only less than that 
with antibiotic alone, but is less than 2% of 
that. 

2. The rate of infection of patients treated with 
the combined approach is 20% less than it is 
in those treated with antibiotic alone, within 
30 days of the operation. 

3. The I-year and 5-year survival rates for pa
tients treated with the combined approach are 
at least 20% better than they are in those 
treated with antibiotic alone. 

Although negative findings in a study tend to 
be viewed as evidence that it failed, it may really 
have been successful if it provided strong, irrefut
able evidence that settled a question. The success of 
a study or project is not determined by the verdict it 
yielded, but by the quality of the evidence it produced. 
Consequently, it is wise to spell out the criteria 
that will determine the success of your project sep
arately from the criteria to be used in evaluating 
the answers to your study question. 

7. Be as Brief and Clear 
as Possible 

Reviewers of grants are not particularly interested 
in reading countless typed pages. Most successful 
grant applications for clinical or health care re
search projects are not longer than 10 to 15 pages. 
Unnecessary verbiage reflects unfavorably on the 
applicant's ability to think clearly and communi
cate effectively. Brevity, however, should not be 
carried to the point of failure to communicate why 
your group is distinctive and able to make a sig-
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nificant contribution. If your proposal covers a 
large study involving several centers and a com
plex design, the detailed descriptions required 
may justifY an application that is considerably 
longer. 

Funding agencies take pride in identifYing and 
supporting investigators who will be effective in 
solving problems. A helpful stratagem you can in
corporate in the significance section of your grant 
application is to point out that your institution has 
already assembled most of the pieces of the puz
zle. You can show, for example, with solid docu
mentation, that you have access to all the patients 
needed for the study, most of the required labo
ratory equipment, and a well-developed plan with 
a proven record of productivity; all you need is 
support to obtain the few missing pieces of the 
puzzle. In other words, the granting agency can 
underwrite a solution to the problem very eco
nomically by supporting your research plan to 
provide the last few pieces of the puzzle. 

Although the suggested outline for grant ap
plications provided in Appendix 41-1 will require 
modification for each study and may have to be 
changed to conform with different requirements 
in various countries, it may be useful in getting 
your thinking started and in assembling the in
formation you will need. 

8. Keep Appendices and 
Supporting Documents 
to a Minimum 

Lengthy appendices, supporting documents, and 
bibliographies will produce a cumbersome appli
cation. The reviewer will usually feel compelled 
to read them and may well be irritated when he 
has finished if the appendices do not contribute 
much. An appendix or supporting document 
should be included only if the proposal cannot be 
understood without it, and it is clearly inappro
priate to include the information (e.g., the precise 
format of an interview form) in the main body of 
the application. If you are in doubt, briefly state 
in the text of your proposal what the document 
contains and indicate that it is available on re
quest. Do not attach it. 

9. Be Realistic in Your 
Assessment of the Available 
and Required Resources 

Do not propose to hire categories of professionals 
that are not available in your setting or commu
nity. If the execution of your project depends on 
nonexistent human or other resources, or on 
equipment you cannot maintain, you should not 
be applying for support. On the other hand, iden
tifYing by name the person who will perform a task 
strengthens the proposal by its concreteness. 

Ascertain very carefully what funds you will 
need for salaries, equipment, supplies, specialized 
services, consultants, and other items. Underes
timating what you require will cause you unnec
essary difficulties when you come to carry out your 
study. Deliberately overestimating the cost of the 
required resources will undermine your credibility 
during the first review or when you submit your 
annual progress report. 

The peers who will judge the merits of your 
proposal and assess its progress when you submit 
renewal requests are usually aware that errors of 
judgment can be made in estimating the require
ments for a study; most of them have experienced 
such embarrassments and are sympathetic. Re
viewers can be expected to be reasonable about 
applications for amendments of budgets when 
such requests are sensible and caused by unfore
seeable contingencies. It is much better to submit 
supplementary requests, if the need arises, than to 
"pad" a submission at the outset. 

10. Prepare and Justify Your 
Budget Carefully 

Most granting agencies provide preprinted appli
cation forms that include the required breakdown 
of requested funding into budgeting categories. 
Nevertheless many research proposals are submit
ted without adequate justification of the expen
ditures included in the various categories, or with
out enough detail about the budget as a whole to 
enable the appraiser to link listed items of expen
diture with the activities described in the project. 
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Your justification of your budget should explain 
the need for each individual for whom a salary (or 
wages) is requested, and for every item of equip
ment, each category of supplies, travel, and any 
other special requirements. 

It is wise to identify any major expenditure for 
which the estimates are not firm. Should budget
ary difficulties concerning an uncertain estimate 
arise later, prior identification of the potential 
problem will have paved the way for approval of 
any necessary amendment. 

Conclusion 

Preparing a research proposal and applying for its 
support need not be dreaded as an unavoidable 
tournament that must precede any rewarding re
search activity. Designing a project, exploring fea
sible approaches to its implementation, identify
ing the resources needed, and communicating all 
this information in a grant application are integral 
components of investigative activity. If you don't 
win the award the first time, you have still orga
nized your project. Seek a detailed critique from 
the reviewers, revise your application, and resub
mit it. The whole process is intellectually chal
lenging and can even be enjoyable. 

Appendix I 

Suggested Outline for a Research 
Protocol 

A. Summary (300 words or less) 
B. Main protocol 

1. The objective and research question(s) 
a. Objective 
b. Qyestion(s)-may be restated as a hypoth

esis or hypotheses if desired or appropriate 
c. Significance of the problem to health care 

or biomedical science 
2. Review of pertinent literature 
3. General strategy of the study, including a dis

cussion of the rationale for the choice of 
methodes) (e.g., historical study, survey, ex
periment; use or not of comparison groups) 

4. Laboratory and/or clinical facilities (if appli
cable) 

5. Specific procedures or tactics 

a. Kinds of information to be collected 
b. Procedures to be used in the collection of 

information 
c. From whom the information will be col-

lected 
d. By whom the information will be collected 
e. Where information will be collected 
£ Schedule for collection of information 
g. Copies of letters, recording forms, inter

view schedules, questionnaires, and so 
forth should be included either in the text 
or appendices, as deemed appropriate 

6. Ethical considerations 
7. Methods of data preparation 
8. Method of analysis, including statistical tech

niques, if appropriate (for sections 6 and 7, 
justifY any planned use of computers) 

9. Dummy tables, charts, and graphs 
10. Justification of budget 
11. Criteria for success of the project 

Summary of the 
Ten Recommendations 

1. State objective and research questions clearly. 
2. Use the literature review to justify the need 

for the proposed project. 
3. Be clear about your general strategy. 
4. Identify the appropriate funding agency. 
5. Seek early consultation with experts. 
6. Declare criteria for evaluating answers to the 

research questions and the success of project. 
7. Be brieE 
8. Keep appendices and supporting documents 

to a minimum. 
9. Assess the resources needed to implement 

your project realistically. 
10. Justify your budget carefully. 

Additional Reading 

Apley AG. The Watson-Jones lecture 1984: surgeons 
and writers.J Bone Joint Surg(Br) 1985;67:140-144. 

Dixon J. Developing the evaluation component of a 
grant application. J Nurs Outlook 1982;30: 122-127. 

Jagger J. How to write a research proposal. Grants Mag 
1980;3(4):216-222. 

Skodal HW. Research proposal: the practical imagi-



CHAPTER 42 

Funding Research in North America: 
The United States 
jE. Fischer 

Departmental Support 

Research in departments of surgery was tradition
ally funded by transfer of clinical income, espe
cially from high earners, to those doing the re
search. This system was never really able to fund 
full-time programs at the best of times. In the 
current economic climate, departments of surgery 
can provide only seed money and a modicum of 
support for 3 years for new faculty surgeons to 
develop a research program. Beyond that, each 
laboratory must derive its support from some of 
the sources described below. 

Not all departments want to sponsor research, 
and not all chairpersons believe that research 
is critical to their program. However, a commit
ment to research must be a departmental com
mitment; it cannot be solely a chairperson's 
commitment. Most department members must 
believe research to be worthwhile. Even iflabora
tories are not supported by clinical monies, there 
will inevitably be some transfer from those who 
generate the clinical dollars to those who are 
spending some time in research. This money may 
be for core support of the department, support of 
those academic functions that department mem
bers agree should be funded, or for monetary re
wards to the researchers if this is departmental 
policy. In general, researchers will never be re
warded monetarily to the extent that busy clini-

cians will be, but recognition of the value of what 
they do, similar to rewards for teaching, is essential. 

If departments cannot support programs over a 
prolonged period, some reserve funds should be 
set aside for interim support of individuals who 
lose their grants. Unfortunately, losing support is 
a fact of research life that may become more com
mon in the future. Bridging funds are essential if 
a departmental commitment to research is to be 
kept. I emphasize that this should be only "bridge" 
funding and cannot be a permanent part of the 
laboratory's support. 

Collaboration with 
Basic Scientists 

Surgeons who are excellent researchers generally 
can support themselves throug4 the practice of 
surgery if they participate in an income-sharing 
practice with other productive clinicians. The lab
oratory, however, must be fundable from external 
sources. In the current scientific milieu, successful 
competition for funding depends on hiring first
class collaborating postdoctoral researchers to 
work within the department of surgery. Many de
partments like ours have hired such individuals, 
who often have their own funding. Collaborations 
with basic scientists are mutually beneficial. Usu
ally a clinical problem has sparked the idea for the 
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research project; surgeons can provide a sense of 
direction, defined goals, and a well-developed 
ability to get from point A to point B without 
going through point Z. In addition, surgeons in 
academic departments can often provide a willing 
and talented source of manpower: surgical resi
dents who spend protected time in the laboratory. 
Basic scientists with whom we collaborate love to 
work with surgical residents, who approach the 
laboratory as if they were still on the clinical ser
vice: they come early, stay late, and are generally 
bright, intelligent, energetic problem solvers with 
a highly developed sense of morality and the value 
of work. 

Funding Surgical Residents 
in the Laboratory 

Fortunately, there is a fairly large number of schol
arships available for surgical residents who wish 
to spend two years in the laboratory. The schol
arships include NIH training grants in trauma 
and critical care, cancer, heart disease, and gastro
intestinal disease, and National Research Schol
arship Applications (NRSA). In addition, at least 
36 surgical organizations fund scholarships for 
residents, giving whole or partial support for the 
period in the laboratory. This estimate does not 
include local scholarships or others such as the 
Shriners of North America scholarships. A list of 
scholarships is published in February of each year 
in the Bulletin of the American College of Surgeons 
as a service of the Surgical Research and Educa
tion Committee of the College. An increasing 
number of organizations are attempting to fund 
such fellowships to provide for the uninterrupted 
growth of surgical research. 

Funding Sources 

Diversity is a politically correct word. In the case 
of funding research, diversity is an essential word; 
diversified research funding protects continuity 
and productivity. Following is a diverse list of 
sources for research funding, including tips on 
successfully obtaining funding from those sources. 

The National Institutes of Health (NIH) 

Although becoming more difficult for everybody, 
including surgeons, to obtain, NIH funding re
mains the gold standard. It is highly respected by 
colleagues and prized by deans because of the sub
stantial amount of overhead that accrues to the 
medical school, and the fact that it is administered 
under the financial control of the dean. Deans 
compare their various departments and make 
space and other resource allocation decisions 
based on NIH funding. While funds obtained 
from other organizations may have the same cash 
value, they do not contribute as much overhead. 

NIH awards for new investigators, both the 
R29s (the First awards) and the K08s (Clinician 
Investigator awards), may have a more favorable 
funding percentage than the standard ROl award 
for more established investigators. The review 
process for the R29s may be somewhat less strin
gent for young investigators, especially on reap
plication. The K08s certainly have a different re
view process because of the fact that these grants 
support a mentoring relationship. The burden of 
proof of merit is on the mentors and their track 
records rather than on the investigators. Thanks 
to the efforts of the Surgical Research and Edu
cation Committee of the American College of 
Surgeons, K08s are now available to surgeons. 
(See Table 44-1 in chapter 44 on writing grant 
applications for the NIH.) 

Veterans Affairs 

In previous years, the VA hospitals were an ex
cellent resource for the funding of research of 
young faculty members. RRAGs, the initial re
search applications by VA physicians and surgeons 
who contributed at least 5/8 time, could provide 
funding for 2 years at up to $35,000 per year. 
Since this funding did not include the surgeon's 
salary, it was a valuable resource. The RRAG pro
posals as a source of funding have become unpre
dictable because VA funding is no longer secure. 
This formerly reliable avenue has become a source 
of frustration to young faculty members. 

Similarly, the merit review process, which pre
viously funded more than half of the grant appli
cations reviewed, now funds approximately the 
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same percentage of grants as the NIH. The review 
process is just as stringent. Although this avenue 
can be pursued, one should bear in mind that the 
assurance of getting funding here is considerably 
less than in the past. The research track of the VA 
may provide funding for meritorious research by 
basic scientists, especially those within depart
ments of surgery. 

Development Awards 
from National Organizations 

The American College of Surgeons and the 
American Surgical Association both have devel
opmental awards for young faculty members. 
These are highly competitive and very prestigious 
awards intended to support young surgical inves
tigators. They provide comparatively long periods 
(up to 5 years) of funding with partial salary sup
port. The American Association for Thoracic 
Surgery, The Orthopedic Foundation, the Tho
racic Surgery Foundation, and other surgical 
foundations provide support for 1 to 2 years of 
research on a competitive basis. 

Other nonsurgical national organizations such 
as the American Cancer Society, American Heart 
Association, Kidney Foundation, American Dia
betes Association, Muscular Dystrophy Founda
tion, and so on all have research programs to 
which surgeons may apply. In the case of the 
American Cancer Society, while the funding is co
ordinated with the NIH's National Cancer Insti
tute, the reviewers may be different. Some review
ers may view a grant differently than others, and 
thus one may increase the chances of being funded 
by submitting a nearly identical grant to both or
ganizations, since only one of the applications can 
be funded. 

While one may apply to the national organi
zations for comparatively large grants, many of 
these organizations, such as the Kidney Founda
tion, American Cancer Society, and American 
Heart Association, have local funding (state or 
chapter) that is considerably easier to obtain for 
smaller amounts, for example, up to $20,000. 
These are excellent sources for seed money for 
new research projects that can be used to obtain 
data so that one may apply to the national orga
nizations. 

Local Foundations 

Every individual interested in funding should ob
tain a copy of the book listing local and state foun
dations. You will be amazed by what is available. 
Some fortunate schools have well-endowed local 
foundations specifically interested in funding new 
investigators. Other schools may have a built-in 
mechanism by which promising young investi
gators are funded by the institution in competitive 
fashion. Some schools have access to various in
dividual philanthropic donors who may wish to 
provide funding for a young investigator. The re
search committee in the college of medicine of 
those schools that have taken the trouble of es
tablishing these mechanisms can be very helpful 
in trying to approach such individuals. 

Industry Funding 

The reader may wonder why industry funding has 
not been mentioned earlier, because this has been 
an important traditional source of funding for 
many departments of surgery. It remains so, but 
industry funding has become more difficult and 
more goal directed. Industry is less willing than it 
once was to allow free-ranging research in an area 
rather than a specified research project that they 
would like to see performed. Industry money is 
not, as supposed by many, "easy money." It is far 
better to have an investigator-originated grant, 
such as a grant from the NIH. While it may be 
harder work to get it, once you have it you can do 
pretty much unfettered research, provided that 
you can produce enough results to get the grant 
renewed. This is not the case for industry re
search. There is more difficulty or "hassle factor" 
than with the NIH. If you develop a long-term 
relationship with industry, a less restricted con
tract or grant for a specific area of investigation 
may be secured, but this kind of grant is becoming 
increasingly more difficult to obtain. 

Venture Capital 

Venture capitalists are interested in research that is 
clinically relevant and may result in marketable 
products. If you have a marketable idea, take care 
to protect it through the intellectual properties or-
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ganization of the university so that royalties from 
patents and so forth may accrue to you and your 
university. Venture capital companies may in fact 
be far more enlightened, compared with the re
mainder of industry, about seizing opportunities. If 
a valuable product results from a well-negotiated 
joint venture, there will be long-term support for 
the laboratory, the institution, and the department. 

Department of Defense 

The Department of Defense is a less well known 
resource that some surgical researchers have used 
successfully for many years. Department of De
fense grants usually fund areas that are of interest 
to the military, including injury and metabolism, 
which encompass burns, trauma, and critical care. 
The application process is somewhat different 
than for the NIH, requiring a letter of intent and 
then, if successful, a full-fledged research grant 
proposal. These grants are highly competitive, but 
well worth considering. 

Unusual Federal Areas 

Getting to know the NIH and related organiza
tions may result in the identification of additional 
funding sources. Certain lesser known institutes 
of the NIH, such as the Institute for Advanced 
Technology, have research funds available that in 
many cases go begging because people do not 
know about them. A thorough investigation of 
some of the less well known programs of the NIH 
may be fruitful. 

North Atlantic Treaty Organization 
(NAfO) 

You may able to collaborate with colleagues in 
western Europe and obtain funding through 
NATO fellowships for research fellows working 
in your laboratory on a NATO fellowship. This 
is well worth investigating. There are other trans
atlantic fellowships, such as those from the Max 
Planck Institute; some of these programs are spe
cifically for European fellows to work in labora
tories in the United States. 

The Robert Wood Johnson Foundation 

I have always thought it particularly unfortunate 
that large organizations such as the Robert Wood 
Johnson Foundation have not funded traditional 
research avenues. However, outcomes analysis in 
departments of surgery is becoming a more com
mon, valid avenue of research for young surgical 
investigators. Other foundations, such as the 
Markle Foundation, which has produced many 
fine individuals as Markle Scholars, have also cho
sen to fund other activities. However, attention to 
some of the programs of organizations such as the 
Robert Wood Johnson Foundation, Whittaker 
Foundation, and Pew Charitable Trust are well 
worthwhile. 

Some Practical Suggestions 
on Obtaining Research Funding 

1. Get to know the people who make funding 
decisions in your area of research. Get to 
know the scientific review advisor of the study 
section, and the program coordinators in the 
institute or organization to which you are ap
plying. 

2. Get to know the system and how the system 
works. 

3. Visit the system. Allow enough time. Set up 
your appointments prior to arriving in Wash
ington or wherever the organization resides. 
Don't expect individuals at the NIH or other 
organizations to devote time to you just be
cause you are there, but set up a careful sched
ule with sufficient time in advance to allow 
them to prepare. Tell them what it is you are 
interested in. 

4. The system is not monolithic. There are ob
vious variations in the individuals who are re
viewing your grant. Some will be more sym
pathetic and helpful than others. 

5. Become familiar with the study section to 
which your grant is likely to go, or you wish 
it to go. You undoubtedly will recognize the 
names of some of those in the study section. 
These are the people who are likely to review 
your grant. It is wise to quote their work in 
your grant application, no matter how re-
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mote. It is not a good idea to fly in the face 
of their work or to challenge in a confronta
tional manner work that your likely reviewer 
has published. 

6. READ THE INSTRUCTIONS. CARRY 
OUT THE INSTRUCTIONS. 

7. If (when) you receive your study section cri
tique, pay attention to the criticisms. Under
line them and draw up a list of what you think 
the criticisms are. At this point it will be use
ful to call the scientific review advisor of the 
study section. Pay attention to the criticisms 
and address them directly, and do it quickly 
while the memory of your work is still fresh. 

8. View the initial application as a first try. If 
your grant is turned down, resubmit it during 
the next cycle. If you send it back to the study 
section, it is likely to be reviewed by those 
individuals who reviewed it the first time. If 
you have addressed the criticisms squarely 
and fairly, it is likely that you will ultimately 
get funded. If you wait for 2 years, for ~x
ample, the composition of the study sectIOn 
will be changed and there will be an entirely 
new set of criticisms. 

9. YOUWILLNOTBEFUNDEDUNLESS 
YOU APPLY. 

10. Place yourself in the shoes of the reviewer. 
Make things easy for the reviewer. Do not 
have an impossibly long appendix that he or 
she has to refer to repeatedly. The closer the 
reviewer comes to his or her boiling point, the 
lower your score will be. 

11. Do a precise job. No typographical errors. 
Make sure it looks nice and has an attractive 
font. Dot matrix-printed grant applications 
suffer the fate of dot matrix printers. 

12. Do not irritate the reviewer. Do not use a 
series of abbreviations that even an expert in 
the field would not recognize. Spell every
thing out. Do not make your grant applica
tion look like a military exercise with an im
possible number of acronyms. 

13. Use a mentor. Even if your mentor is not in 
your field, he or she can certainly help you in 
preparing a proper grant application. 

Conclusion 

• You will not get funded unless you apply. 
• Almost no one gets funded the first time. 
• Getting grant support requires a sustained ef

fort; if you continue to address the criticisms 
and resubmit the grant, it is likely that ulti
mately you will get funding. 

• NIH funding remains the gold standard, but 
there are many other sources of funding avail
able. 

Commentary 

Every investigator's dream is stable funding that 
will provide uninterrupted research support. The 
steady state is hard to attain and is reached only 
through a series of many small steps. The com
monly held pessimistic view that research funding 
is not available to surgeons is invalid. One of the 
main reasons research funds are infrequently al
located to surgeons is that there are so few surgical 
grant requests. This chapter provides a multitude 
of sources to which the surgical investigator may 
look, and references for source material that will 
be helpful. Remember that the goal of all fund
ing organizations is to give their money away; 
thoughtfully preparing an application using the 
techniques described in this book has the poten
tial to yield good results, especially if you are per
sistent and responsive to reviewers' comments. 
Dr. Fischer points out the limitations of industrial 
research: traditionally interested in the funding of 
projects, industry does not provide investigators 
with a stable platform on which to stand. 

A.S.W 



CHAPTER 43 

Funding Research in North America: 
Canada 
S. Keshavjee and S. Gallinger 

Research funding in Canada is similar to research 
funding in the United States, with some impor
tant differences. Ten years ago the breakdown of 
biomedical research funding sources was as fol
lows: Medical Research Council (MRC) 39%, 
voluntary agencies 18%, industry 2%, local sources 
2%, other 39%. By 1993 these proportions 
changed to the following: Medical Research 
Council 24%, voluntary agencies 14%, industry 
22%, local sources 4%, other 36%. Although 
funding by the Medical Research Council has in
creased over the past 10 years, the major increase 
in research expenditure has come from private in
dustry. For example, funding by the MRC has 
increased twofold from approximately $100 mil
lion per year to $200 million per year over the past 
10 years (increase not corrected for inflation; all 
amounts are Canadian dollars, throughout this 
chapter). Funding from the provincial govern
ment, nonprofit organizations, and local agencies 
or the universities have also increased at the same 
rate. However, funding from private industry has 
increased 22-fold, bringing the amount of fund
ing provided by industry to just under $200 mil
lion in 1993. (Proceedings of the 1994 Consensus 
Conference on Surgical Research in Canada). 

An analysis of research funding obtained by 
surgical departments in Canada was presented at 
the Consensus Conference. The 16 departments 
of surgery examined had research funding totaling 
approximately $62 million; $51.8 million of this 

was from external sources and $10.3 million came 
from internal sources. Much of the internal sup
port came from clinical earnings and endow
ments. Considerable variation exists in total fund
ing and in the amount generated for salaries for 
surgeon-scientists. In many departments there is 
approximately a 10:1 ratio between external op
erating grant funds received and external salary 
support for staff surgeon-scientists. In some de
partments there is a similar relationship between 
internal salary support of surgeon-scientists and 
external operating grants received. 

In summary, the departments of surgery receive 
considerable amounts of money for research from 
external and internal sources, with a ratio of about 
5:1. There appears to be a relationship between 
the dollars obtained for salary support of faculty 
surgeon-scientists and dollars received for oper
ating grants. 

External salary support for surgeons to do re
search comes from a variety of sources, with vary
ing duration and levels of support. Some sources 
are province specific, such as the Alberta Heritage 
Foundation for Medical Research, Fonds de la 
Recherche en Sante du Qyebec (FRSQ), and 
the Career Scientist Development Program of the 
Ontario Ministry of Health. Nationally, the Medi
cal Research Council has recently become a sig
nificant source of salary support through its highly 
successful and useful Clinical Scientist Award 
program. The MRC has developed a Clinical-
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Scientist Committee specifically designed to assist 
clinical-scientists and clinical departments. Mem
bers from several departments of surgery partici
pate in this committee. The MRC Clinician
Scientist awards are especially attractive because 
of their long-term duration of salary support that 
spans the training phase and the subsequent 
phase as an independent investigator. Operating 
funds are also provided during the investigator 
phase. MRC scholarships have occasionally been 
awarded to surgeon-scientists, although these 
scholarships are extremely competitive and dif
ficult to obtain because of the large number 
of applications received from competing basic 
scientists. 

External funding sources utilized by Universi
ties in Canada include the Alberta Heritage 
Foundation for Medical Research, Canadian 
Urology Scholarship, Medical Research Council 
of Canada, Ministry of Health Career Scientist 
Program-ontario, Heart and Stroke Foundation 
of Canada, National Cancer Institute of Canada, 
University of Calgary Research Grant, Arthritis 
Society of Canada, Fond de la Recherche en Sante 
de Qgebec, BC Health Care Program, Miles 
Robinson Foundation, and others. Funding from 
these sources ranges from $20,000 to S80,000 per 
annum, with an average of $49,000 per annum. 

Many surgical laboratories have nonclinician, 
non-M.D. scientists as faculty members who 
spend 75% or more of their time in research. 
These positions are not usually funded by the uni
versity, and developing salary support requires in
genuity. Combination funding from provincial 
governments, hospitals, clinical earnings, external 
funding agencies, and industry is commonly used. 
A surprisingly low amount of the total funding 
comes from industry. 

Following is a list of some of the potential 
sources of funding available to surgeons. This an
notated alphabetical list is not exhaustive, but it 
will give the reader an idea of the different types 
of funding sources that are available. 

• Armstrong Ontario Fellowship and Nutritional 
Sciences Related to Inflammatory Bowel Disease. 
Provides for support of nutritional research 
in inflammatory bowel disease, particularly 
Crohn's disease. Three years of support is avail
able at up to $40,000 per year. 

• Banting Research Foundation. Provides support 
for young investigators for the establishment of 
new projects. Support for projects is usually for 
a term of 1 year and is rarely renewed. Funding 
is in the range 0£$12,000 to $20,000. 

• J P. Bickell Foundation. Grants are provided for 
biomedical research in Ontario universities, 
hospitals, and scientific institutions. Support is 
within the $10,000 to $25,000 range. 

• Canadian Association of Gastroenterology/Astra 
Pharma Inc. Research Initiative Award. This 
award is aimed at further advancing biomedical 
research in Canada relevant to gastroenter
ology. The three following areas are funded: 
mucosal defense, inflammatory bowel disor
ders, and neuromuscular disorders of the gut. 
The award is $75,000 per year for 2 years and 
is intended to provide support for a postdoc
toral fellow, plus operating expenses. 

• Canadian Association of GastroenterologylIndus
try Research Fellowship Program. Two research 
fellowship programs are provided in collabo
ration with Glaxo Canada, Jensen Pharmaceu
ticals, and Abbott Laboratories. The fellow
ships are provided to train clinical investigators 
in sciences, for an academic career related to 
gastroenterology. The applicant's supervisor 
must be a member of the Canadian Association 
of Gastroenterology. 

• Canadian Breast Cancer Foundation. The pri
mary purpose of the grants is to provide seed 
funding for new projects for the advancement 
of breast cancer research, treatment, education, 
and awareness. 

• Canadian Breast Cancer Research Initiative. A 
combined effort by the MRC, National Cancer 
Institute of Canada, National Health Research 
and Development Program, and the Canadian 
Cancer Society. Similarly, a joint effort by vari
ous agencies has recently begun to support the 
International Genome Project and is referred 
to as the Canadian Genome Analysis and 
Technology (CGAT) Program. Personnel sup
port awards are also available as joint agree
ments between MRC and a number of agencies 
in different countries including Argentina, 
Brazil, China, France, and Italy. These awards 
include a living and travel allowance for sci
entific visits to the host countries. 
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• Canadian Cystic Fibrosis Foundation. A large 
number of awards is available, including re
search grants, scholarships, fellowships, stu
dents hips, summer studentships, clinical incen
tive grants, transplant incentive grants, visiting 
scientists awards, special travel grants, and 
small conference grants. 

• Canadian Diabetes Association. Provides re
search grants, scholarships, fellowships, gradu
ate studentships, young scientists award, and 
Canadian Diabetes Association-Bayer Inc. fel
lowship in clinical diabetology. 

• Canadian Liver Foundation. Establishment 
grants are available to provide start-up funds 
for clinical investigators and basic scientists 
who have recently completed their training and 
are taking up full-time faculty-level positions 
in a Canadian university. Up to 3 years of sup
port is available, with awards of up to $60,000 
per year. Canadian Liver Foundation Fellow
ship awards are available for salary support for 
qualified persons with an M.D. or Ph.D. in the 
fields of hepatic function or disease. 

• Canadian Orthopedic Foundation. Research 
grants are available in the field of orthopedic 
surgery and are funded up to a level 0[$10,000 
to $15,000. 

• Cancer Research Society Inc. Operating grants 
and fellowships are available for a period of 2 
years, in the range of $10,000 to $30,000. 

• Canadian Surgical Research Fund. Established 
by the Canadian Association of General Sur
geons to finance research in surgical diseases. 

• Crohn's and Colitis Foundation of Canada. 
Grants are awarded for a maximum of 3 years, 
up to $50,000 per year. One clinical research 
fellowship is awarded yearly for training of can
didates who have completed core clinical sub
specialty training requirements. 

• Heart and Stroke Foundation of Canada. Person
nel support and grants are available to qualified 
investigators in cardiovascular and cerebral
vascular research. The Heart and Stroke Foun
dation of Canada is responsible for personnel 
support, while the provincial Heart and Stroke 
Foundations provide grant support. A number 
of personnel awards are available, including 
junior personnel awards, research fellowships, 
medical scientist traineeships, senior personnel 
awards, visiting scientist program, and career 

investigator awards. Major grants are available 
for up to 3 years of funding. 

• Hospital for Sick Children Foundation. Support 
is available for all aspects of child health in 
Canada including pediatric research, health 
promotion, public education, and postgraduate 
training and community projects. 

• London Life Award in Medical Research. An an
nual award of $100,000 per year for 3 years is 
available for a medical researcher working in 
Canada. 

• Medical Research Council of Canada. This large 
national agency is comparable to the NIH in 
the United States. All forms of personnel sup
port and research grants are available. Research 
personnel program awards include student
ships, fellowships, centennial fellowships, and 
clinician-scientist awards, which have been ob
tained by a number of surgeons across the 
country. Grant funding is quite varied and in
cludes operating grants, equipment grants, and 
group projects. University industry research 
funding is promoted with the MRC contrib
uting $1.00 for every $2.00 provided by indus
try support. 

• National Cancer Institute of Canada (NCIC). 
This large agency offers a number of programs 
for operating grants and personnel support. 
Granting opportunities include individual and 
group grants, equipment grants, molecular epi
demiologic/clinical correlative studies, and fea
sibilities grants. The NCIC forms part of a 
multiagency group that supports the Canadian 
Breast Cancer Research Initiative. Person
nel support programs include career develop
ment awards, research fellowships, clinical re
search fellowships, and studentships. Surgeons 
throughout the country have competed suc
cessfully for operating grants and fellowships 
offered by the NCIC. The NCIC clinical trials 
group supports national and international mul
ticentered trials of cancer therapy and has col
laborated extensively with the European Or
ganization for the Research and Treatment of 
Cancer and other clinical trials societies. 

• National Health Research and Development Pro
gram (NHRDP). Four primary areas are now 
being funded: health systems support and re
newal, population health strategies for groups 
at risk, management of risk to the health of 
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Canadians (products and disease control), de
livery of services to First Nations, Inuit, and 
the Yukon. 

• Natural Sciences and Engineering Research 
Council (NSERC). This large research granting 
agency supports university research and the 
training of scientists and engineers. NSERC 
also provides a large budget for the Networks 
of Centers of Excellence Program. 

• Ontario Thoracic Society. This agency is the 
medical section of the Ontario Lung Associa
tion and supports research directly relevant to 
human respiratory health problems. 

• Rick Hansen Man in Motion Foundation. Fel
lowships and students hips are awarded to sup
port basic spinal cord injury, rehabilitation, and 
prevention research. 

Commentary 

Approximately half of the university surgery de
partments in Canada have clear rules that require 
diversion of some of the clinical income of sur
geons to research and education. Mechanisms in
clude practice plans, a dean's tax, and so forth. 
These two young surgeons are technically profi
cient specialists in difficult areas of surgery (lung 
transplantation and hepatobiliary surgery). They 
have established enviable records of funding while 
maintaining a high-level clinical practice. Young 
surgeons can look for specific, detailed informa
tion on funding in the research office or on the 
web page of their university. 

M.F.M. 



CHAPTER 44 

Applying for Funding from the NIH: 
A Useful Paradigm 
for Most Applications 
R.E. Pollock, JE. Niederhuber, and G.M. Balch 

Purposes of a Grant Application 

A research grant application serves a number of 
purposes. The most obvious is its potential as an 
entre to research funding, but it is also a critical 
planning document that can be used as a precise 
and detailed research "road map" for the ensuing 
project. By competing for a peer-reviewed re
search grant, the investigator receives a critique of 
his best efforts from other experts in the field. If 
the grant application is successful and funded, it 
becomes a very strong statement of peer approval 
and recognition of the quality of the applicant's 
research efforts. 

Types of Grant 

A number of organizations offer grants. Two ma
jor sources of medical research funding in North 
America are the National Institutes of Heath 
(NIH) in the United States and, in Canada, the 
Medical Research Council (whose grants and re
view process are very similar to those of the NIH). 
Other sources of funding include national and re-

Extensively adapted from Niederhuber JE. Writing a 
successful grant application. J Surg Res 1985;39:277-
284; and Pollock RE, Balch CM. The NIH Clinician 
Investigator Award: how to write a training grant ap
plication. J Surg Res 1989;46:1-3. 

gional grants sponsored by the American Cancer 
Society, Kidney Foundation, American Heart As
sociation, and so forth. Surgical organizations 
such as the American College of Surgeons, As
sociation for Academic Surgery, and Society of 
University Surgeons have also established training 
grant programs. These are discussed in greater de
tail in Dr. Fischer's chapter (chapter 42). 

Three basic types of grant are available to in
vestigators or aspiring investigators through the 
NIH (Table 44-1). Training grants, for example, 
the NIH Clinician-Investigator Award (K08 se
ries) and institutional training grants, are targeted 
to physicians with 2 to 7 years of clinical train
ing who are interested in academic careers but 
lack appropriate basic research training. Training 
grants usually require applicants to commit 75% 
or more of their time to their research training 
effort over the course of 3 to 5 years. The goal is 
to train a clinical investigator capable of function
ing independently at the end of the training pe
riod. The award is made to the trainee and the 
training institution. 

The second type of grant funds investigator
initiated research projects (e.g., the NIH R01 and 
R29 award series). These grants presuppose that 
the applicant is fully trained in research and ca
pable of functioning independently; the surgeon
investigator has to compete with other fully 
trained autonomous scientists, both physicians 
and holders of doctorates in other disciplines. The 
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Table 44-1. NIH grants available to surgical investigators. 

Grant mechanism 

Training grants, i.e. 
Clinician-Investigator award 

Investigator-Initiated project 

Program project grant 

NIH series 

K08 

R01 
R29 

POl 

award is made to the individual investigator in 
conjunction with his or her institution; funds are 
transportable to other institutions if the investi
gator moves to a new department. 

The third type of grant is for program projects 
(e.g., the NIH POl series). Applications for these 
grants are submitted by senior ROl-funded inves
tigators with established research track records. A 
younger investigator may have the opportunity to 
participate as a coinvestigator in a project covered 
by a larger program grant. The program project is 
developed around a unified, defined research goal 
encompassing a number of sound, individual 
complementary projects that will be strengthened 
by being part of the overall program. Such appli
cations are reinforced by a convincing demonstra
tion of the significant cost savings that will accrue 
from creating the facilities to support the P01-
related projects. The strength and unity of the 
program stem from the excellence of its compo
nent projects, the focus on a common goal, and 
collaboration among the project investigators. 

Prewriting Phase 

You must accurately assess your ability to function 
independently versus your need for additional 
training prior to becoming an autonomous inves
tigator. A project (independent or program) grant 
application is required if you are capable of con
ducting independent research; if not, an application 
for a training grant is appropriate. Making this de
cision first, in the prewriting phase, is necessary 
because the applications are markedly different. 

To write a successful training grant application, 
you will need to think carefully-during the pre-

Eligibility 

Physicians with 2-7 years of clinical training, 
lacking research training 

Established investigators 
"First Awards" for fully trained young 

investigators 

Established ROl-funded investigators (young 
investigators can be coinvestigators) 

writing phase-about the four essential elements 
of your application: you-as the applicant, your 
mentor (sponsor), the research environment in 
which you propose to pursue your training, and 
your research project. 

The first component is you, because your po
tential to develop independent research capacities 
will be evaluated. You must demonstrate a serious 
intention to pursue an academic research career, 
because the granting agency is investing its money 
primarily in your potential to develop into an in
dependent investigator rather than in your project 
per se. 

The second matter you must decide is who your 
mentor (sponsor) will be. It is important to select 
someone who is recognized as an accomplished 
investigator, as documented by the quality of his 
or her bibliography and track record in getting 
peer-reviewed support. The granting agency will 
also evaluate your mentor's ability and availability 
to guide and support you; that is, can he or she 
foster your development into an independent in
vestigator? Evidence that your mentor has suc
cessfully trained one or more fellows who were 
subsequently funded as independent investigators 
is usually required. 

The third element of your application is the 
quality of the research environment in which you 
wish to receive your training. The granting 
agency's reviewers are looking for proposals for 
training within strong, well-established, active re
search programs, because such programs imply 
the presence of a critical mass of faculty members 
in the clinical and basic sciences. Your proposed 
research training center should have a reputation 
for helping young investigators develop indepen
dent research careers. An important factor in 
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evaluating the research environment is evidence 
that the chairperson of the department supports 
and protects trainees during and after their train
ing period. 

The fourth consideration is your research proj
ect. You will need to demonstrate the overall merit 
of a multiyear plan of research. The reviewers will 
examine how the project dovetails with your ca
reer plans and how likely it is that it will help you 
develop the skills you will need. That is, assuming 
you complete the project, will you be equipped to 
function as an independent investigator and will 
you have developed a research attitude that en
ables you to shift your focus of concentration from 
a project aimed at getting a single result to one 
that opens an area of investigation you can pursue 
in the future? 

You must also obtain a departmental letter of 
support to accompany your application for a train
ing grant. It is a binding guarantee from the chair
person of your clinical department that the re
quired percentage of your time and effort for basic 
research will be protected if your proposal is 
funded. A vague statement from a well-meaning, 
but naive chairperson is insufficient; the chairper
son must state exactly how you will be protected 
and supported while you are executing the pro
posed research. 

PRE-WRITING PHASE 

• Training grant versus independent investiga
tor grant 

• Organize your background 
• IdentifY sponsor or mentor (only if a training 

grant) 
• Review quality of research environment 
• Plan research project 
• Choose coinvestigators 

The prewriting phase of an independent re
search grant application is different. You will be 
evaluated on your established strengths as an in
dependent investigator, not on your potential to 
become one; you will need to recruit coinvesti
gators, not select a mentor. Choosing coinvesti
gators will require as much careful deliberation as 
selecting a mentor does for a training grant. It 
may be particularly important that you, as a cli-

nician, choose coinvestigators with strong bibli
ographies, their own peer-reviewed grant support, 
and the complementary scientific expertise 
needed to ensure the success of your project. Re
view committees are very aware of the demands 
on the time of clinicians, and of the buttressing 
value of basic science coinvestigators who need 
not apportion their time between clinical and in
vestigative tasks. 

Your research environment should have the 
space and equipment required to perform your 
proposed research. Your independent project ap
plication will be strengthened if you can show that 
other established investigators work in the same 
general vicinity and that cross-collaborations 
could develop during the project. It is essential to 
provide evidence that you have departmental sup
port, especially with regard to projected time re
quirements. 

Your project should be plausible, original, and 
significant; the quality of these parameters is more 
important than in a training grant application. 
The training grant project is a vehicle for the ac
quisition of independent investigative skills; the 
individual grant project must have inherent po
tential for significant scientific advance-its value 
as a training mechanism is not relevant to the re
vlew process. 

Compiling the Grant Application 

Although the format of an application is unique 
to each funding agency, the principles underlying 
most grant applications are sufficiently similar to 
warrant using the NIH as a generic example. 

The detailed instructions in the booklet that 
usually accompanies the application form should 
be followed exactly; the requirements and format 
are frequently revised. If your institution has a 
grants administration office staffed by individuals 
who are knowledgeable about grant applications, 
be sure to identifY them and make use of their 
experience. It would also be helpful to obtain a 
funded grant proposal from an established senior 
investigator and use it as a model. Respect abso
lutely all stated page limitations; applications ex
ceeding the stipulations are frequently returned 
unread! Do not use photoreduction to gain space; 
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if the proposal is not easy to read, it may not be 
read at all. Use a clear, concise scientific writing 
style; for the NIH, the official guidelines require 
the type size to be 12 pitch or greater. 

An important first element is the budget. You 
must complete 12-month and multiyear budget 
statements, with justifications addressing both 
time and money parameters. Feel free to contact 
the granting agency staff to gain insight into grant 
program restrictions. You may be tempted to in
flate your budget to offset anticipated cuts during 
its review, but resist doing this, because an un
realistic budget reflects poorly on you and can ex
ert a detrimental influence. 

You must provide justification for each budget 
item (e.g., personnel, supplies, travel, equipment). 
Do not treat this part of your application too 
lightly; you must formulate your justifications 
thoroughly, carefully, and skillfully to ensure 
maximum support for your project. Ask yourself, 
Is the budget completely justified? Is it in keeping 
with grant program restrictions? Does it show, 
specifically and credibly, how you propose to 
spend both your time and the granting agency's 
money? 

Biographical sketches for you and any coinves
tigators or mentors usually come next. Present the 
best possible, but accurate, image of yourself and 
any other participants. It is important to dem
onstrate the adequacy of your investigative train
ing and its relevance to the research you propose 
to do. Your bibliography should support your 
qualifications by clearly delineating a common 
theme in your research efforts. For ROl and First 
awards, your bibliography should provide evi
dence of independent work; and for POl appli
cations, evidence of existing collaborations. 

Your application must document other grant 
support currently under your control as principal 
investigator, or under the control of your coinves
tigator(s) or mentor, in sufficient detail to allow 
the reviewer to grasp your situation quickly and 
easily. One- or two-sentence outlines describing 
the objective and the distinctiveness of each listed 
project should make it evident that the grants are 
cohesive, nonoverlapping parts of an overall 
theme of investigation. 

The granting agency's reviewers will usually be 
familiar with the various institutions and depart
ments supporting your application, but you should 

describe in detail the laboratory resources avail
able for your proposed project and characterize 
your institution's environment in terms of labo
ratory space, animal facilities, core equipment, 
and access to needed patient materials. 

When you are compiling a grant proposal, you 
must keep institutional and granting agency dead
lines in mind. At the M. D. Anderson Cancer 
Center, five separate M. D. Anderson forms have 
to be completed before a grant proposal is allowed 
to leave the premises. The five forms require seven 
signatures from seven different offices. There are 
also 6-page animal care approval forms and 
equally lengthy human surveillance clearance 
forms. Completing these forms requires time, and 
the job must be done early enough to allow suf
ficient time for internal peer review before sub
mission of the application to the granting agency! 

COMPILATION PHASE 

• Contact grants office at home institution 
• Create and justifY budget 
• Write focused biographical sketches of all in

vestigators 
• IdentifY other grant support 

The most important part of your grant proposal 
is your research plan, in four sections with a limit 
of 25 pages: specific aims, significance, prelimi
nary studies, and experimental design and meth
ods. Your research plan has a critical bearing on 
the final rating your proposal will receive and will 
gain or lose you the most points. Despite its im
portance, writing the research plan is often left 
until last. 

A successful grant application is based on a sig
nificant idea or hypothesis that is not only inter
esting and exciting but entirely plausible and fea
sible. Once your research hypothesis/objective has 
been carefully defined, you will need to devise a 
series of specific aims that will provide answers to 
the questions raised by your hypothesis. You are 
allowed to devote one page to a succinct and fea
sible statement of the specific aims of your pro
posal. The challenge is to show that the aims are 
achievable and are based on a sound and important 
biologic hypothesis. An outline (Appendix 44-1) is 
an excellent format for helping the reviewer un-
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derstand your hypothesis and specific aims. List 
each aim separately, in the logical sequence you will 
follow when you implement the plan. 

The statement of significance comes next. Your 
critical review of the pertinent peer-reviewed lit
erature should be approximately 3 pages. It allows 
you to show that you are aware of the most critical 
areas of current inquiry in your chosen area of re
search. You must demonstrate a thorough knowl
edge of the subject area and the relevant and cur
rent questions surrounding your proposal, and you 
must relate your project's specific aims to the criti
cal questions being asked by other scientists work
ing in the same area. The significance section 
should make it clear that successful completion of 
your proposed experiment(s) will make a mean
ingful contribution to the knowledge base of your 
subject. 

The preliminary studies section follows the one 
on significance and should be approximately 8-10 
pages. If your application is to be successful, you 
must describe enough completed preliminary work 
to convince the reviewer that your project has an 
excellent chance of being carried to a successful 
completion. This is also your opportunity to con
vince the reviewer that you have the requisite skills 
and experience. The reviewer's expectations re
garding the extent and sophistication of your pre
liminary studies are greater for an independent re
search project grant than for a training grant. 

Presenting the data obtained in your prelimi
nary studies in the form of tables, graphs, and 
photographs is a great help to the reviewer; these 
materials should be of publication quality, and it 
should be possible to photoreduce and insert them 
at appropriate places in the text to simplify the 
reviewer's job (Appendix 44-2). This is better 
than attaching the figures and tables as appendices 
because it relieves the reviewer of the tedium of 
having to go back and forth between the text and 
the appendices. Each table and figure should be 
easily understood and should have appropriate 
legends. The topic sentence in each paragraph 
should be underlined or highlighted by boldface 
type; for easier review, the paragraphs should be 
displayed in a numerical, protocol-type format. 

The experimental design and methods section 
is possibly the most important part of your entire 
application; the evaluation it receives will count 
most heavily in determining the priority score the 

review committee assigns to it. Consequently, de
vote at least two-thirds of your allotted writing 
time to this part of your application. 

When you are describing your methods, pro
vide details without being diffuse; lack of focus is 
one of the most frequent criticisms of grant ap
plications. Use the first portion of the experimen
tal design and methods section to describe the 
routine methods to be used, in detail, and keep it 
separate from the research plan. The experimental 
techniques you will employ should be up to date 
and referenced, and you must demonstrate a thor
ough knowledge of their use. The reviewers will 
judge your experimental design by asking such 
questions as, Does the experimental design ad
dress a significant research question? Does the de
sign build logically on the preliminary studies? 
Will the design satisfy the specific aims as they 
have been articulated? Will the design reveal un
derlying biologic mechanisms, or will it hover at 
the superficial level of phenomenology? 

RESEARCH PLAN 

• Specific aims should be hypothesis-driven. 
• Write background to identity unresolved is

sues in current literature. 
• Preliminary studies should document your 

ability to do the proposed work. 
• Experimental design is very critical in grant 

reviews. 
• Identity likely problems and solutions. 

You must demonstrate a thorough understand
ing of the difficulties you may encounter when 
you conduct the proposed experiments, and what 
alternative methods could be flexibly applied to 
correct or resolve such problems. The most com
mon error is to be too descriptive; you must be 
able to distinguish coincidence and epiphenom
ena from true cause and effect. 

Mechanism of Review 

Some insight into the review process will help you 
understand why research applications are disap
proved or rated poorly. I For example, NIH re
search grants are assigned to an appropriate panel 
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of scientists-known as a study section, that is 
assisted by an executive secretary who assigns each 
application to a primary and a secondary reviewer. 
At the scheduled meetings of the study section, 
the assigned reviewers lead a discussion of the sci
entific merit of the proposal. The committee will 
be composed of investigators of national stature 
who are engaged in basic research and multiple 
professional activities that leave them very little 
time to devote to voluntarily reviewing of grant 
applications. The review committee may, or may 
not, include a surgical investigator. 

Accordingly you must examine your application 
very skeptically to see whether it could be ade
quately digested by a primary reviewer in as little 
as 2 hours. Bear in mind that your primary re
viewer will take 15 minutes, at most, to present 
your application to the entire review committee of 
7 to 16 members. The success or failure of your 
application will depend on the primary reviewer's 
ability to digest its salient features quickly and 
present your ideas in a favorable light to the review 
committee. Anything you can do to make the re
viewer's job easier can only help you; brevity, 
clarity, and logical organization are essential. 

Members of the committee vote to approve or 
disapprove the application; if it is approved, the 
review committee will then vote on a priority score. 
A summary statement of the critique, referred to 
as the "pink sheet," is prepared by the executive 
secretary and is sent to you, the applicant. 

Your application and its initial review results are 
then presented to the appropriate NIH advisory 
council responsible for program review. The 
council determines how well your proposed re
search would advance the institute's mission and 
what funds are available to support external ap
plications. The council relies heavily on study sec
tion reviews and priority scores in determining 
which applications will be funded. The most criti
cal determinant of success is the initial review by 
the primary reviewers and the panel of scientists 
serving as members of the study section. 

If you are a new faculty member making your 
first application for external research funding, seek 
help from your more experienced and senior col
leagues, especially those who are members of 
grant study sections. Remember that one of the 
major and oft-cited weaknesses of grant applica
tions is lack of focus, especially in the presentation 

of research plans. Allow enough time to complete 
the application and have it reviewed internally by 
colleagues who are thoroughly knowledgeable in 
your particular area. It is preferable to miss an 
application deadline rather than submit a proposal 
that has not received an internal review, because 
an unreviewed proposal has a much higher like
lihood of being rejected. 

Commonly recurring reasons for grant disap
proval, identified by the NIH, are outlined in the 
following section. 

Reasons for NIH Grant 
Disapproval2 

1. Lack of new or original ideas; weak or trivial 
hypothesis 

2. Diffuse, superficial, or unfocused research 
plan 

3. Lack of knowledge of published relevant 
work 

4. Lack of expertise in the essential metho
dology 

5. Uncertainty concerning future research direc
tions 

6. Qyestionable reasoning in experimental de-
slgn 

7. Absence of an acceptable scientific rationale 
8. Unrealistically large amount of work 
9. Lack of sufficient experimental detail 

10. Uncritical approach to current knowledge 

If the application is not successful, you can usu
ally obtain this information and the critique a few 
weeks after the study section meeting. If you re
write your application, address the comments of 
the critique very carefully. A rewritten grant ap
plication taking adequate account of the reviewers' 
comments may achieve an improved priority score 
that will warrant funding after resubmission and 
reVlew. 

If your grant application is funded, you may 
want to apply for additional funding in subsequent 
years. Competitive renewal has its own set of chal
lenges, but it is an opportunity to show that the 
initial funds allocated to you by the granting agency 
were well spent, your specific aims were met, your 
time and money budgets were not exceeded, you 
kept abreast of and integrated changes in your field 
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of research, and, most pertinent, you contributed 

to progress by presenting and publishing your work 
in peer-reviewed forums. 

In conclusion, a training grant represents an in

vestment in the possibility that, with the proper 

training, you can emerge as an independent in

vestigator. In contrast, a research project grant is 

an investment in the quality and potential of the 

project itself An awareness of these distinctions 

will help you to select a mentor, coinvestigator(s), 

or project, astutely, and to formulate a grant ap

plication in accord with its underlying purpose. 

(See also chapter 41.) 
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Appendix 44-1 

Outline of a research plan that derives from un

derlying biological principles. Each segment is 

addressed by studies described in the experimental 

methods and design section of the research plan. 

Outline of Research Plan 

1.0 Specific aims 
2.0 Background and significance 

2.1 Introduction 
2.2 Difficulties in diagnosis and staging 
2.3 Impact of soft tissue sarcoma biology on 

modes of care 
2.31 Addition of radiotherapy to surgery 
2.32 Addition of chemotherapy to radio-

therapy and surgery 

2.4 Problems in soft tissue sarcoma clinical re
search 

3.0 Preliminary results 
3.1 Preoperative chemotherapy as the initial 

treatment modality 
3.2 Deletion of preoperative radiotherapy in pre

operative chemotherapy responders 
3.21 Relevant radiotherapy experience 
3.22 Relevant surgery experience 
3.23 Relevant chemotherapy experience 

3.3 Substitution of hyperthermic isolated limb 
perfusion for radiotherapy in preoperative 
chemotherapy nonresponders 

3.4 Development of soft tissue sarcoma molecu
lar staging criteria 
3.41 Mutation of wild type (wt) p53 tumor 

suppressor gene 
3.42 Mutation of MTS1 multiple tumor 

suppressor gene 
3.43 Amplification ofMDM2 oncogene 

4.0 Experimental design 
4.1 The clinical protocol 
4.2 The integrated clinical-molecular prospective 

database 
4.3 The bioresource facility 
4.4 Molecular staging studies 
4.5 Correlative basic investigations 

4.51 Transfection of exogenous wt p53 into 
soft tissue sarcoma cells lacking wt p53 

4.52 Development of in vivo extremity sar
coma preclinical molecular therapy 
model 

4.53 Role of MT1 and MDM2 genes in 
soft tissue sarcoma progression 

Appendix 44-2 

In the following excerpt from a grant application, 

the task of the reviewer is eased because prelimi

nary results are illustrated with publication-quality 

figures. 
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Our. own stu?ies have .identified gr?ss and subtle p53 mutations in soft tissue sarcoma. Figure 4 
depicts studies of a pnmary sy~ovlal cell sarcoma a~d axillary metastasis that became clinically 
detectable and was resected ~IX months after the pnmary tumor. The primary tumor contained 
wt p53, whereas the ~etastasls had mutated p53 where a specific point mutation could be 
demonstr~te? uSing sln~le stra~d conformational polymorphism (SSCP) followed by sequencing 
(manuscnpt In preparatu~n): This unu~ual opportunity to examine primary tumor and 
meta~hronous metastasl~ tissues retneved from a single patient suggests that p53 gene 
mutation m~y playa rol.:: In soft tissue ~rcoma progression, as has been suggested by 
Vogel~teln In colon carclno~a (62). I~ light of these considerations, analysis of p53 gene 
mutations may be relevant In developing molecular staging for soft tissue sarcoma. 

A. Western B. SSCP C. Sequence 

P M N PMN Primary Metastatic Normal 

p53-
A 
I 
C 

GATC GATC GATe 

FIG. 4 A. Western blot analysis on protein Iysates from synovial sarcoma primary tumor (P). metastatic tumor of 
the S<tme patient (M). and normal tissue of the same patient (N). 60 ~g proteins from each sample were 
electrophoresed on 8.5% SOS·PAGE and transferred to nitrocellulose. The primary antibody used was anti·p53 Ab· 
6 monoclonal antibody (Oncogene Science Inc., Manhasset. NY). The position of p53 protein is indicated. B. 
SSCP (single strand conformation polymorphism) analysis of exon 5 of p53 gene. A mobility shift was clearly 
O.bserved In metastatic tumor (middle lane). C. Nucleotide sequence analysis of exon 5 of p53 gene. The exact 
site of a C to A single base mutation seen on metastatic tumor is indicated by an arrow. 

Commentary 

Although this chapter focuses on the NIH grant 
proposal format, it is broadly applicable to anyone 
writing a grant proposal in virtually any country. 
The essential elements are the same, although 
they may be organized differently, or the different 
components may have differing relative weights. 
The list of reasons why grants are turned down, 
presented in the concluding section of the chap
ter, is particularly helpful. Working backward is a 
good technique. Critically assess your own grant 
to see what reasons you can find for disapproval; 
even better, ask a critical friend or trusted col
league to do that for you. 

One of the greatest pitfalls in grant preparation 
is doing it at the last minute; we are all guilty of 
such behavior, but shortcuts or a hurried approach 
to a single portion of the grant can make the dif
ference between approval and disapproval. Simi
larly, developing investigators generally give in
sufficient attention to the prewriting phase of the 
application. This is an extremely critical time. You 
should be testing your grant ideas on as many peo
ple as you can. Seek criticisms in three areas: your 
proposed approach, the importance of the ques-

tions that you are asking, and the hypothesis that 
you are developing. A structurally perfect grant 
with precise reasoning will not be funded if the 
inherent area of inquiry is deemed of insufficient 
importance to the reviewers. You should feel com
fortable about contacting the granting agency to 
help align your proposal with their goals. Inves
tigators frequently forget that the whole purpose 
of funding agencies is to give away their money. 
A preliminary chat with someone from the agency 
will help to determine whether your area of 
interest is a good match for the focus of that 
particular agency, and useful suggestions are 
frequently obtained. Surgeon-scientists have a 
problem with writing grant applications because 
their clinical work interferes with consecutive 
thinking. Thus, the planning process must be 
even more careful, and there must be enough lead 
time to account for the unpredictable elements 
that arise in a surgical practice. Most surgeons 
who have prepared a grant proposal find that the 
process is difficult and lengthy, but at the end it 
provides them with a better understanding of their 
area of inquiry and an excellent road map to follow 
as they explore unsolved problems. 

A.S.W 



CHAPTER 45 

What a Grant Review 
Committee Looks For 
L Kron 

Young surgical investigators are often told that it 
is impossible to get a major grant funded, par
ticularly by the National Institutes of Health 
(NIH). It has been stated that most funding goes 
to basic scientists, and therefore it is useless to 
write a grant. In fact, 10-25% of individual grant 
proposals are presently funded by NIH. Though 
this sounds incredibly hard, many of these are re
submissions, and therefore, though difficult, 
funding still is possible. This chapter is intended 
to improve the chance of being funded by famil
iarizing readers with some of the paths and pitfalls 
of the review process. 

Mechanisms for Grant Review 

It is helpful for the investigator submitting an in
dividual grant request to understand the mecha
nisms of grant review. At NIH and most other 
major funding agencies, there are at least two pri
mary reviewers assigned per grant. Both individu
ally will fully review the proposed grant and come 
up with a priority score. A reader is assigned at 
NIH to review the grant as well. The reader will 
review the grant in detail but does not write out 
a full summary. The primary and secondary re
viewers present their analyses of the grant at a 
meeting of the study section, which usually con
sists of 10-20 scientists. Others with an interest 

in the area may also discuss the grant. If the grant 
is approved, as the majority are, then a priority 
score is given by each member by written ballot. 
This is the main determinant of whether the grant 
gets funded. 

Recently the concept of triage has been added 
to reduce the work of the study section. Grants that 
are judged to be in the bottom 50th percentile by 
the assigned reviewers will be triaged to reduce the 
amount of discussion at meetings. For a grant to 
be triaged, there has to be agreement of the pri
mary and secondary reviewers. A grant can also be 
triaged at any time during a study section meeting 
if all who have reviewed the grant agree that it is 
in the bottom 50th percentile. Even if a grant is 
triaged, a pink sheet, which is the critique, will be 
furnished to the investigator to help him or her 
determine what can be done to salvage the grant. 

It is important for the individual applying for a 
grant to understand the competition. The ma
jority of individual NIH grants beyond the initial 
training grants are in two categories. The R01 is 
a larger grant available for more senior investiga
tors. The R29 "First award" is offered for the in
vestigator who has not had a major NIH grant 
thus far. Both R01 and R29 grants compete for 
funds in the same pool. The major difference in 
judging R01 and R29 grants is that the latter re
quires less preliminary data and less of a track 
record to obtain approval. 

There is a tremendous amount of work in grant 
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review. Most reviewers take their work very seri-
0usly and spend hours on each grant reviewed. It 
is critical to your success to make reading the 
grant as painless as possible. The majority of 
grants that are unsuccessful are turned down for 
similar reasons. 

The Individual Grant from the 
Standpoint of the Study Section 

The reviewers assigned to one's individual grant 
are instructed to read the grant from a supportive 
standpoint. Theoretically, at least one reviewer 
will champion your grant to the rest of the study 
section. Make it simple for the reviewer to read 
and enjoy the grant. The grant should be well 
written and it should not be difficult to find the 
material. That is, make the grant short, simple, 
and do not continually refer to appendices, which 
forces the reviewer to go from the body of the 
grant to the appendices. The appendices should 
be limited, and anything you really want to say 
should be in the body of the grant. 

It is very important that the grant be carefully 
reviewed by you and your colleagues before you 
submit it. There should not be typing errors, mis
spellings, or poorly constructed sentences. 
Though these are often disregarded, they alienate. 
If you've not put in the time to edit your own grant 
carefully, why should you expect the reviewer to 
do it? 

Your biographical sketch should highlight your 
achievements, particularly the recent publications 
specific to your expertise in the area in which you 
plan to work. You should put in your total number 
of publications, even if you can't list them all, so 
the reviewer will not have to guess or to assume 
the worst. In your biographical sketch, choose 
peer-reviewed, primarily research papers. 

The hypotheses of the grant must be clear. 
There should be limited hypotheses and they 
should be specific. One of the major reasons that 
grants are rejected is that they are unfocused. 
There should be no doubt about what you are try
ing to accomplish and why. It helps if the subject 
that you are interested in has some clinical rele
vance, and this should be clearly stated in the ab
stract. Each of the aims should be keyed to a spe-

cific hypothesis and, eventually, the methodology 
keyed to the specific aims, at least as far as the 
protocols. 

The background data does not necessarily have 
to be all-inclusive, but it should be up to date. 
Give a balanced overview of the area of interest. 
The background should state clearly why you are 
doing your present project. 

The section on preliminary data is quite im
portant. A major cause for grant rejection is doubt 
that the investigator can accomplish the project at 
hand. Therefore, your preliminary data should 
lead in a stepwise fashion to the present grant 
proposal. Present the work that has been done to 
validate the methods that will be used. I cannot 
emphasize enough the importance of good pre
liminary data, particularly some that has been 
published in peer-reviewed journals. One of the 
reviewers' major concerns is that a large amount 
of money will be invested in a laboratory that is 
not prepared or able to complete the project. This 
is money wasted-money that could have been 
used by another promising investigator. A good 
track record of publications helps demonstrate 
ability to carry a project to completion. This is 
true even for a relatively young investigator. There 
has to be evidence, and not merely testimony and 
hope, that the individual applying for the grant is 
productive. 

The most important section of the grant is the 
methods section. The methods should be abso
lutely clear. State in a complete fashion the vari
ous techniques that are to be used. Mention in 
each of these sections that the present techniques 
are currently in use in your laboratory or in a col
laborator's laboratory. A supportive letter is 
needed if a collaborator is providing an important 
portion of the methodology. The various proto
cols are then keyed to specific aims in an orderly 
fashion. The reviewer must be able to understand 
how the research is to be conducted. A timetable 
should be given, usually in graphic form. Research 
science is not perfect, so the attrition rate for the 
studies should be given based on the investigator's 
own experience. Research techniques and models 
are imperfect, so pitfalls must be noted and some 
appropriate means for their solution given. In the 
pitfalls section, it is very important for an inves
tigator to state what will be done if a major hy
pothesis cannot be tested. The reviewer would 
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hate to see a grant fail based on the fact that if 
one of the initial major hypotheses is incorrect, 
then the study is over. 

The budget should be realistic and not exces
sive. Adding salary support, for example, for your 
entire department is unrealistic and may raise the 
ire of the reviewer. The number of years of fund
ing requested is very important. Clarify why you 
need the time you request to do the project. More 
often than not, too many studies are budgeted. 
Unrealistic projections of 500 experiments to in
vestigate 16 different study groups in a year's time 
will not be funded. 

There are multiple reasons for NIH grant dis
approval. The usual ones include lack of focus. 
Another important area is that the work is obser
vational as opposed to hypothesis driven. Lack of 
clinical relevance has been a more recent issue 
raised. The perceived inability to perform the 
study is very frequently raised, particularly related 
to new investigators or more senior investigators 
trying a new area. A lack of preliminary data is 
often cited, and excessive numbers of studies that 
seem to be unrelated is a very frequent problem. 

There are two other important issues that are 
often raised. One is adding experiments with the 
hope of pleasing the reviewer. For example, the 
investigator might have little, if any, experience in 
molecular biology, but feel that the grant must 
include a molecular biology section to get ap
proval. The investigator is far better off using 
good, straightforward science, instead of adding 
bells and whistles in the hope that doing so will 
show completeness. Another common problem is 
doing everything possible to the experimental ani
mal in order to be complete. If multiple studies 
are needed, a logical sequence must be established. 
Most importantly, write the grant the way you 
would like to read it if you were the reviewer. Te
dious grants by and large do not get funded. 

WHAT HELPS REVIEWERS TO LIKE 

YOUR GRANT PROPOSAL 

• Follow the rules. 
• Minimize appendix material. 
• Have the grant appear neat. 
• Correct typographical errors. 
• Make it easy to read. 
• Recruit the reviewer. 
• Demonstrate attention to prior reviews if this 

is a resubmission. 

Resubmission of a Grant 

The odds are very good that your first submission 
will not be funded, and a pink sheet will be sent 
to you summarizing the critique. You should not 
be put off by the concept of resubmitting your 
grant proposal. The better the priority score, the 
better your chances are on resubmission. Even a 
poor priority score can lead to eventual funding if 
the critiques are analyzed carefully. If the critique 
says basically to start over, then start over. How
ever, most of the time the issues are very straight
forward. 

If you need more preliminary data, then it is 
clear that it must be obtained, usually using de
partmental or institutional support. Most of the 
time, the grant just needs to be more focused. It 
does not help to get angry at the reviewers. There 
is nothing personal in the review. Objectivelyana
lyze the critique and if you agree that the critique 
can improve the grant, follow the critique. Some 
of the critique may be inappropriate, and it is 
quite reasonable to state why one or two of the 
issues raised are not relevant to your proposal. 
This doesn't need to be done in a hostile fashion; 
rather it should be done objectively and scientif
ically, just as you approached the grant you have 
submitted. If the critique is analyzed carefully and 
the resubmission adheres to the critique, in theory, 
the priority score should improve. If the critique 
requires more data, the priority score will not im
prove unless the data is obtained. 

Competitive Renewal 

If you are fortunate enough to have had a major 
grant funded, you will eventually face the concept 
of competitive renewal. To continue the research 
you must resubmit for further funding. It is criti
cally important to demonstrate productivity dur
ing the years of the initial grant. The various ob
jectives should have been achieved; if they were 
not, explain why. It is perfectly appropriate to 
show that one line of investigation was not fruit
ful, so another line was started. If nothing has 
been accomplished, then it is unlikely you will get 
funded. By the same token, if you have fully in
vestigated the area of interest and accomplished 
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all goals, and no new obvious goals seem possible, 
then a new line of investigation must be started. 

When the investigator seems to run out of 
ideas, funding stops, regardless of your reputation 
or your previous funding. If you are working in an 
area for eventual clinical use, then it is critically 
important to focus the grant on what work is nec
essary to complete the project. It really doesn't 
help to ask for funds to repeat multiple different 
sets of studies to corroborate what has already 
been found. The investigator must state what re
maining questions must be answered to get the 
device or technique into clinical use. A submission 
focused on those areas should have a high likeli
hood of funding. Repeating old material will just 
irritate the reviewer. 

Conclusion 

Submitting a grant is a painful, "character
building" experience. However, the only way to 
be able to fund major research is through external 
grant agencies. Surgeons often fail at this mission 
primarily because they don't submit as many 
grants as basic scientists do. Grants usually get 
rejected on the first attempt, but that doesn't mean 
that funding is not possible if you are persistent. 
If you have a good idea and have done good work, 
you are likely to get funded eventually. Every suc
cessful investigator can paper his or her walls with 
failed grants. When Dr. Wechsler asked me to 
write this section, he stated, "I consider you very 
expert at this, since you have had the opportunity 
to revise your grant so many times as a conse
quence of the study section reviews." He was ex
actly right, and I have learned from the experience 
that persistence will allow you to maintain fund
ing of your research. 

Commentary 

Dr. Kron's comments about what a review com
mittee looks for in a grant proposal will resonate 
positively with the experiences of those who have 
served on such bodies and/or submitted grant 
proposals. At the outset, it is important for the 
new investigator to realize that preparing a grant 

requires a continuous 3 to 6 weeks of full-time 
work. It may be necessary to arrange a short leave 
of absence from other duties to accomplish this 
goal. Alternatively, a long time line for submission 
to incorporate this amount of preparation may be 
required. Part of this long time line is related to 
the difficulty of articulating a coherent plan for 3 
to 5 years of research, as well as the logistical 
problems of assembling the multiple components 
that go into a major research proposal. In addi
tion, time must be allowed for the work to ger
minate, particularly because time will be needed 
for internal review by other, more experienced in
vestigators. As a final caveat, it is advisable not to 
rush grant preparation to meet an imminent dead
line. Instead of rushing, it is a much wiser strategy 
to miss the first deadline, thereby allowing suffi
cient time for germination, internal review, and 
sophisticated grant preparation, all of which will 
enhance the likelihood of funding in the next 
round. 

Several specific grant preparation techniques 
merit additional discussion. It is imperative that the 
budget be realistic as well as fully justified; budget 
justification means that the costs are broken down 
to the lowest common denominator units so that 
a reviewer can understand exactly why it is pro
posed to have the funding agency spent $10,000 
on nude mice (nude mouse at $20 per animal X 
$2 per diem X 6 months of housing X X number 
of animals = $10,000). To facilitate budget justi
fication completion, we maintain a laboratory com
puter base that includes all the current unit pricing 
information as well as names, addresses, and tele
phone and fax numbers for all suppliers. In this way 
the budget justification can be initially assembled 
by a laboratory assistant, with real time savings for 
the principal investigator. 

The specific aims section of the proposal should 
be extremely succinct and limited to no more than 
four or five specific aims. Grant reviewers know 
that satisfying more than this number of specific 
aims is probably not achievable in a realistic time 
framework. Moreover, it is critical that satisfying 
the aims will establish a basic mechanism under
lying a biological process; in addition to lack of 
focus, the other major reason for funding failure 
is that specific aims are phenomenologic rather 
than mechanism driven. 

The significance section must include a critical 
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review of pertinent peer-reviewed literature. This 
highly focused review seeks to demonstrate an un
derstanding of the knowledge relevant to the sub
ject of investigation, as well as the gaps in this 
knowledge base. A good significance section al
lows direct demonstration of why such gaps will 
be important to fill, and therefore how the specific 
aims will address these holes in our understand
ing. The preliminary data section provides an op
portunity to demonstrate mastery of relevant 
techniques. It is usually effective to include figures 
and diagrams directly in the preliminary results 
text; using optical scanners and current desk-top 
publishing software, it is possible to incorporate 
preliminary results directly in a visually pleasing 
and informative manner. 

The experimental design section is arguably the 
most important single component in the grant. 
This section provides an opportunity to show how 
the specific aims will be satisfied. More globally, 
it is an opportunity to demonstrate overall control 
of the research project. Contingency plans should 
be clearly articulated in the event that a hypothesis 
proves to be incorrect or a specific aim cannot be 
satisfied. Alternative methodologies should be 
suggested along with a brief but cogent descrip
tion of the relative value of one method compared 
to another, particularly if the first choice meth
odology is at all controversial. Any proposed 
method must be referenced to the appropriate 
current peer-reviewed literature; moreover, puta
tive control over the methodology must be sup
ported by results presented in the preliminary data 
section. A well-organized and time-line denomi
nated experimental design section provides tan
gible evidence that there is good control of the 
experimental systems, and therefore that it is 
likely that reproducible information will derive 
from execution of this design. 

It is very important to make certain that the 
proposal has been reviewed by animal care 
(IACUC) and/or the institutional review board 
(lRB), as appropriate to the biological systems be
ing studied. If humans are involved, care should 
be taken to adequately document the minorities 
and gender section of the grant proposal. These 
intramural processes all require time. A proposal 
can be submitted to the granting agency pending 
review by the IACUC or IRB; however, the time 
line for completion of these reviews is usually no 

more than 60-90 days, and so the investigator 
must remain in control of this issue. 

Several other considerations may also be im
portant to the investigator applying for an R29 
(First award). While the R29 proposal is reviewed 
by a standing study section that also is considering 
ROl proposals from more senior investigators, and 
while the priority scores for R29 and ROl pro
posals are pooled, the actual payline percentile is 
generally higher for R29 proposals. As a result, a 
proposal that might not get funded as an ROl 
grant stands a somewhat better chance of being 
funded as an R29 application. This reality should 
be considered in decisions about applying for R29 
versus ROl funding. The K08 Clinician Investi
gator Award grant is reviewed by an ad hoc rather 
than standing review committee. This is an ideal 
funding mechanism for an individual who is not 
yet capable of establishing an independent re
search program. 

Finally, it is daunting to receive a pink sheet 
review, particularly if the proposal has received an 
unfavorable priority score. However, many pro
posals are ultimately funded upon resubmission if 
the critique is addressed in a careful, objective, 
point-by-point manner. Surgeons encounter dif
ficulty in securing funding not only because we 
generally do not have the time to submit multiple 
proposals, but because we do not resubmit pro
posals that have been rejected for initial funding. 
Perseverance and a willingness to seek help from 
more experienced investigators will frequently en
able a proposal to ultimately be funded. While the 
process can be anxietogenic, the opportunity to 
discover that is created by funding success is worth 
the good struggle. 

R. E. Pollock 

Commentary 

Dr. Kron's chapter recapitulates some of the 
points emphasized in the previous chapter (chap
ter 44), but brings insight from looking at the pro
cess from the reviewer's viewpoint. Under ideal 
circumstances, the grant writer and the grant re
viewer are precisely aligned. The writer is provid
ing what the reviewer wants, and the result is a 
successful grant application. Dr. Kron makes it 
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clear that one of the tasks of grant writers is to 
recruit the reviewer to their side. The reviewer 
then becomes the surrogate for the grant writer 
when presenting material to the rest of the review 
committee. The reviewer must be passionate 
about the quality of the grant if it is to be sup
ported by the rest of the review group in the com
petition for funds. One or two unkind or dispar
aging words are enough to sink a grant proposal; 
the reviewer must be prepared to defend the grant 
against unwarranted criticism based on hasty vi
sualization of the grant by a less-informed re
viewer. In the chapter on writing the grant, there 
is a great deal of emphasis on substance, as it 
should be. In the chapter on grant review, there is 
significant emphasis upon form. It would be in
appropriate to argue that form should take pre
cedence over substance, but it is critical to know 
that both are vital components of the application. 
It is the form that allows easy access to the sub-

stance, allows the gradual introduction of complex 
thoughts, and helps draw the reviewer to the same 
conclusions as the writer. As a reviewer, I have 
been impressed at how effective and convincing a 
grant application can be when it "tells a story." 
Like an illustrated manuscript, the figures and text 
must blend in a way that facilitates understanding 
and interpretation of the tale. 

The grant writer says to 'Justify the budget"; 
the grant reviewer says not to be unrealistic in 
budgetary expectations. Alignment occurs when a 
realistic budget is appropriately justified. The 
writer says to make the specific aims hypothesis 
driven and convince the reviewer that the work 
can be done. The reviewer says to present specific 
aims that are not overly ambitious and that can 
be accomplished in the time allocated for conduct 
of the grant. Although there is overlap in the two 
chapters, this strengthens rather than weakens the 
presentation of this important topic. 

A.S.W 



CHAPTER 46 

Funding Research in Europe 
W Lorenz, A. Fingerhut, and H Troidl 

Introduction 

The pursuit of funding for clinical research oc
cupies most of the potentially fruitful time of se
nior scientists. It has become a professional game 
of its own, much abstracted from its primary goals 
and strongly overemphasized-a pathological 
state. There are several reasons why modem re
searchers must learn to play the game skillfully. 

• Clinical departments were protected and did 
not depend on extramural support of clinical 
research when funding for the treatment of pa
tients, provided by the health care systems, 
could be used for clinical research. There was 
no clear distinction between money for care 
and money for research in university clinics. For 
the most part, this source of funds has disap
peared because of rigid cost analyses and con
straints. 

• About 30 years ago, extremely active research
ers who needed more money than the clinical 
budget provided applied for funding, usually to 
a single organization (NIH [National Institutes 
of Health] in the United States, MRC [Medi
cal Research Council] in Britain, DFG [Deut
sche Forschungsgemeinschaft-German Research 
Association] in Germany, and CNRS [Centre 
National de Recherche Scientifique] in France). 

Now acquiring funding from numerous sources 
has become a valuable skill in itsel£ The quality 
of a scientist is determined by the amount of 
money raised. The ultimate outcome of this 
money, in fact, is less important. But paper
work has to be done, and the publication ma
chinery had to be enlarged to demonstrate to 
the grant-giving authorities by numbers of 
articles how effectively the research money was 
used in the clinical laboratory. In contrast, Sir 
James Black, who won the Nobel Prize in 1989, 
published only 18 papers; among them, one 
was on g-blockers in Lancet and one on Hz-

antihistamines in Nature. 
• Money for funding clinical research is not 

equally valued in academic circles. There is a 
hierarchy: NIH money in the United States 
and DFG money in Germany are ranked num
ber one, money from the Ministry of Tech
nology number two, money from the Ministry 
of Health number three, and money from the 
pharmaceutical industry last. A scientist with a 
considerable portion of funding from industry 
is less respected. 

Europeans, in general, have more critical atti
tudes toward the system of raising grants than 
Americans, but there are considerable differences 
among European countries. This chapter focuses on 
Germany, France, and the European Community. 
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Who Needs Funding 
for Clinical Research? 

The Dreyfus scale of expertise! is used to distin
guish several types of applicants for grants: 

1. The novice. In Germany, novices enter the 
arena of competition after conducting work for 
a doctoral thesis in medicine, often after com
pleting other studies. The novice cannot apply 
for a grant from DFG without a doctoral de
gree, but there is a chance to raise some money 
from private foundations (e.g., the Kempkes 
Foundation) or from the pharmaceutical in
dustry. Typically, these grants do not depend 
on previously published work; they require 
only a carefully designed research plan and a 
request for less than $30,000 (U.S.). 

2. The advanced beginner. The advanced beginner 
starts independent research about 2 years after 
graduation and applies for a standard DFG 
grant (Normalverfahren). This grant, if suc
cessfully secured, provides up to $100,000 for 
two years; it is a prestigious grant and relatively 
easy to administer. To get this grant, a few pre
viously published articles in high-impact jour
nals (Current Contents Journal Impact Index 
> 1.0)2 are a prerequisite. If the grant proposal 
is rejected, the advanced beginner seeks fund
ing from private foundations, which can pro
vide similar amounts of money, or from the 
pharmaceutical industry. In France the novice 
or advanced beginner is rarely, if ever, involved 
in grant application. 

3. The competent clinical researcher. Seven to ten 
years after graduation, the level of "habilita
tion" has been achieved. This procedure as
sesses one's capabilities to become an indepen
dent researcher and teacher at the university 
level (Privatdozent, similar to assistant profes
sor). Several standard grants from the DFG, 
or research money from private foundations 
and industry, have been obtained. There is not 
only an idea for research but demonstrated 
competence in a research field. The investi
gator is able to participate in DFG research 
programs in a university or as a member of a 
clinical research group (Klinische Forscher
gruppe) or of a special research program (Son
derforschungsbereich). This level of researcher 

can also participate in countrywide programs 
of the DFG (Schwerpunktprogramm Klinische 
Pharmakologie), the Ministry of Technology 
(BMFT), Ministry of Health (BMG), or large 
private foundations (e.g., Volkswagenstiftung, 
Thyssenstiftung). In the case of large, random
ized, controlled clinical trials (e.g., multicenter 
trials), significant funding can also be raised 
from the pharmaceutical industry. All these 
grants, if successfully secured, provide a wide 
range of money, from $100,000 to $1 million 
per year for 3 to 9 years. However, these grants 
demand considerable adaptation and consen
sus; they are of moderate importance in defin
ing academic credentials and are more difficult 
to administer. 

4. The expert in clinical research. The expert is the 
leader in the department and the chairperson 
of complex research programs in which only 
competent researchers participate. These pro
grams are sponsored by the DFG and the other 
organizations listed. In addition, joint ventures 
of the Federal Republic and the federated 
states of Germany might support larger pro
grams requiring more expensive equipment 
(so-called HBFG programs). International 
programs, such as the German-Israeli Foun
dation or the Minerva Centres, the programs 
in the European Community, such as Bio
medicine and Health Research (Biomed II) of 
European Commission, grants from interna
tional societies, such as OMGE (Organisation 
Mondiale de GastroEnterologie), and from 
NATO and EURATOM, belong to this cate
gory of grants. These grants provide consid
erable amounts of money, usually around $1 
million per year for at least 3 years. They con
vey great academic credibility, power, and high 
prestige, and are very time-consuming to ad
minister. In addition, they are usually complex 
in their structure and organization. 

A special collection of grants is available for all 
types of applicants: funding for traveling, for con
gresses and visits, or for research stays in other 
countries supported by the Humbolt Foundation 
or the DAAD of the Ministry of Foreign Mfairs 
in Bonn. Through this mechanism, the pharma
ceutical industry provides funding with a mini
mum of bureaucracy. In Germany-in contrast to 



the NIH in the United States-these activities are 
not supported by the government. High registra
tion fees and accommodation and travel costs pro
hibit participation of clinical researchers in Eu
ropean meetings that are, in contrast to 
intercontinental meetings, ineligible for support 
from the DFG or other grant-giving authorities. 
Industry pays the costs for clinical investigators, 
and the system would not work without it. 

How Do You Get Funding 
for Clinical Research? 

Guidelines are the new tools for problem solving 
in clinical medicine and are probably suitable for 
advice on how to obtain funding for a particular 
clinical research project as well. They are pre
sented in the format of a table (Table 46-1), rather 
than that of a clinical algorithm because they do 
not contain many decision modes. 

The German Position 

These guidelines are based on personal experience 
and recommendations of grant-giving authorities 
and the Association of Medical Societies in Ger
many (AWMF). According to this association, 
which has 300,000 members, the most important 
faults in grant applications leading to rejection in
clude the following: 

• Lack of originality 
• Lack of quality research (i.e., methodology) 
• No stringency in presenting the state of the art 
• Diffuse hypotheses as the basis for the research 

plan 
• Superficial design of the research project 
• Uncritical selection and application of meth

odology 

The French Position 

Funding of surgical research in France is ill
defined and problematic; however, progress is be
ing made. The French government, through the 
Ministere de la Sante et de la Recherche Medicale, 
has made a firm engagement toward further devel
opment of research, especially in the fields of care 
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management and cost-effectiveness but also in 
fundamental research, quality control, and eval
uation. 

The sources available, as elsewhere, are of 
course limited, and the paperwork enormous and 
complicated. Major sources of funding for medi
cal research in France include specialized organi
zations such as the INSERM (Institut National de 
la Sante et de la Recherche Medicale), the CNRS 
(Centre National de Recherche Scientijique), and the 
Direction des Hopitaux (Central Office of Hospi
tals, depending on the Ministere du Travail et des 
Affaires Sociales), occasionally in conjunction with 
INSERM, to name just a few. Research in France 
is conducted within the hospital (or hospitals if a 
collaborative study is undertaken) or in laborato
ries and is usually based on university budgets. 

Regarding grants from INSERM, the principal 
investigator must first perfectly structure the re
search project in writing. The request for funding 
should not be longer than 30 pages. The project 
is then submitted to an INSERM committee (30 
members), which decides whether the project is 
worthwhile. If the committee favors the proposal, 
funds are allocated for a maximum of 4 years. Be
fore the grant expires, the principal investigator 
will usually ask for the creation of an official 
INSERM unit of research. To continue the in
vestigation, the researcher must rewrite the pro
ject, usually supported by satisfactory preliminary 
results. It is important to include some of the per
manent INSERM personnel in the suggested 
team to increase one's chances of obtaining the 
grant. The project is presented to one of ten sub
committees called the CSS (Commission Scienti
jique Specialisee), composed of 20 to 25 members 
involved in the specific field of research. Members 
of this subcommittee tour the hospital or labora
tory and listen to the investigator's presentation; 
well-documented accomplishments and optimis
tic results are prerequisites for success. This 
committee then reports to the Scientific Council 
of INSERM, composed of some 25 members, 
which invites the principal coordinator to present 
the project with appropriate data. If the unit is 
authorized, it is for a 4-year term, with the pos
sibility of renewal every 4 years for a total of 12 
years. 

There are no more than four to five creations 
of this kind per year in each of the ten fields of 
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Table 46-1. 

Flow direction and time course in 

algorithm 

1. Development of research idea and 
concept; feasibility 

2. Selection of appropriate type of 
grant 

3. Call in for grant protocols 

4. Preparation of research proposal: 
4.1 General operations 

4.2 Summary 

4.3 State of the art in the field of re
search. 

4.4 Presentation of your previous work 

4.5 Research program 

Specification 

Something new, truly original? Clinically relevant? For many? 
Feasibility of one researcher or only for a team? Local or multicentric? 

Experts form one or several research fields? 

Suitable for research idea? Basic research in clinic or clinical problem-
solving research? 

Amount of money needed? 
Deadline for a funding program tolerable? 
Prestige associated with grant? 
Procedure of grant approval reasonably transparent? Possibilities to re

act? Trust in the honesty of refereeing? 

Most important: make a connection with the personal contact of the 
grant-giving authority-telephone or even visit 

Develop preliminary scheme (1-2 pages) of your proposal and discuss it 
with the authorities. 

Important: keep the deadline 
Important: be stringent, align your arguments in a goal-oriented way

leave no loopholes 
Follow the grant protocols exactly; do not exceed 30 pages 
Be clear enough for non-specialists: find the compromise between the 

general and specific in the protocol 

Important: although placed at the beginning of the proposal, write it 
last 

Do not be comprehensive; carefully select the premises for your research 
idea (10 references) 

Do not mention your own work; consider possible referees 

Emphasize your previous contributions (20 references); modesty will not 
help you 

Develop a detailed research program-not only designs and operations, 
but also methods 

Be comprehensible-use headings and subheadings 
Be realistic with regard to time and money 
Do not make the referees suspicious about any connections of your 

present proposal with other research programs, especially those in in
dustry 

Carefully solve problems in human ethics, animal ethics, and gene tech
nology 

(continued) 

research. In 1996, for instance, there were a total 
of24, out of39 requests, in all of France. Funding 
can range from 400,000 to 500,000 French francs 
($80,000 to $100,000) per year for small research 
units, to as much as 50 to 80 million French francs 
($10 to $16 million) per year for the megaunits. 
Separate budgets are available for equipment and 
personnel needs. The procedures are somewhat 

similar for CNRS and the hospital directorate. 
For the latter, however, the coordinator must ask 
for special grant formulas from the Ministry and 
obtain specific authorization from the hospital di
rector and the university center on which the hos
pital or hospitals depend to conduct the study. 
The project then has to be approved by the 
DRRC (Delegations Regionales a la Recherche Cli-



Table 46-1. Continued 

Flow direction and time course 
in algorithm 

4.6 List of funding requested: the 
heart of the story. 

5. Submission of grant proposal and 
waiting time 

6. Working with the grant-if 
funded .... 

6. Working with the grant, contin
ued. 

7. Measures after the bad news: Not 
funded .... 
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Specification 

Be modest in your calculation costs, but always remain open to reduc-
tion 

Start with costs for staff 
Study Federal laws for research people (BAT) before you write 
Replace permanent staff (technicians) with young academic workers: 

they are underpaid, but have a chance for promotion 
Do not forget costs such as those for assurances (clinical trials) and in

formation technology (copies, printing, reprints) 
Avoid flat anti-tank mines for your referees! Little or no basic equip

ment, no travelling, and no industry. Also, computers and software 
are not well appreciated. 

Do not mention too much about your basic equipment-your referees 
may become envious 

Submit well ahead of the deadline. Consider the possibility of postal de-
lays or other catastrophes. 

Expect to wait 3-6 months 
Contact the funding authorities after two months-not before! 
Convey the impression of febrile activity first, the need for money last 

Report the grant approval to the University administration and the 
public 

Start work immediately. 2-3 years is shorter than you think 
Cooperate with the administration 
Be careful with all accounts 

Consider that effectiveness must be shown before the end of your fund
ing time-about six months before. Grant renewal takes time 

Papers are superior to anything else, but abstracts, oral presentations 
and any kind of documented effectiveness must be kept preciously. 

Consider bridging salary costs for your co-workers-they must live as 
well. 

Carefully analyse the referee's reports 
Do not waste time protesting or awaiting a change 
Do not give up: apply in the lower category of prestige. Transform your 

application format appropriately 
Try to get industrial money for bridging-it is more flexible 

nique) and the CNRC (Comite National de la Re
cherche Clinique). The DRRC controls the meth
odology and coordination of the various partners 

involved (especially for multicenter studies). Its 
role is to ensure that proper evaluation has been 

performed before and during investigations. The 
DRRC is informed continually of the progress of 
the study once it commences. The CNRC reports 
on the submitted projects and presents them for 
final approval to the appropriate office in the 
Ministry. The duration of the grant depends on 

the project, and funds are usually distributed, 
monthly or biannually, for the predetermined pe
riod, according to needs. 

All projects involving research on humans must 
be approved by CCR in accordance with Senator 
Huriet's law. This law requires that written, in
formed consent be obtained from the patient. An
other important aspect of research in France is the 
requirement of insurance for each project. 

Other possible sources for funding medical re
search in France are the Ligue Contre Ie Cancer, 
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pharmaceutical companies, medical organizations 
or societies, world organizations such as WHO 
(World Health Organization) or the International 
Red Cross, and the nonmedical industry. Most 
clinical research in France is dependent on phar
maceutical companies. Although these companies 
can sponsor clinical, randomized trials, like many 
of the medical societies, they give out specific 
prizes as well. The list is long, but the main 
awards offered in France include those from 
Smith Kline French, Beaufour, Fournier, Jouvinal, 
Ferring, Schering-Plough, Latema, Rhone Pou
lenc, Astra, Abbott, Allard, Glaxo, Biotherax, 
Lilly, Merck Sharp and Dome, Beecham, and 
Roche. 

Among those available from the societies are 
the Robert Tournut Award (Societe National Fran
{aise de Gastro-Enterologie), the bourse de Re
cherche from the Region Ile de France, the Claude 
Bernard Award from the city of Paris, the Bourdin 
Award in oncology, the Andreg Prize offered by 
the International Rotary Club, and the Merci 
Prize offered by the Lion's Club. Industrial sup
port is present in France as well; Peugeot and Re
nault, for example, are very active in this respect, 
and Hewlett-Packard and Mercedes-Benz offer 
funding for clinical research. All of these oppor
tunities are announced yearly in university hos
pitals, and the rules for application are available 
upon direct request to the firm responsible. The 
paperwork is usually less than that required for 
the INSERM or CNRS research projects, but the 
sums allocated are also proportionally less. These 
grants are usually lump sums, to be used at the 
discretion of the investigation teams, and are in
clusive of all expenses-conceptualization, ac
complishment of the project, and presentation of 
results. 

The European Position 

Special conditions have to be met for multicenter 
grants in the European Community (EC). At 
least five centers are usually required, and some of 
them must come from the southern part of the 
continent. This requirement explains why EC 
grants are so political; the refereeing process is 
practically unfathomable, needs considerable ad
aptation and consensus, and is also quite difficult 

to administer for the study leader (chairperson of 
the project management team). However, the 
amount of money is sizeable ($1 to $10 million 
per year for 3 to 6 years) and is generally distrib
uted unequally among the study centers. 

An example was the COMAC-BME initiative 
for a bipartite action on computer-aided diagno
sis. Two projects are listed in this chapter: the 
acute abdominal pain project of the late Tim De 
DombaP and the jaundice project of S.M. La
velle.4 The complicated structure of the De 
Dombal project is shown in Figure 46-1, includ
ing all participating centers. The entire organi
zational structure of the medical research program 
of the European Community is depicted in Figure 
46-2, as taken from the jaundice project of Lav
elle. The two presentations are complementary. 

New programs, at present, are the Biotechnol
ogy (Biotech II) and the Biomedical and Health 
Research (Biomed II) programs, which comprise 
funding of about 500 million ECU (European 
Currency Units), which corresponds to about 
$750 million-a large sum of money. Germany 
felt systematically excluded from this source of re
search money and has implemented a special co
ordinating center for grant application in the Eu
ropean Community: the Ko Wi Centre of the 
Scientific Organisations in Germany including 
AvH, HGF, DAAD, DFG, FhG, HRK, MPG, 
and the Stifterverband. Address: D-53175 Bonn, 
Godeberger Allee 127 or Bruxelles B 1050, Rue 
du Trone 98. 

Conclusion 

Acquiring funding for clinical research has be
come not only a necessity for clinical researchers 
in all academic positions but also a social game 
with many negative aspects-a distortion of the 
original concept of supporting the realization of 
researchers' ideas chief among them. The research 
manager has overcome the innovative researcher, 
and funding has become an achievement in itself. 
Clinical researchers have to be aware of this dan
gerous development and handle the difficult 
situation professionally and ethically. 
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Belgium 
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Germany 
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Clinique St.-Elisabeth - ASBL. Bruxelles 
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University of Aalborg 
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Hopital Louis Maurier. Colombes 
HopitalD'Orsav 
Hopital Henn Mondor. Cretet! 

Chirundsche Universitiitsklinik DUsseldorf 
Chirurgische Klinik. BUrgerhospital. Frankfurt/Main 
Chirurgische Universitiitsklinik Homburg/Saar 
Chirurgische Universitiitsklinik Kiiln-Merheim 
Chirurgische Universitiitsklinik Marburg/Lahn 

Crete UniversIty Medical School. Crete 
Aretaieion Hospital. Athens 

University College. Galway 
Our Lady's Hospllal. Naya'n 

Ospedale V. Cerveno. Palermo. Sicily 
Ospedale E. Albanese. Palermo. Sicily 
I'lI!uto di Chirurgta d·Uregenza. Milan 
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lands 

Portugal 

Spain 

Sweden 

United 
Kingdom 

Stichting Oeventer Ziekenhjuizen. Oeventer 
Zeeweg Ziekenhuis. AL Ijmuiden 
Ziekenhuis ST. Annada!. Maastricht 
St. Elizabeth Ziekenhuis. Tilburg 

Hospital Militar Principal. Lisbon 
Hospital de St. Jose. Lisbon 
Hospital Civis de Lisboa. Lisbon 

Universidad de Barcelona 
Hospital Clinic. Barcelona 

Hospital of Varberg 

District General Hospital. Ormskirk 
Trafford OislOct Hospital. Manchester 
Roval Hospital. Oldham 
Hope Hospllal. Salford 
The General Infirmarv. Leeds 
St. James Universllv Hospllal. Leeds 
District Hospital. Dewsbury 
Children's Hospital. Sheffield 
AIredale Distnct General Hospital. Keighley 
Whipps Cross Hospital. London 
General HospItal. Birmingham 
Southend HospItal. Westcliffe-on-Sea 
Steppling Hill Hospllal. Stockport 
Birch Hill HospItal. Rochdale 

Figure 46-1. Structure of the ECICOMAC project on acute abdominal pain. Reproduced from T. De 
Dombal.3 
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Figure 46-2. Organizational structure of medical research programs in the European Community. The 
elements in boldface are those more directly concerned with the objective medical decision-making 
projects. Of the related EC programs, that on advanced informatics in medicine (AIM) is the most 
cognate. COMET and ERASMUS are educationally oriented, and the remainder are industry oriented. 
Particulars are available from the Community national offices. BRITE, Basic Research in Industrial Tech
nologies for Europe; EURAM, European Research on Advanced Materials; ESPRIT, European Strategic 
Programme for Research and Development in Information Technologies; SCIENCE, Scientific cooperation. 
Reproduced from Lavelle et al. 4 
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Commentary 

This chapter brings out a pitfall of contemporary 
science. Investigators are becoming more preoc
cupied by the business of application and man
agement of grants. They can be distracted from 
their primary scientific goal by this preoccupation. 

HT. 

Commentary 

As an American investigator I enjoyed reading 
this vivid account of research funding in Europe. 
The European population is large and diverse; at
tempts to coordinate investigative protocols across 
international boundaries must be daunting, EEC 
or not. It is easy to understand why this process 
has become highly politicized. 

Several observations are as true in North 
America as they are in Europe. The writers point 
out that the quest for research dollars has become 
an endpoint that may be divorced from the sci
entific work that it is designed to support. As 
sums of money for investigative programs in
crease, the power of those holding those impor-
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tant grants also increases. Their political stature 
among colleagues rises. In the United States large 
grants carry prestige, offer employment for many 
individuals, enhance the visibility of an institution 
when the work is well done and published, and 
frequently bring secondary gains to the institu
tion. Examples of secondary gains would include 
reimbursement of the indirect costs of maintain
ing research facilities and new money for reno
vation, construction, and equipping new research 
facilities. In a difficult fiscal environment univer
sities are hesitant to part with investigators who 
demonstrate an ability to bring large sums of 
money to the institution, just as professional 
sports teams do not like to lose players who attract 
large crowds and thus enhance profitability. Total 
grant support becomes a bargaining chip used by 
successful investigators to increase their worth 
during job negotiations. Frequently it is a tool by 
which powerful scientists and chairpersons retain 
their positions at universities even in the absence 
of filling the multiple mandates that accompany 
such positions. 

Substantial support for clinical research or lab
oratory investigation also provides the appropriate 
backing for dedicated scientists of high quality to 
pursue their work in a relatively unfettered fash
ion. Large clinical research trials have led to re
duction in the mortality of myocardial infarction, 
have supported the use of one or another treat
ment modality, have increased cure rates among 
cancer patients, and frequently provide the sci
entific infrastructure for advances in epidemio
logical approaches to public and world health. At 
the level of populations, small differences may 
translate into large gains and savings of vast sums 
of money. 

Human investigation is costly. Money and the 
power that it brings have a tendency to corrupt, 
and only the inherent qualities of the individuals 
in the system can maintain appropriate scientific 
integrity and scholarship based on the healing and 
teaching of others. 

A.S.W 
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CHAPTER 47 

From Concept to Clinical Reality: 
Implementing Pancreatic 
Transplantation 
L. Rosenberg 

This chapter is about the development of a 
research-based clinical program. How does an in
stitution decide to develop a new program? 
Should it be done? Can it be done? How can we 
ensure success? I will describe the gradual evolu
tion of the program in pancreatic islet transplan
tation in the department of surgery at McGill 
University as an example. 

We could simply describe the conventional sci
entific proposal and business plan approach to 
program development. I suspect that this would 
be unsatisfYing to many in our intended audience 
of young surgeon-scientists. Such a presentation 
would not provide narrative continuity and nu
ance. It would leave many important questions 
unanswered. For example, why was islet trans
plantation chosen as the subject of a discussion on 
program planning? Why did this occur at McGill? 
And how did the author come to be involved? 
These questions expose issues that are fundamen
tal to career planning and faculty development. 
The business and research plan in the process of 
program development will not be neglected; I will 
return to these important elements later in the 
chapter. 

The evolutionary path of my research into the 
cell biology of the pancreas began more than 15 
years ago. This chapter is a personal account of 
my own adventures in surgical research; my col
leagues and I gained many valuable insights that 
contributed to our successes and helped us to 

overcome our failures. This work represents a 
practical application of many of the ideas ex
pressed in other parts of the book. It illustrates 
the scope of surgical research and how surgeons 
approach a research program. 

At the time of this writing, we are poised to 
initiate the program of human islet transplanta
tion at McGill University. All the required ele
ments are falling into place. It could only have 
happened at this point in time. In several different 
disciplines, novel lines of investigation into the 
biology of the islet cell have begun to converge. 
As a result we now find ourselves on the threshold 
of a new treatment for type I diabetes mellitus. 

But this is the end of the story. Back to the 
beginning. 

In the Beginning: 
Identifying a Clinical Problem 

Our work began in 1980 with the study of pan
creatic carcinogenesis. I was in the third year of 
general surgery residency and was about to enter 
the laboratory for our program's traditional re
search year. I had cultivated an interest in pancre
atic cancer because of the abrupt death of a close 
relative. I approached our department's pancreatic 
surgeon, Dr. Rea Brown, to ask for his support 
and supervision during my year of research. He 
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quickly agreed but then introduced me to Pa
thologist-in-Chief Dr. Bill Duguid, who would 
cosupervise the project. I originally felt I was be
ing farmed out, but this decision on the part of 
Dr. Brown was critical to my future development 
as a surgical investigator. The relationship with 
Dr. Duguid proved to be a fertile one that con
tinues after all these years. 

Characterization of the Problem 

The first issue was to decide what aspect of the 
problem we would study. At this time, pancreatic 
cancer was recognized as the second most common 
gastrointestinal (GI) malignancy, with an incidence 
that equaled the annual mortality rate.1 Not much 
was known about the predisposing factors, and 
only a few animal models existed with which to 
investigate pathogenesis. Although these models 
seemed to have little direct clinical relevance, the 
hamster model was the most promising.2 

In a previous series of studies, Drs. Biron, 
Brown, and Duguid had developed a canine 
model of chronic partial pancreatic duct obstruc
tion in which Dr. Duguid noticed that duct 
epithelial hyperplasia was a prominent feature. 3 

Since pancreatic cancer usually occurred against 
the backdrop of chronic pancreatitis, and since 
chronic duct obstruction was a common accom
panying feature, the question arose whether duct 
epithelial hyperplasia was a precursor lesion for 
pancreatic duct carcinoma. 

Determining the Research 
Question 

Two questions were then formulated: (1) Could 
the canine model for pancreatic duct epithelial 
hyperplasia be adapted to the hamster? and 
(2) Could it then be used to create a new model 
of pancreatic carcinogenesis? 

The technique for partial obstruction of the ca
nine pancreatic duct, by placing cellophane tape 
over a needle placed alongside the exposed duct, 
was not directly applicable to the hamster pan
creas because the duct was too small. While trying 
to circumvent this problem, I wrapped the tape 

around the entire head of the pancreas, serendipi
tously developing the technique now known as 
cellophane wrapping of the pancreas. 4,5 This 
modified technique recreated the chronic partial 
obstruction produced in the dog but without the 
associated chronic inflammation and atrophy that 
had characterized the canine model. 

This was an opportune time to begin these 
studies, because the National Institutes of Health 
(NIH) in the United States had just initiated a 
request for applications for the study of pancreatic 
cancer. We submitted a proposal to develop a 
model of partial duct obstruction in order to study 
the subsequent cellular changes as possible pre
cursors to the development of cancer. To our sur
prise, the initial attempt to secure external fund
ing was successful. With this support, we were 
able to develop the first experimental model for 
carcinoma of the head of the pancreas.6 This 
model was important for understanding the prob
lem because it demonstrated for the first time that 
partial obstruction, and the resulting duct epithe
lial hyperplasia in particular, were important 
predisposing factors for the development of pan
creatic cancer.6 After this first year of investiga
tion, I was encouraged by the departmental chair, 
Dr. Mulder, to consider remaining in the labo
ratory to pursue a graduate degree in research. I 
stayed on, and the second chapter of the story 
took a surprising turn. 

"Chance Favors the Prepared 
Mind" (Louis Pasteur) 

The pancreas of the hamster was known to be 
histologically very similar to the human gland. It 
was not fully appreciated at the time that the cells 
of the hamster pancreas were particularly sensitive 
to trophic stimuli, making it an ideal organ in 
which to study factors that regulate cell prolifera
tion and differentiation. Serendipity intervened 
once agam. 

Although the cellophane wrap model of partial 
obstruction produced duct epithelial cell hyper
plasia, we were astonished to observe that this 
partial obstruction was followed by the induction 
of islet cell differentiation and new islet forma
tion. We had stumbled onto a new way to induce 
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islet neogenesis in an adult animal in the absence 
of tissue destruction, atrophy, or chemical agents.5 

These were exhilarating and highly productive 
years. Additional peer-reviewed funding was re
ceived from the Cancer Research Society, and I 
was awarded a Medical Research Council (MRC) 
Fellowship for personal salary support. Most im
portant, however, was the continued active sup
port of the leadership of the departments of pa
thology and surgery. Additional resources were 
made available as circumstances required, and I 
was given the freedom to pursue an area of re
search that was entirely new to both departments. 

Midcourse Correction: 
From Cancer to Diabetes, 
From Residency to Junior 
Faculty Member 

The observation that partial duct obstruction led 
to new islet formation prompted redirection of 
our focus from pancreatic carcinogenesis to islet 
neogenesis. Would the induction of islet cell pro
liferation and differentiation be sufficient to re
verse a diabetic state? 

Hamsters rendered diabetic by the administra
tion of the beta-cell toxin streptozotocin under
went the cellophane wrap procedure. Six weeks 
later, we had our answer. Partial obstruction of 
the pancreatic duct could induce islet neogenesis 
in a hyperglycemic environment, and the new islet 
tissue functioned to reverse the diabetic state.7,8 

This was the last experiment I was to conduct as 
a surgical resident. After three years in the labo
ratory, it was time to complete my clinical training 
in general surgery. 

At the end of this period, three things occurred 
that were to establish my career path in academic 
surgery as a clinician-scientist. First, I successfully 
defended a thesis entitled "Cell Proliferation in 
the Pancreas of the Syrian Golden Hamster," for 
which I was awarded a Ph.D. degree. Second, I 
was invited to join the faculty of the department 
of surgery at McGill, on condition that additional 
postgraduate clinical and research work be com
pleted. My clinical interest in general surgery now 
centered primarily on pancreatic disease, This 
shift was not mere coincidence; I felt that such a 

clinical focus would complement and facilitate 
my future research on pancreatic cell differentia
tion. This alignment has yielded dividends ever 
since, and the field is still ripe for further inves
tigation. Third, the research collaboration with 
Dr. Duguid that facilitated many of the studies 
and led to my completion of the Ph.D. provided 
more than expert supervision and advice; he be
came a mentor, a role model, and eventually a 
good friend. Both the mentoring and the friend
ship continue to this day. This ongoing cross
disciplinary collaboration remains the basis for 
our research successes, both past and present. 

Midcourse Correction (II): 
From General Surgery 
to Transplantation. What Is 
the Mechanism of Induction 
of Islet Neogenesis? 

Upon completion of my residency, I was awarded 
a McLaughlin Travelling Fellowship to pursue 
postgraduate studies. The important decision was 
where to spend the next 2 years. This time would 
be pivotal, for both my research and my credibility 
as a clinical surgeon on my return to McGill. M
ter careful deliberation, I chose to pursue a com
bined clinical and research transplant fellowship 
in the department of surgery at the University of 
Michigan (U of M), under the supervision of the 
chair, Jeremiah Turcotte. He was a transplant sur
geon, with interests in chronic pancreatitis and 
portal hypertension, and an appealing role model. 

There were two primary reasons for this deci
sion, The U of M Medical Center was a large 
faculty with diverse interests and abundant re
sources. The section of general surgery in particu
lar was renowned for its work in pancreatic sur
gery, an academic environment in which I would 
thrive. Despite the long tradition of pancreatic 
surgery, pancreas transplantation, which was un
der the expert guidance of Don Dafoe, was still 
in its infancy. The experience of going through 
the learning curve along with some of the pioneers 
in the field was an unparalleled opportunity. Not 
only did I acquire new surgical skills that applied 
to the pancreas, but I also learned how to manage 
the development of a new clinical program. 
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The second reason for choosing Michigan was 
the excellent research facilities and the presence 
of several well-known investigators whose inter
ests lay in the pancreas. Two clinician-scientists 
who were the most influential during my stay in 
Ann Arbor were in fact not surgeons but inter
nists. Tachi Yamada, then head of gastroenter
ology, was a superb sounding board and an excel
lent source of advice and innovative ideas. Arthur 
Vinik, an endocrinologist, had expertise in islet 
cell tumors, growth factors, and diabetes. Arthur 
gradually assumed a mentoring role and eventu
ally became an important collaborator in the re
search on islet neogenesis. My association with 
him was largely responsible for setting the future 
direction of both our research programs, a pro
ductive collaboration that continues to this day. 

While in Ann Arbor, I began a series ofinves
tigations that focused on two fundamental ques
tions. First, did the newly formed islets in the 
cellophane wrap model function in a regulated 
manner and produce a normal molecular form of 
insulin? In vitro perfusion of islets isolated after 
neogenesis confirmed that their insulin secretory 
response to glucose stimulation was normal.9 Us
ing reverse-phase high-performance liquid chro
matography (HPLC), we demonstrated that these 
islets synthesized and secreted two molecular 
forms of insulin, as opposed to the one normally 
produced by adult hamster islets.9 At the time, it 
seemed reasonable to speculate about whether the 
additional molecular species of insulin represented 
a fetal form of the molecule, but the issue was 
never pursued. 

The second question, why did partial duct ob
struction lead to the induction of islet neogenesis, 
was obviously multifactorial and very complex. To 
begin to address it, we generalized the question to 
ask whether the control mechanisms for initiation 
of proliferation, differentiation, and growth main
tenance of islets were centrally mediated or could 
be achieved by local influences. To answer this 
question, I turned to the concept of parabiosis 
(common cross-circulation between animals). 

An experiment was designed to determine 
whether humoral factors were involved in islet 
neogenesis and, in particular, to ascertain whether 
the trophic effect of obstruction was the result of 
the local release of growth factor(s). The surgical 
technique of parabiosis in small animals had been 

described some 50 years earlier and was easily 
adapted to the hamster. The results of these stud
ies suggested that the induction of islet neogenesis 
by partial obstruction was mediated locally by an 
autocrine or paracrine mechanism.lO,ll 

If it were true that islet neogenesis was regu
lated locally, then it was conceivable that partial 
obstruction produced trophic factors that, by 
some unexplained sequence of events, induced is
let neogenesis. Assuming this to be true, I set out 
to identify the active factors. A tissue extract, sub
sequently named ilotropin, was prepared from the 
partially obstructed hamster pancreas and was 
demonstrated by in vivo bioassay to have trophic 
effects on normal pancreatic tissue.12 This was the 
first hint that we might have stumbled onto some
thing of considerable clinical significance. Unfor
tunately, just as these observations were being 
made, it was time to leave Ann Arbor and return 
to the Montreal General Hospital and McGill 
University. 

The move back to Montreal presented many 
new challenges. In a short space of time and with
out prior specific instruction or training for the 
tasks, I was expected to set up a clinical practice, 
assume the leadership of the nascent renal trans
plant program, and develop a pancreas transplant 
program. With respect to research, I had to re
establish my laboratory and again seek external 
peer-reviewed support. The transition was eased 
by the division chief, the departmental chair, Bill 
Duguid in pathology, and the hospital's executive 
director. Three key elements were quickly put in 
place: adequate laboratory space, start-up research 
funds, and protected time. 

With these problems receding, I could once 
again concentrate on a question that would pre
occupy me, Arthur Vinik, and Bill Duguid for the 
next 8 years: What is the key to islet neogenesis? 
Enough preliminary work had been published in 
the preceding 4 years that, within a year of my 
return, I was able to secure external funding for 
the research, initially from the American Surgical 
Association Foundation and then from the Medi
cal Research Council and the Canadian Diabetes 
Foundation. 

In our next two studies, ilotropin itself, in the 
absence of duct obstruction, was shown to lead to 
the induction of islet neogenesis13 and the reversal 
of a diabetic state. 14,15 This study was an enormous 
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financial undertaking due to the cost related to the 
preparation of ilotropin. Ultimately, additional fi
nancial support from the Montreal General Hos
pital Foundation and the departments of surgery 
and pathology was required to sustain the effort. 
Their support and encouragement were unwav
ering at this critical juncture, and the gamble to 
place all our resources into this one project seemed 
to have succeeded. 

In 1990 we published the concept of the duct
islet axis,16 in which we emphasized that the on
togenetic relationship between ducts and islets 
carried over to the adult pancreas. We speculated 
that it was perhaps not premature to envisage new 
approaches to the treatment of diabetes mellitus. 
We suggested that identification of the factor or 
factors that regulate islet cell proliferation and dif
ferentiation in our model might permit proto
undifferentiated cells and islets to be grown in cul
ture. This concept could be extended to induce 
endocrine cell differentiation in vivo as well. Fur
thermore, islet cell growth factors could be used 
to provide "trophic support" to islet transplants as 
a means of maintaining graft viability. There may 
also be greater scope for gene therapy when the 
growth factor or factors have been isolated, puri
fied, sequenced, and cloned. This period marked 
the first time that I began to think seriously about 
islet transplantation as a therapeutic option for 
type I diabetes. 

Limitations and the Need to 
Expand the Collaboration 

With the demonstration that our research may 
have clinical applicability, it became clear that an 
expansion of activity was required. It was also ap
parent that our existing capabilities at Montreal 
General were limited and that any expansion 
would have to establish new interdisciplinary col
laborations. Luckily, the opportunity for such a 
collaboration arose when Arthur Vinik moved in 
1991 from Ann Arbor to the Diabetes Research 
Institute at Eastern Virginia Medical School in 
Norfolk. 

An expanded investigative team was formed 
that now incorporated protein chemists and mo
lecular biologists. In this new, larger group, Mon-

treal became responsible for studies that related to 
cell biology and islet physiology, while Norfolk 
assumed the responsibility of identifying and pu
rifying growth factors in the partial obstruction 
model. 

Different Pathways of 
Investigation Converge 

Over the ensuing 3 years the collaborative effort 
generated a number of new observations. The 
growth factors induced by partial obstruction be
gan to be characterized,17-20 new culture tech
niques were developed to study individual pan
creatic cell populations,22-24 and we used these to 
demonstrate a previously unappreciated trophic 
interaction between pancreatic ducts and islets.23 

This latter observation gave further credence to 
our concept of the duct-islet axis.16 

As a result of these studies, I began to wonder 
if we had not perhaps found one reason for the 
apparent lack of success of human islet transplan
tation-purification. If a trophic interaction existed 
between islets and ducts (and perhaps acinar 
cells), then might the effort at islet purification be 
detrimental to the long-term survival of the islet 
graft? This question would remain just a thought 
for another year. 

Our understanding of islet neogenesis in the 
adult pancreas has continued to increase.25.26 
Novel growth factors that appear after duct ob
structions have been identified, and the cells in 
which these are synthesized, as well as the target 
cells on which they act, are being character
ized.27.28 Another significant progression has been 
the shift to human pancreatic tissue for in vitro 
studies. This move was prompted by the need to 
confirm our previous observations in human tis
sues and to acquire experience in the digestion of 
the human pancreas for islet isolation in prepa
ration for islet transplantation. 

Shortly after work with human tissue was be
gun, it became apparent that human adult islets 
possessed a potential for further differentiation.29 
Under appropriate conditions, their genetic pro
gram could be switched and the cells transformed 
to primitive ductlike cells. As we began to explore 
the mechanisms involved, we were compelled 
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once again to change direction in order to con
centrate on the issue of islet cell survival. 

Restoration of an islet cell mass that continues 
to synthesize and secrete insulin and that reestab
lishes the normal intra-islet cellular interactions is 
the ultimate objective in the treatment of insulin
dependent diabetes mellitus. The Holy Grail of 
the diabetologist is how best to accomplish this 
goal. 

The experience to date with islet transplanta
tion is disappointing. An unexpectedly large islet 
mass is required to achieve demonstrable serum 
levels of C-peptide, let alone successful restora
tion of normal glucose homeostasis. As a conse
quence, more than one pancreas is required to 
produce a graft of sufficient cell mass. Further
more, it is becoming apparent that the inability to 
sustain graft viability may represent a major un
foreseen problem. 

Although these shortcomings highlight the 
need to pursue alternative therapeutic options, it 
becomes important to understand why whole 
pancreas transplantation is so successful in revers
ing hyperglycemia but transplants of purified islets 
ultimately fail in the long term. Certainly, some 
or all of the following factors must be pertinent: 
(1) inadequate cell mass at the time of islet trans
plantation; (2) inadequate islet cell mass at the site 
of implantation; and (3) inability to diagnose re
jection sufficiently early, leading to a loss of func
tional islet tissue. Relevant as these issues may be, 
they do not address the fundamental difference 
between grafts of whole pancreas and purified is
lets: the contribution of the nonendocrine cell 
compartment. A fourth cause of islet graft failure, 
the loss of trophic support, needs to be consid
ered. This last point offers an important insight 
into the very nature of the pancreas itself, an issue 
that has dominated my work for the last 6 
months. 

I am more confident than ever that the puzzle 
of successful islet transplantation may be ready for 
solution. Various lines of investigation are begin
ning to converge: the existence of trophic inter
actions between ducts and islets; the identification 
ofINGAP, a new trophic factor that appears dur
ing islet neogenesis;27.28 the recognition of the 
transdifferentiation potential of human adult islet 
cells;29 and new information about apoptosis and 

islet cell survival. Finally, a clearer understanding 
of islet biology is emerging. 

Midcourse Correction (III): 
From Bench to Bedside
Islet Transplantation 

As the focus of my research has been drawn back 
to clinical transplantation, new issues have sur
faced. There is a need to further expand our ex
isting collaboration. New areas of investigation 
must be explored, and once again I am forced to 
recognize my limitations and those of the insti
tution. This minicrisis, for that is the way I per
ceive it, comes at an opportune time. The MRC 
and the JDFI (Juvenile Diabetes Foundation In
ternational) are funding new networks of centers 
of excellence in diabetes research in Canada. I 
have been fortunate to be able to collaborate with 
experts in metabolism, growth factors and extra
cellular matrix, nutrition, and immunology on one 
such proposal. Regardless of whether the appli
cation is accepted, new friendships have been es
tablished and new research collaborations have 
already been put in place. This is a mutually bene
ficial arrangement for all members of the pro
posed network, who will be able to pool their dif
ferent expertise and resources with the aim of 
developing winning strategies for successful islet 
transplantation. 

RESEARCH-BASED CLINICAL PROGRAM DEVELOPMENT 

• Choose an area of clinical expertise that par
allels your research interests. 

• Develop colleagues in related disciplines. 
• Design precise needs to accomplish career 

goals. 
• Recognize the limitations of your own envi

ronment. 
• Supplement institutional capabilities with 

geographically distant collaborators when 
necessary. 

Back to the Future 

While the science seems to be taking care of itself, 
I must now concentrate on planning for a human 
islet transplantation program at McGill. As you 
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will now appreciate, this could only be happening 
at this time. Several new questions, not related to 
research per se, have assumed importance: What 
programs does the hospital need to develop? Is 
islet transplantation on the list? 

The planning process began with exploratory 
discussions with the chairperson of the depart
ment of surgery, the director of the division of 
general surgery, the director of the division of en
docrinology, the director of professional services 
of the hospital, and the scientific director of the 
Research Institute. Tentative approval for pro
ceeding with an islet program was received and a 
preliminary budget submitted to the director of 
professional services. Funding for this project is 
also being sought as part of the MRC-JDFI Net
work of Centers of Excellence Program. In the 
interim, space for a dedicated human islet isola
tion laboratory has already been provided by the 
MGH Research Institute. This will permit us to 
continue to perfect the technique of islet isolation 
in advance of our first transplant. 

An impact analysis will be carried out in the 
coming months to determine whether we can ac
tually put a program in place and what we need 
to assure its success. This is a comprehensive and 
time-consuming process. On completion, how
ever, we will have a road map of where we are 
going and how we are going to get there. The 
issues addressed by the impact analysis are sum

marized in Table 47-1. Finally, in parallel with 
these efforts, an islet transplant trial protocol was 
drafted. This document has been reviewed by in
ternal and external referees and had received ten
tative approval from the institutional ethics review 
board. The key players are all engaged and the 
pieces are slowly falling into place. 

Conclusion: 
Some Personal Observations 

It has often been said that it is difficult to know 
what lies at the end of a long road; this is espe
cially true of research. I began 15 years ago to 
investigate pancreatic carcinogenesis and now find 
myself ready to apply what I have learned to hu
man islet transplantation, not only in terms of 
conventional transplantation but also by inducing 

Table 47-1. Islet transplantation at McGill: summary 
of impact analysis questions. 

1. Patient impacts 
What are the impacts on 

• quality of care? 
• anticipated outcomes? 
• coordination of care across the continuum of 

services? 
• the patient's group (i.e., family)? 
• clinical ethical issues? 

2. Staff and employee impacts 
What are the impacts on 

• physician resource planning? 
• other personnel redistribution/numbers? 
• mix of personnel and their roles? 
• teamwork? 
• work standards/techniques/range of activities? 
• management and organizational structure? 

3. Systems impacts 
What are the impacts on the regional health care 

system by 

• community support services, such as home care 
programs? 

• other academic centers outside the McGill 
network? 

What are the impacts on McGill's hospital system by 

• closely related programs? 
• hospital stay and bed requirements? 
• operating room utilization and equipment? 
• day care or day surgery? 

islet neogenesis. This is what Joseph Murray re
ferred to, in his Churchill Lecture to the Excelsior 
Society, as the fourth phase in the evolution of 
surgery, that is, inductive surgery.30 

Several years after having written my doctoral 
thesis, I encountered a series of intriguing studies 
reported by de Takats, a New York surgeon.31-34 

In these studies, which date from the late 1920s, 
he relates surgical attempts to "increase sugar tol
erance" in children with juvenile onset (type I) 
diabetes. What is remarkable is that the surgical 
procedure he describes is exactly the same as the 
cellophane wrap technique, and it appears to have 
been partly successful. 

Why should surgeons carry out clinical re
search, rather than leave this task to others? The 
surgeon-investigator has a major advantage over 
the scientist confined to the laboratory. By virtue 
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of our training and experience, we understand the 
questions that need to be asked about surgical 
conditions. In clinical practice, we observe bio
logical events that can stimulate us to seek better 
ways to help our patients. Research and clinical 
practice do not compete, they reinforce each 
other. 
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Commentary 

Dr. Rosenberg's odyssey along the first steps of 
his career path is fun to read. Readers should be 
certain to read between the lines; there were dif-

ficult and seminal decisions to be made. His rec
ognition of the need for further training was criti
cal to his success. He experienced doubt over his 
initial mentor's judgment, although in retrospect 
it proved to be excellent. We can imagine nights 
of discussion, worrying whether this would be a 
productive environment in which to acquire 
knowledge. (As Yogi Berra has been credited with 
saying, "Prediction is difficult, especially about the 
future.") The choice of a research target can only 
be made with one's limited ability to see the im
portance of an area of interest for the foreseeable 
future. If enough wisdom is expressed in the se
lection, other opportunities will appear along the 
way and may ultimately become the dominant 
force for future investigation. 

Dr. Rosenberg gives credit to serendipity and 
preparation to take advantage of opportunities as 
they appeared. Opportunities come to those who 
seek them aggressively. It is clear that he was per
sistent and accurate in defining career and inves
tigative goals. The importance of functioning in 
an appropriately interactive environment is well 
presented. Junior faculty should not be afraid to 
move to alternate situations when necessary. It is 
interesting that a career that began in a basic labo
ratory is now at the stage of dealing with contem
porary forces that shape medical decision making. 
Integrating the clinical investigative plan must be 
rationalized to gain funding in the market envi
ronment. The same skills and thoughtful analysis 
that went into planning the basic laboratory re
search experiments and won institutional and 
grant support to fund them will later sustain the 
surgeon as administrator and leader of a 
research-based clinical unit. 

A.S.W. 



CHAPTER 48 

Animal Experimentation 
WH Isselhard and J Kusche 

Animal experimentation and research with ani
mals is integrated into surgical research at two lev
els: perplexing problems encountered in clinical 
practice are taken to the animal laboratory for 
simplification and solution, and animals generally 
serve as the first subjects for testing and devel
opment of new methods and approaches to the 
cure and alleviation of disease and disability. Ani
mal experimentation is to be understood as re
search that will benefit both humans and animals. 

Scientific and biomedical research employing 
animals has a long, productive, and exciting his
tory. To pass over this history in a single paragraph 
does an injustice to many researchers and their 
innumerable accomplishments. The long list of 
names may be represented by John Hunter (1728-
1793), the surgeon, anatomist, and naturalist, and 
by Claude Bernard (1813-1878), the physiologist. 
Hunter introduced arterial ligation for treating 
aneurysms, after the study of collateral circulation 
in the deer. He also conducted transplantation ex
periments in fowl, in the hope of establishing a 
technique for transplanting the human tooth. At 
the end of the Age of Enlightenment, he antici
pated the value of research in animals for medical 
activities in humans. Bernard elucidated functions 
ofliver and pancreas and advocated the still-mod
ern concept of the milieu interieur. At the thresh
old of modern natural sciences and medicine, he 
contributed to the development of medical sci
ences by insisting on the use of strict experimental 

methods in the study of biological problems. This 
history provides convincing proof that progress in 
clinical medicine is, in large part, linked to ad
vances in other "basic" sciences and that animal 
experimentation often was, and still is, the abso
lutely necessary key. A large body of facts and a 
remarkable knowledge of interactions in physiol
ogy, pathophysiology, biochemistry, microbiology, 
and normal and pathological morphology, stem 
from research in animals, the value of which can
not be overestimated. They provide the funda
mental scientific basis for contemporary medicine 
and surgery. 

The scientist working with animals as a scien
tific tool must be aware of, and prepared for, the 
fact that research with animals and animal experi
mentation give rise to scientific, ethical, legal, 
and technical problems and controversies. These 
problems and the controversy they generate have 
existed for a long time. They change with time. 
To a large extent, they present themselves differ
ently in different cultures and social communities. 
In countries where animal research has grown to 
major dimensions, questions concerning animals 
and animal experimentation have attracted con
siderable public interest. Unfortunately, the dis
cussion of totally opposite views on, and interests 
in, animals has become emotionalized. This atti
tude is regrettable, because it makes mutual con
sent nearly impossible and hinders pragmatic so
lutions. 
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Every scientist working with animals should be 
familiar with the problems of animal experimen
tation and local legal and ethical requirements for 
animal care. Animal experimentation demands 
the highest level of scientific and humane respon
sibility. 

While it is not possible to provide the reader 
with a complete list of books, protocols, and 
statements on animal experimentation, references 
1-18 provide coverage of relevant publications. 

• Investigators using animals assume responsi
bility for ethical, humane care. 

• Institutional and local laws govern standards 
of care. 

• Each animal species is subject to specific pa
thologies that may impact research observa
tions. 

• Extraordinary care is required in planning ex
periments on living creatures capable of ex-
.. . 

penencmg pam. 

The Role of Animal 
Experimentation in 
Clinical Research 

Animal experimentation has made it possible for 
surgery and most other disciplines of human and 
veterinary medicine to reach their present high 
standards. An enumeration of the achievements 
made in surgery alone with the help and sacrifice 
of animals is beyond the scope of this chapter; a 
catalog of surgical developments accomplished 
without animal experimentation would be much 
shorter. Our relatively vast knowledge of facts and 
interactions in physiology, pathophysiology, bio
chemistry, and morphology is largely the result of 
research in animals and provides the roots oftoday's 
surgery. Careful and judicious research in animals 
of various species preceded the introduction and 
accompanies the continuous amendment of surgi
cal procedures and other therapeutic measures. 

Examples of the contributions such research 
has made include development of gastrointestinal 
surgery, including gastrectomy for the treatment 
of ulcers and malignancies; development of mod-

ern thoracic and pulmonary surgery; elaboration 
of essential components of our knowledge of peri
and postoperative pathophysiology and its con
sequences for prophylaxis and therapy; establish
ment of open heart and coronary artery surgery, 
including development of the heart-lung ma
chine, hypothermia, induced cardiac arrest, and 
myocardial protection; advances in microsurgery; 
treatment of terminal renal insufficiency by dialy
sis or transplantation; transplantation of tissues 
and such life-supporting organs as the kidney, 
liver, heart, and pancreas; preservation oflive tis
sues and organs; development of neurosurgery; 
analysis and therapy of the various forms of shock; 
pilot preparation of the open reduction and inter
nal fixation (ORIF) techniques and other tech
niques of osteosynthesis; testing of artificial joints; 
and biological and synthetic replacement of bone 
defects. 

Research involving animals will continue to be 
necessary in the future if we wish to enjoy the 
advantages of innovation, widening knowledge of 
biological processes, and the possibility of curing 
as-yet incurable diseases and disorders. The de
velopment of animals with targeted gene altera
tions (e.g., "knockout" mice with specific enzymes 
or cytokine deficiencies) extends the possibilities 
of solving pressing biomedical problems with the 
help of animal experimentation. 

At present, crucial biomedical research activities 
are centered on molecular biology, immunology, 
and genetics. Medicine will undoubtedly benefit 
considerably from the rapidly accumulating knowl
edge in these fields. Molecular processes and in
teractions are the ultimate underlying material 
principle of all life. This current accentuation, 
however, does not render classical animal experi
mentation less important or obsolete. For example, 
further optimization of organ transplantation is 
needed to accomplish an unrestrained, lasting 
function of the donor organ with fewer inconveni
ences to the recipient. The future use of xenotrans
plants as an interim or long-term treatment to 
overcome shortages of human donor organs would 
alleviate some of the psychological strains and mo
lestations related to living donor allografts. In ad
dition to necessary new ethical reflections, xeno
transplants will require elucidation of the molecular 
and cellular mechanisms of graft versus host disease 
and selective inhibition of the reactions generating 



the expression of these mechanisms. In vivo animal 
models are needed to generate graft versus host dis
ease and xenotransplant rejection and to validate 
therapeutic approaches before their application in 
clinical medicine. 

Research in animals is usually the first step in 
attempts to make established operative interven
tions less cumbersome and stressful for patients. 
The development of endoscopy, from a technique 
for direct inspection and diagnosis to a method 
for curative surgical intervention, is an example. 
Many affected regions of the body can now be 
reached via natural apertures or small incisions, in 
comparison with earlier approaches that involved 
substantial disturbances to, or even destruction of, 
normal tissues. Similarly, animal experimentation 
has played an essential role in the development of 
lithotripters and their routine application in pa
tients with nephrolithiasis. 

Work with and in animals is also an important 
constituent of teaching and learning before prac
tice involving humans. The acquisition of medical 
and surgical skills, the avoidance of mistakes and 
wrong reactions that may have unfortunate con
sequences, and the development of sensitivity 
based on personal experience with extremely com
plex biological systems can be achieved only by 
means of intensive study of living organisms. 
Books, films, models, and modern audiovisual 
teaching methods are undoubtedly helpful in the 
teaching and learning processes, but they cannot 
completely replace work with living matter. The 
mandate and ethics of medicine require that the 
restoration and improvement of health be sought 
with the least possible risk to human patients. 
Lofty as this goal is, it does not absolve the in
vestigator from a deep and continuing moral ob
ligation to handle other-than-human life with 
care, responsibility, consideration, and respect. 

The Differentiation 
of Living Matter 

To appraise the importance, usefulness, and yield 
of experimentation in intact animals versus the 
use of alternative methods, it is worth devoting 
some discussion to the differentiation of living 
matter. 
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All living matter is subject to very similar, if 
not identical, biological laws; that is, all living 
matter functions according to very similar prin
ciples and mechanisms, even though the degree 
of differentiation is extremely wide. 

The cell is the smallest entity of self-supporting 
life. It may exist as a separate unicellular organism 
comprising all the attributes required to maintain 
its own existence and the continuation and evo
lution of its species. Alternately, the cell may be 
bound to the coexistence and cofunctioning of 
many different cells whose number may be un
countable and whose potentialities for differentia
tion and performing different specific functions 
may be neither known nor understood definitively. 
The latter statement can be easily illustrated by a 
little reflection. 

What information and conclusions could a 
physician derive from a white blood cell count and 
a differential blood smear 30 years ago compared 
to the early hints the specialist now gets for dis
criminating an early episode of rejection from a 
viral or bacterial infection after organ transplan
tation? Only one generation ago, the endothelium 
was assigned hardly any roles other than separat
ing the blood from tissues and participating 
physiologically in the blood clotting processes and 
pathophysiologically in some vascular diseases and 
disorders. Today, biomedical science has started 
to realize that the endothelium has many differ
entiated physiological attributes like an organ and 
may initiate or contribute to numerous pathologic 
processes. 

A multicellular living system originates from uni
cellular living matter. In its unicellular state, it com
prises all the species-specific characteristics of all the 
cells in the eventual multicellular organism. Mul
ticellular living systems are able to exist indepen
dently and to continue the propagation and evolu
tion of their species only after they have reached a 
sufficiently differentiated multicellular state of on
togenesis, as determined by phylogenesis. 

An increase in the differentiation of cells usu
ally means an enhancement of abilities and spe
cialized functions that accompanies the evolution 
of the special cells, tissues, organs, and organ sys
tems that, with their multiple interdependencies, 
constitute the body of the organism. For most of 
the specialized cells and organs, differentiation 
implies the loss of certain properties; for example, 
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many differentiated cells totally lack potential for 
regeneration. As a rule, more differentiated living 
systems are considered to be higher forms of ani
mal life than less differentiated forms. This view 
does not negate the fact that lower animal life has 
given rise to remarkable differentiations and ca
pabilities. Human life can be rightfully regarded 
as the most differentiated living system. 

Surgery is the art of palliative, curative, or re
storative intervention in highly differentiated or
ganisms. It cannot be learned or taught, nor can 
it progress, without access to adequately differ
entiated living systems. 

Alternatives to Animal 
Experimentation? 

So-called alternative methods, as originally de
fined, are alternatives to animal experimentation. 
A definition that classifies such methods and ap
proaches as substitutes that will reduce animal ex
perimentation is more realistic.1O,13,16,17 An animal 
experiment is defined as an intervention in, or 
treatment of, a living animal under strict scientific 
conditions. In the past few decades, the so-called 
alternative methods have been persistently propa
gated, often in an irrelevant way on the basis of 
an overvaluation of their efficiency. The apparent 
aim is to represent animal experimentation as be
ing useless and needless. The excessive zeal of an
tivivisectionists sometimes causes occupational 
and personal defamation and discrimination 
against the experimental investigator.18 

For more than a century, biomedical research 
has taken advantage of experiments with living 
matter other than animals. It continuously im
proves these methods and designs new ap
proaches. The scientific community distinguishes 
between in vivo studies in living animals and in 
vitro experiments with tissues or organs from sac
rificed animals. The culturing of cells and the con
trolled growth of fetal organs, in whole or in part, 
are now established laboratory procedures, and 
studies in these preparations must be classified as 
in vitro experiments. 

The important distinction between schmerzfo
higer und nicht schmerzfohiger Materie (matter ca
pable of suffering and not capable of suffering) is 
fully accepted by expert investigators lO although it 

did not originate in the scientific community. IS An 
in vivo experiment with animals is an experiment 
with living matter capable of suffering, whereas 
an in vitro experiment makes use of living matter 
that is no longer capable of suffering. 

Current biomedical and surgical research em
ploys the following approaches, when they are ap
propriate: 

1. Experiments with surviving cells, tissues, or
gans, parts of organs, and organ systems. 

2. Experiments with cultured cells, tissues, and 
organs. 

3. Experiments with lower organisms. 
4. Work with nonbiological materials. 
5. Calculations in immaterial models. 
6. Experiments involving a large variety of chem

ical, biochemical, molecular biological, micro
biological, physical, and immunological meth
ods of in vitro analysis. 

It must be recognized, nevertheless, that cells, 
tissues, and organs for in vitro studies have their 
origin in living animals. It should also be realized 
that numerous animal experiments are still needed 
for development, testing, quality control, and 
comparative studies. 

The prohibition of all animal experimentation 
and the exclusive use of alternative methods are 
not feasible, given the present state of scientific 
knowledge. This is particularly true for surgical 
research and experimental surgery. Problems such 
as the care of the polytraulllatized organism; elab
oration of more effective therapeutic approaches 
to different kinds of shock; management of mul
tiorgan failure; effect of rejection of organs, in 
whole or in part; tissue or organ substitution by 
biological or nonbiological matter; improvement 
of existing and development of new devices, in
cluding the heart-lung machine or the artificial 
heart; and trial of new concepts of surgical inter
ventions can only be studied in whole animals. 

Results obtained in an in vitro study cannot al
ways be transferred directly to the in vivo situa
tion; for example, an early cardioplegic agentl9 

proved to be rather toxic in in vitro studies with 
isolated cells,20 but under in vivo conditions it was 
found to be only slightly inferior to more modern 
therapeutic agents.21 ,22 The scientific value of in 
vitro research must not, however, be underesti
mated. In vitro studies can reveal biological facts 



that may remain unrecognized in whole-animal 

experiments due to their complexity. Even in sur
gical research, in vitro experiments may be of 
help in the solution of special problems-for 
example, for the screening of cardioplegic and 

organ-protecting solutions and principles and the 
determination of tolerances to various forms of 
deprivation (e.g., ischemia, anoxia, hypoxia, and 
hypoperfusion). Work with isolated or cultured 
cells, such as the preservation and transplantation 
of islets of Langerhans or the preoperative "en
dothelialization" of vascular prostheses is part of 
surgical research. The researcher has to be aware 
of the advantages, the disadvantages, and the lim
its of this scientific tool. 

In 1959 Russell and Burch20 enunciated the 

three Rs for research in animals: replacement, re
duction, and refinement. Replacement, as origi
nally defined, refers 

to a wide range of techniques in which animals 
were not required at all in the actual experiment 
or in which they were exposed to no distress. For 
example, a terminal experiment in which the ani
mal is always under anesthesia until it is hu
manely killed would fall into the category of 
replacement. The use of tissue cultures and 

computer modeling represent the former cate

gory. The concept of reduction focused on re
ducing the number of animals required by better 
experimental planning, statistical design, and 
statistical analysis.... The trial and error 
approach is less desirable than the hypothetico
deductive approach in which the researcher for
mulates a testable hypothesis.... Refinement 
dealt exclusively with experimentation in which 
the animal was subjected to some degree of stress 
during the investigation. The 3 R's principle thus 
centers mainly on the question of stress research. 

Within the concept of the three Rs "it is per
missible to use an animal in research provided that 
the animal suffers no pain whatsoever."16 Rowan16 

finds this concept to have changed its meaning 
"with the advent of the term 'alternatives' to labo
ratory animals." Now, 

the main thrust is aimed at the total numbers of 
animals used, rather than at the question of 
stressful research. As a result, replacement and 
reduction refer solely to the number of animals 
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used while refinement refers to the overall ques
tion of reducing the stress suffered by the labo
ratory animal .... An "alternative" includes any 
system or method that covers one or more of the 
following: 

1. Replacing the use of laboratory animals al
together. 

2. Reducing the number of animals required. 
3. Refining an existing procedure or technique 

so as to minimize the level of stress or pain 
endured by the animal. 

But, there is also the statement that "any 'al
ternative' must provide information or results 
which allow the investigator to draw the same 
conclusions with at least the same degree of con
fidence."16 Smyth13 has argued similarly. 

It is important to know that not only the in 
vitro methods but also the commitment to hu
mane in vivo experimentation with animals origi
nated in the scientific community. Renowned sci

entific societies and science-promotion societies 
have supported animal-protection laws in various 
countries. 

Animal Models 

For clinical and surgical research, Wessler's defi
nition of an animal model of human disease may 
be useful. An animal model is "a living organism 
with an inherited, naturally acquired or induced 
pathological process that in one or more respects 
closely resembles the same phenomenon in 
man."24 

A more general definition covering all aspects 
of biomedical research was adapted from this defi
nition by the Institute of Laboratory Animal Re
sources (ILAR).25 An animal model might vary 

from a one-cell protozoan, the study of which can 

lead to a better understanding of cellular function, 
to the chimpanzee, one of the species phyloge
netically closest to humans, which may be the only 
species other than humans susceptible to a par
ticular infectious agent.26 Animal models, accord
ing to Gill,27 are used mainly for three reasons: 

1. To elucidate host defense mechanisms. 
2. To point the way for subsequent studies in hu

mans. 
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3. To screen substances for effectiveness or tox
icity. 

There is no doubt that animal models have 
great merit in relation to the first and second 
points. An early example is the work of Edward 
Jenner (1749-1823), who observed that milk
maids affected by cowpox did not contract the 
malignant smallpox, then epidemic in England. 
Another important example is the finding of Rob
ert Koch that guinea pigs are highly susceptible 
to tuberculosis. He used it to establish the causal 
relationship between the tubercle bacillus and tu
berculosis. Koch's postulates concerning infec
tious diseases cannot be fulfilled without a sus
ceptible animal model. For further important 
historical animal models, see the paper by Jones.28 

The third point in the preceding list is the sub
ject of much debate, because it is doubtful 
whether animal experiments can accurately pre
dict the toxicity of substances in humans, whether 
the current extent of animal experiments is nec
essary, and whether alternatives can replace ani
mal experiments. 

If animal models are used, they should be ap
propriate for the situation that is to be studied. 
For instance, a model of prostatic cancer that de
pends on a tumor growth that is insensitive to 
hormonal influence is not relevant to the clinical 
situation, nor is an animal model of duodenal ul
cer production that occurs without elevated acid 
output in the stomach. 

There is probably no ideal model for any dis
ease. The disease itself may be variable and may 
have many facets so that more than one animal 
model may be required. Although the ideal model 
may not exist, we should seek "its more modest 
cousin"26 (i.e., the most appropriate model avail
able). 

During a workshop on needs for new animal 
models, Leader and Padgett29 listed nine criteria 
for a good animal model: 

1. It should accurately reproduce the disease or 
lesions under study. 

2. It should be available to multiple investiga
tions. Sharing of animals and data among in
stitutions has been an important factor in 
many research successes. It allows monitoring 
of the scientific validity of observations and 
stimulates further investigation. 

3. It should be exportable. 
4. If the disease under study is genetic, the species 

should be polytocous-producing multiple 
young at each birth. 

5. The animal should be large enough for mul
tiple biopsy samples. 

6. It should fit into the available animal facilities 
of most laboratories. The accelerating costs of 
any changes in animal housing and care stan
dards make this criterion particularly relevant. 

7. The animal should be easily handled by most 
investigators. However, convenience should 
not be the determining factor in the selection 
of the model. 

8. It should be available in multiple species. 
9. The animals used in the model should survive 

long enough to be usable. 

To ensure maximum comparability of results, 
another point should be added to the list of cri
teria. The animals for induced or spontaneous 
models of human disease should be genetically 
defined. 

Although several populations of animals can be 
distinguished and their use has special advantages 
and disadvantages,27 it is difficult to say which is 
the most appropriate for mimicking a particular 
disease or effect of therapy in a human population. 

1. Randomly mating animal populations. There are 
two types, those that are colony bred and those 
found in the wild. The major use of the first 
type is testing the effects of drugs; the second 
type may be useful for developing studies rele
vant to human disease, because it generates 
mutants and mimics a disease process.27 

2. Outbred populations. These animals are system
atically bred to maintain maximal genetic het
erogeneity and are useful for drug screening. 

3. Inbred strains. An inbred strain is defined 
as being the product of 20 generations of 
brother-sister matings. Inbreeding implies a 
genetic drift. When an inbred strain has been 
separated from its primary source for eight or 
more generations, it should be identified as a 
subline by giving it a laboratory designation 
that follows the strain name. For the mouse, a 
standardized nomenclature exists,30 but it does 
not for other species, such as the rat. The same 
rules for listing inbred strains should be used 
for species other than the mouse.3! The major 



use of inbred strains is the study of specific 
questions, such as drug effects on a tumor, in 
a genetically defined population. 

4. FJ hybrids. Two progenitor inbred strains are 
mated to form Fl hybrids, which are more re
sistant to environmental influences than the 
parent inbred strains. The Fl hybrid provides 
a well-defined population with limited genetic 
diversity. 

5. Coisogenic and congenic strains. Two isogenic 
(i.e., genetically identical) strains that differ 
only at a single locus, the differential locus, are 
known as coisogenic strains. Such strains arise 
as a result of mutation within an inbred strain. 
Strains that approximate the coisogenic status 
can be developed by backcrossing a gene from 
a donor strain into an inbred strain (the back
ground strain of the inbred partner). The re
sulting partially coisogenic strains that differ at 
the differential locus and an associated seg
ment of chromosome are known as congenic 
strains.30 The major use of these animals is to 
study the effects of one specific gene. 

This chapter is not the place to describe the 
characteristics of the various animal models de
scribed in the literature. Bustad and coworkers32 
embarked on this task when they wrote a chapter 
in The Future of Animals, Cells, Models, and Sys
tems in Research, Development, Education, and 
Testing. When they exceeded 6,000 references for 
animal models, they decided to publish their list 
as an appendix. We have limited ourselves to pre
paring Table 48-1 to give you some help in find
ing the animal model you need in a special situ
ation. If you intend to study duodenal ulcer 
disease, for example, you can look for spontaneous 
animal models33 or for an experimentally induced 
model that was presented as a chemically induced 
duodenal ulcer by Szabo.34,35 Even if your search 
does not produce the ideal animal model of this 
human disease, there are some models that come 
close to the human situation (e.g., the "Executive 
Monkey"36) or resemble human duodenal ulcer 
disease in many ways (e.g., the cysteamine ulcer;37 
see Table 48-2). 

Remember that when a human disease is to be 
studied, you should reflect on the criteria for the 
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appropriateness of an animal model, study the in
formation available, and not leave animal models 
as a "neglected medical resource."38 

Quality Control 

Quality of Experiments 

In several studies, the quality of publications has 
been evaluated by reporting the frequency and ac
curacy of the statistical data and criteria published 
in them.3,4O In a similar exercise that focused on 
experimentation in animals, Juhr41 investigated 
some volumes of Laboratory Animal Science. The 
result of his study (Table 48-3) provides a useful 
checklist of criteria that should be adhered to in a 
well-designed animal experiment. Control groups 
were described in only 14% of papers. Aspects of 
breeding, sex, and age of the animals are frequendy 
reported, but the conditions of animal care are 
rarely given. The environment and the handling of 
animals can have an important input on study pa
rameters of interest. If these factors are not rec
ognized and controlled, the validity of the research 
results may be questioned. For example, transpor
tation of test animals affects such factors as total 
leukocyte counts and ACTH levels.42 

The principles of experimental design are dis
cussed in Part IV of this textbook, but Table 
48-3 shows that the calculation of sample sizes, 
or the choice of statistical tests, is not very differ
ent from those for clinical trials. Many people 
mistakenly assume that random allocation of ani
mals is not necessary, because the animals repre
sent a random sample taken from a well-defined 
population. Immich43 has demonstrated that this 
technique is as necessary in animal experiments as 
it is in clinical trials. 

Besides skillful design and presentation of the 
results, the optimum utilization of animal experi
ments includes attention to the possibility of re
ducing the number of animals necessary for each 
experiment. In every laboratory where several 
groups are performing animal experiments, infor
mation about planned studies should be ex
changed to enable more than one research group 
to participate in a project. Sacrificing one rat today 
to obtain a colon sample and another tomorrow 
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Table 48-1. A selection of animal models in the literature. 

Animal Models of Human Disease 

Experimental Cardiovascular Diseases 
Naturally Occurring Animal Models of Human 

Disease 

Animal Models for Biomedical Research VI
Metabolic Disease 

Animal Models of Thrombosis and Haemorrhagic 
Diseases 

Experimental Models of Chronic Inflammatory 
Diseases 

Spontaneous Models of Human Diseases 

Animal Qyality and Models in Biomedical Research 

Animal Models for Diabetes Mellitus: A 
Bibliography 

Animal Models for Research on Aging 
Animal Models and Hypoxia 
Bibliography of Naturally Occurring Animal Models 

of Human Diseases 
Bibliography of Induced Animal Models of Human 

Disease 
Animal Models for Tumor Progression 

Recent Advances in Molecular Pathology. Animal 
Models in Athereosclerosis Research 

Animal Models of Gastrointestinal Diseases 
Animal Models of Human Diseases 
Experimental Models of Exocrine Pancreatic Tumors 

Animal Models: Assessing the Scope of Their Use in 
Biomedical Research 

Use of Animal Models for Research in Human 
Nutrition 

Animal Models in Chronic Renal Failure 
Animal Models for Human Nutrition Physiology 

to get a piece of muscle is wasting animals. Every 
effort should be made to reduce the number of 
animals needed by such measures as using a two
step experimental design or a sequential trial, or 
the replacement of a time- and animal-consuming 
dose-response curve by the up and down method 

Handbook published by the Registry of Comparative 
Pathology, U.S. Armed Forces Institute of 
Pathology, continuing series of fascioles. 

Salye H. New York: Springer-Verlag, 1970. 
Appendix to the paper: «Animal Models" by Bustad 

UK, Hegreberg GA, Padgett GA. The Future of 
Animals, Cells, Models and Symptoms in 
Research, Development, Education and Testing. 
Washington, DC: National Academy, 1975. 

Fed Proc 1976;35:1992-1236. 

National Institute of Health, Bethesda, MD, 1976. 

Glynn LE, Schlumberger HD, eds. Heidelberg, New 
York: Springer-Verlag, 1977. 

Andrews EJ, Ward EJ, Altman NH, eds. New York: 
Academic, 1979. 

Spiegel A, Ericks S, Vollevald HA, eds. New York: 8 
Fischer Verlag, 1980. 

ILAR News, 1981;24:5-22. 

Washington, DC: National Academy, 1981. 
Stefanovich V, ed. New York: Pergamon, 1981. 
Hegreberg GA, Leathers C, eds. Pullman, W A: 

Human Student Books, 1982. 
Hegreberg GA, Leathers C, eds. Pullman, W A: 

Human Student Books, 1982. 
LeiboviciJ, Wolman M. Anticancer Res 1984;4:165-

168. 
Jokinen MP, Clarkson TB, Prichard RW. Exp Mol 

Path 1985;42:1-28. 
Pfeiffer Je. Boca Raton: CRC Press, 1985. 
Cohen D. Boca Raton: CRC Press, 1985. 
Longnecker DS. In: Go VWL et al., eds. Pancreas: 

Biology, Pathobiology, and Diseases. New York: 
Raven Press, 1986. 

KawamataJ, Melby EC, eds. New York: Alan R. 
Liss, 1987. 

Bayan AC, West CE, eds. Basel: S. Karger AG, 
1988. 

Gretz N, Strauch M, eds. Basel: S. Karger AG, 1988. 
Kirchgessner M, ed. Berlin-Hamburg: Verlag Paul 

Parey, 1990. 

of Dixon,44 when the determination of an LDso is 
required. 

Last, but certainly not least, the quality of ani
mal experiments depends on the correct handling 
and care of animals and the proper use of anes
thetics, analgesics, and tranquilizers. If a proce-
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Table 48-2. Comparison of chemically induced duodenal ulcer with human duodenal ulcer. 

Condition 

Localization of the ulcer 

Tendency to perforate 
Penetration into the liver 

and! or pancreas 
Occurrence of "giant ulcer 

forms" and massive bleedings 
Presence of chronic healed 

and/or active ulcers 
Occurrence of pyloric ulcers 

with deformities of the 
pylorus 

Accompanying adrenocortical 
necrosIs 

Presence of functional and/or 
organic brain disorders 

Increased gastric acid output 
Elevated basal serum gastrin 

levels 
Supersensitivity of serum 

gastrin to food intake 
Response to 

Antacids 
Antisecretory agents 
H 2-receptor antagonists 
Vagotomy 

Availability to study 
preulcerogenic and very early 
ulcerogenic functional and 
morphologic changes 

Reprinted with permission from Szabo S'" (1980). 

dure must be conducted without the use of an 
anesthetic, analgesic, or tranquilizer, because such 
an agent would defeat the purpose of the experi
ment, the responsible investigator must personally 
supervise the procedure to ensure that it is carried 
out in accordance with institutional policies and 
local, state, or federal regulations. Muscle relax
ants or paralytic drugs (e.g., succinylcholine or 
other curariform drugs) are not anesthetics, and 
they should not be used alone for surgical re
straint. 

Appropriate facilities and equipment should be 
available for surgical procedures. A facility in-

Experimental Human 
duodenal duodenal 

ulcer ulcer 

Anterior and Anterior and 
posterior posterior 
wall wall 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 

Frequent Rare{?) 

± + 
± ± 

+ ± 

Yes Yes 

+ ± 
+ + 
+ + 
+ + 

Yes No 

tended for aseptic surgery should be maintained 
and used for that purpose only, and its cleanliness 
should be assured. Surgery on animals should only 
be performed by persons who are properly quali
fied by training and experience and should be con
ducted in the same formal and respectful manner 
that characterizes the operating theater during 
surgery on humans. 

Postsurgical care should include observation of 
the animal until it has recovered from anesthesia, 
administration of supportive fluids and drugs, care 
of surgical incisions, and regular monitoring to 
ensure the animal's physical comfort and optimal 
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Table 48-3. Frequency of items reported in papers involving animal experiments. 

General declarations 
Strain 
Genetics 
Origin 
Sex 
Age 
Class of age 

Experimental design 
Total number 
Number of 
Body weight 
Bacteriological state 
Selection 
Randomization 

Environment and care 
Adaptation to environment 

to humans 
to the experiment 

Light/dark change 
Temperature 
Animal laboratory 
Humidity 
Air change 
Noise 
Feed 
Drinking 
Animals per cage 
Cage material 
Size of cages 
Litter 
Change of litter 

Course of the experiment 
Duration 
Mortality 
Diagnosis 

Analysis of the experiment 
Number of groups 
Animalsigroups 
Controls 
Animals/control groups 
Statistical tests 
Statistical significance 

I I 

I 

r 
I 

J 

I 
I 

I 

R 

~I 
20 

Modified with permission from Juh~ (1980). 

recovery. Appropriate medical records should be 
maintained. 

Euthanasia should be performed by trained 
persons in accordance with institutional policies 
and applicable laws. The choice of method de
pends on the species of animal and the project in 
which the animal was used (i.e., it should not in
terfere with postmortem examinations). Proce
dures for euthanasia should follow approved 
guidelines, such as those already established by the 

I 

I 

I 

91 

I 

70 
67 
61 
80 
80 

I 

94 

I 

I 61 

[I 
I 

31 
43 
22 
14 

27 
14 
27 
14 
20 
20 
16 
8 
0 

I 49 
22 
16 

I 29 
18 
\0 
18 

I 
71 

I 
12 
12 

I I 

71 

I 
II 

59 

II 

14 
18 
34 
39 

40 60 80 % 

American Veterinary Medical Association Panel 
on Euthanasia. Animals of most species can be 
killed quickly and humanely by the intravenous or 
intraperitoneal injection of a concentrated solu
tion of barbiturate. Mice, rats, and hamsters can 
be killed by cervical dislocation or by exposure to 
gaseous nitrogen or carbon dioxide in an un
crowded chamber. Ether and chloroform are ef
fective, but their use is hazardous to personnel; 
ether is flammable and explosive, and chloroform 



is toxic and possibly carcinogenic. If animals are 
killed by ether, special facilities and procedures are 
required for storage and disposal of carcasses. Se
rious explosions can result from storage in refrig
eration equipment that is not explosion proof and 
disposal by incineration. 

The environment and dietary regimen should 
be suitable for each species. The components of 
the diet should be known and standardized and 
should be adapted to the age of the animals when 
necessary. Young animals usually need a diet 
richer in protein than that given to adults. Infor
mation about normal values for the species used 
in an experiment can be very helpful in arriving 
at a first estimation of the reliability of your own 
measurements. 

Quality of Animals 

A quality assurance program to define and char
acterize research animals adequately is important. 
Various commonly occurring microorganisms 
cause subclinical infections in animals that may 
flare to produce high morbidity or mortality when 
the animals are stressed by an experiment. Such 
incidents frequently complicate the research re
sults, invalidate the scientific data collected or 
their interpretation, and cause loss of money, time, 
and other research resources. 41 Rodents, for ex
ample, should be free from sendai virus, mouse 
hepatitis virus, Reo 3 virus, lactic dehydrogenase 
elevating virus, lymphatic choriomeningitis virus, 
ectromelia, Salmonella, Hexamita, Pneumocystis, 
Haemobartonella, Eperythrozoon, Syphacia, Aspi
culuris, ectoparasites, and the microorganisms 
listed in Table 48-4. When these pathogens infect 
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and proliferate in animals, they cause subtle, long
or short-term changes in organ and cell function, 
metabolism, and physiology, even though the ani
mals appear to be clinically healthy. A sampling 
plan for the microbiological or pathological moni
toring of animals to detect the presence of dis
eased animals, within adequate confidence limits, 
has been published by HSU,45 along with a list of 
the pathogens and parasites that may be encoun
tered. 

All laboratory animals should be observed daily 
for clinical signs of illness, injury, or abnormal be
havior by a person trained to recognize such signs. 
All deviations from normal, and all deaths from 
unknown causes, should be reported promptly to 
the person responsible for animal disease control. 

The most important link in a quality assurance 
program is probably the producer of the animals. 
Producers must ensure proper breeding systems 
for both the inbred strains and outbred stocks to 
maintain their genetic integrity and characteris
tics. They should periodically perform health 
characterization and genetic monitoring of their 
animal colonies and make their findings available 
at regular intervals or on request by those who 
purchase their animals. The methods used in ge
netic monitoring are listed in Table 48-5. Re
search animals should always be obtained from a 
reliable vendor who consistently supplies high
quality, genetically defined animals. Vendors 
should be periodically evaluated according to the 
management, economic, and other criteria listed 
in Table 48-6. 

The aim of all these measures is to lower costs, 
reduce the number of animals necessary for an 
experiment, and improve the reliability of the re-

Table 48-4. Bacteria for which routine monitoring is recommended. 

Mice Rats Guinea pigs Hamsters 

Salmonella Salmonella Salmonella Salmonella 
Pseudomonas Pasteurella Streptococcus Pasteurella 
Corynebacterium Diplococcus Zooepidemicus Bordetella 
Pasteurella Klebsiella Bordetella 
Klebsiella Pseudomonas Klebsiella 
Bordetella bronchiseptica Corynebacterium Diplococcus 
Diplococcus pneumoniae Bordetella 
Mycoplasma Mycoplasm 

Modified with permission from Hsu CK, New AE, Mayo JG48 (1980). 
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Table 48-5. Methods for genetic monitoring. 

A. Breeding methods 
B. In vivo histocompatability testing 

1. Skin grafting 
2. Lymphoid tissue transplantation 
3. Tumor transplantation 

C. In vitro histocompatability testing 
1. Mixed lymphocyte reaction (MLR) 
2. Cell-mediated lympholysis (CML) 
3. Serology 

D. Biochemical marker analysis 
E. Embryo cryopreservation 
F. Chromosomal banding 
G. Mandible analysis 

Modified with permission from Hsu CK, New AE, Mayo ]G48 (1980). 

sults. Experimenters will feel better about a well
designed experiment when they have taken care 
to avoid any unnecessary injury to, and sacrifice 
of, whatever creatures have been involved. 

The "Guide for the Care and Use of Laboratory 
Animals"sl will help "in caring for and using labo
ratory animals in ways judged to be professionally 
and humanely appropriate. " It is not an exhaustive 
review but is widely accepted. The recommen
dations cannot be fulfilled completely in all re
spects and everywhere; different cultures and 
communities vary in their valuation of the ani
mals' status and thus have developed different 
ways of handling animals. Striving for realization 
of the goals of the guide has many benefits, not 
least of which would be the scientific value of uni
versally comparable animal experimentation of 
high standards and responsibility. 

Conclusion: 
Some Personal Comments 

Learning to use animals in clinical and surgical 
research, recognizing the possibilities and limits 
of animal experimentation, and accepting the at
tendant responsibilities should be seen as privi
leges. Competence in animal experimentation has 
to be learned like any other skill. The fact that 
living matter is involved, whatever its place in the 
classification of living organisms, imposes a par
ticular obligation on you, as the investigator. The 

Table 48-6. Vendor evaluation. 

1. Type of practice (producer or dealer) 
2. Type of facility (barrier or conventional) 
3. Management and operation (accredited or not) 
4. Professional and technical staff 
5. Availability of animal quality data 
6. Genetic uniformity and compatibility 
7. Methods of transporation 
8. Number, strain, and species that can be supplied 
9. Reliability in meeting ordering specification 

10. Cost 
11. Qyality of animals 

Modified with permission from Hsu CK, New AE, Mayo ]G48 (1980). 

recent broadening of biomedical research methods 
to include the development of targeted alteration 
of animal genes increases this responsibility. 

The researcher and all coworkers-those in
volved directly in the experiment and those taking 
care of the animals in the animal quarters-ought 
to be aware that animals have their joys and feel 
discomfort, are sensitive, are capable of suffering 
and enduring pain, can be afraid, and have 
memory. Members of the team who lack and can
not be taught respect, responsibility, and correct 
treatment of the animal as a fellow living being 
should not be allowed to use or handle animals. 

You should go beyond the legal regulations in 
meticulously scrutinizing the scientific necessity, 
value, and mode of implementing each experi
ment.11 You bear ultimate moral responsibility for 
your actions and choices related to animal experi
mentation.46 There must always be a reasonable 
expectation that your study will contribute signifi
cantly to clinical knowledge and progress. 

Experiments in animals should always be care
fully thought out. A study of the literature rele
vant to the topic should precede the planning, and 
especially the implementation, of any series of ex
periments. Helpful information can almost always 
be gained about the selection of relevant parame
ters, adequate methods of analysis, and appropri
ate animal model species. An animal species 
should not be used just because it is the one most 
readily available and most familiar to you. You 
should not find it repugnant to ask for advice and 
help. The animal is to be the surrogate of humans. 

The conception, planning, preparation, and 
performance of animal experiments is a major sci-



entific responsibility. It requires time. It can rarely 
be discharged properly by adding it onto the end 
of a long day's work. 

In vivo experiments and the sacrificing of ani
mals without pain or fright at the end of experi
ments, or to obtain tissues or organs for in vitro 
experiments, must be performed by, or under the 
immediate and continuous supervision of, an ap
propriately qualified scientist. Experiments in ani
mals should be performed with the assistance of 
a sufficient number of properly trained personnel; 
individual research has given way to the team ap
proach. Work on a do-it-yourself basis using self
taught techniques in a distant corner of a labo
ratory is contrary to the principles of experimen
tation in animals. Surgical research in animals 
should be confined to specialized and adequately 
equipped institutes, departments, or units. 

The three Rs-replacement, reduction, refine
ment17-are important guides for research in ani
mals. Animals should be used only after careful 
consideration has convinced you that no method 
other than an animal experiment can solve a prob
lem or provide the information needed. The sci
entific question should be formulated in such a 
way that a clear and valid answer can be reached 
with a minimum number of experiments. As 
much data as possible should be collected in each 
experiment, provided overinstrumentation does 
not invalidate the model. 

The care and use of animals for experimental 
purposes should be based on the principle that 
pain and discomfort must be avoided. To this 
end, anesthetics and analgesic agents should be 
employed in an appropriate manner, unless spe
cifically withheld as a requirement of the experi

ment. Pain-relieving drugs should be continued 

as long as necessary. Experiments in which pain 

and discomfort are an unavoidable consequence 

should be undertaken only when, on the basis of 

expert opinion, there are reasonable expectations 

that such studies will contribute to the ultimate 

enhancement of our knowledge of life. The de

gree of pain should never exceed that determined 
by the humanitarian importance of the problem 

to be solved by the experimental study,.7 

Surgical research and postoperative care, particu
larly in higher animals, should be conducted ac-
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cording to the same standards as surgery in hu
mans. 

The decision on the fate of an animal depends 
on the purpose of an experiment. Either the ani
mal must be sacrificed when the experiment is 
completed or its subsequent life must be free from 
pain, grief, and discomfort. 
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Commentary 

Although there will always be pressure from groups 
opposed to animal experimentation, most scientists 
agree that animal experimentation is required for 
the advancement of human health. Drs. Isselhard 
and Kuche outline the special obligations incum
bent upon investigators who use animals for re
search. An animal experiment should be performed 
only when it is clear that no other method will 
provide the information required and when the 
conditions discussed in this chapter are met. 

One methodologic issue in animal investigation 
was not discussed. Although not usually done, 
blinded experiments lend further credibility to the 
scientific conclusions drawn from animal studies. 
Investigators should build as many elements of 
blinding into the study design as possible, just as 
one would do in a prospectively randomized hu
man clinical trial. 

A.S.W. 



CHAPTER 49 

The Isolated Organ in Research 
T. Yeh Jr. and A. S. Wechsler 

Introduction 

Technological advances in artificial perfusion al
low effective isolated perfusion of a wide variety 
of organs and tissues, including, but not limited 
to, brain, heart, lung, heart-lung, liver, kidney, 
spleen, pancreas, thymus, gastrointestinal tract, 
urinary tract, reproductive tract, skeletal muscle, 
nerves, and blood vessels. The option of extended 
pharmacological or surgical treatment of animals 
before organ isolation makes this technique ex
tremely powerful. To the uninitiated, isolated or
gan perfusion may conjure up images of Franken
steinian surgery, machinery, and complexity; 
however, surgeons are particularly well equipped 
to implement these models, which actually are 
much simpler today than they were historically. 

Tissue similarities make evaluation of certain 
phenomena, that is, metabolic or biochemical 
processes and their related enzyme systems, oxy
gen consumption, organ weight, water content, 
electrolyte content, tissue compartment size, and 
measurement and analysis of organ blood or 
lymph flow, possible in virtually any organ system. 
Perfusion with disaggregating solutions subse
quently dissociates ce1ls for molecular biological 
analysis, ce1l culture, cellular separation, and sub
ce1lular fractionation.! Direct perfusion of tissue 
with fixatives or histochemical stains, such as vital 
dyes, provides exce1lent material for light or elec-

tron microscopy. Modification of perfusate com
position or administration conditions permits the 
study of drugs, toxins, hypoxia, ischemia, hypo
tension, or hypertension on organ function. 

Organ-specific investigations depend on the 
presence of specialized organ function such as 
exocrine secretion by the liver or pancreas or en
docrine secretion (hormone production) in the 
pancreas, thymus, or adrenal. Kidney or liver 
preparations permit evaluation of organ clearance 
capacity for drugs, metabolites, or toxins. Beating 
hearts, peristalsing gastrointestinal tracts, or iso
lated tissues (muscles, nerves, or vessels) permit 
the study of mechanical or electrical function, in
cluding depolarization, automaticity, or rhythm
icity. The possibilities are endless. 

Advantages and Disadvantages 
of Isolated Perfusion 

Isolating an organ for study confers several ex
perimental advantages over in vivo studies. First, 
surgical access to the organ is simplified. Arteries 
are easily cannulated for perfusion and precise 
drug administration. Lymphatic effluent, venous 
blood, and/or exocrine secretions are easily ob
tained for analysis simply by cannulating the ap
propriate system. The entire organ can be con-
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tinuously weighed, biopsied, or monitored for 
mechanical or electrical function. 

Precise control of experimental variables with 
intrinsically high variability is a second advantage. 
In vivo, the nature of systemic homeostasis de
mands that each organ adapt to changing condi
tions (e.g., parasympathetic versus sympathetic 
stimulation and resultant changes in blood flow) 
as required for organism survival. Unpredictable 
physiologic responses of individual animals con
founds the study of phenomena in which exacting 
reproducibility is critical. The parameters of iso
lated organ perfusion (e.g., perfusate composition, 
oxygenation, pressure, flow, and temperature) are 
rigorously controllable (at physiologic or patho
physiologic levels) and not subject to homeostatic 
fluctuations. Drug or toxin levels can be strictly 
maintained, eliminating systemic metabolism that 
may unpredictably change levels of or produce un
wanted metabolites. Loading conditions of car
diac, skeletal, or smooth muscle can be standard
ized. Cellular depolarization can be electronically 
stimulated for in vitro analysis of electrical activity 
or mechanical contraction. Because isolated 
preparations are free of hemodynamic instability, 
as well as homeostatic neural and hormonal influ
ences, organ response is unaffected by systemic 
responses of the intact organism. 

A third advantage is economy. The preparation 
of isolated organs is generally faster and less ex
pensive than preparing intact animals. A single 
preparation of the apparatus often permits mul
tiple studies, conserving investigator resources 
and time. An isolated preparation is ideal for 
screening new hypotheses before initiating more 
extensive experiments. Finally, because organs are 
rapidly excised and the donor animal immediately 
sacrificed, isolated preparations may be a more 
humane form of animal experimentation. 

Isolating an intact organ also confers advan
tages not achievable in tissue culture or cellular 
homogenates. The anatomic and physiologic di
vision of the organ into compartments (vascular, 
interstitial, extracellular, intracellular, secretory
excretory, and luminal) are maintained. Such 
separation is physiologically critical in proper 
organ functioning. Normal cell-cell relation
ships allow the potential for undisturbed study of 
autocrine and paracrine effects. Leakage of intra
cellular enzymes into the experimental prepara-

tion medium (perfusate in this case) is minimal.2 

The major disadvantage of isolated perfusion is 
the unstable nature and, hence, limited viability 
of the preparations. The etiology and prevention 
of organ death are fundamental questions that un
fortunately will not be answered in this chapter. 
Humans do not completely understand the phys
iologic requisites for survival in artificially per
fused systems. Even in state-of-the-art clinical 
applications, patient deterioration is unavoidable 
in prolonged extracorporeal membrane oxygena
tion, and organ grafts for transplant have limited 
viability after removal and perfusion for storage. 

The causes of this instability are debated. Per
fusates are either nonblood or modified blood 
preparations and are administered with artificial 
pumps, conduits, and oxygenators without benefit 
of normal systemic homeostasis. Blood cellular 
elements and proteins are damaged. Platelets are 
destroyed and clump, forming microaggregates; 
red blood cells are hemolyzed; white blood cells 
are lysed and enzymes released. Serum proteins 
are denatured and adhere to tubings, resulting in 
hypoproteinemia and edema, which, if severe, can 
lead to compromised plasma membrane integrity. 
Microemboli of these elements, as well as of 
crystalloid-based perfusion solutions and small 
bubbles in perfusate solutions, may contribute to 
deterioration. Nonspecific activation of patho
physiologic inflammatory mediators and the im
mune system in blood-based models may result in 
organ injury. Activation of cellular lysozomes and 
abnormal gas concentrations may also contribute. 
It is interesting that clinically these effects from 
artificial surfaces are minimized in vivo in devices 
that have the opportunity to form pseudoendo
thelium (e.g., prosthetic grafts and left ventricular 
assist devices with special surfaces that permit this 
phenomenon). 

Also, in a less well-understood phenomenon, 
isolating an organ from the body may result in 
critical deficits in undelineated but important me
tabolites, substrates, hormones, or neural control 
that could result in cellular dysregulation. Hypo
thetically, these deficits may disturb normal cel
lular homeostasis, possibly by disrupting enzy
matic, transcriptional, or translational processes 
that eventually culminate in cell death. Apoptotic 
death is distinct from necrosis both at the mor
phological and molecular levels and has been lik-



ened, in colloquial terms, to cellular "suicide" 
rather than "murder." Necrosis typically results 
when cells are exposed to severe and sudden injury 
(e.g., ischemia, trauma), with changes in mito
chondrial morphology and rapid loss of ability to 
maintain homeostasis. It results in a significant 
inflammatory response. Apoptosis, also known as 
programmed cell death, occurs in response to 
more subtle signals from the environment, that is, 
"planned" morphogenetic death during embry
onic development, elimination of self-reactive T 
cells, or withdrawal of a hormone or growth fac
tor, thermal stimuli (heat or cold), poison, glu
cocorticoids, or low-dose ionizing radiation. 
Spillage of intracellular contents does not occur 
because cells that break into a series of membrane
bound apoptotic bodies are phagocytosed and 
thus inflammation is minimal. The process re
quires new gene expression (c-myc, p53, Fas, to 
name a few) and can be protected by expression 
of other intracellular suppressors (bel-2, bel-x). 
Apoptosis has obvious implications far beyond the 
scope of this chapter, but for our purposes should 
affect the interpretation of studies done using or
gans withdrawn from their native environments.3,4 

These unavoidable limitations inevitably cause 
deterioration in organ function, making extended 
or chronic isolated perfusion impractical. Finally, 
because experimental results are obtained from 
isolated systems, results may not be entirely ap
plicable to in vivo organ response.s Historically, it 
was suggested that isolated perfusion was really 
the study of a dying organ,6 but today results are 
widely accepted as reliable and relevant, provided 
the organ is studied within a reasonable time win
dow and the scientist is able to demonstrate sta
bility of the system. 

The Isolated Organ 

Advantages Disadvantages 

Simple surgical access Instability (limited 
viability) 

Control of Abnormal perfusion 
experimental 
variables 

Freedom from 
systemic reflexes 

Economy 

Loss of trophic 
hormones 

Blood damage 
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System Design, Implementation, 
and Maintenance 

As typified by clinical surgery, the implementation 
of isolated organ research is best learned by doing. 
Isolated organs are widely employed in university 
environments, and an academic colleague who em
ploys a similar model will often teach or collaborate 
with a novice. Even if the precise model differs, 
many of the techniques can be generalized. 

Choice of Animal Species 

Conservation of resources requires careful plan
ning in the early stages of any experiment. The 
need for well-attended, healthy animals in obtain
ing meaningful data is self-evident.s Although 
smaller animals may be more cost-effective in 
evaluating biochemical or cellular phenomena, the 
chosen species must allow adequate assessment of 
the parameter of interest. Tissue, metabolites, 
exocrine secretions, or endocrine products must 
be available or produced in sufficient quantities for 
subsequent analysis. Organ size must permit can
nulation of small vessels, ducts, lymphatics, or 
organ chambers of interest. Biochemical and 
physiologic responses may vary among species, 
and the investigator must determine whether a 
given species is appropriate for investigating a par
ticular hypothesis. 

Anesthesia 

To avoid hypoxia or respiratory arrest, consider 
the use of ventilatory support. Choose anesthetic 
agents rationally, avoiding those with detrimental 
effects on the organ of interest, such as irreversible 
myocardial depression when halogenated hydro
carbons are used in studies of cardiac physiology.7 

Short acting agents are preferable since organ re
moval is generally rapid and residual anesthetic 
effects should be minimized. Precision in dosage 
is required. Underdosage is not only inhumane, 
but concomitant pain-associated catecholamine 
release may have profound and undesirable effects 
on organ vasculature.8 If muscle relaxants are 
used, their interference with assessment of anes
thetic adequacy may have the same ultimate out-
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come as underdosage.s After induction, over
dosage may prematurely kill the donor or un
necessarily depress the organ of interest. 

Route of administration is generally a matter of 
convenience. Intraperitoneal administration is of
ten simplest in smaller animals. Intravenous ad
ministration is usually possible in larger animals, 
although intramuscular injection may enhance in
vestigator safety with ferocious carnivores. Inhala
tional methods require calibrated vaporizers and 
close monitoring but are also an option.s 

In protracted organ harvests, even closer moni
toring of ventilatory, hemodynamic, hydration, 
thermal, and metabolic status is indicated. The 
same holds true for parabiotic systems in which a 
support animal supplies oxygenated blood perfus
ate to an isolated organ for the duration of the 
experiment. 

Surgery 

Although surgical preparation of isolated organs 
varies among specific organs, animal species, and 
experimental protocols, minimizing organ hyp
oxia with rapid, consistent harvest and expeditious 
reperfusion is absolutely essential for reproducible 
results.s Fortunately, protocols to expedite harvest 
and minimize ischemia exist for most organs (e.g., 
liver harvests can be performed without any pe
riod of total ischemia). Mechanical organ trauma 
should also be minimized by avoiding unnecessary 
tissue handling. 

Perfusion System Design 

Choice of Perfusate 

Design a perfUsion system that meets experimen
tal requirements but simplifies daily use and 
maintenance. In choosing one of the many availa
ble formulations, basic requirements include oxy
genation of tissue, provision of nutrients, removal 
of metabolic wastes, appropriate buffering, phys
iologic concentration of principal ions, and ade
quate colloid osmotic pressure to limit edema. 

Perfusates are generally classified as (1) non
blood perfusates or (2) blood-based perfusates. In 
studies of cardiac physiology, Langendorff in 
1895 first demonstrated that sufficient quantities 

of oxygen could be dissolved in crystalloid solu
tion to support isolated rat hearts. 9 Such nonblood 
perfusates are generally more economical and con
venient than blood-based perfusates but are, not 
surprisingly, less physiologic. First, the oxygen
carrying capacity of pure crystalloid is limited.lo 

Second, aqueous solutions are less viscous and yield 
higher flow rates than blood-based perfusates.1 Fi
nally, crystalloid is without the normal complement 
of cells and proteins found in blood. Nevertheless 
many important, well-accepted studies have been 
executed with nonblood perfusates. The composi
tion of a commonly employed formulation, modi
fied Krebs-Henseleit buffer, is given in Table 49-1, 
but many solutions have been formulated for 
specific uses. I 

Meticulous preparation of nonblood perfusates 
is imperative. All components must be accurately 
measured and, once in solution, adequately fil
tered. In Figure 49-1, a filter used for nonblood 
perfusate demonstrates that even analytical grade 
chemicals have impurities that can form mi
croemboli in organ capillaries and compromise 
performance. I,ll Filters of silk, wool, or mem
branel •12•13 are recommended; paper filters are un
acceptable because they release cellulose fibers. Fi
nally, advance preparation of sufficient quantities 
of perfusate is strongly advised. Nothing is more 
disheartening than a smoothly running prepara
tion that suddenly runs out of perfusate for a pe
riod of unwanted ischemia whose duration is lim
ited solely by the investigator's land speed. 

The second class of perfusates, blood-based 
perfusates, are generally more costly and trouble
some but are also more physiologic. Use of any 
blood-based perfusate necessitates anticoagula
tion. Heparin is most commonly employed, but 
others are available if heparin is contraindicated.14 

Be cognizant of alterations in blood components 

Table 49-1. Modified Kreb's-Henseleit solution. 

NaCL 118.0 mmollL 
KCI 4.70 mmollL 
CaCl2 2.52 mmollL 
MgSO. 1.64 mmollL 
NaHC03 24.88 mmollL 
KH2PO. 1.18 mmollL 
Glucose 5.55 mmollL 
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Figure 49-1. Used filter. Five-micron membrane filter (left) used to filter crystalloid perfusates prepared 
with analytical grade chemicals vs. unused filter (right). Even though prepared perfusate was clear to 
visual inspection, the necessity for filtration is apparent. 

that occur in any extracorporeal system and de
grade tissue perfusion. IS These alterations include 
protein denaturation,16 fat embolism,17 erythro
cyte and platelet aggregation,18 viscosity changes,19 
and cellular disruption of erythrocytes, leukocytes, 
and platelets. S 

Regardless of perfusate class, the concentration 
of perfusate components, such as sodium, potas
sium, chloride, calcium, magnesium, and glucose, 
as well as experimental additives, should be ana
lyzed periodically. Blood-based perfusates are 
prone to hemolysis, which lowers hematocrit and 
raises potassium and plasma-free hemoglobin, all 
of which should be assessed when using blood
primed systems.S,2(}-23 Remember that free hemo
globin is damaging and is cleared by liver prepa
rations. Blood-based perfusates are also more 
prone to hyperkalemia (from hemolysis) and fluc
tuations in calcium levels with changes in pH. 

If blood from a second animal is used, blood
tissue incompatibility may result. To avoid this 
phenomenon, autologous blood is preferable, 
some claim essential, for success.S The use of au
tologous blood presents the logistical difficulty of 
increasing organ ischemia since organ and per-

fusate must be simultaneously obtained from the 
same subject. S 

Constant-Pressure or 
Constant-Flow Perfusion 

An important advantage of isolated perfusion is 
that either pressure or flow can be strictly con
trolled. The superiority of either is debated. As 
illustrated in Figure 49-2, a constant-pressure sys
tem is implemented by the action of gravity on a 
column of perfusate that is maintained at a con
stant height above the perfused organ with a me
chanical pump. In this method, perfusion pressure 
remains constant, but flow varies with the vascular 
resistance of the organ. Proponents of constant
pressure perfusion argue that mean perfusion 
pressure is constant in intact circulations and is 
therefore physiologically more relevant in isolated 
systems.1 

As illustrated in Figure 49-3, a constant-flow 
system is implemented by pumping perfusate di
rectly to an isolated organ. Flow remains constant, 
but perfusion pressure varies with the vascular re
sistance of the organ. Perfusion pressures are gen-
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Figure 49-2. Simple constant-pressure prepa
ration (crystalloid perfusate, nonrecirculating). 
Constant pressure is effected by maintaining a 
column of perfusate at constant height above the 
organ. Perfusate is continuously pumped from 
the runoff reservoir to the constant-pressure res
ervoir. After the desired level is achieved (e.g., 
100 cm above the heart), perfusate overflows to 
the runoff reservoir through the overflow conduit. 
In this system, perfusate is discarded after one 
pass through the organ and is replenished by 
adding warmed, oxygenated perfusate to the 
runoff reservoir. Perfusate temperature is moni
tored and controlled by water jacketing of per
fusate conduits. System oxygenation and pH are 
maintained by bubbling both reservoirs with a 
mixture of 95% O2 and 5% CO2 , The organ cham
ber maintains constant temperature (with water 
jacketing) and hydration (by bathing the organ in 
its effluent). Continuous in-line filtration (e.g., 5 
/1) removes residual particulate matter from the 
perfusate before it reaches the constant -pressure 
reservoir. Auxiliary inputs of the organ cannula al
low other columns to be added in parallel for 
rapid or repetitive switching of perfusates, drugs, 
and so forth. An intraventricular balloon attached 
to a pressure transducer is used to monitor ven
tricular function. 

erally lower than in vivo arterial pressure, probably 
a result of autonomic denervation, the absence of 
circulating catecholamines,s and decreased per
fusate viscosity (in crystalloid or diluted blood
based perfusates). Proponents of constant-flow 
perfusion argue that loss of normal neural and en
docrine mediation of vascular tone,S as well as al
tered vascular reactivity, leads to abnormal vas
cular resistances and that only constant-flow 
perfusion assures flow rates in the physiologic 
range. 1 

Overperfusion should be carefully avoided, or 
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.. 
Roller 
pump 
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reservoir 

~ Auxiliary ports 
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system 

irreversible damage, in the form of edema, in
creased vascular resistance, petechial hemorrhage, 
or frank hematoma, may result. Exocrine secre
tions may become tinged with blood. Underper
fusion is generally less serious and many organs 
will tolerate brief periods of moderately reduced 
flow.s 

Whether constant flow or constant pressure is 
utilized, pumps must be of adequate capacity. Per
fusate flow and pressure should be monitored dur
ing experimentation. Pulsatile flow, an option in 
constant-flow preparations, mimics the function 
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of the intact cardiovascular system with pumps 
that simulate arterial pressure waveforms. Several 
studies have shown its benefit in isolated or
gans24-27 as well as in cardiopulmonary bypass sur
gery.28-3D The use of pulsatile flow may be more 
important in vascular system studies.s Pulse pres
sure must be monitored closely, because the poor 
compliance of artificial tubing may transmit un
dampened system pressures and damage the or
gan. A side arm in the circuit filled with a column 
of air or incorporation of excess aorta into the per
fusion circuit functions as an effective compliance 
chamber. The advantages of pulsatile perfusion 
must be weighed against its cost, complexity, and 
the additional blood trauma introduced.s 

Recirculation versus Nonrecirculation 
of Perfusate 

If perfusate is recirculated, waste products accu
mulate and nutrients or substrates are depleted, 
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Figure 49-3. Simple constant-flow preparation 
(blood-based perfusate, recirculating). Many fea
tures of this preparation (temperature control, 
oxygenation, and pH control) are similar to the 
constant-pressure preparation. Remarkable dif
ferences are that a commercially available 
hollow-fiber oxygenator oxygenates blood. An 
occlusive roller pump supplies constant flow 
(rather than constant pressure) to perfuse the or
gan, and perfusate pressure is monitored with a 
pressure gauge (or pressure transducer). Because 
of expense and limited availability, blood is usu
ally recirculated rather than discarded. Note that 
these illustrations are only two of many examples, 
depending on one's experimental needs. 

not only with time but also in proportion to the 
size and metabolic rate of the organ being studied. 
Although nonrecirculating systems eliminate 
these problems, recirculation may be required to 
study minute changes in perfusate composition or 
if expensive admixtures or blood-based perfusates 
are used.1,11,31,32 The sheer volume of perfusate re
quired by organs from larger animals may prohibit 
a one-pass system. Regardless of the method cho
sen, the supply of perfusate in a nonrecirculating 
system, or losses from recirculating preparations, 
must be monitored and repleted as necessary. 

Choice of Oxygenator 

For reproducible results, accurate standardization 
of perfusate gas tensions between studies is essen
tial and requires that an oxygenator be of sufficient 
size to handle maximum anticipated flow while 
maintaining adequate gas exchange. Oxygenators 
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have evolved into two commonly employed de
signs: bubble oxygenators and membrane oxy
genators. Bubble oxygenators are less expensive 
and ideally suited for pure crystalloid perfusates; 
however, they are more destructive to the blood 
cells and proteins present in blood-based perfus
ates.5 For pure crystalloid perfusates, a bubble 
oxygenator is easily implemented with commer
cially available aquarium aerators (generically 
known as "airstones") that deliver fine gas bubbles 
into any chamber.33 Membrane oxygenators are 
more costly but minimize blood element damage34 

and require smaller priming volumes. 
A particularly ingenious and inexpensive 

"membrane" oxygenator was brought to our at
tention by Dr. Carl Apstein and colleagues (Fig
ure 49-4). In this system, fresh bovine blood is 
heparinized (15,000 units/L) and washed three 
times by centrifugation with Krebs-Henseleit so
lution. Gentamicin is added to the packed cells 
(final concentration 2 mg/L) and the mixture re
frigerated (1 to 3 days). When ready for use the 
erythrocytes are resuspended (260 mL packed 
erythrocytes/240 mL Krebs-Henseleit) and 
brought to a volume of 600 mL with stock solu
tions (final concentrations: 4% albumin, 0.4 
mM/L palmitate, and 1 unitlmL heparin). 

The erythrocyte suspension is oxygenated by 
pumping through two serially connected long 
coils of silicone elastomer tubing (inner diameter 
0.058 inches, outer diameter 0.077 inches),· each 
coiled inside a water-jacketed open-topped glass 
cylinder and pumped from bottom to top of the 
cylinder for optimum gas exchange. Oxygen (95% 
O2, 5% CO2) is passed in the base of each glass 
cylinder and diffuses through the silicon tubing. 
Oxygenation (p02 typically 200-300 mm Hg) is 
increased by increasing gas flow rate and pC02 
(typically 35-45 mm Hg) increased by partial cov
erage of glass cylinders as required by system 
blood gases. Oxygenated blood is passed through 
20-1l, water-jacketed transfusion filtert and is 
maintained at constant pressure as described pre
viously. This system provides relatively atraumatic 
oxygenation for small organ research.35 

A parabiotic system, first described in 190436 

and depicted in Figure 49-5, directly perfuses an 

* Bentec Medical Inc., Boston, Massachusetts 
t Statcorp. Jacksonville, Borida. 

isolated organ with arterial blood from a support 
animal. Several variations on this method exist/7- 39 

but, in general, venous blood is captured and re
turned via the jugular vein to the support animal, 
which not only functions as a living oxygenator 
but also maintains perfusate homeostasis. One 
disadvantage is the risk of an incompatibility re
action between blood and isolated organ tissue.! 

The gas typically employed for oxygenation and 
buffering of nonblood perfusates is a 95% oxygen-
5% carbon dioxide mixture,5 although carbon di
oxide is generally not required in blood-based sys
tems. Verify gas supplies before experimentation 
for the same reason adequate quantities of per
fusate are prepared in advance. Continued gas 
flow is imperative for oxygenation and is assessed 
visually in bubble oxygenators or tactually at the 
exhaust port of membrane oxygenators. Periodi
cally monitor perfusate gas tensions and pH dur
ing experimentation, adjusting gas flows as nec
essary. Extracorporeal gassing allows precise 
control of oxygenation. Hypoxia is induced by 
bubbling perfusate with nitrogen. 

Conduits, Cannulae, and Reservoirs 

Choose tubing of sufficient caliber to handle an
ticipated flow rates without undue turbulence but 
within that limit minimize caliber and length to 
reduce priming volume. Silicon rubber and poly
vinyl chloride (PVC) tubing are commonly em
ployed. Silicone rubber has the advantage of being 
inert and is more compliant than PVC tubing; 
however, it is expensive and, because of its per
meability to gases, is more prone to bubble for
mation if flow ceases for moderate periods of time. 
PVC tubing is cheaper and impermeable but is 
relatively rigid and can harbor detrimental con
taminants from the manufacturing process.40,41Its 
use may be more deleterious with whole blood 
than with crystalloid solutions.41,42 

Choose tubing connectors that minimize tur
bulence and are air- and watertight, particularly 
on the arterial side of the circuit, to prevent leak
age of perfusate or aspiration of air into the system 
(Venturi effect). Banding of connections may al
leviate these problems.5 

Cannula tips should have a lip or groove so that 
cannulated structures can be secured with ties. If 
a metal cannula is used, a groove can be ground 
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on a lathe. If a plastic or glass cannula is used, 
flaming the tip and touching it to a cool surface 
will form a satisfactory lip. Cannulae should be 
carefully positioned so as not to obstruct smaller 
supply arteries (e.g., the coronary ostia when can
nulating the ascending aorta of the heart).l Con
sider, also, that a metal cannula may serve as a 
grounding electrode for electrical stimulation or 
for monitoring electrical depolarization. 

If the venous circulation is cannulated, particu
larly in recirculating systems, larger tubing is gen
erally required than for arterial cannulation to 
achieve adequate venous drainage.5 The venous 
reservoir should accommodate necessary volumes 
and flow without increasing venous hydrostatic 
pressure, be of adjustable height, allow exclusion 
of air, and minimize stagnation of blood.5 Some 
investigators believe that preservation of normal 
venous pressure is important in successful long
term perfusion, and monitoring venous pressure 
(e.g., portal venous pressure in liver perfusions) 
therefore becomes important.43 

Avoidance of Emboli 

Microscopic or macroscopic emboli can be trou
blesome in artificial perfusion. Microemboli can 

Figure 49-4. Blood-perfused isolated heart. 
An easily constructed and inexpensive oxy
genator allows use of blood-based perfusate 
to partially counteract the unphysiologic as
pects of crystalloid-based perfusion. The im
plementation beyond the oxygenator is quite 
similar to previously described models. 

be avoided with appropriate filtration of perfusate. 
For crystalloid systems, filtration can be per
formed in line with a 5-11 filter. Blood-based sys
tems generally require a 15-11 filter. During ex
tended perfusions, filter clogging occurs and 
manifests itself, at best, as decreased forward flow 
or, less ideally, as sudden tubing decompression 
that showers everyone within range. In-line filters 
occasionally rupture and seed an organ with mi
croemboli; the only manifestation may be a pre
cipitous deterioration in organ function. Regular 
replacement and careful seating of the filter in its 
holder may prevent such incidents. 

Macroscopic emboli are usually air bubbles that 
can be avoided by carefully priming the system, 
using air traps where appropriate, securing tubing 
connections, and inspecting conduits after periods 
of perfusate stasis. Foaming and protein denatur
ation16 can be problematic in colloid- or blood
primed systems and may require the use of anti
foaming agents.50 

'Silicone MS Anti-foam A, Hopkins and Williams 
Ltd., Chadwell Heath, Essex 
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An organ chamber is required to control organ 
temperature and prevent tissue desiccation.! Two 
varieties of chambers are commonly used: (1) a 
temperature-controlled, humidified gas chamber 
and (2) a physiologic fluid bath into which the 
organ is immersed for temperature and humidity 
control. The fluid bath may confer hydrostatic ad
vantages and limit the edema formation inherent 
in isolated preparations by increasing tissue pres
sure (see later section).! Organ chamber and per
fusate temperature are generally controlled with 
supplemental water baths and some combination 

Figure 49-5. Parabiotic isolated heart (constant
flow, blood-based perfusate, recirculating). This 
ingenious variation employs a parabiotic support 
animal to supply arterial blood (with a pump) to 
an isolated organ. After perfusion, venous blood 
is recaptured and returned to the support animal 
in which it is oxygenated and homeostatically 
regulated. Constant pressure or constant flow can 
be implemented. If desired, the support animal's 
arterial pressure can directly supply the isolated 
organ. 

of water jackets, heat exchangers, or warmmg 
blankets (in parabiotic systems). 

On System Stability 

In an isolated system, physiologic homeostasis 
and organ stimulation become the responsibility 
of the investigator. During experimentation all 
system parameters (arterial pressure and flow, ve
nous pressure [if applicable] , perfusate levels, gas 
flows, temperature, oxygenation, acid-base status, 
perfusate chemistry, and electrical stimulators and 



recorders), as well as functional stability of the or
gan, must be continuously monitored. 

A period of stabilization is mandatory as an iso
lated organ adjusts to its new environment. De
pending on the organ, 15 to 60 minutes are re
quired, but experimental parameters of interest 
(e.g., ventricular mechanical function, hepatic bile 
production) should be assessed to confirm that 
stabilization has occurred. Documentation of sta
bility with extended trial perfusions is essential 
before bona fide experimentation begins, so that 
results are not merely a reflection of system insta
bility. Many investigators perfuse control organs 
at regular intervals to ensure quality control. At 
any point during actual experimentation, deterio
rating organ function may indicate a problem in 
the system. Once this relatively late alarm has 
sounded, the further experimental validity of that 
preparation is suspect. Remember that organ 
function inevitably deteriorates and that experi
mentation should be performed within an organ's 
window of stability. 

Some organs have idiosyncratic reactions to 
isolated perfusion: Livers develop hepatic venous 
spasm. Kidneys tend toward arterial spasm. 
Lung's are prone to edema formation. These 
problems can generally be circumvented, if their 
existence is known.5 

System Maintenance 

The importance of appropriately maintaining and 
cleaning the system cannot be overstated. In 
blood-primed or protein-containing systems, dis
assemble the apparatus, discard disposable items, 
scrub the reusable apparatus to remove blood resi
dues, and soak overnight in hydrogen peroxide. 
The next day copiously rinse the apparatus with 
hot running tap water and recirculate with dis
tilled water, followed by saline, and finally by 
physiologic crystalloid.5 

When using crystalloid primes, the regimen 
can be simplified. Before and after use, copiously 
rinse the apparatus with hot tap water, then with 
filtered, deionized water. Some advocate boiling 
water for removal of residual glucose used in most 
perfusates. Change all filters before priming with 
crystalloid perfusate. On a periodic basis, depend
ing on usage or for unexplained system instability, 
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soak all glassware and nondisposable items in 
chromic sulfuric acid for 24 hours, then in reagent 
grade water for 24 to 48 hours.44 After copious 
rinsing, reassemble the system, preferably with 
new tubing. 

Although sterility is unnecessary for most 
short-term studies, bacterial contamination of the 
apparatus may occur, especially in nutrient-rich, 
blood-primed systems. Consider sterilization for 
persistent unexplained instability. 

Physiology of Isolated Organs 

Isolated organs have a time-dependent tendency 
to acquire weight. With protein-free crystalloid 
solutions, water gradually escapes from the vas
cular bed and interstitial edema develops. This 
phenomenon can be limited in two ways: (1) In
crease the colloidal osmotic pressure of the per
fusate with albumin,5 other colloids, or osmotic 
agents;45.46 or (2) increase tissue pressure, as is 
commonly done in isolated hearts, by immersion 
(1 to 2 cm) into a bath filled with perfusate. Im
mersion is believed to increase hydrostatic pres
sure, thereby reducing transcapillary fluid escape 
and minimizing tissue edema. Without immer
sion, the dry weight (weight of dried tissue/ 
weight of wet tissue) of guinea pig hearts after 
perfusion with saline solution decreases from 20-
21% (in situ) to 16.0% after 30 minutes.1 Rat 
hearts perfused with Krebs-Henseleit solution in
crease their extracellular volume by 2% after 15 
minutes, 5% after 30 minutes, and 17% after 60 
minutes.47 After 4 hours of perfusion combined 
with immersion, the dry weight of the left ven
tricular myocardial tissue is limited to 17.2 ± 
0.2% and viability is extended.1 

Eventually, the function of all isolated organs 
deteriorates, presumably because normal homeo
stasis is absent and the perfusates and apparatus 
of isolated perfusion are unphysiologic. In blood
primed systems, the gradual destruction of cellular 
elements and proteins contributes to this deterio
ration. Distinguishing unphysiologic deteriora
tion from physiologic response to experimental 
manipulation is critical. 
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Examples 

Two examples are presented. For comprehensive 
details of implementation refer to the bibliogra
phy; these details are much more easily read than 
rediscovered. 

Heart 

Oscar Langendorff was the first to devise a method 
for investigating the isolated mammalian heart. He 
demonstrated that retrograde perfusion of the as
cending aorta in the presence of a competent aortic 
valve closed the valve and perfused the coronary ar
teries. Except for coronary venous drainage, the 
cardiac cavities remained empty. An excellent tech
nical reference to Langendorff's original technique 
and modern modifications is H. J. Doring and 
H. Dehnert's The Isolated Perfused Warm-Blooded 
Heart according to Langendorf! 

A wide variety of parameters are assessed in iso
lated hearts. Coronary flow and autoregulation in 
response to endogenous or exogenous vasoactive 
substances may be assessed with or without the 
modulation of endothelium.48 Myocardial rate, 
rhythm and rhythm disturbances, electrical poten
tials and depolarization, and refractory period can 
be studied in response to cardioactive drugs, hyp
oxia, ischemia, or electrical stimuli. Biochemical, 
metabolic, and histologic investigations discussed 
in the introduction are all possible. Pharmaceutical 
pretreatment, experimentally induced myocardial 
infarction, chronic cardiac overload, and trans
plantation are all fertile areas for investigation. 

Historically, cardiac contractility was difficult 
to evaluate because fluctuations in heart rate, 
perfusion pressure, afterload, and preload often 
confounded the evaluation of true changes in 
contractility. The isolated heart allows precise 
standardization of such variables so that ventricu
lar function can be accurately assessed, typically 
with one of two basic models: (1) the nonworking 
heart or (2) the working heart. 

In both models, crushing or excising the sinus 
node and external pacing produces a constant 
heart rate. Right atrial pacing, either with two 
atrial microelectrodes or a metal aortic cannula 
and a single atrial microelectrode, is preferable for 
normal ventricular conduction and contraction. 

Stimulus amplitude should not exceed 4 volts, be
cause norepinephrine release from cardiac sym
pathetic nerve fibers may exert a positive inotropic 
effect.! 

The nonworking heart standardizes preload 
and afterload with a left ventricular balloon that 
is also used to assess ventricular function.!,49 As 
illustrated in Figure 49-6, construct the balloon 
by tying an appropriately sized piece oflatex (latex 
condom) onto a semirigid (polyethylene) catheter 
attached to a stopcock. Prime the balloon with 
fluid to eliminate air bubbles, withdraw the fluid, 
and connect the apparatus to a mechanoelectrical 
pressure transducer. Confirm air- and watertight
ness of the balloon by adding volume (thus ap
plying a test pressure) and observe for a pressure 
drift indicative of a leak. Potential leakage sites 
are a hole in the balloon (condom rubber ages and 
eventually leaks), the ligature holding the balloon 
on the catheter, the catheter, the stopcock, the 
transducer dome, the transducer itself, or connec
tions between any parts of the apparatus. Insert 
the balloon via a left atriotomy through the mitral 
valve into the left ventricle for accurate assessment 
of ventricular pressure and performance assess
ments. Make certain that, after placement, the 
catheter tip does not press on the apex of the heart 
and impede pressure recording.! 

Incremental increases in balloon volume effec
tively increase left ventricular preload and allow 
independent assessment of diastolic and systolic 
ventricular function. Analyze diastolic function by 
(1) plotting compliance curves of end diastolic 
pressure versus balloon volumes or (2) comparing 
end diastolic pressure at the baseline volume that 
generates a predetermined end diastolic pressure 
(e.g., 5 or 10 mm Hg) and remeasuring end dia
stolic pressure at that same volume after an inter
vention. Similarly, assess systolic performance by 
comparing (1) peak systolic pressures or devel
oped pressures (maximal systolic pressure minus 
end diastolic pressure) at the same volumes de
scribed previously or (2) maximal developed pres
sure over a range of balloon volumes.5o Electroni
cally differentiating the pressure signal yields the 
rate of ventricular contraction (a measure of sys
tolic function) and relaxation (a measure of dia
stolic function). Normal functional parameters are 
known for many species.! Of particular interest is 
that the isovolumic left ventricular balloon does 
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Figure 49-6. Construction and use of intraventricular balloons. A blunt needle is used to attach poly
ethylene (PE) tubing to stopcock. Additional pinholes are made in the end of the tubing that is to be 
within the balloon so that fluid flow (from the syringe) and transmission of pressure waves to transducer 
is unimpeded by the latex itself. Latex balloons may be purchased commercially or constructed from 
condom rubber. They should be slightly larger than the ventricle of interest so that no pressure is 
generated by the balloon itself at maximal volume. A silk tie firmly secures balloon to polyethylene 
tubing. Intraventricular pressure is transmitted from the balloon to a standard electromagnetic pressure 
transducer. An appropriately sized syringe is used to precisely vary balloon volume and is subsequently 
isolated from the system (with the stopcock) when measurements are made. 

not cause recognizable myocardial lesions and that 
at even relatively high preloads (up to 60 mm Hg) 
coronary flow is unimpeded.! 

The second basic model for assessing ventricu
lar function is the working heart. As illustrated in 
Figure 49-7, the working heart is implemented by 
inserting a second cannula into the left atrium and 
allowing perfusate to flow under constant pressure 
(i.e., constant preload) through the mitral valve 
into the left ventricle. During systole, perfusate is 
ejected against constant afterload (i.e., a column 
of perfusate in the aortic cannula), and work is 
performed. System design allows easy switching 
between nonworking and working modes. Work
ing hearts require a compliance chamber to pre
vent injury from pumping against noncompliant 
tubing.5 They may be more physiologic because 
the heart actually pumps perfusate and is forced, 
by system design, to supply its own perfusion 
pressure. However, consider also that constant
pressure atrial filling does not standardize ven
tricular volumes in the presence of changing ven
tricular compliance. Ventricular function is 
assessed by simply measuring cardiac output or 

with more sophisticated dimensional analyses of 
cardiac function (i.e., sonomicrometric crystals 
and pressure transducers or impedance cathe
ters).51 

Liver 

The isolated liver permits the study of standard 
biochemical processes, blood flow, lymph flow, 
oxygen consumption, tissue composition, or his
tology; however, other unique opportunities also 
exist to study hepatic bile flow and composition 
(bilirubin, bile salts, alkaline phosphatase, pH, 
and electrolytes), liver regulation of perfusate 
composition, hepatocyte function (glycogen me
tabolism), and metabolism and clearance of drugs 
or toxins, as well as subsequent excretion of me
tabolites into the bile. Animal pretreatment with 
drugs or surgery to alter liver parenchyma or the 
biliary tree add tremendous potential to the tech
nique.95 

The isolated perfused liver went through its 
own technical evolution largely because of its pre-
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Figure 49-7. Working heart preparation (constant pressure, recirculating). The intraventricular balloon 
has been criticized for the unphysiologic (isovolumic) load it places on the heart. The working heart 
preparation forces the heart to supply its own perfusion pressure and pump blood, thereby performing 
work that can be measured. With the stopcock open to the left atrium (A), oxygenated perfusate enters 
the left atrium under a constant pressure controlled by the height of the preload column, traverses the 
mitral valve, and is pumped by the left ventricle into the aortic cannula. Ejection occurs against an 
afterload determined by the height of the afterload column. This same column also supplies a constant
pressure head that retrogradely perfuses the heart with oxygenated perfusate. 

Closing the stopcock to the left atrium (A) and opening the stopcock to the aortic cannula (B) converts 
the system to a nonworking preparation. Perfusate is delivered to the coronaries in the usual retrograde 
fashion. 

Note that the design of this apparatus requires that perfusate be pumped faster than the coronary 
flow (in the nonworking mode) or faster than cardiac output (in the working mode) so that perfusate 
continuously overflows the constant-pressure columns. This design minimizes perfusate oxygen desatu
ration or temperature loss by avoiding stagnation. Also note that construction of the preload column 
prevents aspiration of air into the left atrium in the nonworking mode, even after the preload column 
pressure has dropped to zero. Clamping the preload column instantaneously eliminates preload from 
the heart. Finally, note that overflow columns (afterload, preload) have air inlets that promote free runoff 
and prevent lowered column pressures from siphoning effects. 



disposition to develop a phenomenon known as 
hepatic venous outflow block. The problem was 
first reported in 1915, in response to histamine or 
peptone in constant-pressure, crystalloid-perfused 
canine livers.sz In 1928 blood-based, constant
pressure perfusion improved organ survival,s3 but 
constant-pressure perfusion was eventually criti
cized because progressively increasing organ resis
tance diminished portal venous flow. As a result, 
constant-flow perfusion was attempted.54 In 1951 
a description of constant-flow, sanguineous per
fusion was published55 and subsequently modified 
in 1953, with autologous blood, adjustable pumps, 
and avoidance of any total ischemia, in a prepa
ration that became firmly established as a model 
for physiologic studies.56 H. D. Ritchie and J. D. 
Hardcastle's Isolated Organ Perfusion provides an 
excellent review of the specifics of isolated liver 
perfusion. 

Hepatic venous outflow block is variably evi
dent after initiation of perfusion by edema, cya
nosis, and mottling of the organ. Serous fluid 
streams from the liver surface as portal pressure 
rises and bile flow diminishes in a virtually irre
versible process. In early preparations, venous out
flow block occurred within 30 minutes of initi
ating perfusion. 53 Current techniques afford 
several hours of stability before the onset of seri
ous deterioration. Many factors, including hista
mine, endotoxin, pharmacological agents,s7 and a 
rise in hepatic venous pressure, are thought to pre
cipitate this phenomenon. Its physiologic basis 
may be spasm of smooth muscle in the walls of 
small hepatic venous radicles.58 

Minimize hepatic venous outflow block by ob
serving several salient points. Surgically, avoid un
necessary organ manipulation and any period of 
total ischemia with staggered cannulation of por
tal vein and hepatic artery.5 Some consider the use 
of autologous blood essential. The addition of 
homologous blood that is not cross-matched to a 
porcine liver preparation causes a marked fall in 
total hepatic blood flow. 59 Even with cross
matching, early outflow block occurs when ho
mologous blood is used.8 Fully oxygenated, di
luted blood is also preferred since a lower hemato
crit facilitates perfusion and lessens hemolysis. A 
mixture of autologous blood and modified Kreb's 
solution is usually employed to obtain a hemato
crit of 35% for isolated greyhound livers.5 Main-
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taining pH over 7.30 may also aid in maintaining 
stable vascular resistance. Constant-flow perfu
sion has proven more successful than constant 
pressure. Steady portal venous pressure is useful 
in confirming stability. With initiation of artificial 
perfusion, portal venous pressure is high but 
gradually settles to less than 10 cm H 20. Pres
sures that steadily rise or are greater than 15 cm 
H 20 indicate a deteriorating preparation and im
pending outflow block.5 Meticulous maintenance 
of the perfusion apparatus is essential to prevent 
contamination by substances or foreign proteins 
that precipitate hepatic venous outflow block. The 
excessive blood trauma and protein denaturation 
of bubble oxygenators may contribute to hepatic 
venous outflow block.16 Silastic tubing is preferred 
over PVC tubing because vasoconstrictor sub
stances can be leached out of the latter by the 
perfusate.42 

Livers generally require 1 hour of stabilization. 
Stability is achieved after portal venous pressure 
falls and plateaus, bile flow rises and plateaus, and 
bile composition stabilizes. Plasma potassium and 
glucose concentrations usually rise from paren
chymal cell loss and then stabilize. Studies should 
not be undertaken before stability is achieved.5 

Conclusion 

The isolated organ is a model rich in possibilities. 
Its limitations are few and, for the most part, re
flect deficient knowledge of the physiologic req
uisites necessary for extended survival in isolated 
systems. Consequently, markedly extended per
fusion is currently not practical. Furthermore, 
caution is required in generalizing results obtained 
in isolated systems to in situ organ response. Nev
ertheless, for the meticulous investigator, isolated 
perfusion is an extremely powerful tool, economi
cally conferring a host of experimental advantages 
in a model whose potential is limited primarily by 
the imagination. 
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Commentary 

A textbook defining the successful conditions for 
perfusion of each specific organ is impractical, but 
the fundamental information for anyone wishing 
to use an isolated organ as a research model is 
readily available and well referenced. Perhaps the 
most difficult aspect is making the initial decision 
to use an isolated organ in an in vitro setting 
rather than in vivo. Any experimental conclusions 
will always have to be qualified by the realization 
that the organ has been studied in isolation. Iso
lated organs are highly idiosyncratic in their re
quirements and responses; establishing successful 
organ perfusion that does not introduce an un
desired element precipitating its own pathology is 
difficult. Consistency of the preparation must al
ways be maintained; this can be facilitated by con
sultation with laboratories that have had success 
with the particular technique. We had great dif
ficulty in setting up an isolated blood-perfused 
heart model until we visited Dr. Apstein's labo
ratory. His generosity in sharing with us the min
ute details and nuances of successful heart per
fusion stands as a model of scientific cooperation; 
its importance cannot be overemphasized. If you 
are considering setting up a complex system in 
your own laboratory, visit someone who has been 
able to make it work rather than relying on read
ing the methods put forward in even the most 
carefully detailed scientific manuscript. Making 
an isolated organ system work is a lot like cooking; 
reading the recipe simply is not the same as seeing 
how it is done. 

A.S.W 



CHAPTER 50 

Computer Models 
KS. Kunzelman and R.P. Cochran 

Introduction 

Why Use Computer Modeling 
for Surgical Research? 

Most early surgical advances were made by astute 
clinical researchers in the operating room or at the 
bedside. In this early era of surgical research, Hal
sted described the hospital as the "surgeon's labo
ratory."l Practical and ethical limitations on the 
use of the bedside "laboratory" and the human as 
the subject of the experiment led in the early por
tion of the twentieth century to the use of animal 
models for developing surgical techniques, defin
ing physiologic responses, and testing new inter
ventions. 

Just as the limitations in bedside research drove 
surgical researchers to seek animal model alter
natives, limitations in using animal models have 
driven surgeons to seek another avenue to advance 
their art and science. Some notable disadvantages 
of using animal models include differences in 
anatomy and physiology/,3 rising costs for pur
chase and care, and increasing interference from 
animal rights activists,4,5 

Computer models offer the new generation of 
surgical researchers advantages similar to those 
that bedside researchers found in animal models 
and much more. Computer modeling offers the 
surgical researcher opportunities only dreamed of 

in animal models. Computer models allow the 
study of the function of precisely isolated systems, 
with all unwanted systems removed. In addition, 
computer models allow an isolated system to be 
integrated into a new environment and then be 
evaluated as to how the system will function under 
new conditions. The same isolated or integrated 
system can be tested time and again without fa
tigue or variability, or, if desired, the effects of 
fatigue and variance may be included and further 
examined. The rapid evolution of the computer 
and software industries makes computer modeling 
an exciting scientific tool, with nearly unlimited 
potential for surgical investigators. 

Origins of Computer Models 

Computer modeling has been applied to a variety 
of problems in industry, including aerospace,6-9 
sail design,lO and parachute design,!l as well as 
piping and fluid transport. l2,13The common factor 
in these diverse industries is the need to evaluate 
the interaction of complex dynamic systems. 
Computer modeling has been applied to these 
systems to evaluate and solve problems, as well as 
to design new products. The most striking use for 
computer modeling for newly designed products 
was demonstrated by the aerospace industry. The 
Boeing 777, recently produced and flown com
mercially, was designed and tested solely using 
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computers.!4,!5 No actual prototypes were tested 
in a wind tunnel, and all preconstruction testing, 
including test flights, was simulated before manu
facturing was begun. 

Although not initially embraced by the medical 
field, computer analysis and modeling have ex
panded from aerospace and other industries into 
some areas of medicine. Medical imaging is one 
field in which computer use has been the major 
factor in advancing the state of the art. Comput
erized tomography (CT) scan systems, magnetic 
resonance imaging (MRI), and echocardiography 
all rely heavily on computer manipulation of data. 

Applications of Computer Models 
in Surgery 

Computer modeling can be applied to advance 
the state of the art of surgical education using 
demonstration, hands-on simulation, or teaching 
through questions and answers. In basic research, 
models may be used to verifY hypotheses or to de
termine whether additional tests will further elu
cidate the mechanisms of the system under study. 
In clinical applications, models may be utilized for 
making diagnoses, to aid in the testing of newly 
proposed surgical or medical interventions, or to 
evaluate prostheses or pharmaceutical regimens. 

Types of Models 

There are several different types of computer 
models, including anatomic models, mathematic 
representations, and finite element models. The 
choice of which model to use depends on time, 
money, expertise, and software, as well as the out
come and accuracy desired. 

Anatomic Models 

Anatomic computer models, the most basic and 
appealing of the computer models, are well suited 
to educational applications.!6 They are essentially 
graphical representations of three-dimensional 
objects. The three-dimensional data points that 
represent the surface or volume of the object are 
stored in the computer, and a two-dimensional 

view is displayed on the screen. Computer graph
ics allow shading and other methods that make 
the object appear to be three-dimensional, and the 
objects may be rotated, sectioned, and so forth, 
just as if they were physically real. Models of the 
brain,17-20 thoracic viscera,2!,22 hand,23 knee,24 
and human fetus25 have been generated. Several 
groups are committed to the development of com
bined models that represent all anatomic regions 
in the human body.26,27 These types of anatomic 
models are used extensively in the field of virtual 
reality28,29 and are presently used more for surgical 
education than for surgical research. 

Mathematic Representations 

Mathematical computer models are the most fa
miliar of the three computer model types for most 
surgical researchers. Mathematical modeling is 
suited to both basic research and clinical appli
cations. A mathematical model of a physiologic 
system provides a description of the system in 
terms of sets of equations. The equations are usu
ally differential and constructed to describe the 
mechanics and dynamics of the system. The com
plexity of these differential equation sets usually 
dictates the use of computers and numerical 
analysis software. In addition to modeling the be
havior of physiologic systems, mathematic repre
sentations have been used for population studies, 
such as evaluating outcome variables,3()-32 for pre
dicting risk of surgery,33,34 and recently for evalu
ating cost-effectiveness.35 

Finite Element Models 

The most complex but versatile type of computer 
modeling is finite element modeling. This type of 
model represents an advanced level, combining 
both anatomic and mathematic modeling, and in
volves very large sets of complex differential equa
tions. This method was originally developed in 
the aerospace industry and recently has been ap
plied to surgical problems. Finite element mod
eling can be used for education, research, or clini
cal applications and serves as an excellent example 
for describing the ways in which computer mod
eling can be applied in surgical research. 



Finite Element Method 

Rationale 

To solve very complex physical or physiologic 
problems, the finite element method takes a com
plicated problem and subdivides it into many sim
pler ones. Each simple problem can then be de
fined by a solvable mathematical relationship. The 
solutions to each small problem are then com
bined to obtain an answer that approximates how 
the whole complicated structure will behave. In 
finite element terms, this means that a structure 
is divided into small areas or volumes (elements) 
fitted to the natural geometry. These elements are 
connected at common points (nodes). The result 
is the recreation of the whole structure from 
smaller mathematically defined parts. Since all 
biological structures are subject to a changing en
vironment, the laws that control this environment 
must be identified in the model. The physical laws 
that determine force and movement due to ap
plied loads or physical movement are specified. 
Based on applied loading, the resulting deforma
tion and stresses at each node can then be calcu
lated and displayed, in either table or graphical 
form. This process allows analysis oflarge or com
plex structures that are subjected to complex load
ing or environmental fluctuations. Many different 
variables can be evaluated separately or in com
bination, depending on the local and global effect 
each variable has on the structure. 

Finite element analysis was first developed to 
solve engineering problems. The surgical prob
lems that most readily lend themselves to this type 
of analysis are those involving elements of engi
neering, such as solid mechanics, fluid dynamics, 
heat transfer, electromagnetics, steric alteration, 
and surface interaction. Since surgical research has 
a long and integral history with applied engineer
ing, there has been a natural cross-fertilization be
tween the two fields, and finite element modeling 
has been applied to many surgical problems that 
involve engineering. In the solid mechanics area, 
diverse surgical issues have been evaluated, such 
as prosthetic hip replacement,36.37 lithotripsy,38 
and prosthetic heart valve replacement.39-42 In 
fluid mechanics, the finite element processes that 
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were originally applied for pipe analysis have been 
utilized to examine blood flow in arteries43-45 and 
blood flow around heart valves.46-49 In heat trans
fer, problems relating to burn injury,5O-52 radio
frequency ablation,53.54 and laser55 have been ana
lyzed. Electromagnetic analyses have recently 
been used to examine and optimize defibrillation 
protocols56-58 and microwave injury and treat
ment.59.60 Steric alteration and surface interaction 
have been used to analyze protein function.61 

The creation of a finite element model in each 
of these areas follows a stepwise course. First, the 
system components are defined, the model ge
ometry is established, the material properties are 
assigned, and the simplifying assumptions are 
identified. The appropriate element types are then 
applied to the geometry. Next, the boundary and 
initial conditions are established, loading and 
displacements are prescribed, and the solution 
method is chosen. Mter solution, the outputvari
abIes of interest are identified, and the results are 
evaluated. Finally, the model is verified and the 
limitations acknowledged. 

This process can be illustrated using an example 
of its application to cardiac surgery. For the past 
10 to 15 years, cardiac surgeons throughout the 
world have embraced mitral valve repair as a su
perior alternative treatment to mitral valve re
placement.62-64 Chordal manipulation is an es
sential element of mitral valve repair. Many re
parative techniques that alter the native tissue, in
cluding chordal shortening, transfer, excision, and 
fenestration, have been described.65 However, one 
of the limitations of mitral valve repair arises when 
there is inadequate chordal tissue available for re
pair. In these cases, the replacement of ruptured 
or elongated chordae with polytetra fluoroethy
lene (ePTFE) suture is being advocated by many 
surgeons. This technique has been described in 
experimental animals,66-68 as well as used clini
cally.69.70 This represents a complex clinical prob
lem that is especially difficult to evaluate experi
mentally. It does not lend itself readily to an 
animal model. However, the determination of 
whether chordal replacement with ePTFE suture 
is an appropriate and durable surgical maneuver 
is an excellent example for demonstrating the ap
plication of finite element analysis to a surgical 
problem. 
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Process 

Define System Components 

To begin a finite element model, it is first neces
sary to select the physical components essential to 
the model. For example, the physical components 
for parachute analysis are relatively straightfor
ward and consist of the canopy and the shrouds. 
Conversely, in studying the mitral valve, the 
physical components are more complex. The 
primary components are the annulus, leaflets, 
chordae tendineae, and papillary muscles (Figure 
50-1). In addition, one could consider including 
the physical environment of the mitral valve, 
which would include atrial and ventricular muscle, 
as well as the blood within the chambers. Includ
ing all of these components makes for an ex
tremely complex analysis. One of the first deci
sions to make is what level of complexity is 
necessary and appropriate to answer the questions 
posed. As model complexity increases, so does the 
necessary degree of computer sophistication and 
computational time. For the mitral valve problem, 
a somewhat simplified system was chosen that 
would reduce computational time but still ade-

y 

----...-- Annulus 

Anterior Leaflet 

__ .-:'::?''/-- Posterior Leaflet 

~,...--Chordae Tendineae 

Papillary Muscle 

Figure 50-1. Mitral valve structure. The primary 
components of the valve are the annulus, anterior 
and posterior leaflets, chordae, and papillary 
muscles. The coordinate system for the FEM 
model is shown in relation to the valve. The x-z 
plane is in the plane of the annulus, with the posi
tive x-axis directed toward the anterior annulus. 
The positive y-axis is directed toward the atrium. 

quately answer the questions posed. This simpli
fied system included the primary physical com
ponents (annulus, leaflets, chordae tendineae, and 
papillary muscles), for which the geometry was 
then defined. 

Model Geometry 

The geometry for finite element models can be 
defined in many ways. A fluid transport model 
may require only the diameter and length of the 
conduit used. In a hip prosthetic replacement 
model, more complex information is required, in
cluding length, diameter, angles, thickness, and 
taper. How these data are obtained for each model 
varies with the complexity of the geometry. Ge
ometry for the more complex biologic models is 
more difficult to obtain but can be determined 
from physical specimens in several different ways. 

Classically, physical specimens have been fixed 
by freezing, cast with plastic resins, or immobi
lized by other methods, and then thinly sectioned. 
Next, the dimensional coordinates for the ana
tomical cross sections are meticulously deter
mined by overlaying grids, digitizing the outlines, 
or using computerized image analysis. Since there 
is no clinically applicable technique that presently 
yields sufficiently detailed data to recreate the ge
ometry of the mitral valve for a finite element 
model, this classic technique was used. The co
ordinates obtained were used to reconstruct the 
valve structure (leaflets and chordae) as a static 
three-dimensional computer representation (Fig
ure 50-2). ANSYS structural analysis software 
was used (Swanson, Inc., Houston, Penn., Version 
4.4a) using a DEC station 5000/200 (Digital 
Equipment Corporation, Bellevue, Wash.). 

To assess the efficacy of ePTFE suture replace
ment for ruptured posterior chordae tendineae, 
three mitral models with differing geometry were 
required. The three models are termed normal,?! 
chordal rupture,72 and ePTFE replacement. The 
normal model was defined with all anatomic struc
tures intact. Chordal rupture was simulated by re
moving four marginal and four basal chordae from 
the central portion of the posterior leaflet. ePTFE 
replacement was simulated by replacing the rup
tured chordae with two 2-0 ePTFE sutures. 

This classical approach of sectioning physical 
specimens is tedious, time-consuming, and the 
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Figure 50-2. Finite element discretization of the mitral valve system, including placement of ePTFE 
suture replacements. Only the anterolateral half of the valve was modeled due to symmetry. Panel a 
shows an oblique view with the commissural area at the top of the panel, and the valve leaflet midlines 
shown as the slightly curved edges at the bottom half of the panel. Panel b shows a view from the 
atrium toward the ventricle, with the commissural area on the left and the valve leaflet midlines on the 
right. Each triangle represents an individual element within the leaflet, and the chordal elements are 
shown as lines extending from the leaflets to the papillary muscle point. 

tissue is destroyed. In the near future, clinical im
aging methods may replace this classical ap
proach. Presently, technology is evolving that will 
allow CT, MR, or transesophageal (TEE) images 
to be used for automatically creating the three
dimensional geometry coordinates. CT, MR, 
TEE, and other imaging techniques offer several 
advantages. These techniques are routinely ap
plied clinically, are nondestructive, and therefore 
may be applied to living systems. These image 
formats may be directly applicable for finite ele
ment modeling in the near future. 

Material Properties 

Once the geometry of a structure is established, 
the physical properties of the structural materials 
can be assigned. The physical properties of any 
material, such as steel, rubber, or canvas, can be 
expressed as numbers (constants), which will nu
merically describe how the material responds un
der loads or deformations. For mechanical mod
eling, the material properties necessary for finite 
element analysis are Young's modulus, Poisson's 
ratio, and density. Young's modulus is a measure 
of the force necessary to produce a certain elon-

gation of a specimen (Figure 50-3). Specifically, 
one can plot the stress (force/cross-sectional area) 
versus the strain (change in length/original 
length) to identify the representative stress-strain 
curve for the material (Figure 50-4). The slope of 
this curve is the Young's modulus. Poisson's ratio 
is a measure of how much the material will con
tract in one direction, if there is a tensile force in 
a perpendicular direction. Density is a measure of 
the mass per volume of the material and becomes 
important in applications that involve dynamic 
forces and movement. In other applications, such 
as fluids analysis, parameters such as fluid density 
and viscosity are the material properties of inter
est. In electromagnetic applications, conductivity 
and resistivity are important. Parameters such as 
Young's modulus, Poisson's ratio, and viscosity are 
highly measurable by many techniques and are es
sential to the construction of a finite element 
model. 

For the mitral valve model, it was necessary to 
obtain the material properties for the leaflets and 
chordae tendineae tissue. These tissues are com
plex structures composed of several components 
(collagen, elastin, and glycosaminoglycans). For 
the purposes of this model, the material properties 
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Unloaded 
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Stress = force/area CT. = ~/A 
Strain = change in length/original length 

Young's modulus = stress/strain 

Poisson's ratio = lIateral strain/axial strainl v = IE/ E,I 

Figure 50-3. Graphic representation of a beam under a tension force F. A represents the cross-sectional 
area of the beam. The mathematical definitions of stress, strain, Young's modulus, and Poisson's ratio are 
given. 

of the leaflet or chordal tissue as a whole were 
determined. The Young's moduli for the leaflets 
and chordae were determined by calculating the 
slope of the stress-strain curves for leaflet and 
chordal tissue. 73,74 Mitral valve tissue, like most 
biologic tissues, is nearly incompressible due to 
the high water content. This characteristic would 
be represented by a Poisson's ratio of 0.5, indicat
ing that the volume remains constant regardless 
of the loading. However, most finite element pro
grams will not accept a value of 0.5 for this pa
rameter because of computational requirements, 
and thus it must be approximated as 0.45. Finally, 
the density of the tissue is nearly that of water, 
1.04 g/cm3, which could be directly assigned to 
the model. Blood density must also be considered; 
since the density of the blood was not explicitly 
included in the model, it can be implicitly in
cluded by making a simplifying assumption that 
incorporates it in the density of the tissue. 

SimplifYing Assumptions 

To solve problems involving complex geometry, 
nonlinear material properties, or time-dependent 

loading in a reasonable period of time, computer 
modeling requires that simplifying assumptions 
be made. First, complex geometry may be sim
plified by identifying planes of symmetry within 
the structure, with the assumption that the same 
outcome is mirrored on the other side of the 
plane. Second, if the material properties are non
linear, it is important to determine the range of 
function on the stress-strain curve for the model. 
Third, if there is time-dependent loading, loading 
rate and material density must be considered. 
These assumptions, if correctly made, may signifi
cantly reduce computational time. 

For the finite element model of the mitral valve, 
assumptions regarding symmetry, tissue material 
properties, and time-dependent loading were de
fined. First, the mitral valve is relatively symmet
ric about a plane through the anterior and pos
terior leaflet midlines;75 this plane of symmetry 
divides each leaflet into equivalent halves. Ac
cordingly, only half of both leaflets and one pap
illary muscle were analyzed. Second, the stress
strain curves and resultant material properties are 
nonlinear for the leaflet and chordal tissue. Based 
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Figure 50-4. Representative stress-strain curve for biological tissue. In general, under low loads there 
is little resistance to extension. At higher loads, the collagenous fibers in the tissue have become straight
ened and offer significant resistance to extension. This resistance results in a typical two-phase curve 
(pretransition and posttransition phases). 

on physiologic data, it was assumed that the tissue 
functions on the second half (or posttransition 
part) of the curve during systole. Therefore the 
Young's moduli assigned for the model were the 
slopes of the posttransition part of the curve. 
Third, the pressure loading in the mitral valve sys
tem is time dependent, and, as such, loading rate 
and material density were considered. The load
ing rate was assumed to be decreased by three or
ders of magnitude because if the actual rate were 
used, the number of substeps necessary to solve 
the mathematical equations would be enormous. 
Next, since motion of the leaflets results from the 
pressure forces applied to the leaflet mass, the tis
sue density was considered. The density of the 
blood was implicitly included by incorporating it 
in the density of the tissue. Therefore, an effective 
leaflet and chordal mass density oflO.4 g/cm3 was 
assigned, which is ten times that of the actual tis-

sue. By increasing the density, the leaflets them
selves would have the necessary increased inertia 
to resist dynamic motion. This technique has been 
used in aortic valve models.76 

Elemental Representations 

Once the model geometry and appropriate as
sumptions are defined, the types of elements that 
will be used to represent the structure may be cho
sen. The geometry of the system is subdivided 
into a mesh of finite elements. For linear objects, 
the elements are generally rod or cable elements. 
For surfaces or relatively thin membranous struc
tures, the elements might consist of triangular or 
quadrilateral shell elements. For solid objects, py
ramidal or cubic solid elements could be used. 
The choice of element type and shape depends on 
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what is most appropriate for the part of the model 
to be represented. 

Mitral valve components were represented by 
several different types of elements. The anterior 
and posterior leaflets were represented by a mesh 
of triangular thin-shell elements. The marginal 
and basal chordae and ePTFE sutures were rep
resented by two-noded, tension-only cable ele
ments. The papillary muscle was represented by a 
single node (with no associated physical or ma
terial properties). Finally, the physical barrier at 
the coapting surface of the anterior and posterior 
leaflets was represented by two-noded, three
dimensional interface elements. 

Boundary and Initial Conditions 

Once the components are defined, the geometry 
established, and the material properties assigned, 
the environmental surroundings of the model can 
be considered. Boundary and initial conditions 
both concern environmental factors such as pres
sure, physical location, and temperature. The dif
ference is that boundary conditions remain con
stant throughout time, whereas initial conditions 
are specified at a single time point before any 
loading of the model. 

For the mitral valve, many boundary conditions 
are necessary to simulate normal physical restraints. 
For example, at the annular attachments of the leaf
lets, a hinge condition was established, allowing the 
leaflets to rotate. As another example, basal and 
marginal chordae tendineae were freely hinged at 
the sites of attachment to the leaflets and papillary 
muscles. There were many other boundary condi
tions necessary to fully simulate the environmental 
conditions. There was only one initial condition 
necessary for this model, which was a low static 
pressure (0.001 mN/mm2). This was necessary to 
smooth out the initial finite element mesh before 
physiologic loading was applied. 

Loading and Displacement 

Once the constants of boundary and initial con
ditions are established, the changing environmen
tal conditions such as load and displacement are 
identified. Loads may be represented by pressures, 
forces, temperature gradients, fluid flows, mag
netic fields, or other variables. The magnitude of 

the loads and the time over which the loads are 
applied must be explicidy defined. Displacements 
must be defined by prescribing certain nodes to 
move from point to point or rotation about a cer
tain axis. 

In the mitral valve model, pressure loads were 
applied to simulate the isovolumic contraction 
and rapid ventricular ejection phases of the cardiac 
cycle (Figure 50-5). Isovolumic contraction was 
simulated by a linear pressure relationship, rising 
from 0 to 80 mm Hg over a 70-ms period. How
ever, rapid ventricular ejection was simulated by a 
sinusoidal relationship from t = 71 to 250 ms.77 
As described previously, the rate of loading was 
assumed to slow by three orders of magnitude. 

Displacement conditions were then defined to 
simulate annular and papillary muscle contrac
tion. The posterior annular nodes were defined to 
move within the annular plane in a direction nor
mal to the local curvature such that the total de
crease in posterior annular length was 8%.78 The 
papillary muscle was defined to shorten 16.4% 
from an initial length of 10 mm during the systolic 
interval.79-81 

Solution Method 

At this point, all of the known factors, including 
geometry, material properties, boundary and ini
tial conditions, and loads and displacements, have 
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Figure 50-5. Pressure-time relationship used in 
the loading of the finite element mechanical 
model of the mitral valve. 



been established. Now the equations that describe 
the physiologic system may be solved for the un
knowns, which are the resultant displacements, 
stresses, and strains. Appropriate solution meth
ods will vary depending on the types of elements 
in the model and particularly on the time depen
dency of the loading. Oltite often, the loading 
must be broken down into many substeps, with 
multiple iterations necessary to obtain conver
gence to a stable, accurate solution. 

For the mitral valve model, several factors dic
tate what type of solution method is necessary. 
First, several element types in the model have 
nonlinear behavior. For example, the chordal 
elements will not resist compression but will re
sist extension under tension. Second, the pres
sure loading is time dependent, and the solution 
method must take into account the transient na
ture of the pressure and solve at multiple load 
steps as if the model were in equilibrium at each 
step. Therefore, a nonlinear transient equilibrium 
analysis was necessary. 

Outcome Variables 

Due to the complexity of the systems modeled, 
the multiple variables considered, and the mathe
matical sophistication required, the amount of 
data generated by a finite element solution may 
be overwhelming. When planning and using fi
nite element models, it is important to choose the 
output variables that are of greatest relevance to 
the problem at hand. These variables could in
clude motion of the system components, stress or 
strain in particular parts of the system, fluid flow 
patterns, or developed pressures. In addition, the 
crucial time points for analysis must be chosen 
carefully to avoid excessive data collection or 
memory overload. 

Displacement, stress, and strain were recorded 
for the leaflets, chordae, and suture replacements 
in each mitral valve model. Of the 186 time points 
that could have been chosen for analysis, three 
time points were identified as the most crucial. 
These were early in isovolumic contraction, end 
of isovolumic contraction, and peak loading. In 
addition, the time to leaflet closure was observed, 
as well as the degree of leaflet coaptation. 
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Evaluate Results 

The results may be evaluated as raw numerical 
data, X-ray graphs, or three-dimensional repre
sentations. Since many models are complex geo
metric entities, it is often most informative to 
view the results as a three-dimensional represen
tation in which the deformed geometry can be 
rotated to be viewed from any direction. The use 
of color coding for stress or strain values in the 
model greatly simplifies the interpretation of vast 
amounts of numerical data. Once the method for 
examining the results is chosen, it is absolutely 
critical to assess whether the results are reasonable 
in terms of physical reality or known data from 
other sources. 

For the mitral valve, both three-dimensional 
representation and x-y plotting were necessary 
for appropriate evaluation. The three-dimensional 
representations, particularly with color contours, 
aided with interpretation of stress distribution 
differences in the normal, chordal rupture, and 
ePTFE models. In the normal mitral valve model 
(Figure 50-6a), it was found that the anterior leaf
let was subject to tensile stress in all directions, with 
the highest levels at the commissure. This is con
sistent with the presence of the fibrous trigone, 
which is capable of carrying high loads because of 
its collagenous makeup. Interestingly, the posterior 
leaflet was subject to much lower levels of tensile 
stress. In the circumferential direction the posterior 
leaflet was actually subject to compressive stresses, 
resulting in buckling or folding of the tissue. This 
is consistent with the buckled appearance of the 
posterior leaflet under normal conditions. In the 
normal valve model at peak loading, the leaflets 
were fully coapted and the edges of the anterior 
and posterior leaflet were even. 

In the chordal rupture model, the stress distri
bution in the leaflets was surprisingly similar to 
the normal model. However, there was a notable 
change in the region where the marginal and basal 
chordae were removed. In that region, the pos
terior leaflet edge was unrestricted and prolapsed 
toward the atrium (Figure 50-6b). As a result, 
there were stress concentrations at the attachment 
points of the adjacent remaining chordae. 

In the ePTFE chordal replacement model, the 
prolapse of the rupture model was corrected (Fig
ure 50-6c) and the leaflet stress patterns were re-
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Figure 50-6. Contours of maximum principal stress for the mitral valve models at peak loading (oblique 
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indicates the stress level, where negative numbers indicate compressive stress and positive numbers 
indicate tensile stress. (a) Normal model, (b) chordal rupture model demonstrating posterior prolapse, 
(c) ePTFE replacement model demonstrating correction of prolapse. 



turned to a state similar to that of the normal 
model. However, at the area of suture attachment 
to the leaflet, stress concentrations were evident, 
particularly at the suture closest to the midline, 
which does not have natural chordae adjacent to it. 

To analyze chordal stress, x-y plotting proved 
most beneficial. In the normal model, it was ob
served that the stress in the anterior chordae was 
greater than in the posterior chordae (Figures 
SO-7a and SO-Sa), consistent with the higher an
terior leaflet stress. In addition, the peak stress was 
at the location where the "strut" chordae are lo
cated. The strut chordae are specialized chordae 
noted to be thicker than the other chordae and 
would be suited to carry the higher stress. 

In the posterior chordal rupture model, the 
stress distribution in the anterior chordae (Figure 
SO-7b) was not significantly altered. However, for 
the posterior chordae, where the first four mar
ginal and basal chordae were removed, the stress 
was elevated in the chordae immediately adjacent 
to the rupture site (Figure SO-Sb). 

Finally, in the posterior ePTFE suture replace-
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ment model, the stress distribution in the anterior 
chordae (Figure SO-7c) was similar to the normal 
and chordal rupture model. Not surprisingly, the 
stress elevation seen in the posterior chordae in 
the rupture model was significantly reduced with 
ePTFE replacement and a large amount of the 
stress was carried by the suture (Figure So-Sc). 

Model Verification 

Finite element models, like all experimental mod
els, must be validated.82 Unfortunately, it is often 
almost impossible to measure the outcome vari
ables in the biological system directly, and it is 
difficult to validate them directly. It is for this very 
reason that some models have been created. Nev
ertheless, it is essential to attempt to verifY the 
results. For finite element models, verification can 
be accomplished by either analysis of data from 
the biological system or comparison to closed-Jorm 
solutions. Closed-form solutions are mathemati
cal equations that can be directly solved for sim
pler known geometry and loading, without the 
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iterative numerical approximations utilized by the 
finite element method. 

As an illustration of the dilemma of model veri
fication, the overall stress distribution on the mi
tral valve components in vivo is not available for 
comparison to the predicted results. Even though 
our finite element mesh was based on the actual 
three-dimensional geometry and the anisotropic 
material properties, it is not guaranteed that the 
resulting stress distribution represents the actual 
in vivo magnitudes. It is unlikely that we will ever 
be able to measure the entire stress pattern for all 
components in the in vivo valve, because the pres
ence of instrumentation required to do so would 
severely distort the natural patterns. Some less di
rect comparisons can be made between the finite 
element models and the in vivo valve. For in
stance, the predicted leaflet deformations at 120 
mm Hg were consistent with that seen in porcine 
specimens that were resin fixed at the same pres
sure. The stress patterns calculated for the leaflets 
were consistent with the collagen fiber orientation 
observed in natural specimens. The predicted 
stress and strain values did not exceed any of the 
tissue-failure stress levels for either leaflet or 

chordal tissue. Finally, the predicted chordal stress 
was consistent with that measured for in vivo 
specimens. For purely mathematical verification, 
individual components (leaflet and chordal tissue) 
were modeled separately with simple geometry 
and loading, and the predicted results were exactly 
as calculated from closed-form solutions. 

Limitations 

Since all finite element models of biological sys
tems require simplifying assumptions, some lim
itations result. It is essential to acknowledge these 
limitations and to justify the assumptions made in 
developing the model. 

Although several assumptions in the mitral 
valve model result in limitations, the assumptions 
can be justified based on the questions the model 
was designed to answer. For example, the valve 
was assumed to be symmetric about the midplane 
and only half of the valve was analyzed. The lim
itation is that asymmetric pathologic conditions 
cannot be analyzed with this particular model. 
However, this model was designed to analyze 
techniques of repair in which asymmetry is not an 



issue. As another example, only the posttransition 
material properties were considered for this 
model. This choice limits the analysis to the sys
tolic period ofloading. However, the posttransi
tion period is when the greatest stress values will 
be encountered, which is critical to repair tech
mques. 

Resources Required 

Computer modeling is a tremendously valuable 
tool now available to surgical research. Appropri
ate application requires careful selection of the 
model's type and construction. Many choices and 
assumptions must be made to attain the maximal 
benefit in a reasonable time frame. The resources 
necessary for computer modeling are available in 
various forms to almost all surgical researchers. 

The choice of which type of model to use de
pends on the application, as well as on the avail
able time, money, expertise, software, and accu
racy desired. There are unavoidable tradeoffs 
between these issues, particularly of time, money, 
and expertise. Most surgical researchers have ex
pertise in medicine, not engineering or computer 
programming: It may be unrealistic for one indi
vidual to attempt to master all the principles and 
practices of medicine, engineering, and mathe
matics that are needed to generate complex com
puter models. Outside consulting firms specialize 
in such modeling. This service is generally quite 
expensive; thus, collaboration is essential. At most 
academic medical centers, it is often possible to 
form a working alliance among surgeons, engi
neers, and computer specialists to tackle the sur
gical problems that can be addressed with com
puter models. In addition, it is often valuable to 
obtain input from disciplines such as physiology 
and anatomy, biochemistry and biophysics, in
strumentation and measurement, and applied 
mathematics. 

Once the appropriate collaboration is formed, 
the necessary software and desired accuracy of the 
model can be considered. For example, most com
mercially available finite element software pack
ages were originally designed for industrial appli
cations; some can be adapted relatively easily for 
physiologic analysis, others cannot. Certain soft-
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ware packages are directly suited for mechanical 
analysis, while others are designed for fluid flow. 
Some handle nonlinear problems better than oth
ers. Compatibility among software packages for 
combined analyses is limited and specific. These 
issues must be kept in mind when choosing soft
ware. In some cases, it may be necessary to have 
specific code written for a particular problem that 
cannot be handled by the commercially available 
software. Due to the intense computational re
quirements, most of the commercially available 
packages run best on workstations. PCs may be 
used, but the interactive and solution run times 
may be extremely high (days), as opposed to on 
workstations (hours) or supercomputers (hours or 
minutes). 

Future Applications 

The ability of finite element modeling to elec
tronically reproduce complex systems and inte
grate vast amounts of data make it an exciting and 
powerful tool for future research. The potential 
exists for significantly increased sophistication, 
and there are many new areas of possible appli
cation. 

As an example of increased sophistication, 
models of heart valves and surgical repair may lead 
to on-line tools for planning of clinical interven
tions. The resolution of clinically available non
invasive testing continues to increase, and soon we 
will be able to accurately define geometry for an 
individual patient's valve. As finite element soft
ware continues to improve and computational 
times are reduced, the time required for solution 
of complex analyses may be reduced to a matter 
of minutes. Envision the cardiologist with the 
ability to obtain three-dimensional echo images 
and translate those exact images as coordinates for 
the finite element model. Next, the surgeon will 
simulate the proposed surgical repair, akin to a 
high-tech video game. The model will take into 
account all of the variables, including the specific 
disease process in the tissue, surgical alterations, 
and any prosthetic material planned for implan
tation. The model will determine whether the re
pair corrects the physiologic problem and whether 
the new stress distribution for the repaired valve 
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is optimal. In the highest evolution, the computer 
model could advise the surgeon in particular cases 
whether replacement may be more advantageous 
than repair or whether surgical intervention 
should be delayed if risks such as reoperation or 
anticoagulation are considered to outweigh the 
benefits of the intervention. 

Another futuristic application of finite element 
modeling will be in the area of surgical simulation 
for education and training. Presently, anatomic 
models exist for training for particular surgical in
terventions, such as video-assisted thoracoscopic 
surgery. As virtual reality technology improves 
and is combined with the finite element method, 
the ability to critically evaluate surgical procedures 
will be significantly enhanced. The ability to teach 
the surgical decision-making processes that his
torically have been conducted primarily by trial 
and error will be a major use for these tools. 

As cellular biologists push back the frontier of 
intercellular and intracellular interactions, there 
will be increased demand for means of analyzing 
the rapidly occurring events in an infinitesimally 
small and delicate environment. Computer mod
eling, particularly finite element modeling, offers 
an optimal tool for analysis of this type of system. 
As the cell and its myriad roles are unraveled, re
searchers will want to consider biochemical inter
actions, temperature regulation, steric alterations, 
flow dynamics, and much more. The complexity 
of these issues could be staggering without care
fully chosen and well-orchestrated computer 
models. 

The use of computer models as on-line tools 
for planning surgical intervention, or for shedding 
light on the behavior of currently unseeable mi
crosystems, may appear to border on the realm of 
science fiction. However, the reality of the tech
nology explosion combined with the phenomenal 
growth in computer science implies that what is 
science fiction today could be clinical practice to
morrow. Computer-aided DNA analysis contin
ues to reveal, characterize, and record the se
quences rapidly; it is estimated that the entire 
human genome may be logged by the turn of the 
century. With this knowledge, more and more 
disease processes are being defined as genetic mu
tations, either inherited or of a spontaneous na
ture. The ability to manipulate or reverse these 
defects will certainly require computer models, 

rather than human or animal models, for tem
poral, fiscal, and ethical reasons. 

The evidence is compelling that computer 
modeling is the future of surgical research. It is 
imperative that all surgical researchers, present 
and future, become familiar with the techniques, 
the technology, and the applications. Few surgical 
research projects today could not benefit from the 
addition of some form of computer modeling. A 
literature search of MEDLINE articles since 
1990 using the key words finite element produced 
675 references. As we enter the next millennium, 
a surgical scientist will rarely be without ease in 
the art and science of computer modeling. With 
increasing patient awareness and sensitivity re
garding clinical research, with animal costs esca
lating and animal rights activism high, and with 
the complexity of surgical questions continually 
growing, the natural progression will be the union 
of surgical research and computer modeling. Were 
Halstead to practice at the turn of the twenty-first 
century, he would perhaps change his famous 
quote to "your hard drive is your laboratory." 
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Commentary 

Drs. Kunzelmann and Cochran have chosen the 
technique of finite element analysis applied to 
function of a cardiac valve as a paradigm for com-
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puter analysis of an experimental problem. This 
process can be translated with equal efficacy to the 
function of cells, balances between synthesis and 
degradation of specific gene products, or the pro
cess of rejection of a transplanted organ. The spe
cific requirements for finite element analysis allow 
substitution of terms. In some instances the model 
will become more complex and in others simpler. 
For example, to model the geometry of a cell may 
be relatively simple and described as "cuboidal," 
or it might be extraordinarily complex if one were 
trying to define the capacity for cell membranes 

with multiple convolutions to modulate activity as 
a consequence of surface area exposed at any in
stant. Boundaries that are described by the author 
have to do with anatomic structure, whereas 
boundaries in initial conditions of other systems 
could be rates, for example, of enzymatic reactions 
or oxygen consumption. Their approach is not 
limited to the study of physical properties of a 
system but should be understood as a broadly ap
plicable approach to biologic and mechanical phe
nomena. 

A.S.W 



CHAPTER 51 

The Operating Room 
as a Laboratory 
V. Rao, G. T Christakis, and R.D. Weisel 

The collection and documentation of data from 
patients undergoing concurrent surgical treatment 
has been one of the most useful but least used 
methods of surgical clinical research. The advan
tages of intraoperative clinical research are obvi
ous, whether it involves a descriptive cohort study 
or a randomized controlled clinical trial. Clinical 
application of new surgical techniques increases 
rapidly following perioperative documentation of 
their benefits. For example, the use of blood car
dioplegia in cardiac surgery at our institution in
creased from approximately 10% in 1980 to al
most 100% in 1995. This increased utilization of 
blood cardioplegia followed the intraoperative 
documentation of its metabolic and functional 
benefits, along with an improvement in morbidity 
and mortality rates associated with its use. 1 

Although most surgical techniques are first 
evaluated in the laboratory, only the availability of 
clinical information allows for their widespread 
adoption. For example, extended tracheal resec
tions were performed for years in the dog labo
ratory, but Grillo2 and Pearson3 needed to validate 
these observations in patients to popularize the 
current surgical techniques for tracheal resection. 

The relative paucity of interventional surgical 
clinical research, especially intraoperative experi
mentation, is likely a result of the extraordinary 
organizational skills required for intraoperative 
experimentation. 

Organization of a clinical research program ne-

cessitates a logical stepwise progression beginning 
with identification of clinical problems to be stud
ied, formulation of mechanisms and hypotheses 
to explain clinical observations, construction of an 
experimental protocol to address the hypotheses, 
evaluation of the experimental protocol on both 
scientific and ethical grounds,! and finally an ap
propriate statistical analysis of the experimental 
data to accept or reject the initial hypotheses. 

Identification of 
Clinical Problems 

All experiments must begin with clear identifi
cation of a clinical outcome or problem that is 
clinically or scientifically significant enough to 
warrant the interest of other surgeons and scien
tists and that may improve the understanding of 
a disease process or patient problem. The clinical 
outcome of interest must be related in some way 
to a surgical intervention. An example of a clinical 
problem that may be addressed is the incidence of 
ventricular dysfunction or cardiac low-output syn
drome following coronary bypass surgery. The 
prevalence of postoperative low-output syndrome 
may be related to perioperative myocardial pro
tection. 4 To investigate alternative surgical tech
niques aimed at reducing morbidity such as the 
incidence of low-output syndrome, the clinical 
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outcome must be carefully and systematically de
fined. For example, if one classified any patient 
with a systolic blood pressure below 90 mm Hg 
as having low-output syndrome, one would erro
neously include patients with high cardiac outputs 
and low systemic vascular resistance. A stricter 
definition of low-output syndrome, such as the 
one used by the Warm Heart Investigators,S 
would specify patients with poor ventricular func
tion, such as those who require inotropic or in
traaortic balloon pump support to maintain a car
diac index above 2.1 Llminlm2• Alternative 
techniques of myocardial protection may improve 
results in this latter group but would not be ex
pected to improve results in the former group. 

In addition to well-specified endpoints, the re
searcher must ensure that the endpoints chosen 
are accurately and reliably measured with available 
resources. Finally, before embarking on a clinical 
study, one must perform sample-size or power cal
culations to determine whether one is able to de
tect significant differences if they exist. 

Evaluation of Mechanisms: 
Hypothesis Formulation 

Once a clinical problem has been selected for in
vestigation, hypotheses must be formulated to ex
plain how intraoperative events are related to 
postoperative outcome. For example, inadequate 
cardioplegia distribution during the cross-clamp 
period may account for the impaired postoperative 
ventricular function leading to low-output syn
drome. 

Hypotheses can be based on previous labora
tory or clinical literature, known physiological or 
biological principles, or empirically observed cor
relations between the hypothesized mechanism 
and clinical outcomes. 

Descriptive studies can be constructed to docu
ment possible cause-and-effect relationships. For 
example, retrograde delivery of cardioplegia via the 
coronary sinus may lead to a higher incidence of 
low-output syndrome compared to antegrade de
livery via the aortic root. When a hypothesis has 
been previously tested or documented in the litera
ture, descriptive studies can be employed to eluci
date the mechanism of injury by identifying in-

traoperative clinical, biochemical, or pathological 
processes. For example, documentation of cardio
plegic distribution, flows, volumes, and tempera
tures may allow one to formulate a potential mech
anism for the poorer results associated with 
retrograde cardioplegia delivery. 

Unfortunately, attempts to prove cause-and
effect relationships in descriptive studies are prone 
to error. Clinical outcomes are often based on 
multifactorial variables that are rarely controlled 
in a descriptive study. For example, patients re
ceiving retrograde cardioplegia may be more likely 
to be undergoing reoperative surgery, may have 
poorer preoperative left ventricular function, and 
may be an older patient population than those re
ceiving antegrade cardioplegia. These factors will 
obviously result in poorer outcomes for patients 
receiving retrograde cardioplegia, but the actual 
direction of cardioplegic delivery may have had 
only minimal impact on postoperative outcomes. 

A more powerful protocol to investigate cause
and-effect relationships would involve a prospec
tive randomized trial. Randomizing patients by 
the use of a sealed envelope, computer-generated 
randomization schedule, or other methods re
moves the confounding effect of different baseline 
characteristics and reduces the bias inherent in a 
retrospective trial. Comparing antegrade and ret
rograde cardioplegic delivery in a prospective 
fashion provides much stronger evidence for a 
cause-and-effect relationship between the route of 
cardioplegic delivery and the development oflow
output syndrome. 

Constructing a Protocol 

A protocol is a mandatory summary completed be
fore any clinical experiment and is designed to com
municate the thought processes involved in the de
sign and conduct of an experiment. The protocol 
should be designed to clearly define the hypotheses 
to be tested, the rationale behind the hypotheses, the 
experimental technique, and the primary and sec
ondary study endpoints, including methods of mea
suring the endpoints. In addition, a sample-size cal
culation should be performed and presented to 
convince the reader that the investigator has a suf
ficient sample size to detect the differences specified 
in the hypotheses. 
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Introduction 

The precise definition of a clinical problem and 
its significance to the patient must be stated. The 
hypotheses to be tested should be defined clearly 
at the beginning of the protocol in order to orient 
the reader. For example, the development of 
low-output syndrome following coronary bypass 
surgery is associated with a high mortality. Inter
ventions aimed at reducing the incidence oflow
output syndrome or at elucidating the mechanisms 
underlying its development would obviously be of 
importance in helping to reduce the morbidity 
and mortality associated with coronary bypass 
surgery. A potential hypothesis is that the use of 
tepid (29°C) cardioplegia would reduce the inci
dence of low-output syndrome compared to cold 
(10°C) cardioplegia. A prospective, randomized 
trial comparing cold and tepid cardioplegia would 
then be instituted to look for differences in the 
incidence oflow-output syndrome following these 
two interventions. Secondary endpoints in this 
study may include perioperative myocardial in
farction, postoperative strokes, and operative 
mortality. 

Rationale 

In the rationale section of a protocol, the scientific 
merit of a particular intervention should be dis
cussed. A prior complete review of the literature 
is mandatory to support the investigator's hy
pothesis and compare it with others. For example, 
there is an abundance of literature comparing dif
ferent cardioplegia strategies. It would be impor
tant to compare the incidence oflow-output syn
drome in these published reports to the expected 
incidence in the proposed study. Similarly, the 
magnitude of beneficial effects with different 
strategies should be taken into consideration 
when hypothesizing the effect of a new interven
tion or when calculating sample sizes. 

The basic science literature should be reviewed 
to explore potential mechanisms that may account 
for the beneficial effect of a particular interven
tion. For example, one might support the use of 
tepid cardioplegia by noting that recovery of myo
cardial metabolism and function is delayed fol
lowing cold cardioplegia. Tepid cardioplegia may 
therefore lead to improved postoperative myocar-

dial metabolism and ventricular function with a 
preservation of high-energy phosphates. A review 
of the literature may also provide alternative end
points to those originally proposed. For example, 
using the hypothesis that tepid cardioplegia will 
reduce the incidence of postoperative low-output 
syndrome, one may explain this benefit by a pres
ervation of high-energy phosphates such as 
adenosine triphosphate (ATP). A secondary end
point may include a direct measurement of myo
cardial ATP stores. 

Methods 

Detailed information must be given regarding pa
tient selection, inclusion, and exclusion criteria; 
the method of randomization (if appropriate); and 
informed consent. A detailed description of the 
conduct of surgery highlighting any deviations 
from the normal practice, such as additional data 
acquisition or measurements, modified or new 
techniques of surgery, insertion of catheters, with
drawal of blood specimens, and procurement of 
patient tissue, must be given. 

Validation of the techniques of data acquisition 
may also be indicated and should be provided in 
this section of the protocol. The risks and benefits 
of the proposed study should be clearly defined. 

Between 1979 and 1995, we performed intra
operative studies on more than 1,000 patients. 
The primary focus of our clinical research involves 
improving myocardial protection during cardiac 
surgery. We use metabolic, functional, and clinical 
endpoints in our studies. These measurements 
usually involve the placement of catheters into the 
coronary sinus, the aortic root, and the left ven
tricle. Figure 51-1 is a schematic diagram illus
trating our intraoperative measurement protocol. 

Pediatric feeding tubes are placed into the coro
nary sinus to sample coronary venous blood. A 
blood-sampling line is also connected to the aortic 
root. Using this system, we are able to measure 
lactate, glucose, oxygen, and pH in both coronary 
arterial and venous samples. Measurements of 
coronary sinus blood flow using a thermoresistor 
flow probe allow for the calculation of myocardial 
oxygen consumption, glucose and lactate con
sumption, and acid production. We have found 
that these sensitive measurements of myocardial 
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Measurement Protocol 
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Figure 51-1. Schematic diagram illustrating the intraoperative measurement protocol. 

metabolism correlate to clinical outcomes such as 
the development of postoperative low-output syn
drome. 

In addition to assessment of cell metabolism, we 
have performed transmural left ventricular biopsies 
for measurement of the myocardial high-energy 
phosphate ATP, creatine phosphate, myocardial 
lactate, and glycogen levels. Biopsies were per
formed at baseline on institution of cardiopulmo
nary bypass, immediately after cross-clamp release, 
and following 30 minutes of myocardial reperfu
sion. Myocardial biopsies have also been performed 
to assess myocardial deposition of 111indium
labeled white blood cells and technetium-labeled 
platelets. Figure 51-1 illustrates the clinical pro
tocol we have used for measurements of intraoper
ative myocardial metabolism and function. 

Recendy, we have employed myocardial con
trast echocardiography to assess the distribution 
of cardioplegia.9 Using sonicated albumin, we are 
able to compare the right and left ventricular dis
tribution of cardioplegia when given in a retro
grade fashion versus the standard antegrade ap
proach. 

All proposed blood sampling must be estimated 
and quantitated in the protocol. All measurements 
to be made on these samples should be described 
with precision. 

We have employed intraventricular Millar mi
cromanometer catheters to measure both left and 
right ventricular pressures.6 In conjunction with 

measurements of intraventricular volumes, we 
have been able to construct pressure-volume re
lations to make sensitive measurements of cardiac 
function. In patients, measurements of intraven
tricular volume are difficult. Some investigators 
have reported the use of epicardial and endocar
dial tantalum markers to estimate ventricular vol
umes at all phases of the cardiac cycle.7 Using 
multiplane fluoroscopy, they are able to measure 
end-systolic and end-diastolic volumes for both 
right and left ventricles. At our institution, we 
have used gated nuclear ventriculography to esti
mate intraventricular volumes.8 

Statistics and Sample Size 

Investigators should decide prospectively on the 
appropriate statistical analysis to be employed 
once the data have been acquired. Sample-size 
calculations should be performed routinely for all 
endpoints to be measured. An estimation of the 
results to be obtained should be made based on 
the prior literature review or previous experience. 
Investigators may also wish to perform a power 
calculation in the event of a negative result. A 
power calculation determines the magnitude of 
the type-2 ~-error when accepting the null hy
pothesis (i.e., the probability of falsely accepting 
the null hypothesis). The completion of a sample 
size and power calculation before the institution 
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of a trial will support the feasibility of the study 
and may prevent the commencement of a trial of 
insufficient size to detect the differences proposed 
in the hypotheses. For example, to detect a 20% 
decrease in the incidence oflow-output syndrome 
from 10% to 8%, one would require 1,571 patients 
to achieve an a-level of 5% (the probability of 
falsely rejecting the null hypothesis). If an inves
tigator is unwilling or unable to enroll a sufficient 
sample size, then it is unscientific and unethical 
to even begin the study. 

Administration 

A prerequisite to any experiment involving pa
tients is approval of a surgeon's protocol by the 
hospital- or university-based human experimen
tation committee. Most committees demand a 
structured proposal similar to the one described 
earlier. External funding agencies often require an 
analysis of costs in addition to the scientific pro
posal. 

Establishing intraoperative experimentation in 
a university-affiliated hospital creates administra
tive problems that must be addressed before a re
search schedule can be initiated. The use of pa
tients in clinical studies may influence the referral 
practice and confidence of the referring physi
cians. Personal biases may influence the enroll
ment of patients in a randomized trial (i.e., if a 
surgeon is unwilling to subject his or her patients 
to a particular arm of a randomization schedule). 

To encourage collaboration and cooperation of 
operating room nurses, anesthetists, and residents, 
research techniques should be tailored to be im
plemented with ease and slowly modified over 
time. Obviously, immediate introduction of sur
gical techniques and measurements that prolong 
operative time significantly and are complex will 
not promote collaboration. However, if intra
operative research is introduced slowly, with very 
simple measurements and efficient organization 
of blood and tissue sampling, these techniques 
eventually become accepted as routine by the op
erating room personnel. Perfusionists and nurses 
must be made aware of the protocol so that ad
ditional equipment such as catheters, tubing, and 
special sutures are made available for use on a rou
tine basis. Alteration or modification of cardio-

plegic techniques is futile unless perfusionists un
derstand the technical modifications and the aim 
of these changes. The intraoperative study of 
blood cardioplegia at our institution between 
1982 and 1985 required that a new system of car
dioplegia delivery be introduced by the perfusion
ists. The introduction of blood cardioplegia also 
necessitated the pharmacy to formulate a new 
crystalloid cardioplegic solution for mixing with 
blood. Had these modifications been involved si
multaneously with the initiation of intraoperative 
research, collaboration would not have been forth
commg. 

The key to intraoperative research is to begin 
with simple, uncomplicated measurements fol
lowed by slow buildup of the protocol with more 
measurements and interventions. Once a routine 
has been set and accepted by operating room per
sonnel, additions and modifications to the pro
tocol can be made with ease. An average of 30 to 
60 minutes may be added to each surgical pro
cedure with intraoperative studies; therefore, sur
gical scheduling may be necessary to guarantee 
that the operating day schedule ends between 3 
and 4 P.M. on the day of research studies. Simple, 
less time-consuming operations can be scheduled 
on the days of research studies. The ability to des
ignate specific days for intraoperative research will 
permit an efficient scheduling of operating room 
time and will also prepare the operating room per
sonnel for a study case on a regular basis. 

Opportunistic Cost 
of Intraoperative Research 

Intraoperative experimentation creates increased 
surgical costs that include equipment (e.g., cathe
ters, solutions, tubing, and needles) increased 
nursing hours, operating room time utilization, 
and use of biochemistry and pathology resources. 
Unfortunately, the current fiscal situation has 
caused many institutions to review their operating 
costs, and nonessential services are continually be
ing eliminated. At the University of Toronto, we 
are fortunate to have a clear directive toward both 
basic and clinical research. Research programs are 
not eliminated on the basis of cost savings alone. 

Intraoperative research is not possible without 
the cooperation and support of the hospital and 
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university administration. To gain support for the 
increased costs related to operating room utiliza
tion, services, and equipment, administrators 
must be convinced that a clinical problem exists 
and that intraoperative research may contribute 
to improved patient care, surgical outcome, and 
frequently cost savings. For example, the mean 
length of stay for patients who develop low
output syndrome is 15.2 days compared to 9.9 
days for those patients who do not develop the 
syndrome. Therapies aimed at reducing the inci
dence of low-output syndrome would obviously 
lead to improved surgical outcomes and an eco
nomic benefit by reducing hospital stays. 

Clinical practice efficiency is clearly affected by 
the additional operating time required for intra
operative studies. In centers in which specific op
erating rooms are designated for research, this is 
less of a problem. However, most centers do not 
have the luxury of such designated operating 
rooms, and investigators are at the mercy of the 
operating room administrators. Once again, the 
strength of the research protocol with the poten
tial positive impact on patient care and surgical 
outcome can be used to justifY the increased re
source utilization. Some administrators may re
quest external funding to pay for the additional 
costs involved. Clearly, these decisions are partly 
dependent on the complexity of the proposed 
study and the potential additional fiscal liability. 

The use of blood cardioplegia in our institution 
has resulted in a decreased morbidity and mor
tality associated with coronary bypass surgery 
(Figure 51-2). This reduction in morbidity and 
mortality has had a definite financial impact on 
the delivery of cardiac surgery in our institution. 
Our ongoing clinical studies involving alternative 
myoprotective strategies are justified on the basis 
that further reductions in morbidity and mortality 
will result in additional financial savings. 

Ethics and Intraoperative 
Experimentation 

Risk versus Benefit 

Intraoperative experimentation must be designed 
on the philosophy that no complication to patients 
can be tolerated. Complications can be prevented 

by strategic experimental design and strict control 
and adherence to the protocol. Additional risks im
posed on patients as a result of a clinical study must 
be carefully weighed against the potential benefits 
offered to the patient. We have attempted to ensure 
complication-free experiments by appropriate pa
tient selection. For invasive studies of myocardial 
metabolism and function we have used only low
risk patients who presented electively for surgery. 
In studies requiring the use of a high-risk popu
lation, we have refrained from invasive investiga
tion and have instead relied on clinical outcome 
measures. The use oflow-risk patients for invasive 
studies ensures that any possible complication re
lated to the research protocol is better tolerated by 
the patient. The interventions we have employed 
must be at least comparable to standard treatment 
and must have been previously employed in labo
ratory investigations. Blood loss due to sampling 
for research purposes must be kept to a minimum, 
with strategic sampling times incorporated into the 
experimental design. Patients who become unsta
ble at induction of anesthesia or who develop tech
nical problems during surgery are immediately 
withdrawn from further involvement in the re
search project. Such patients would be less likely to 
tolerate the insult of a research-related complica
tion no matter how unlikely the event may be. 

All patients involved in surgical research are 
closely observed for complications, both by the 
surgeon in charge and by the research physicians, 
intraoperatively and postoperatively. The presence 
of a physician may allow for the earlier detection 
of abnormalities and permit prompt treatment. 
Patient care must supersede experimental proto
cols at all times. Patient sedation and comfort, 
optimization of fluid balance, control of bleeding, 
and stabilization of hemodynamic parameters all 
supersede research-related activities. This practice 
occasionally results in protocol violations, but it is 
a mandatory component of any clinical research 
project. 

Informed Consent 

All patients enrolled in intraoperative research 
must give an informed consent to participate. 
Such consent requires that the patient be in-
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Figure 51-2. Blood vs. crystalloid cardioplegia in urgent coronary bypass surgery. Blood cardioplegia 
decreased the incidence of operative mortality, perioperative myocardial infarction, and postoperative 
low-output syndrome. 

structed on how the proposed study differs from 
standard practice and what additional diagnostic 
or therapeutic maneuvers will be required. All of 
the potential risks and benefits must be carefully 
explained to the prospective study patient. 

In most of our intraoperative metabolic and 
functional studies, we require the insertion of in
tracardiac catheters that frequently remain in 
place for several hours after the patient has arrived 
in the intensive care unit. Preoperatively, the pa
tient is made aware of the risk of bleeding when 
the catheters are removed (less than 1:1,000 in our 
experience). There is a potential for extrasystoles 
caused by intraventricular catheters. The patient 
is informed that these extrasystoles may be effec
tively treated with medication and the catheters 
will be removed promptly should the extrasystoles 
persist despite medical treatment. Despite their 
use in more than 1,000 patients, we have not had 
to prematurely remove these catheters in a single 
patient. 

Patients undergoing ventricular biopsies are in
formed of the slight risk of bleeding due to this 
procedure. The use of a Trucut biopsy needle has 
reduced the risk of bleeding associated with 
myocardial biopsies by limiting the size of the 
perforation to the heart. The use of rosette 
configuration-pledgetted sutures at biopsy sites 
and coronary sinus line insertion sites has also 
been instrumental ih preventing postoperative 

bleeding. Techniques for procuring biopsies and 
inserting lines into the heart were perfected in 
laboratory animals before being applied to 
humans. 

Studies requiring nuclear ventriculography de
mand that the patient be informed of the addi
tional radiation exposure incurred as a result of 
the study, despite the fact that the additional ex
posure is slight (equivalent to approximately 1 
year of background radiation). 

Lastly, an attempt is made to educate the pa
tient as to the merits of the particular study and 
how the findings of each study may help to im
prove patient care in the future. In addition, pa
tients are reassured that their refusal to participate 
in a study will in no way prejudice the quality of 
their care and that they are free to withdraw from 
a study at any time. Using these logistic ap
proaches, we have received consent for participa
tion in our clinical studies by more than 95% of 
all patients approached. 

Collaboration and Consultation 

By its nature, surgical research cannot be accom
plished by the concerted efforts of a single indi
vidual. Close collaboration and consultation with 
other colleagues and health-related professionals 



478 V. Rao, G.T. Christakis, R.D. Weisel 

is mandatory. In a period of 15 years we have per
formed more than 60,000 assays in blood for ar
terial and coronary sinus lactates, oxygen, and glu
cose levels. Thousands of myocardial biopsies 
have been assayed, employing high-performance 
liquid chromotography for high-energy phos
phates, creatine phosphate, glycogen, and lactate 
levels. These measurements would have been im
possible without the close cooperation of col
leagues in clinical biochemistry. Our use of nu
clear ventriculography to measure intraventricular 
volumes would have been impossible without the 
help of colleagues in the division of nuclear car
diology. Similarly, our use of intraoperative echo
cardiography is highly dependent on the expertise 
of our fellow collaborators. 

Constant communication with collaborators is 
necessary to ascertain the feasibility of performing 
assays, logistics of scheduling and delivery, prepa
ration and storage of specimens, and interpreta
tion of the results of studies with appropriate 
quality control. 

With time, innovations in the method of assays 
or in the development of new, more sensitive as
says have occurred. In addition to our standard 
measurements of myocardial oxygen and lactate 
consumption, as well as myocardial high-energy 
phosphate levels, we have been able to estimate 
oxygen free radical injury with assays of blood and 
tissue for lipid peroxidation products and conju
gated dienes.10 The measurement of high-energy 
phosphates has been superseded by assays for total 
adenine nucleotides and degradation products. 
Close collaboration with experts in biochemistry 
ensures that new developments in this field are 
quickly applied to clinical research programs. 

Cooperation with anesthetists, perfusionists, 
residents, and operating room and ICU staff is 
critical to conducting research successfully. All of 
these individuals must receive copies of experi
mental protocols and be included in discussions 
of patient care and research strategies. Anesthe
tists and nurses must be made aware of the reason 
for and timing and goals of blood sampling before 
research personnel can be interposed between 
them and the patient. Cooperation from cowork
ers in the operating room is essential since experi
mental study patients invariably require longer pe
riods of surgery due to the instrumentation and 
measurements performed. 

Training Surgeons for 
Intraoperative Experimentation 

Training surgeons to perform intraoperative ex
perimentation requires an appropriate mentor and 
a background in clinical epidemiology. Surgical 
residents should perform clinical trials under the 
close supervision of an experienced surgical in
vestigator. This training would provide the best 
role model and expose the young surgeon to a 
well-established collaborative clinical research 
program. 

Future Trends in Intraoperative Research 

Techniques in intraoperative research will con
tinue to evolve as newer technologies become 
available to both the basic and clinical scientist. 
Undoubtedly, the molecular era will have an im
pact on the practice of surgery. Many laboratories, 
including our own, are conducting experiments at 
the basic science level to explore the possibility 
of cellular cardiomyoplasty. Intraoperative gene 
transfer or viral transfection may be another ave
nue for future therapeutic strategies. Clinical 
transplantation is another area in which intra
operative experimentation may have a significant 
impact. Unfortunately, due to the logistic diffi
culties in scheduling studies on transplant pa
tients, a single study may require many years for 
completion unless a study coordinator who can 
maintain close communication to all participants 
in the study is employed. 

Prerequisites for Training 

Previous training in trial design, statistics, and 
other aspects of clinical epidemiology would be a 
tremendous asset when contemplating the initia
tion of a clinical research program. The design of 
the trial requires careful consideration and an ap
preciation of sample-size and power calculations. 
The surgeon in training must have the full support 
of the departmental chairperson, the divisional 
head, and the staff surgeons. Most importantly, 
the surgeon in training must have the full support, 
cooperation, and guidance of a mentor who has a 
breadth of experience in clinical trials. 
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Intraoperative research has been and will con
tinue to be a cornerstone in bridging the gap be
tween surgical research performed in the labora
tory and its implementation in a clinical setting. 
The added costs, both actual and opportunistic, 
of intraoperative research performed successfully 
by an experienced team are easily offset by the 
improvements in patient care. 

The ability to adequately assess new surgical 
techniques will require fundamental training in 
the principles of intraoperative research. Success
ful clinical investigators will have a background in 
basic science that will enable them to adeptly 
transform their respective operating rooms into 
clinical laboratories. 
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Commentary 

As the authors point out, special skills are required 
to perform research in the operating room because 
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of the time pressure and the complexity of the 
simultaneous interventions of anesthesia, the 
stresses of surgery, and the responses they elicit in 
the patient. (See chapter 65, "Surgical Research 
Around the World," by Lorenz and coworkers for 
more on the analysis of complexity.) 

Safety monitoring is critical. An independent 
monitoring committee must be used to oversee 
safety and maintain objectivity. When comparing 
two operative techniques, it is easy for one intra
operative misadventure or poor outcome to lead 
the team to conclude prematurely that one ap
proach is inferior. The oversight committee 
should be prepared to terminate the study when 
the accumulated evidence would convince the 
larger medical community that a valid difference 
has been demonstrated. 

The authors raise another extraordinary impor
tant issue. When operating room investigations 
add to the time of the operation, they increase 
cost. The operating room is one of the most costly 
environments in a hospital, and this factor should 
be recognized in the design of research projects. 
Hospitals are under enormous pressure to mini
mize cost. Some hospitals may be willing to un
derwrite the cost of investigation, believing that 
there is an inherent gain further down the road or 
that it constitutes a critical part of their mission. 
In a highly competitive environment, appropriate 
funding to compensate the hospital for experi
mental time should be part of the research pro
posal. 

W.A.S. 
M.F.M. 



CHAPTER 52 

Research in the 
Intensive Care Unit 
Ie. Marshall, D.] Cook, and P.e. Hebert 

Biomedical research seeks to apply insights 
gleaned from the study of biologic processes to 
the clinical care of the ill-a model alliteratively 
embodied in the concept of bench to bedside in
vestigation. Nowhere is the distance from the 
laboratory bench to the bedside shorter than in 
the contemporary intensive care unit (ICU). The 
management of the critically ill patient can legiti
mately be seen as a continuous experiment in ap
plied physiology. The monitoring of physiological 
processes in the ICU enables the intensivist to 
generate hypotheses regarding cause, to test them 
through therapeutic intervention, and to support 
or reject them through continuing evaluation of 
clinical response. 

The intensive care unit is a particularly attrac
tive venue for clinical research. The problems 
encountered in the critically ill patient are acute 
and life threatening; therefore, insights gained 
through research may be significant and imme
diately relevant to clinical practice. The ICU gen
erates substantial costs-8% of total inpatient 
hospital costs and 0.2% of the gross national prod
uct (GNP) in Canada and 20% of all inpatient 
hospital costs and 0.8% of the GNP in the United 
States.! Finally, large amounts of data are gathered 
during the management of the critically ill patient, 
providing the investigator with a comprehensive 
and complete information base covering a defined 
time period during a disease process. This chapter 

reviews the unique opportunities and challenges 
encountered in ICU-based clinical research. 

The Hypothesis and the 
Research Question 

Good research proceeds in an apparently effortless 
fashion from a clearly formulated hypothesis, to one 
or more specific questions that the hypothesis gen
erates, to a specific research design that is optimal to 
answer the study question (Table 52-1). Care in 
formulating each of these three components is 
critical to the success of a research venture. 

A hypothesis is a scientifically testable assertion 
that provides a reasonable explanation for a body 
of observations about a biologic state or disease 
process. A hypothesis must be consistent with 
known data. However, it is more than a simple 
reiteration of what is known since it integrates 
available information into a premise whose study 
will generate new knowledge. For example, rec
ognition that the critically ill surgical patient 
manifests a spectrum of immunologic alterations,2 
and that the presence of these alterations is as
sociated with an increased risk of infectious mor
bidity and mortality,31ed MacLean, Meakins, and 
Christou to hypothesize that the surgical patient 
is an immunocompromised host who might ben
efit from strategies to bolster immune function. 4 

Studies arising from that hypothesis have done 
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Table 52-1. leU-based research: from hypothesis to study design. 

Hypothesis 

ICU-acquired infections can arise as 
a result of gut bacterial over
growth 

Occult tissue hypoxia contributes to 
morbidity and mortality in criti
cal illness 

Qiestion 

1. Are the organisms producing 
ICU-acquired infection simulta
neously present in the upper GI 
tract? 

2. Can viable microorganisms 
translocate across an intact gut 
mucosa? 

3. Does maintenance of normal 
gastric acidity reduce rates of no
socomial pneumonia? 

4. Does eradication of gut luminal 
pathogens reduce ICU mortality 
or rates of nosocomial infection? 

1. Is there evidence of regional 
hypoxia in patients in whom 
measures of systemic oxygena
tion are normal? 

2. Are biochemical markers of an
. aerobic metabolism evident in 
patients in whom oxygen deliv
ery is measurably adequate? 

3. Do therapies that increase oxy
gen delivery to supranormallev
els result in improved ICU out
come? 

Research design 

Descriptive study of quantitative 
proximal gut bacteriology in a 
group ofICU patients at risk for 
nosocomial infection48 

Case report of Candidemia and 
Candiduria following oral inges
tion of Candidd'9 

Randomized clinical trial comparing 
effects of an H 2-blocker and a 
gastric cytoprotective agent on 
rates of nosocomial pneumonia50 

Randomized clinical trial of effects 
of topical, nonabsorbed antibiot
ics on rates of mortality and no
socomial infection5l 

Descriptive study of measures of 
adequacy of total body and 
splanchnic perfusion in critically 
ill patients52 

Descriptive study of serum lactate 
levels in population of critically 
ill patients 53 

Randomized trial evaluating effects 
of pulmonary artery catheter
directed augmentation of oxygen 
delivery54 or dobutamine55 on 
ICU survival 

much to clarifY the nature of host-pathogen in

teractions in the critically ill surgical patient, but 

the original hypothesis has been profoundly 

transformed in the process, and this group now 

considers the unsolved challenge to be that ofim

munologic overactivation rather than suppres

sion.S A hypothesis can never be definitively 

proven or disproven and is commonly transformed 

as the studies it suggests proceed. 

tion that is clearly formulated, clinically impor

tant, and of interest, whether the answer is posi

tive or negative. 

The hypothesis serves as an intellectual frame

work for the specific question that the research is 

designed to answer. The question, in turn, defines 

the study design, suggesting the population to be 
studied, the intervention to be employed, and the 

outcomes to be measured (Table 52-2), as well as 

ultimately determining whether the information 

that results will be of interest or relevance to clini

cal practice. The best research starts with a ques-

The importance of a carefully articulated ques

tion cannot be overemphasized. Work that starts 

from an unfocused question such as 'What is our 

experience with disease X or therapy Y," an un

fortunately common approach for the inexperi

enced investigator, is doomed to produce results 

that are of limited interest and of uncertain rele

vance to patient care. 

The Study Population 

The study question usually suggests the appro

priate population of subjects to be studied. In gen

eral terms, the investigator wishes to study a group 
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Table 52-2. Elements of the research question. 

Component Examples 

Population All patients admitted to a surgical 
ICU 
All patients meeting clinical crite

ria for sepsis syndrome 
All patients with an APACHE II 

score >15 

Intervention None 
Placement of gastric tonometer 
Administration of a monoclonal 

antibody or placebo 
Measurement ofIL-8 in BAL 

fluid 
Transfusion before ICU admission 

Outcome ICU survival 
Cardiac output 
Development of pneumonia 
Requirement for dialysis 

of patients that is diverse enough to be represen
tative of the entire population of interest (to maxi
mize the generalizability of the results) but that is 
restricted to those patients who might be affected 
by a risk factor, a test, or an experimental inter
vention. Moreover, he or she will want to limit 
the investigation to a population that is at low risk 
of adverse side effects from the experimental ma
neuver. Thus the investigator must define the 
group of patients to be studied (the study popu
lation) and the specific circumstances that might 
preclude the inclusion of subsets of these (exclu
sion criteria). 

If, for example, we wish to determine rates of 
and risk factors for clinically important stress 
bleeding in a contemporary ICU, we will want to 
study all patients admitted to the ICU and to 
maximize the generalizability of our conclusions 
by studying patients admitted to a cross section of 
units. However, we will likely want to exclude pa
tients admitted with upper gastrointestinal (GI) 
bleeding (because the endpoint has been reached 
before ICU admission) or patients in previously 
defined high-risk groups (head injury, burns).6 On 
the other hand, if we wish to determine the effi
cacy of a novel form of stress ulcer prophylaxis, 

we will restrict our study to patients at increased 
risk of bleeding, whereas if we wish to evaluate a 
diagnostic test for stress ulceration, we will eval
uate only those patients who have bled. 

Selection of the appropriate population for 
study can be challenging, and decisions made at 
this juncture can have a significant impact on the 
conclusions reached. A number of factors render 
the definition of an appropriate study group po
tentially difficult. 

Patient Heterogeneity 

Patients are admitted to an intensive care unit 
with a highly heterogeneous group of diagnoses 
and disease processes that result in a relatively 
limited spectrum of physiologic consequences. 
ICU care is directed to these physiologic conse
quences more than to the diseases that triggered 
them, and ICU-based research tends to mirror 
this focus. In contradistinction to studies of coro
nary artery disease or cancer, for example, where 
patients have a readily definable anatomic and 
pathologic disease process, patients are commonly 
enrolled in ICU studies on the basis of sharing 
symptom complexes such as acute respiratory dis
tress syndrome (ARDS) or a hyperdynamic cir
culatory state. These symptom complexes typi
cally arise from highly variable anatomic and 
pathologic causes, with the result that study popu
lations are intrinsically heterogeneous. 

Patient heterogeneity results in greater vari
ability in baseline status and in response to thera
peutic intervention, with the result that sample 
sizes must be larger. Heterogeneity in a patient 
population may mask a potentially beneficial ef
fect for two separate reasons. The study popula
tion may include both patients who might benefit 
from the experimental intervention and those for 
whom it has no effect; however, a highly hetero
geneous population may also include patients who 
may actually be harmed by the intervention. Both 
factors appear to have contributed to the disap
pointing and often contradictory results obtained 
from clinical trials of experimental mediator
directed therapy. 

A well-designed randomized controlled trial of 
an anti-endotoxin monoclonal antibody showed 
survival benefit in patients with Gram-negative 
infection,7 but a follow-up study of the same agent 
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using identical entry criteria failed to confirm this 
benefit.8 Similarly, a phase II study of antagonism 
of the proinflammatory cytokine, interleukin 1, 
demonstrated a striking effect on survival.9 In a 
much larger phase III study, a statistically signifi
cant effect on mortality was confined to a sub
group of the most severely ill patients;10 an un
published follow-up study failed to support even 
this limited degree of efficacy. Entry criteria for 
these trials comprised a constellation of clinical 
parameters termed sepsis syndrome, characterized 
by hyper- or hypothermia, tachycardia, tachypnea, 
and evidence of altered function in at least one 
organ system, occurring in association with clini
cal suspicion of infectionY However, these 
physiologic criteria are not specific for a single dis
ease process but can occur in disease states ranging 
from overwhelming infection to trauma and con
gestive heart failure. Analyses of more homoge
neous subgroups of patients enrolled in these 
studies have suggested both differential efficacy in 
different patient groups and even the possibility 
of harm in certain subgroupsY 

Measurement of Illness Severity 

An important advance in ICU research has been 
the development of simple, validated methods 
of providing an objective measure of illness sever
ity across a heterogeneous group of disease 
processes. Three similar models are widely used
APACHE (Acute Physiology, Age, Chronic 
Health Evaluation),13.14 SAPS (Simplified Acute 
Physiology Score)/5.16 and MPM (Mortality Pre
diction Model}Y Each combines the influence of 
a number of readily measured physiologic and 
biochemical variables available early during the 
course of the ICU admission to produce a score 
that reflects illness severity and predicts the proba
bility of hospital survival. 

Severity-of-illness scoring has facilitated ICU
based research by providing an objective measure 
of initial illness severity that permits comparisons 
between patient populations and stratification 
within clinical trials. It provides an estimate of 
illness acuity within a population and so has be
come an integral component of the demographic 
characterization of an lCU population. By iden
tifYing a cohort of patients at increased risk of 

mortality, scoring has been used widely as an entry 
criterion for clinical trials or as a stratification 
variable within trials. Application of severity-of
illness measures to heterogeneous patient popu
lations such as those with sepsis has been advo
cated as a strategy for defining a population more 
likely to benefit from experimental interven
tions.16.18 Finally, severity-of-illness measures 
have found use as a method to explain variability 
in post hoc subgroup analyses.10 Disease-specific 
severity indices such as Ranson's criteria for acute 
pancreatitis19 have proven useful for prognostica
tion and stratification in clinical practice. Generic 
severity-of-illness measures are probably prefera
ble in the context of research because of their 
methodologic sophistication and the greater ge
neralizability that they offer. 

The Intervention 

Specification of the intervention of interest is the 
crux of the research question. The intervention 
may be a particular pharmacologic agent or an in
vasive procedure, but it may also consist of an ex
posure or a diagnostic test. Most lCU-based clini
cal research is undertaken to characterize the 
natural history and risk factors of a particular pro
cess or to evaluate therapy or a diagnostic maneu
ver. The purpose of the investigation determines 
the intervention of interest; the intervention may 
be neither active nor deliberate. 

For a study of risk factors for an lCU compli
cation such as stress Gl bleeding, pneumonia, or 
pulmonary embolism, the intervention is exposure 
to the particular risk factors of interest. Similarly, 
in a study to develop or validate a prognostic scor
ing system or outcome measure, the intervention 
is the presence of the intervals of abnormality of 
the particular variables that comprise the score. 
Designation of the intervention or interventions 
of interest is what differentiates a study from an 
audit. An audit merely enumerates rates of events 
in a population (the number of patients develop
ing stress bleeding or deep venous thrombosis); by 
systematic evaluation of the impact of an inter
vention, a study is able to suggest an explanation 
for the outcome. 

For a trial to evaluate the effects of therapy (for 
example, early tracheostomy or enhanced enteral 
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nutrition), the intervention is the study variable 
of interest. However the intervention may also 
consist of a specific test or tests if we are evalu
ating a diagnostic procedure (for example, pro
tected specimen brush bronchoscopy, bronchoal
veolar lavage, and sputum culture in the diagnosis 
of ventilator-associated pneumonia). 

Outcome Measures and 
Study Definitions 

Like the determination of an appropriate study 
population, the selection of optimal outcome 
measures has been a particular problem for ICU
based studies, because the disorders of interest 
tend to be syndromes and symptom complexes 
rather than disease processes that are readily di
agnosed by objective anatomic or laboratory cri
teria. Indeed the complexities of the clinical syn
dromes that arise through the interaction of 
life-threatening physiologic derangements with 
the invasive measures needed to support and 
monitor them create a series of challenges for the 
investigator who must establish objective defini
tions for study-entry criteria, interventions, and 
endpoints. 

Definition of Clinical Events 
and Interventions 

Careful articulation of the definitions of all sig
nificant clinical events, interventions, and out
comes is particularly important in ICU-based 
studies. Diagnoses such as sepsis, shock, and 
ARDS are notoriously subjective, and satisfactory 
pathologic or consensus definitions are still not 
generally available.2°-22 In the interests of maxi
mizing the reproducibility of the results of a study, 
it is essential that the investigator specifY defini
tions for all study variables, using objective criteria 
as much as possible. A study of ARDS defined as 
a PO/FI02 ratio of less than 200, in association 
with bilateral pulmonary infiltrates on chest X ray 
and a pulmonary capillary wedge pressure of less 
than 18, will provide more useful information 
than one in which ARDS is defined on unspeci
fied clinical grounds. Nonetheless, even objective 
and reproducible definitions may fail to provide a 

reproducible reflection of a single underlying 
pathologic process. 

Studies of the prevention and therapy of pneu
monia provide an informative example of the 
problems associated with establishing a pathologic 
diagnosis on the basis of clinical criteria in the 
intubated, critically ill patient.23 Airway coloni
zation is common, while noninfectious processes 
such as pulmonary edema, increased capillary per
meability, and atelectasis can produce chest X -ray 
evidence of a new or changing infiltrate. System
atic manifestations such as fever and leukocytosis 
are nonspecific, and the results of history and 
physical examination are unreliable. QIantitative 
bacteriologic techniques applied to distal airway 
specimens obtained through the use of the pro
tected specimen brush or by bronchoalveolar la
vage have emerged as the most reliable means of 
establishing the diagnosis of pneumonia,24 but 
their use involves an invasive intervention that 
may not always be feasible. It is recognized that 
the technique used to diagnose pneumonia has an 
impact on the conclusions reached by a study; one 
of the few studies demonstrating improved out
come with appropriate antimicrobial therapy of 
ventilator-associated pneumonia relied on the re
sults of bronchoscopically obtained quantitative 
cultures.25 Similarly, a meta-analysis of studies of 
the efficacy of selective decontamination of the 
digestive tract showed that studies with the least 
rigorous definitions of pneumonia yielded the 
largest estimate of therapeutic efficacy.26 

Even apparently simple physiologic states can 
prove frustratingly difficult to quantifY objectively 
in an unstable critically ill patient. It is a common 
finding of descriptive27 and interventional studies 
of sepsis lO that the coexistence of clinical sepsis 
with physiologic evidence of cardiovascular insta
bility (sepsis with shock) defines a population at 
increased risk of mortality. However, establishing 
criteria to define such states as entry criteria for 
clinical trials is difficult. Should one use blood 
pressure to measure hemodynamic instability, and, 
if so, should the systolic or mean pressure be used? 
Is the appropriate criterion a single value (for ex
ample, a systolic pressure ofless than 80 mm Hg) 
or a change from the patient's own baseline? 
Should the value selected represent the worst 
value, the best value, a representative value, or a 
mean value? Since transient hypotension can re-
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sult from the use of sedation, should the definition 
be modified by specifying a minimum time inter
val during which hypotension must be present? 
Moreover, since the therapeutic response is to cor
rect the physiologic abnormality (often with some 
measure of success), should the definition incor
porate a therapeutic response such as the use of 
fluids or vasopressors, and, if so, how much? Simi
lar considerations make the establishment of defi
nitions for dysfunction of other organ systems dif
ficult and result in considerable variability in 
published criteria.28 

Outcome Measures 

In general terms, study endpoints may be patient 
or disease specific, although the distinction is not 
absolute (Table 52-3). Patient-specific outcomes 
(for example, 28-day mortality following admin
istration of anti-endotoxin monoclonal antibody 
or the development of clinically important GI 
bleeding) reflect events of direct clinical rele
vance, making their interpretation straightfor
ward. Disease-specific outcomes (serum levels of 
an inflammatory mediator or endoscopic evidence 
of gastric erosions, for example) describe physio
logic or pathologic changes and therefore cast 
light on the biologic basis of a process; however, 
their relevance to patient care must be inferred. 
As a rule, patient-specific outcome measures are 
less sensitive, so larger sample sizes are required 
to establish or rule out an effect. Often an inves
tigator will evaluate both patient- and disease
specific outcomes, using a clearly important end
point such as mortality as the primary endpoint 
for determination of sample size and the disease
specific endpoints as supportive observations or 
hypothesis-generating data. 

Patient-Specific Outcomes 

The disorders leading to ICU admission are by 
definition life threatening. Mortality rates in a 
typical ICU generally exceed 10%, depending on 
the case mix, and may exceed 50% for certain syn
dromes (septic shock or ARDS with acute renal 
failure, for example). It is intuitively reasonable 
that mortality should be the most important 
patient-specific outcome for an ICU-based study, 

Table 52-3. Outcome measures for ICU-based 
studies. 

Patient related 
Mortality 

Morbidity 

All causes (e.g., 7, 14,28, 60 
days) 

ICU/hospital 
Attributable or cause specific 

Major clinical events (e.g., pneu
monia, renal failure) 

Duration of therapy (ICU stay, 
ventilation) 

Aggregate measures of organ dys
function or failure 

Qyality of life Objective 

Disease related 
Physiologic 

Biochemical 
Radiographic 

Subjective (e.g., pain scores) 

e.g., cardiac output, mucosal pH, 
pulmonary compliance, CO2 

e.g., cytokine levels, lactate 
e.g., chest X-ray findings 

Economic 
Cost-effectiveness 
Cost per survivor 

although the use of mortality as an outcome mea
sure is not without its problems. 

The optimal time interval for the determina
tion of mortality or survival is controversial. Crit
ically ill patients spend variable amounts of time 
in the ICU and in the hospital. Moreover, they 
usually have comorbid conditions, complications 
of which have led to ICU admission, that may 
ultimately be fatal, even in the absence of the 
acute complication that led to ICU admission. 
Consider, for example, the dilemmas encountered 
in designing a study of the effects of an anti
endotoxin monoclonal antibody on mortality 
from Gram-negative infection. A typical study 
subject might be a 70-year-old man with ischemic 
heart disease and chronic lung disease, admitted 
with peritonitis secondary to a perforated sigmoid 
diverticulum, who receives aggressive surgical and 
supportive care, as well as appropriate antibiotic 
therapy for 7 days, and the experimental agent for 
3 days. If he dies within the first week of therapy, 
we can probably agree that he should be consid
ered a treatment failure. But death from sepsis 
syndrome is not sudden, and it is not uncommon 
for patients to survive for prolonged periods be-
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fore ultimately succumbing. Should the patient be 
considered a survivor if he or she is alive at 14 or 
28 days with florid multiple organ dysfunction 
syndrome and active therapy is withdrawn on day 
35? Should the patient be considered a treatment 
failure ifhe or she is discharged from the leU but 
dies on day 12 of a pulmonary embolism? What 
if a patient survives his or her leU stay but ulti
mately dies after 63 days in the hospital of a 
myocardial infarct or because he or she remains 
lethargic and confused and supportive care is 
withdrawn? 

Regulatory agencies have indicated a prefer
ence for the use of 28- or 30-day all-cause mor
tality as the primary endpoint for clini~al trials of 
mediator-directed therapy. From the patient's per
spective, survival to hospital discharge is the only 
truly relevant endpoint. But it is clearly unreason
able to expect that a single intervention under
taken at the time of hospital admission will pre
vent delayed complications such as a myocardial 
infarction or the sequelae of ventilator-induced 
lung injury and pneumonia. In methodologic 
terms, mortality is a responsive measure but not 
necessarily a reproducible measure, given the het
erogeneity of patient populations and the enor
mous impact of other confounding variables on 
leU outcome. Even the generalizability of a study 
finding may be affected when mortality at a fixed 
time serves as the primary outcome measure, since 
the majority of deaths in an leU occur as a result 
of a conscious decision to withhold or withdraw 
life support, and the timing of such decisions is 
heavily affected by religious and cultural factors 
that vary widely from one area to the next.29 

The lack of reproducibility of mortality as a 
study endpoint has had a significant impact on the 
outcome of a number of well-designed interven
tional studies in sepsis. Treatment with monoclo
nal antibody against endotoxin, for example, 
showed significant efficacy measured as leu mor
tality at 28 days in a subgroup of patients with 
Gram-negative bacteremia'? However, when the 
same study was repeated in a group of patients 
meeting the same entry criteria, the previously 
documented 28-day efficacy was no longer found. 8 

Studies of interventions to treat cancer commonly 
use survival curves to demonstrate prolongation of 
survival with an intervention. This approach is in
appropriate for leU-based studies; dying in an 

leu after an extra week on the ventilator can 
hardly be considered a therapeutic success. 

Mortality as an endpoint has other shortcom
ings.30 The heterogeneity of leU populations, 
and the unavoidable confounding influence of in
tercurrent disease and interventions, makes it im
probable that any single intervention will result in 
a large decrement in leU mortality. Equally, pa
tients are admitted to an leU at varying points in 
the course of their illnesses; for some, the disease 
process may be sufficiently advanced that the in
tervention being evaluated may no longer be ca
pable of exerting a biologic effect. An leU study 
using mortality as its primary endpoint must en
roll large numbers of patients, making the study 
costly and logistically complex. Such studies must 
of necessity be undertaken in many different cen
ters, increasing the heterogeneity of the study 
population and commonly introducing significant 
variability from one center to the next; as a result, 
it is more difficult to demonstrate benefit. Studies 
of thrombolytic intervention in myocardial in
farction, undertaken in a relatively homogeneous 
patient population in whom there is a direct 
pathologic relationship between coronary throm
bosis and mortality, have required tens of thou
sands of patients to demonstrate efficacy, showing 
a net reduction in mortality of approximately 
1 %. 31 Such large sample sizes are not feasible in 
lCU-based studies. 

Assessing mortality attributable to the disease 
process of interest is difficult because of the in
herent problems in assigning or rejecting causality 
in a complex disease process. A myocardial in
farction occurring 10 days after administration of 
a mediator-directed agent could conceivably be an 
adverse effect of the medication; to eliminate 
these data from analysis would be to run the risk 
of missing unrecognized adverse effects of the ex
perimental agent. An approach used in retrospec
tive studies has been to evaluate attributable mor
tality by matching a patient group of interest with 
unexposed control subjects who share other po
tentially confounding comorbid conditions (see 
later section). However, adequate randomization 
procedures should accomplish the same objective 
in a prospective study. 

Measures of morbidity can serve as useful out
comes for lCU-based studies. Such measures in
clude rates of objectively defined complications, 
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duration of therapy or ICU stay, or aggregate 
measures of organ failure or organ dysfunction. 
Length of ICU stay is a simple measure of mor
bidity that correlates with ICU costs. As a study 
endpoint it suffers from two major deficiencies: it 
is commonly affected by variables other than se
verity of illness (for example, the availability of 
ICU beds or the demands of the admitting phy
sician or the patient's family), and it is often 
shorter for patients who are sicker and die in the 
ICU. There is increasing interest in the use of 
objective measures of organ dysfunction as an 
endpoint for ICU studies,32-34 but experience with 
these is limited. Measures of morbidity carry a 
significant risk of bias and are most reliable when 
the individual determining the outcome is blinded 
to the intervention. 

Disease-Specific Outcomes 

Disease-related outcomes are appropriate for 
physiologic studies or for hypothesis-generating 
studies to establish preliminary data for larger 
studies of clinical efficacy. These endpoints gen
erally entail objective biochemical, physiologic, or 
radiographic measurements, rather than measures 
of clinical effect. Such measures can be both more 
sensitive to change and more objective in their 
definition. However, it must be remembered that 
the mere detection of a biologic effect does not 
imply clinical benefit or harm. 

Study Designs 

Two factors-random error and systematic error 
or bias-introduce uncertainty into the results of 
a scientific investigation; the rationale for a rig
orous study methodology is to minimize their in
fluence. Random error reduces the accuracy of an 
observation, whereas bias limits its applicability. 

Random error arises as a result of intrinsic bio
logical differences between individuals and the in
herent inaccuracies of measurement techniques. 
The effects of intrinsic biological variability are 
minimized by the selection of a homogeneous 
study population and by maximizing the sample 
size. Precise definition of study endpoints can re
duce measurement error, as can the use of sensi
tive and accurate measurement techniques. For 

example, if our objective is to determine whether 
inhaled surfactant can prevent the development of 
ARDS, random error will be minimized if we 
study as large a population as feasible, using cri
teria that will eliminate unwanted patient hetero
geneity and yield a patient group that is uniformly 
at high risk for the endpoint of interest. Mea
surement error will be reduced if our study end
point is a sensitive functional measure of gas ex
change or compliance rather than, for example, 
the blinded grading of chest X ray changes. 

Systematic error or bias arises through the un
recognized influence of a variable other than the 
one being explicitly evaluated. Bias is minimized 
through adherence to principles of optimal trial 
design, including random assignment of the ex
perimental intervention and blinding of therapeu
tic intervention and outcome. 

A number of different study designs are appro
priate for ICU-based clinical research (Table 
52-4). For convenience, these designs can be dif
ferentiated on the basis of whether there is a con
trol group and whether there is prospective eval
uation of outcome (i.e., the outcome of interest is 
not known at the time the patient is enrolled in 
the study). 

The Randomized Controlled Trial 

The randomized controlled clinical trial is the best 
study design to minimize bias. Random assign
ment of patients to one of two or more study 
groups serves to minimize bias resulting from the 
presence of a systematic confounding variable in 
one of the groups, while blinding prevents bias in 
outcome evaluation. 

Techniques of randomization must ensure that 
the assignment of patients to study groups is truly 
random; if there are two study groups, each con
secutive patient must have a 50/50 chance of be
ing allocated to either of these groups. The use of 
a variable that is known before treatment assign
ment (e.g., initial of last name, year of birth, or 
date of admission) introduces the potential for 
bias, since the investigator can decide in advance 
whether a particular patient will be included in a 
trial. In addition, systematic bias may be intro
duced. For example, a study comparing crystal
loids with colloids in the resuscitation of critically 
ill patients allocated treatment based on which of 
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Table 52-4. Study designs. 

Control Group 

Yes No 

Prospective Randomized Natural Evaluation 
outcome controlled history 

Outcome 
known at 
study entry 

trial (cohort) 
study 

Case-control Case report 
study 

two teams was admitting patients.35 Since patients 
in one group were managed according to a clearly 
defined protocol, whereas patients in the second 
group were not, beneficial effects seen in the study 
group may well reflect the superiority of protocol
based resuscitation rather than a beneficial effect 
of the particular intervention. It has been shown 
that estimates of treatment effect are larger in 
studies in which randomization has been inade
quately concealed;36 knowledge of treatment al
location may lead to alterations in patterns of care 
that may independently affect outcome either 
positively or negatively. 

Blinding of therapy is desirable whenever pos
sible. Even if it is not possible to blind the thera
peutic intervention, outcome evaluation should be 
performed in a blinded fashion. This is particu
larly important when there is an element of sub
jective judgment involved in determining whether 
the endpoint of interest has been reached (as, for 
example, in the diagnosis of pneumonia). How
ever, even in clinical trials in which an apparently 
hard endpoint such as mortality is used, striking 
differences have been observed between the re
sults of blinded and unblinded studies,9,10 and it 
has been estimated that unblinded studies exag
gerate treatment effect by 17% compared with 
blinded studies.36 

Studies of Natural History or Prognosis 

A study of natural history or prognosis (also called 
a cohort study) evaluates a single group of patients 
followed over time. Because there is no control 
group, it is not possible to evaluate an intervention 
using a cohort design, nor to establish a cause-

effect relationship. On the other hand, a cohort 
study can provide a longitudinal description of a 
disease process in a discrete group of patients and 
is ideally suited to epidemiologic studies address
ing the natural history of a disease process or 
evaluating the prevalence of a disorder in a group 
of patients. A well-designed natural history study 
should start with an inception cohort (a group of 
patients at risk for the outcome of interest, but in 
whom the outcome has not yet occurred at the 
time of study entry) and should account for all 
patients at the study conclusion. . . 

The ready availability oflarge amounts of chm
cal and laboratory data has made cohort designs 
popular for lCU-based research. Cohort studies 
can provide important information on the preva
lence of, and risk factors for, a disease process. 
Cook and colleagues, for example, undertook a 
multiinstitutional study to define the prevalence 
of clinically important upper Gl bleeding and to 
define clinical factors identifying a subpopulation 
of patients at increased risk for bleeding.6 Their 
observation that the rate of clinically important 
bleeding has dropped below 4% in the contem
porary lCU suggests that routine stress ulcer pro
phylaxis is unwarranted, while the definition ~f a 
high-risk subgroup (patients requiring mechamcal 
ventilation for more than 48 hours or patients 
with coagulopathy) defines a population that may 
benefit from prophylaxis. 

The choice of a study population has a signifi
cant impact on the conclusions reached by a co
hort study. A recent study of the prevalence of 
significant upper Gl stress bleeding in intubated, 
hypotensive surgical patients documented a r~te 
of 7.9%,37 while in a population of postoperatIve 
cardiac surgery patients the rate was only 0.35%.38 
Generalizability is maximized by evaluating a 
large and heterogeneous group of patients; on t.he 
other hand, this heterogeneity may mask aSSOCla
tions of potential interest to the investigator. 

Equally important to the choice of a study pop
ulation in a cohort study is the careful articulation 
of definitions for study variables and endpoints. 
When stress bleeding is defined as the presence 
of coffee ground emesis in the nasogastric tube, 
reported rates of bleeding are higher than when.a 
more conservative and clinically relevant defim
tion of upper Gl bleeding such as hemodynamic 

r: fu" d 39 compromise or need lOr trans slOn IS use . 
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Ensuring data accuracy is essential to any clinical 
study but is a particularly important issue in cohort 
studies. Data collected by the patient's nurse, the 
ward clerk, or the clinical caregivers, or data ex
tracted from a retrospective review of a clinical file, 
are inevitably less reliable and complete than data 
collected by a dedicated study coordinator using a 
systematic approach and well-defined diagnostic 
criteria. Errors, omissions, and incomplete data in
crease variability and weaken associations that 
might otherwise be evident. Systematic errors 
(such as might occur when APACHE II scores are 
consistently miscalculated) introduce bias. A well
trained study coordinator, working with detailed 
data sheets, and preferably with a mechanism to 
review the data collection process and measure in
terobserver variability, provides the surest guarantee 
of reliable data. 

Case-Control Studies 

Case-control studies are commonly used to infer 
causality. Cases (patients with the outcome of in
terest) are matched on the basis of potentially con
founding variables with a group of controls who do 
not have the outcome of interest; demonstration 
of differing rates of a putative risk factor in the 
two groups suggests the possibility of a cause
effect relationship. For example, Durbin and 
Kopel studied a group of patients who required 
readmission to a surgical intensive care unit.40 

Each readmitted patient was matched by age, 
gender, unit, and diagnosis (to ensure that these 
explanatory variables were equally distributed be
tween the two groups) to a patient who was not 
readmitted. Cases were significantly more likely 
to have an increased respiratory rate and positive 
fluid balance, leading the authors to conclude that 
pulmonary failure is an important cause of read
mission and that the use of an intermediate care 
unit focusing on respiratory therapy might reduce 
rates of ICU readmission. Confirmation of this 
hypothesis would require a clinical trial, but the 
inference drawn from a much simpler and cheaper 
study design may be all that is needed to result in 
a change in practice. 

In a classical case-control study, cases share a 
common outcome of interest and are compared 
with controls to define risk factors that may ac-

count for that outcome. A variation on the case
control design permits estimation of the extent to 
which a given outcome can be accounted for by 
exposure to a risk factor: Patients with a risk factor 
of interest are matched to a control group that 
lacks that risk factor, then the outcomes of the 
two groups are compared. Martin and associates, 
for example, matched a group of patients with no
socomial bacteremia with coagulase-negative 
Staphylococci to a group of patients of comparable 
age, gender, primary diagnosis, operative proce
dure, and date of admission41 and showed an aug
mented risk of mortality (risk ratio 1.8; 95% con
fidence interval, 1.2-2.7) and an excess hospital 
stay of 8.5 days. They concluded that coagulase
negative bacteremia results in a significant in
crease in attributable morbidity and mortality, in
dependent of the risk factors that might have 
predisposed the patient to infection. 

Case-control studies are subject to bias result
ing from the unmeasured influence of some con
founding variable. The results of the study of 
Martin and coworkers,37 for example, may be ex
plained by a greater severity of illness in the cases, 
since cases were not matched by a severity-of
illness measure. Case-control designs frequently 
overestimate an effect and are primarily hypoth
esis-generating studies. 

Case Reports 

Case reports lack both a control group and a sys
tematic intervention, and the information they 
provide is limited. A report of a significant and 
unusual or unexpected complication may be im
portant for other practitioners. However, case re
ports do not pose questions and therefore can pro
vide only a description of patient outcomes. 

Ethical Issues in 
leU-Based Research 

Any ICU investigation that involves the imposi
tion of a systematic approach to patient care, or 
the performance of tests or measurements outside 
those routinely indicated for clinical care, must be 
reviewed by the institutional review board or hu-
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man ethics committee of the hospital or univer
sity. Indeed most contemporary journals will not 
even review a manuscript if it does not include an 
explicit description of the process of obtaining 
consent (or of the decision of the institutional re
view board to waive the need for consent), and 
virtually all granting agencies require the applicant 
to submit proof of ethical review before releasing 
funds. 

Clinical research in an intensive care unit gen
erally involves patients who are sufficiently ill that 
they cannot give informed consent to participate 
in a trial, and the investigator must approach a 
surrogate (commonly a spouse or other relative) 
for third-party consent. Acceptance of the prin
ciple of third-party consent for clinical research 
varies among institutions, granting agencies, and 
regulatory bodies. Many accept the principle that 
third-party consent is both ethical and appropriate 
if incompetent patients are not to be denied the 
potential benefits (both individually and as a 
group of patients) of well-done research. Others, 
however, require that consent for research be pro
vided by the potential subject, arguing that this 
provides the surest safeguard to the patient's well
being. Local approaches must be investigated be
fore undertaking ICU-based research. 

Constraints on the performance of research 
with third-party consent may significantly alter 
the results and interpretations of such research. A 
study of corticosteroids in shoc}(42 performed in 
American Veterans Administration (VA) hospi
tals required first-party consent for study enroll
ment. Baseline mortality was therefore much 
lower than commonly seen in other sepsis trials, 
and patients with encephalopathy, a population 
known to be at particularly high risk of an adverse 
outcome,43 were systematically excluded. 

Industry-funded studies in the ICU present the 
investigator with an additional potential conflict 
of interest. Since funding is based on the number 
of patients recruited into a trial (and since ongoing 
research activities in the ICU are commonly de
pendent on externally generated revenues), the 
potential exists for entry criteria to be stretched 
and for patients to be inappropriately entered into 
trials.44 Similarly, the desire of an investigator to 
recruit patients to a trial, usually as a result of a 
conviction that patients enrolled in a trial receive 
the best therapy currently available, may result in 

inappropriate patient recruitment. The scientific 
and political consequences of this transgression, 
appropriately considered to be a serious form of 
scientific misconduct, are considerable.45 The in
vestigator must be vigilant to the potential for 
such misconduct and should actively involve other 
coinvestigators or study personnel in decisions re
garding enrollment of patients in whom questions 
of study eligibility may arise. 

Implementation of ICU-Based 
Research: A Multidisciplinary 
Challenge 

ICU-based research presents a number of logis
tical as well as methodologic challenges. The reso
lution of these can be difficult but rewarding and 
commonly leads to the creation of a better climate 
for overall patient care. 

Research is only ethical if the benefits of the 
intervention are truly unknown, either because the 
intervention is experimental and untested or be
cause there is genuine disagreement among prac
titioners as to which approach is best (a state 
termed clinical equipoise). In designing a trial test
ing two different transfusion strategies, Hebert 
and colleagues first ascertained that a state of 
clinical equipoise exists among Canadian inten
sivists.46 If there was consensus preferring one 
approach or the other, regardless of how well 
grounded that consensus was, a clinical trial 
would not be clinically acceptable. 

Tensions between study personnel and the ICU 
caregivers are not uncommon. Attending sur
geons and physicians may be reluctant to consider 
their patients for experimental therapy and may 
be reluctant to allow crucial clinical decisions to 
be made on the basis of random allocation. Edu
cation and communication is the key to resolving 
these problems. Rounds and written communi
cations to clinicians whose patients might be en
rolled in a trial are a powerful tool to allay con
cerns and to garner one's colleagues as allies rather 
than as adversaries. Moreover, ongoing commu
nication throughout the trial is critical to creating 
a truly collaborative intellectual climate. 

Nursing staff, too, may feel threatened because 
a trial imposes a change in practice or an increased 
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workload, and educational efforts must address 
their concerns and priorities. It has been our ex
perience that most ICU nurses become strong 
supporters of clinical research and can galvanize 
the ICU staff to promote multidisciplinary col
laborative research, if they are convinced that the 
work will benefit patient care. Employing an ICU 
nurse as study coordinator facilitates ongoing in
teractions with the clinical nurses in the ICU. 

ICU residents must be encouraged early in 
their rotations to become active participants in the 
research process, and education is again the key 
to success. Residents occupy a critical role in the 
research process, because they are often the first 
to make management decisions and as a result can 
identify suitable patients for a trial. Conversely, 
residents may institute measures that render a po
tential study patient ineligible for study if they are 
not recruited as active participants in the research 
process. 

Pocket cards outlining entry and exclusion cri
teria for clinical trials, posters publicizing ongoing 
research projects, and teaching rounds are all im
portant tools in raising the profile of ICU-based 
research and of winning the maximal support of 
the ICU team. Ideally, research should become an 
intrinsic part of the ICU routine, to be reviewed 
during clinical rounds and integrated into an over
all objective of providing the best possible clinical 
care. 

Multicenter ICU Research: 
A Canadian Model 

Multicenter clinical trials are the best vehicle to 
maximize the generalizability of an investigation 
and to permit its completion in a timely fashion. 
Clinical research in oncology and cardiovascular 
sciences has been immeasurably aided by the es
tablishment of cooperative multicenter groups that 
define important questions for study and mobilize 
resources for large-scale investigation. Although 
industry-funded studies have led to the develop
menf of multicenter collaborative interactions, the 
focus of these has been the investigation of a single 
commercially exploitable agent or device. In con
trast, ongoing peer-driven multicenter ICU re
search collaborations have been few. 

An exception, and a model for collegial aca
demic interaction, has been the Canadian Critical 
Care Trials Group (CCCTG). Founded in 1989 
by a group of academic intensivists under the aus
pices of the Canadian Critical Care Society, the 
CCCTG has emerged as a powerful vehicle for 
developing and conducting high-quality ICU
based clinical research. The organization has at
tracted intensivists from most of the major aca
demic centers in Canada, as well as a number of 
individuals with independent expertise in epide
miology, clinical trials design, and biostatistics. 
Through semiannual general meetings, the mem
bership reviews proposals for studies, critiques 
study design, and facilitates interinstitutional aca
demic collaboration. Sponsorship by the CCCTG 
has been viewed favorably by funding agencies, 
which has permitted the group to publish trials 
addressing the rates of, and risk factors for, clini
cally important GI bleeding in the ICU,6 the op
timal threshold for the transfusion of packed red 
blood cells in ICU patients,47 and attitudes ofCa
nadian practitioners to the withdrawal of life sup
port.29 Four more large multicenter studies are in 
progress, with additional projects in varying stages 
of development. 

Collaborative multicenter research presents a 
number of challenges-geographic, logistical, and 
political. But the rewards are great. Research 
questions can be designed by the intensivist based 
on scientific and clinical interest rather than com
mercial potential. The intellectual stimulation de
rived from the interactions of a group of com
mitted investigators is invigorating, and the 
availability of a large number of patients for study 
makes investigations both feasible and valid. 

Conclusion 

ICU-based research presents unique challenges 
and opportunities to the investigator. Challenges 
stem from the complexity of the clinical disorders 
present, the heterogeneity of the patient popula
tion, and the ongoing demands of the clinical care 
of critically ill patients. But intensive care units 
treat problems on the frontiers of medical possi
bility and, in the process, generate enormous 
costs. ICU-based research must continue to ex
pand in scope and improve in caliber if the clinical 
resource is to be used optimally. 
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Commentary 

There are many ways to categorize clinical re

search; one method is to identify the locus of the 

studies. The fundamental principles and methods 

of clinical research are well defined in this text

book. On the other hand, experiments in each 

environment have their own set of challenges. Dr. 

Marshall and colleagues explain with great clarity 

the unique aspects of research conducted in an 
intensive care unit. Informed consent in critically 

ill patients, definition of endpoints when so many 
of the disease processes are multifactorial, and 
separating the effects of an intervention in such 
complex illnesses are special problems in leU re
search. From an economic viewpoint interven
tions performed in leU settings, though poten

tially lifesaving, are frequendy costly. Thus, 
conclusions drawn from studies performed in the 
leu have potential major economic and social 

impact. Acquiring sufficient numbers of compa

rable patients in order to make meaningful com

parisons is a problem requiring cooperative studies 

between different intensive care units. After read

ing this chapter carefully I came to appreciate an 
aspect of leU research that I had not previously 

considered. Given the critical nature of patients 

in such environments, a remarkable level of trust 

between families and physicians must exist; one 
of the important ingredients for successful leU 
investigation is an investigator-physician who 
cares not only for patients but for their families. 

A.S.W. 
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Patient care, teaching, and research are the tra
ditional functions of an academic unit. Of these, 
education has long been the orphan child of aca
demic surgery, receiving less prestige and support 
from the department than other areas. Recendy, 
however, departments of surgery have begun to 
recognize the role of educational research and 
leadership in the development and maintenance 
of a dynamic, well-rounded department. Progres
sive departments have directed energy and re
sources toward the enhancement of educational 
practice, leading to the emergence of a formal role 
for the surgeon-educator and the practicing sur
geon with a scientific approach to the teaching 
and learning process. 

Research in the basic science and clinical arena 
has the goal of advancing frontiers of knowledge 
and ultimately enhancing patient care. However, 
"the work ... becomes consequential only as it is 
understood by others."l Antman and colleagues2 

have demonstrated that more than 10 years may 
pass between proof that a clinical intervention is 
beneficial and its appearance in standard text
books as accepted therapy, implying that an im
portant step in the dissemination of knowledge is 
missing. At a time when surgical knowledge is 
rapidly expanding, surgical education research 
may enable us to bridge the gap and enhance the 
translation of research findings into the clinical 
care of surgical patients. 

Changes in health care delivery are affecting 

surgical education dramatically. For example, sur
gical departments need to restructure their teach
ing programs to accommodate education in the 
outpatient setting. Departments of surgery with a 
strong focus in education can anticipate, evaluate, 
and respond to the effectiveness of change. Re
search on how programs can best respond and 
adapt to changing learning needs is also required. 

A surgeon with expertise in education is able to 
identify the important issues in surgical training 
at each stage of the learning continuum, to pose 
meaningful research questions, and to take a 
proactive role in anticipating the direction of 
change in the future. The goal of research in sur
gical education, like that of all surgical research, 
is ultimately to enhance surgical practice. 

Surgical education research may involve any 
stage of learning in surgery, from undergraduate 
training to continuing education. Surgical edu
cation as a discipline is still relatively new, and in 
most areas research opportunities abound. Fol
lowing are some of the focal points of current re
search in surgical education. 

Curriculum 

Traditional surgical curricula have been left largely 
to chance. The patient population on the hospital 
ward determined the learning opportunities for 
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students at all levels. The apprenticeship model 
assumes that a broad spectrum of surgical prob
lems will be encountered in the hospital, ulti
mately leading to a comprehensive surgical learn
ing experience. This haphazard approach to 
curriculum planning is not in the best interests of 
students. The curriculum should provide a road 
map, outlining realistic expectations of what stu
dents should be able to do on completion of a 
course of education. 

In designing a curriculum, one of the first steps 
is to carry out a needs assessment. A learning need 
is the gap between the current and optimal com
petence or performance. Needs assessments have 
been an important component of curriculum re
search at the undergraduate and postgraduate lev
els. For example, a study of the learning needs of 
surgical residents asked surgeons who had recently 
graduated from general surgery programs in 
Canada to identifY areas in which they felt their 
programs had not adequately prepared them. 
Communication skills were a widely cited area of 
deficiency.3 

In continuing medical education, an important 
function of program design is to identifY true 
learning needs, enabling programs to target defi
cits most effectively. Surveys, practice audits, pre
and posttests, and local epidemiologic data are all 
tools that can be used in research on learning 
needs. This type of research can lead directly to 
modification of programs to meet the needs of 
participants. 

Research in curriculum development and plan
ning at all levels of surgical training is needed to 
enable us to identifY learning needs and develop 
programs that are able to meet those needs. 

Assessment of Competence 

Accountability of the profession to the public, 
with pressures to ensure that licensure and certi
fication decisions are valid, has generated interest 
in the assessment of competence. Although the 
ability to ensure a candidate is capable of handling 
all aspects of job-related problems is an important 
aspect of certification and licensure decisions, 
these decisions have traditionally relied only on 
the assessment of cognitive skills. When evalu-

ating an examination, one must assess whether the 
tasks required on the examination are related to 
competent performance on the job, with validity 
checks ensuring there is a relationship between 
what is assessed in the evaluation and what con
stitutes the profession's theory of competence or 
what will be expected of the practitioner in day
to-day functioning. 

Evaluation techniques include ward ratings, writ
ten tests such as multiple-choice examinations, oral 
examinations, and, more recently, performance
based assessments such as the Objective Struc
tured Clinical Examination (OSCE) and its vari
ants. Research in assessment has focused 
primarily on the psychometric properties (the re
liability and validity) of these evaluation tools. 
The reliability of a measurement tool can be de
scribed as the consistency, stability, or repeatability 
of the measurement. Validity asks whether the test 
actually measures what it says it is measuring. Re
liability is necessary but not sufficient for validity. 

Despite the great amount of literature that has 
been developed in the area of assessment, valida
tion of methods, especially in relation to how well 
test results predict performance in practice, has 
not been well established. Those interested in as
sessment research require familiarity with the 
concepts of reliability and validity, because they 
are the primary means by which a testing tech
nique is judged. 

A starting point in the development of research 
on assessment is to examine the goals and objec
tives of a program and to determine which ones 
are not evaluated in the current system of assess
ment. Areas such as ethics, communication skills, 
and technical skills are most poorly evaluated at 
present. The next step is to decide which of the 
various examination formats would be most suita
ble to evaluate the objectives in question. An ex
amination can then be developed and tested to 
determine its reliability, validity, and feasibility. 

Clinical Teaching 

Evaluations of effective clinical teaching in the 
health professions have asked students to identifY 
teacher characteristics and behaviors they find ef-



fective. For example, Irby4 found six dimensions 
of effective clinical teachers via factor analysis of 
a survey: organization/clarity, enthusiasm/stimu
lation, knowledge, clinical supervision, clinical 
competence, and group instructional skills. Ullian, 
Bland, and Simpson5 summarized the survey lit
erature as identifYing four major roles of the clini
cal teacher: physician (role model), supervisor 
(provides opportunity for performance and gives 
feedback), teacher (selects, organizes, and gives 
information), and person (interpersonal/human
istic qualities). 

Studies have focused primarily on clinical 
teaching in the ward setting. With changes in 
health care delivery, emphasis on ward teaching 
has diminished because patients are often not ad
mitted preoperatively and are in the hospital for 
shorter periods of time. For surgical teaching, this 
has led to an increased importance of other teach
ing locales, including ambulatory clinics and the 
operating room. Only one study has specifically 
addressed teaching behaviors in the operating 
room.6 This study found differences between resi
dent and student preferences for teaching behav
iors, with very specific items, such as letting the 
learner feel the pathology emerging, being im
portant in operating room teaching. 

Observational studies of clinical teaching have 
focused on teaching internal medicine in the ward 
setting, with Mattern and coworkers7 and lrbt,9 
using observations of teachers and interviews to 
determine which behaviors were most effective. 
Mattern and colleagues found that listening to 
case presentations, managing a case discussion, 
presenting didactic talks, making bedside visits, 
and approaching psychosocial issues were all im
portant in ward teaching. lrby focused on plan
ning, interactive thinking within rounds, and re
flecting on rounds as behaviors used by effective 
teachers. Preplanned curriculum scripts were also 
seen as an important component of ward teaching. 
lrby characterized the forms of knowledge used 
by expert teachers, which were felt to be context 
specific. Although these two studies have many 
implications for surgical teaching, they occurred 
in the context of ward rounds, in which consid
erable time was purposely set aside for case dis
cussion and didactic presentations. This setting 
varies substantially from the typically rapid ward 
rounds that occur before work in the operating 
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room on a busy surgical service, in the operating 
room setting, and in the busy surgical clinic with 
patients scheduled every 15 minutes. The teach
ing effectiveness literature in education has found 
that teacher characteristics or attributes successful 
in one setting may be very different from those 
required in another setting. lO Teacher effective
ness is likely very context and subject specific. A 
replication of the research of lrby and Mattern 
and colleagues done in surgical settings would be 
useful in outlining effective surgical teaching. 

Research on clinical teaching has yielded in
formation on valuable teaching behaviors, and 
many research opportunities exist for similar re
search specific to surgical settings. The way in 
which effective clinical teachers, and especially ef
fective surgical teachers, incorporate teaching be
haviors into their everyday activities has not been 
well established. Pressures such as the shift toward 
outpatient care have necessitated a change in the 
locale and focus of clinical teaching. Research 
with a focus on how to enable the surgical teacher 
to maximize the learning resources available 
would be invaluable. 

Faculty Development 

Faculty development can take several different 
forms, with the short workshop being the most 
widely used method. The focus of studies in the 
faculty-development literature has been descrip
tive, with the intent of aiding others in their own 
efforts. 

Despite the widespread use of faculty-devel
opment interventions, outcome measures of their 
efficacy in changing teaching behaviors are lim
ited. Evaluation of faculty-development efforts in 
the medical education literature has relied pri
marily on ratings by the workshop participants or 
knowledge gain of participants. Studies measur
ing changes in performance by either observations 
of teachers or by student evaluations of teaching 
before and after faculty-development efforts 
would be very useful. 

For the surgeon with an interest in faculty de
velopment, many research opportunities exist. 
More information is needed on how to assess the 
learning needs of faculty before designing work-
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shops. Descriptive studies of interventions that 
have been successful also have a role to play. The 
development of outcome measures to assess the 
impact of interventions on participants has wide 
applicability, not only in the area of faculty de
velopment for teaching but also for more general 
continuing medical education. 

Continuing Medical Education 

In an address entitled "The Importance of Post
Graduate Study," Osler stated: "More clearly than 
any other, the physician should illustrate the truth 
of Plato's saying ... education is a lifelong process. 
Undergraduate education can provide direction, 
but is not enough, furnishing an incomplete chart 
for the professional voyage, and little more."l1 The 
need for professionals to engage in continuingedu
cation to maintain or enhance their knowledge, 
skills, and attitudes is self-evident; however, the 
optimal systems to encourage or enforce physician 
involvement in continuing medical education and 
the best methods to deliver and to monitor its out
come have not been established. The explosion of 
medical information over the last 50 years has 
meant that much of what one learns in medical 
training is out of date within a decade of leaving 
formal education programs. Thus, the pace of 
change dictates that lifelong learning will be the 
most important part of the education continuum. 

In surgery, continuing education is particularly 
important, with new tools such as video tech
nology and robotic surgery requiring skills that 
may not have been taught during residency. The 
challenge for surgeons and surgical educators is to 
develop, implement, and evaluate programs to aid 
in the transfer of new knowledge and new skills. 
Research in the efficacy of these programs is vital, 
as is research on how well skills transfer from the 
laboratory to the clinical setting. At this time, re
search programs with this focus are in their in
fancy. Researchers with an interest in this area 
could have a major impact on the development of 
programs to assist in the transfer of new skills in 
the future. 

In a study of the change and learning in medical 
practice, Fox and coworkers12 showed that the ma-

jority of physicians regularly engage in systematic 
processes to change their practice. Forces for 
change included personal (curiosity, desire for 
well-being) and social (regulations, peer relation
ships) issues; however, most changes in practice 
were driven by the desire to deliver health care 
more competently. This study found that learning 
varied, depending on the force for change. When 
change was prompted by the desire to provide bet
ter patient care, learning was more likely to be di
rected at solving clinical problems than if the force 
for change was either personal or social. These 
findings often have not been considered when de
signing continuing education experiences. 

Reviews of the literature on results of continu
ing medical education programs have found that 
voluntary formal programs have an effect on the 
physician's ability to perform well on cognitive 
tests that follow the course, but the evidence for 
changes in actual clinical performance or health 
care outcomes has been relatively weak.n Tradi
tional courses that rely on the dissemination of 
information only are the least likely to result in 
performance changes and have little or no effect 
on health care outcomes. Programs that function 
in the practice site of the physician, providing en
abling features such as patient information, are 
more likely to lead to changes in clinical perfor
mance, as are programs that provide specific feed
back to the clinician on his or her practice pat
terns. Multifaceted programs providing all of 
these elements, especially those that include a 
chart or performance review, are the most likely 
to lead to changes in both physician behaviors and 
health care outcomes. 

In view of the energy and resources allocated 
to continuing medical education, further research 
is needed on the learning of physicians in prac
tice, how to identify the learning needs of prac
titioners, the types of interventions most bene
ficial, and the outcome of continuing education 
programs. Despite rapid advances in surgical 
knowledge and technology, continuing education 
in surgery has received little attention. Research 
in areas such as how to maintain competence, 
how to implement new technology safely on a 
broad scale (e.g., laparoscopic surgery), and how 
to measure the impact of journals, meetings, or 
courses is needed. 



Formal Training 
in Medical Education 

Increasingly, departments of surgery are recogniz
ing the need for surgeons with training in edu
cation and recruiting surgeons with specific skills 
in this area. Surgeons can increase their knowl
edge base in education through many forums, 
ranging from 2-hour workshops to formal fellow
ship training leading to a master's degree in edu
cation. 

For the academic surgeon who has teaching re
sponsibilities, but whose primary research interest 
is in the basic or clinical sciences, short workshops 
or courses aimed at developing basic teaching 
skills may be most appropriate. As an introduc
tion, 2-hour to full-day workshops on issues in 
education are offered at the annual meeting of the 
Association for Surgical Education. The Ameri
can College of Surgeons also offers a week-long 
postgraduate course on issues in education de
signed for the academic surgeon. The Association 
for Surgical Education has recently begun a Sur
gical Education Research Fellowship. Fellows at
tend a short course on research methodology 
given in conjunction with the annual meeting. 
They are then assigned a mentor and, with the 
mentor's assistance, develop and implement a re
search project in education. The fellowship is in
tended to provide encouragement and assistance 
to those isolated from other surgical education re
searchers. 

For the surgeon whose primary academic in
terest is education, a formal fellowship program 
leading to a master's degree is recommended (Ta
ble 53-1). Most master's degree programs provide 
a broad foundation of knowledge in medical edu
cation and emphasize the skills required to de
velop and implement educational research proj
ects. A typical program will include courses in 
cognitive psychology, research design and meth
odology, statistics, curriculum design, and adult 
learning, assessment (including psychometrics), 
and evaluation. 

For the practicing surgeon who is unable to 
pursue a master's degree on a full-time basis, the 
University of Illinois program in Chicago may be 
most appropriate. This program allows for short 
periods of full-time attendance, followed by re-
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Table 53-1. Master's degree in medical/health pro
fessional education. 

Medical school 

Laval (Ollebec) 
Toronto 
Michigan State University 

(Ann Arbor) 
Southern Illinois/ 

Sangamon State 
(Springfield) 

University of Illinois 
(Chicago) 

University of Washington 
(Seattle) 

Bobigny (Paris) 
Centre for Medical 

Education (Dundee) 
University of Limburg 

(Maastricht) 
University of New South 

Wales (Sidney) 

Contact person 

Dr. Helene Leclere 
Dr. Richard Reznick 
Dr. Robert Bridgham 

Dr. Linda Distlehorst 

Dr. Georges Bordage 

Dr. Charles Dohner 

Dr. R. Harden 

Dr. H. Schmit 

Dr. Ari Rotem 

search in the home institution. For surgeons in
terested in pursuing a master's degree on a full
time basis, the University of Toronto has a 
fellowship in conjunction with the department of 
surgery. 
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Commentary 

This provocative chapter serves as a primer in an 
emerging field of surgical research. Many univer
sities have recently established promotion and 
tenure tracks that recognize education that is val
ued equally with the traditional research pathway. 
Evaluating and rewarding faculty for teaching re
quires assessment of their teaching skills and the 
extent of learning by residents and students. The 
current objective examinations leave much to be 
desired. The development of new tools for knowl
edge assessment will bring a more structured ap
proach to surgical education. It is not yet clear 
which techniques are effective in promoting life
long inquisitiveness, surgical expertise, and the 
synthesis of the many skills required to be a safe 
and effective surgeon. As economic constraints 
diminish the time allowed for residency training, 
traditional methods that have been set more by 
dogma or belief are being challenged. The devel
opment of credible research methodology in sur
gical education, especially in the evaluation of in
animate models for teaching and testing technical 
skills, is timely and welcome. 

A.S.W. 



CHAPTER 54 
~) 

The Nature of Surgical Research: 
Phenomenology to Molecular Biology 
and Back 
A.S. Wechsler, with M.P. McKneal1y 

Most research is stimulated by observation of an 
interesting phenomenon. The task of the inves
tigator is to discover the root causes of important 
phenomena by developing a series of testable hy
potheses. Fragmentation of the phenomenon into 
definable, separately analyzable components is 
part of the scientific process. However, as this 
process unfolds, the new phenomena encountered 
in turn become the focus of further inquiry. 

Research proposals submitted by surgeons are 
frequently criticized as "mere phenomenology." 
Phenomena are objects or events, not root causes. 
They frequently occur in isolation from surround
ing events; they are not necessarily the logical con
sequence of antecedent constructs, nor do they 
necessarily produce easily predictable, definable, 
or logic-based consequences. They are things unto 
themselves. 

"What if . . . ? tt 

By nature, surgeons enjoy tinkering to alter the 
status quo; they are action oriented and attracted 
to inquiry based on permutations of reality, par
ticularly those they can introduce using surgical 
interventions. Many surgical investigations are lit
tle more than "projects" stimulated by a particu
larly vexing clinical problem. The problem may 
be reproduced in the laboratory to allow a super-

ficial permutation frequently preceded by the 
question "what if" rather than an analytic one. 
Phenomenologic research is often the conse
quence of having a research tool or technique in 
search of a use: What if we try this technique for 
that problem? Phenomenologic research is clearly 
distinct from hypothesis-driven research. Follow
ing are some examples: 

1. An investigator develops a microsampling 
technique for assessing catecholamine levels in 
tissue. The investigator wonders about the 
catecholamine content in a variety of tissues 
and generates a proposal to biopsy muscle, 
liver, and parathyroid gland to determine cate
cholamine content. This study would yield re
sults that may be quite precise and accurate, 
and someone may even publish it. But it sorely 
lacks a purpose other than to utilize the tech
mque. 

2. Another surgeon-investigator observes that 
manipulation of the parathyroid gland is as
sociated with an increase in blood pressure. 
Hypothesizing that catecholamines may be re
leased from the gland during manual com
pression, he or she designs an experiment that 
tests this hypothesis by measuring catechol
amine content in the gland and in the venous 
effluent from the gland before and after ma
nipulation. This experiment is appropriate and 
hypothesis driven and may advance us toward 
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understanding the root cause of the phenom
enon observed. 

3. A surgeon who is curious about gastrointesti
nal (GI) function wonders about the impact of 
reversing a segment of ileum in situ. Several 
tests will be performed to support this obser
vational experiment. It is not likely that any
thing useful will come from these studies be
cause there is no clear rationale to explain why 
the experiment is to be performed. Alternately, 
another surgeon-investigator interested in 
slowing the rate of peristaltic transit in the GI 
tract reasons that reversing a segment of bowel 
may accomplish this purpose. An experiment 
designed to test this hypothesis, with appro
priate tools that focus on assessing this particu
lar outcome (i.e., transit time), is a more rea
sonable experiment. 

4. A surgical investigator proposes to transplant 
a liver to the neck of an experimental animal 
to see whether the liver will work. This experi
ment is an interesting technical challenge but 
lacks a clear purpose. Another investigator may 
wish to perform the same experiment to see 
whether the innervation of the liver influences 
its function. The latter investigator is more 
likely to make a meaningful contribution to
ward the understanding of liver function. 

The Hypothesis and the Link 
to Reason 

In each of these examples, there is a probability 
of meaningful information being generated. 
However, research grants come from a limited 
pool of resources, and reviewers believe there is a 
far higher probability for scientific advancement 
when experiments have defined purposes that test 
clearly formulated hypotheses. The probability is 
increased if the investigator can articulate a clear 
vision of how the proof or refutation of the hy
pothesis can be linked to current reasoning about 
the problem. This logical connection is analogous 
to recognition of pieces of a puzzle that will ad
vance the task of completing the picture, "linking 
facts to reason, and creating the opportunity to 
advance knowledge."1 

Defining a specific hypothesis to test does not 

necessarily make the research important. Investi
gations that are not phenomenologic should lead 
to an appropriate conclusion that would define a 
logical continuation of the study or provide an an
swer that will terminate a line of inquiry. 

Layers of Phenomena 

Confounding this approach is the parallel devel
opment of knowledge and technology that makes 
what seemed to be very basic root causes into phe
nomenological observations when they are viewed 
in the light of new information. It is humbling to 
look back over a career of investigation and to 
realize seemingly analytic experiments based on 
thoughtful hypotheses frequently did not yield re
sults that defined root causes. How should we 
think about this inescapable aspect of long-term 
investigations? The following examples may help 
to analyze the problem. 

Root Causes 

More than 20 years ago my colleagues and I were 
committed to developing an understanding of the 
pathogenesis of ischemic injury to the myocardium 
during cardiopulmonary bypass and during periods 
of induced arrest of blood flow to the heart without 
cardioplegia. We pursued the fundamental hypoth
esis that alterations in blood flow to the myocar
dium during cardiopulmonary bypass were instru
mental in causing subsequent impairment of 
myocardial performance. We argued that intracel
lular levels of high-energy phosphates and their in
termediates were important determinants, as well 
as markers of cell injury, and that alterations in 
myocardial energetics and blood flow would ulti
mately be reflected in cardiac performance. Using 
a series of animal models, we created anatomic col
laterals for occluded coronary arteries. We assessed 
coronary blood flow and measured intracellular 
high-energy phosphate levels and cardiac function. 
We utilized cardiopulmonary bypass as an inter
vention and manipulated perfusion pressure and 
the state of the heart (asystole, empty, beating, ven
tricular fibrillation). We produced brief periods of 
ischemia and reperfusion. We tested the hypothesis 
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that pharmacologic agents used to support central 
nervous system and renal performance during car
diopulmonary bypass adversely affected coronary 
blood flow. 

In a series of manuscripts, we presented our find
ings confirming the adverse effect of a-adrenergic 
agonists on coronary blood flow during cardio
pulmonary bypass, the deleterious impact oflow 
perfusion pressures on distribution to subendo
cardial heart regions supplied by collateral blood 
flow, the maldistribution of blood flow that oc
curred in hypertrophied hearts subjected to car
diopulmonary bypass, the absence of appropriate 
reactive hyperemia in the subendocardium of 
myocardium supplied by collateral coronary arter
ies, and the energetic and functional impairment 
associated with each of these phenomena.2- 12 Our 
research appeared targeted and hypothesis driven 
and led to modifications in the way clinical car
diopulmonary bypass was practiced. It sounds 
quite analytic now and seemed even more so at 
that time (the early 1980s). However, one could 
argue that our observations were also phe
nomenological in that we had not fully identified 
root causes. We did not know about the root 
causes of the 1990s, such as endothelin and nitric 
oxide; their roles had not yet been discovered. 

Changes in Technology 
and Practice 

As these early works were being completed, the 
clinical conduct of cardiac operations was chang
ing. The model we had chosen appeared less rele
vant because cardioplegia was reintroduced, 
lengthening the duration of ischemic intervals to 
periods of 1 to 2 hours. We had been measuring 
the effects of ischemic periods of only several 
minutes. Reperfusion of the heart was occurring 
in an environment of corrected coronary anatomy, 
and the dangers of ventricular fibrillation in 
poorly controlled physiologic settings that had led 
to myonecrosis (lack of venting of the heart, low 
perfusion pressures) were now understood. Myo
necrosis had been replaced with myocardial stun
ning as the primary deleterious consequence of 
ischemia and reperfusion. Myocardial stunning is 
a form of postischemic damage to the heart that 

may be very severe but is completely reversible. It 
was associated with both systolic and diastolic 
dysfunction; the exact mechanisms were elusive. 
Free oxygen radicals had been implicated, as had 
abnormalities of calcium flux. The role of high
energy phosphate degradation was uncertain. 

Stunned Cells 

To study stunned but viable myocardial cells, our 
next period of investigation utilized models of 
global ischemia. We occasionally induced myo
cardial injury by a brief period of ischemia fol
lowed by a much more sustained period of ische
mia "protected" by cold or by various cardioplegic 
admixtures. Because we were working more and 
more at the cellular level, it was necessary to de
velop expertise that would complement our well
established techniques for assessing myocardial 
function. I was fortunate to formalize my collabo
ration with Dr. Anwar Abd-E1fattah, a superb 
myocardial biochemist who understood clinical 
problems and who remains a close collaborator 
today. Dr. Abd-Elfattah developed techniques for 
analyzing minuscule samples of myocardial tissue, 
allowing us to study patient hearts and to do re
peated sampling of experimental animal hearts. 
Based on the work of others, we formulated hy
potheses postulating that delayed recovery of 
myocardial function after ischemia is the conse
quence of loss of adenosine, an important precur
sor to high-energy phosphates. Perhaps we were 
getting close to a root cause. 

During the next several years our research 
moved to the cellular level by using intracellular 
biochemistry to specifY events in the cell that we 
could relate to regional and global studies of ven
tricular performance. We made a series of inter
esting observations that were the consequence of 
careful hypothesis testing: 

1. Myocytes lost high-energy phosphates when 
exposed to ischemia, and recovery was corre
lated with the restoration of high-energy ph os
phate levels to about 50% of baseline. 

2. Adenosine was rapidly lost from myocytes in 
ischemic hearts and rapidly degraded to ino
sme. 
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3. Antioxidants diminished the deleterious con
sequences of stunning. 

4. Inhibition of adenosine nucleoside transport 
favored accumulation of adenosine over ino
sine and greatly diminished myocardial stun
ning after ischemia, while accelerating recovery 
during reperfusion.13- 25 

In reviewing the results of this period of inves
tigation, I was disappointed to recognize that 
many of these studies were still descriptive rather 
than analytic. Although the data were derived 
from experiments focused on the testing of hy
potheses, the studies were still pragmatic obser
vations of related phenomena; however, they did 
not provide an adequate enough fundamental un
derstanding of the processes involved. This was 
frustrating because the laboratory had made the 
transition over a lO-year period from whole ani
mal work to experiments designed to understand 
events at the tissue and cellular level. Moreover, 
our continuing referral back to the clinical envi
ronment was frustrating in that we knew the 
problems we were trying to understand, on the 
surface at least, were getting solved by approaches 
that short-circuited full understanding of the 
physiology. We did not fully understand the injury 
induced by ischemia and reperfusion, but we knew 
that the addition of certain substrates and the use 
of certain methods of reperfusing hearts after a 
long period of ischemia ameliorated the injury. In 
a sense, tinkering and phenomenology were 
working. What, then, was the motivation to fur
ther our fundamental studies? Some fundamental 
studies showed free oxygen radicals to be root 
causes of injury, and many laboratory investiga
tions suggested a therapeutic role of free oxygen 
radical scavengers, but clinical studies were not 
supporting their use. 

In the research arena, amelioration of ischemic 
injury by attempts. to capitalize on endogenous 
cardioprotection was becoming more prevalent in 
the literature. Specifically, heat shock proteins 
were shown to be highly protective against ische
mic injury. The new phenomenon was identified 
as ischemic preconditioning. In ischemic precondi
tioning a brief period of ischemia and reperfusion 
that did not produce significant myocardial injury 
gave experimental hearts enhanced tolerance to a 
much longer period of ischemia and reperfusion. 

In hearts that were ischemically preconditioned, 
myonecrosis was drastically reduced and cardiac 
function was preserved. The chemical basis for 
ischemic preconditioning was unknown, and the 
way in which this phenomenon might relate to 
our own studies for ischemia and reperfusion was 
unclear. 

As our studies continued, we observed that is
chemia and reperfusion were associated with spe
cific abnormalities of calcium uptake by the sar
coplasmic reticulum and that mitochondrial 
function was impaired after ischemia and reper
fusion. The documentation of specific abnormali
ties in myocardial subcellular function led us to 
the conclusion that we would have to develop the 
techniques necessary to explore alterations in 
myocardial performance at the molecular level in 
order to exit the realm of observational science 
and phenomenology. To achieve our goal of de
veloping hypotheses that would lead to experi
ments that would provide "root" understanding of 
the etiology of global ischemic dysfunction, we 
needed to go to the next level. 

Molecular Biology 

Dr. Mimi Jakoi became an additional collaborator 
who shared her expertise in the tools of molecular 
biology as we approached solving this problem to
gether. We focused heavily on highly controlled 
models utilizing isolated organ techniques de
scribed in Chapter 49 of this textbook. Drs. Yeh 
and Entwistle brought to the laboratory their ex
pertise acquired in the course of doctoral studies 
in physiology with a heavy focus on molecular 
mechanisms of myocardial dysfunction. Certainly 
bringing our studies to the level accessible with 
the tools of molecular biology (such as Northern 
blotting and differential displays) should allow 
elucidation of the most fundamental aspects of 
our queries. Moreover, such an approach appeared 
logical. The time course of stunning suggested 
that the delay in functional recovery might be the 
consequence of altered gene programs responsible 
for subcellular elements necessary for cardiac con
traction. 

These studies required an unusual approach. 
Studies performed by molecular biologists fre-
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quendy focus on the single occurrence of an event 
or the isolation of a single nucleic acid sequence 
or gene product-a deterministic, reductionist ap
proach. In our unique experimental environment 
the hypotheses that we wished to test required 
interventions that had functional consequences of 
varying predictability in experimental models of 
varying stability. We were dealing with a complex 
system. To minimize variability we kept our ap
proach simple. We used an isolated blood-per
fused rabbit heart with an isovolumic balloon as 
our model. We created a period of ischemia until 
a specific physiologic endpoint (10 mm Hg of 
contracture pressure) had been achieved and then 
reperfused the hearts. Experiments were termi
nated after 2 hours of reperfusion, and functional 
data were recorded. Hearts underwent RNA iso
lation and were probed with specific nucleic acid 
sequences from specific target genes. Using this 
approach we had to make best-guess hypotheses 
concerning the genes that might be affected, but 
we did so based on studies of sarcoplasmic retic
ulum that suggested disorders in the function of 
this cellular substructure. 

Our studies demonstrated abnormalities in the 
messenger RNAs that controlled coding for pro
teins involved in three aspects of sarcoplasmic re
ticular function. These aspects included the gene 
responsible for releasing calcium, a regulatory 
protein that influenced the calcium uptake chan
nel, and the gene controlling the system respon
sible for calcium uptake. Remarkably, some genes 
expressed more messenger RNA while others de
creased it, providing what we chose to label "dis
coordinate gene expression" as a consequence of 
stunning. We observed the sharp rises in heat 
shock genes induced by myocardial injury and saw 
alterations in proto-oncogenes that served as im
portant nuclear transcription factors. 26-39 

Did we achieve our goal? In the beginning of 
this chapter I addressed the criticism of surgical 
research as being phenomenological rather than 
analytic. I defined two common errors. The first 
was failure to generate a testable hypothesis. The 
other route to phenomenology was to ask ques
tions of too superficial a nature and by doing so 
fail to achieve a sense of the root cause of physio
logic events. It is an interesting and humbling ex
perience to review one's own work. At each stage 
the investigations were based on reasonable 

hypotheses and employed valid scientific methods 
for testing. Changing elements in the clinical en
vironment were a frequent cause for shifts in di
rection. With the evolution of new laboratory 
tools, scientific information once identified as 
endpoints became new starting points. 

In the small dimensions of information 
achieved through the tools of molecular biology, 
testable hypotheses once again yielded informa
tion that requires further understanding and prob
ing through the generation of new hypotheses. 
Confirming the hypothesis that ischemia and re
perfusion produce changes in fundamental gene 
expression now requires alteration in the condi
tions of ischemia and reperfusion to further 
determine those events most responsible for influ
encing the gene changes. The finding that im
portant proto-oncogenes are increased by the pro
cess of ischemia and reperfusion generates an 
entirely new series of hypotheses focused on the 
meaning of this observation. Perhaps these newly 
uncovered phenomena represent potentially re
parative cellular changes. The trick will be to de
sign hypotheses and experiments that can prove a 
root-cause linkage to repair. 

Conclusion: "What if ... ?" 

Back to surgical tinkering with phenomena: 
Could trophic hormones accelerate the rate of re
covery based on this scientific information? What 
would the effects of triodothyronine or growth 
hormone be in facilitating recovery from stunning 
injury? Some could argue that it was not necessary 
to pursue such an arduous route to test that hy
pothesis. One might simply have asked the same 
question without knowing the specifics of the 
gene changes induced by ischemia and reperfu
sion. Although the justification for administration 
of triodothyronine or growth hormone to accel
erate recovery after stunning might have been less 
well developed, the hypothesis was certainly test
able. We are hoping that we can bring some of 
the knowledge and skills we gained on our sub
cellular quest to bear on the new information we 
are gathering from our somewhat phenomeno
logical hormonal studies. 

In the account of this scientific journey, a tru-
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ism of investigation becomes apparent. The search 
for ultimate answers is ambitious and the goal may 
never be achieved, but be certain to take advantage 
of the information uncovered in the course of the 
quest. Good research identifies layer upon layer of 
phenomena that provide the impetus to generate 
new hypotheses, deepening our understanding, 
enriching our experience with new colleagues and 
technology, and increasing our intellectual hu
mility. 
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Commentary 

T~is fascinating account takes us step-by-step 
wlth Dr. Wechsler and his research team as they 
explore below the surface of the clinical phenome
non of ischemic myocardial injury. The quest for 
root causes takes them to the level of cellular ge
netic control of myocardial repair mechanisms. 
Curiously, each layer of exploration seems to lead 
to subsurface phenomena; the paradigmatic dis
junction between phenomenology and root causes 
does not fit reality as they illuminate its deeper 
layers. Though the goal continues to elude them, 
they begin to mine a different phenomenon, the 
effect of certain hormones on myocardial recovery. 

Changes in clinical practice of myocardial pro
tection outside their control changed the research 
questions. The laboratory confrontation of the 
frightening, irreversible clinical complication of 
myonecrosis from ischemic contracture ("stone 
heart") became irrelevant as surgeons learned to 
avoid this dreaded complication by using cardio
plegic solutions. The focus shifted to the reversi
ble clinical phenomenon of "myocardial stun-

ning." The ultimate goal of understanding the 
mechanism of ischemic myocardial injury seems 
elusive. The therapeutic question implied in the 
quest is "How can we extend the period of ische
mia long enough to allow uS to perform the sur
gery necessary to ameliorate the mechanical or 
physiologic condition of the patient's underlying 
heart disease?" In the closing paragraphs, the 
voice of the surgeon, who likes to tinker with 
mechanisms and phenomena encountered in daily 
practice in the operating room, asks a question 
from outside the logical sequence of molecular ge
netic analysis: "but what if we add growth factors 
or trophic hormones, like thyroxine?" A new mine 
shaft is begun, starting at a different place on the 
phenomenological terrain but inevitably using the 
tools and techniques developed as the first was 
built. When they meet, the shifting ground of 
clinical practice will inevitably have rendered 
some of what they will discover less relevant for 
immediate application to heart surgery. It will 
nevertheless add generalizable knowledge that 
will advance science by illuminating causal 
mechanisms lurking elusively beneath the phe
nomenological surface of an important clinical 
problem. Though Dr. Wechsler found it hum
bling to review this work, it is an inspiring story. 

M.F.M. 
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Introduction 

Why do we need concepts and assessment of out
come? An alternative to cell and molecular bi
ology as a means of modeling reality in medicine 
is found in the outcome movement. The role of 
the scientist is no longer simply the precise meth
odologist or the sophisticated thinker but also the 
provider, a person whose primary concerns reflect 
the needs of the individual and of society. ReIman 
proposed the concept of three revolutions in 
medical care: 195(}-1970 was the era of expansion, 
1971-1985 was the revolt of payers, and 1986 to 
present day is the outcome movement. I This clas
sification seems to go against the classical defini
tion of science, per se, but is in fact not a new 
concept; indeed, Francis Bacon in the seventeenth 
century defined science as a service for welfare.2 

Now critical questions arise when concepts of out
come are implemented after some modeling and 
experimentation: Is the outcome movement the 
right direction for medicine to be headed? As Ep
stein asks: Will it get us where we want to gO?3 

In his article, Epstein addresses "new directions 
in assessing outcomes" (Table 55-1). None of 
them are really new; the paper is a critical review. 
But his statements are healing oil in the wounds 
of researchers who have always considered con
cepts and assessment of outcome as science, not 

just as medical routine that is somehow less valu
able than basic science. Note that the new direc
tions listed in Table 55-1 are in addition to the 
former means of analyzing outcome; mortality 
and complication rates are still considered, but 
their value is generally limited to scenarios in
volving high mortality rates. The table suggests 
that new factors have to be taken into account to 
improve the scope of outcome analysis. 

Absence or relief of pain should be added as 
one additional important dimension of outcome. 
Its influence is evident in the development of 
minimally invasive surgery, and it is an important 
concern for patients in the final stages oflife.4 It 
would seem that, in fact, very little is known about 
improving the state of patients approaching death. 
Surprisingly, in his report, Allen revealed that re
ligion, spirituality, or concern for one's afterlife 
playa remarkably insignificant role in the process 
of dying well, when compared with fear of pain, 
shortness of breath, depression, and loss of cog
nitive function. Death is not the worst outcome; 
dying badly is worse.5 This is a relevant study in 
a society with increasing numbers of aged pa
tients, but it is also relevant in surgical illness sce
narios, including cancer, coronary artery disease, 
polytrauma, and sepsis. 

Epstein has formulated a statement that is a 
good summary for concepts and assessment of 
outcome: 
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Table 55-1. New directions in assessing outcomes. 

Formerly: Mortality 
Readmission 
Complications 
Other traditional measures of clinical 

outcome 

Now Functional status 
Emotional health 
Social interactions 
Cognitive function 
Degree of disability 

(in 
addition 
to former 
assessments) 

Other valid indicators of health 

Data from Epstein' 

instruments based on subjective data from pa
tients can provide important information that 
may not be evident from physiologic measure
ments and may be as reliable as-or more reliable 
than-many of the clinical, biochemical, or 
physiologic indexes on which doctors have tra
ditionally relied. 

This statement is significant, considering the con
flicting attitudes of the Western world to clinical 
research: molecular biology or clinimetrics? In 
theory, they complement each other, but in re
ality they are entirely unrelated or are even in op
position. 

Criteria for Good Measurement 
of Outcome: Do We Really Get 
What We Want? 

Deciding on criteria for good measurement of 
outcomes is not so much a problem in basic re
search, but it is a considerable challenge to for
mulate criteria that are suitable for all the various 
disciplines contributing to medical outcome (Ta
ble 55-2). Within a single discipline, it is not dif
ficult to define consensus criteria. Clinical chem
istry is an excellent example; a group of experts 
analyzed and defined the criteria over a period of 
several years,8 published them regularly in the of
ficial international journals,9 and even incorpo
rated them into the German federal law. 

Let us examine the categories listed in Table 
55-2: 

1. Reliability. According to the clinical chemists, 
reliability is simply concerned with whom you 

Table 55-2. Criteria for good measurement of out
comes: a problem between different disciplines. 

• Reliability 
(precision, representativeness, dependability) 

• Responsiveness (sensitivity) 

• Practicality (usefulness, costs) 

• Validity (accuracy, clinical relevance) 

Items integrated from W ood-Dauphinee and T roidl' and Lorenz et aI.7 

trust and is an aggregate criterion-a 
metacriterion-for sensitivity, specificity, pre
cision, and accuracy. However, the clinical 
relevance of such a definition has been ques
tioned.lO,ll In addition, this terminology does 
not apply in clinimetrics/ where reliability 
means reproducibility of results and measure
ments with the smallest possible variance or 
imprecision.6 In other words, do I get the same 
effects if I send patients to different places, 
such as Cologne, Paris, London, or New York? 
This issue is clinically relevant in our modern 
era of globalization. 

An additional dimension to this criterion is 
found in economics and public health research 
(Figure 55-1) and is denoted dependability.12 In 
Figure 55-1, performance means optimum pro
vision of health care for only a few subjects 
(such as lung transplantation with more than 
$100,000 per year oflife saved). Dependability, 
however, means medium-quality provision 
(such as "good" surgery for symptomatic gall
stone disease), but for as many individuals as 
possible with this same quality. Optimum out
come, or efficient system solution, also consid
ers the costs and is clearly a compromise be
tween all three variables; it must be defined as 
a consensus of the whole society in which the 
system works. 

2. Responsiveness. Otherwise known as sensitivity, 
responsiveness is not very complicated. It sim
ply means, especially in a response to treat
ment, that the higher the score in the particular 
criterion's scale, the better the outcome. 

3. Practicality. Practicality is highly important for 
measuring outcome. A test may work excel
lently in supernatants of cell cultures or in 
blood of nude mice but not in humans under 
routine conditions, or it may be too costly to 
be applied in a series of patients. An example 
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Efficient 
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Figure 55-1. The multiple-criteria optimization problem. Data from Specker.12 

that highlights this problem was the measure
ment of HLA-DR expression on the surface 
of monocytes as a criterion for improvement 
in sepsis-clearly an outcome variable. Flow 
cytometry was needed for measuring this im
provement, but the comparison of values be
tween different centers with different instru
ments revealed that it was impossible to use it 
as a general indicator for an improved outcome 
in sepsis. In addition, the instruments were too 
expensive to be implemented in facilities other 
than those of universities. 

4. Validity. Validity is deliberately placed at the 
end of the list, since it is the criterion for good 
measurement that produces the most contro
versy in the assessment of the quality of medi
cal care. This criterion is-according to 
Wood-Dauphinee and Troidl-the degree to 
which an instrument measures what it claims 
to measure. 6 

Again, in clinical chemistry, validity is rela
tively easy to measure. A sample has a given 
amount or concentration. This analyte is mea
sured by a technician or an auto analyzer. The 
two values-given versus measured-are com
pared, and the deviation of the two values is 
the accuracy. Minimization of the difference 
means "good" accuracy, and a standard of ac
ceptable deviation has to be defined by the 
consensus of a society. 

But in the analysis of the health of a patient, 
or in the measurement of his or her quality of 
life, do we really "know" what we claim to 
measure? Is the positive change of a biochem
ical parameter an improvement of a patient's 
health status or is it clinically irrelevant? Clini
cal relevance is part of the validity of measure
ment in outcome research and it explains why 
molecular biology and biophysics can be ex
tremely precise but also precisely wrong. 
Again, the failure of all sepsis trials to date l3 is 
an example of the present invalidity in the ap
plication of principles of basic research to the 
improvement of patient outcome. 

However, are the methods of clinimetrics any 
better than biomedical assays? Instruments for 
measuring quality of life can fail in the same way 
as cytokine assays in sepsis trials. An example of 
this issue has been found recently in patients with 
solid cancer of the abdominal and respiratory 
tract.14 In these patients, quality of life, as a sub
jective outcome measurement after operation, was 
assessed by an established tool that had found 
consensus in Europe and in other countries: "The 
European Organisation for Research and Treat
ment of Cancer (EORTC) Qiality of Life Qies
tionnaire."15 The questionnaire contains 30 Likert
scaled items, structured in four domains: somatic 
symptoms, functional status, emotional function-
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Table 55-3. Experienced social stigma scale 

My relatives and friends ... Never Sometimes Often 

1. Are too worried about me 0 1 2 
2. Give me the feeling that I am ill 0 1 2 
3. Have no confidence in my abilities 0 1 2 
4. Annoy me because of their consistent talking about my illness 0 1 2 
5. Treat me like a baby 
6. Make a lot of fuss about my illness 
7. Are tiring because of their overprotection 
8. Are nice, but are not able to understand my real problems 

Data from Koller et aI." 

ing, and social functioning. It deliberately avoids 
any hierarchical structuring of mind and body but 
includes a universal assessment of quality of life, 
essentially an expansion of the classic "How do 
you feel?" Lastly, the index is restricted to a well
defined target group: cancer patients. 

This EO RTC questionnaire had been rigor
ously evaluated using psychometric statistical 
methods. Reliability was studied by a test called 
Cronbach's Alpha,16 sensitivity by changes after 
treatment, and construct validity by item-subscale 
correlations and group differences. Using this 
multiaspect-multimethod approach, I? an accuracy 
of 96% for the questionnaire's outcome analysis 
was obtained.18 This type of formal, almost me
chanical evaluation of tests on outcome is now 
fashionable worldwide. It is the adaptation to the 
popular ideal in biomedicine: to be able to say "my 
biochemical test is highly sensitive and specific 
and has a coefficient of variation of only 1%." 

But are we really measuring what we are look
ing for? To test that, we correlate the measure-

0 1 2 
0 1 2 
0 1 2 
0 1 2 

ment of quality of life in existing patients (not 
volunteers) with measurements in the same pa
tients of psychological or social conditions that we 
consider unrelated to health-related quality of 
life, for example, how their relatives or friends 
judge and treat them (so-called social "stigmati
zation") and how their doctors judge and treat 
them (so-called "objective health status"). For our 
regression analysis we again use a clinimetric in
dex,19 the Experienced Social Stigma Scale, which 
was also evaluated using the same psychometric
statistical methods as for the EORTC question
naire. 14 

What results do we expect? Firstly, the health
related quality of life index should measure what the 
patient experiences about himself or herself by 
observation, introspection, and interpretation
termed a hermeneutic approach2°-not what others, 
for whatever reasons, think about the patient. Table 
55-3, illustrating social stigmatization, contains a 
number of items that highlight the relationship of 
humans to each other, not only those related to the 

Table 55-4. Regression analysis: quality of life, experienced social stigma, and objective health status! 

Emotional Global 
Domain or paradigm dysfunctioning QV 
Experienced social stigma 0.58" 0.33' 

Objective health status 
Physician (follow-up) 0.40" 0.24 
Consultant (medical record) 0.04 0.07 

Emotional dysfunctioning 0.50" 

Global Q!.., 0.50" 

apearson correlation coefficient: "p < 0.01, 'p < 0.05 

bQ!.." quality of life. Cronbach's alpha (scale and interrater reliability) always >0.80. 

Data from Koller et al. t4 

Somatic 
symptoms 

0.51" 

0.31' 
0.19 

0.75" 

0.67** 
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Table 55-5. Concept of outcome. 

• Characterized by attributes, associations, and clusters 

• Characterized by culture, religion, and philosophy of 
life 

• Characterized by agreement with various objectives: 
telos of life, autonomy, satisfaction, and the mechani
cal model of doctor's success 

disease state. Secondly, the health-related index 
should show some correlations to the doctor's as
sessment of the objective health status, since we are 
strong believers in the accuracy of the biomedical 
or "mechanical" model of the disease.2o 

What do we observe? First, regression analysis 
in Table 55-4 demonstrates a strong correlation 
between health-related quality of life (global and 
subscale) and social stigma. In other words, by the 
EO RTC index we expect to be able to measure 
mainly social stigma and not the health-related or 
surgery-related quality of life. Second, the results 
demonstrate further that the doctor's rating about 
the "objective" health status related poorly to the 
patient's own assessment of his or her quality of 
life, especially if the consultant knew the patient 
from the operation and visits, but not from a sys
tematic tumor follow-up, and developed his or her 
statement from data found in the medical record.21 

What do we conclude? We measured quality of 
life as a postoperative outcome and the health status 
objectively (biochemically), but these two outcomes 
did not correspond. We do not know whether we 
should use neither method or whether we should 
treat the patient more or less according to his or her 
personal environment (social stigma) after the 
operation. This issue is an example of the problems 
we face in testing validity or clinical relevance. 

Concepts of Outcome: 
The Mechanical, Hermeneutic, 
or Critical Approach? 

We are still far away from an explicit definition of 
medical outcome. Following Popper's recommen
dation (see chapter 1), we should avoid giving a 
definition of outcome in a way that is traditional 
in physics and chemistry. In mathematics or in 

Table 55-6. A dialogue between two philosophi
cally minded clinicians. 

Dr. B: Disease is a fault in the biological machine 

Dr. C: You are a biological reductionist; you reduce 
human beings to biological organisms 

Dr. B: Disease is regarded as a deviation from the spe
cies design 

Dr. C: The primary concern of clinical medicine is a 
subjective disease and subjective health 

Constructed and abbreviated from Wulff et aI.'o 

formal logic, you may find on the left side of the 
equation the term "outcome equals," and on right 
side the explicit, all-encompassing classification. 
The application of this type of definition to hu
man biology reduces medicine to the mechanical. 
Similarly, we should not simply translate outcome 
into result since it is far more complex than an 
elementary number. 

As in Table 55-5, we should characterize out
come by attributes, associations, and clusters, as 
we have already proposed in Table 55-1 and in 
the regression analysis for demonstrating validity 
(Table 55-4). In addition, however, outcome has 
to be characterized according to the influences of 
culture, religion, and philosophy of life. This area 
is somewhat profound but is essential in assessing 
the validity of outcome measurement. We char
acterize outcome in relation to various factors: the 
telos oflife, autonomy of the patient, and patient's 
satisfaction. Additionally, objective measurements 
are needed, such as observing the normalization 
of transaminases, blood sugar range, and so forth. 
H. Wulff calls this objective approach the me
chanical model of a doctor's success.20 

In Wulff's book, the argument on the validity 
of outcome assessment is based on two examples: 
a dialogue between two clinicians and a compari
son of the meaning of illness in several European 
languages. The dialogue compares-in classical 
Platonian style-two models of disease and two 
approaches to assess outcome (success) of a doc
tor's treatment (Table 55-6). 

Doctor B and Doctor C 

Doctor B believes in the biological model of dis
ease-in our day, most likely he is a cell and mo-
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Table 55-7. Etymology of words for iI/ness and il/. 

Language Term 

English Disease 

Greek Pathos 

Russian Boljezn 

French Maladie 

Danish Syg 

Latin Patients 

German Krank 

Constructed from Wulff et aI.20 

lecular biologist. He believes that the causes of 
hypertension and cancer can be reduced to ab
normalities in the structure or regulation of genes. 

Doctor C believes in the hermeneutic model of 
disease, in a critical model developed by an intel
lectual and empirical interaction between both 
views, and finally in an integrative model. The 
latter is very important, since the hermeneutic ap
proach alone is also a type of reductionism. Doc
tor C has most likely studied both medicine and 
psychology or sociology or is a particular hobbyist 
in these disciplines. She has also studied cultural 
sciences such as linguistics and history. 

Doctor C believes that hypertension and cancer 
involve subjective dimensions such as anxiety, lack 
of freedom and will, and a disturbed understand
ing that have to be communicated and interpreted 
by the individual patient. Bringing these dimen
sions into the disease concept is called the her
meneutic approach. 

In the dialogue (Table 55-6), Doctor B proposes 
and defends the biological concept of disease and 
therefore also a biological outcome. Doctor C pro
poses a biological and subjective concept of disease 
and outcome. However, it must be emphasized 
that Doctor B is not just a neutral observer; he 
acknowledges the concept of "species design." The 
patient should be cured by normalizing him or her 
according to a model that defines the characteris
tics of an average human subject. Doctor C's beliefs 
are far more complex: She wants to heal subjective 
disease, create well-being, restore autonomy-even 
if the patient is confined to a wheelchair-and nor
malize biological parameters. The validity criterion 

Semantics 

Dis-ease (not free from discomfort) 

Suffering 

Pain 

In bad state 

Worried or sorrowful 

One who suffers 

Curved or bent (krumm or gebeugt) 

for these two views is clear: Do we observe our 
predicted outcome? 

The Meaning of Illness in Europe 

An etymological analysis of the words for illness 
and ill in European languages (Table 55-7) reveals 
striking variation, which probably explains to 
some extent why German doctors and doctors of 
some other nationalities have such problems with 
outcome research, as well as understanding clini
cal research in other European countries. In stark 
comparison to most other European languages, 
the German word for ill, krank, means "curved" 
or "bent," suggesting the purpose of medicine is 
to "straighten up" the patient, ihn gerade machen. 
This concept of disease, which has developed in 
German society over several centuries, is quite 
mechanical. 

Aggregate Variables for 
Measuring Surgical Outcome: 
How Do the Indices Fit the 
Concept? 

It is obvious from the critical concept of disease 
that if this concept is transformed into a clinical 
measurement of outcome, the decisive criteria 
must be an aggregation of variables with several 
dimensions. There are, at present, a series of con
structs, surveys, indices, and scores available. 
Ware22 has summarized them in an excellent re-
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view. However, they were mostly developed for 
nonsurgical fields, although one of them is used 
in ongoing clinical trials:28 the quality of well
being scale, or QWB.23 

At present, we are working with three indices 
and will mention them briefly: 

QWB scale. The QWB scale is an evaluated index, 
used especially in rheumatology. Its application 
in surgery is fairly new.24 

McPeek index. The McPeek index has been de
veloped for anesthesiology and surgerf5 and 
has been evaluated and modified in three dif
ferent trials.26 It is a recovery index and analyzes 
a time period of up to 30 days postoperative. 

Calculus of clinical benefit. 27 The calculus of clinical 
benefit has the strongest theoretical basis of all 
systems mentioned. To our knowledge, how
ever, it has not yet been applied in clinical rou
tine or clinical trials. 

Hence, at this moment, we do not know exactly 
how the available indices pertain to the concept 
of outcome developed in this introductory chap
ter. Clinical studies are now required, since we 
have learned about and emotionally accepted the 
presence and necessity of the outcome movement. 

Conclusion: A Change 
of Paradigms? 

Outcome research and outcome analysis redefine 
the role of scientists in medicine. This role is com
mitted to the survival and well-being of indi
viduals and societies. It extends the domains of 
interest for outcome and provides refined criteria 
for good measurement. 

Great emphasis has to be given to the criterion 
of validity; it has much greater value than its mere 
accordance with certain test criteria. 

Outcome is a concept, not just a term with a 
mechanical definition. It is characterized by at
tributes, associations, and clusters on several levels 
of epistemology and is intrinsically related to the 
concepts of disease and health. Outcome scales 
are therefore always aggregate variables rather 
than individual variables such as the mortality 
rate. These variables have to be determined 
through consensus among patients, doctors, and 
society. 
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Commentary 

This chapter is an intellectually challenging pre
sentation of outcomes of clinical interventions 
that confronts traditional measurements of suc
cess or failure. Variables other than those that are 
traditional and measurable have been disregarded 
in the past because the endpoints were "soft"; we 
believed they could not stand up to scientific criti
cism and scrutiny. As the field has matured, 
thoughtful scientists have been able to measure 
outcomes that relate to aspects and qualities oflife 
that they previously ignored. As in traditional bio
logic science, a good outcome measure must be 
robust enough to withstand assessment from 
many cross-referenced approaches. Some of.t~ese 
approaches are explained in this chapter. Climcal 
research using scientifically valid tools is no better 
or worse than other scientific disciplines. It can 
have an important impact on practice and on so
ciety. Determining generally accepted v~ues for 
different outcomes will make them useful 10 help
ing to determine health policy. For exa~ple, an 
operation that consistently pr~longs l~fe by. 6 
months but diminishes the quality of reSIdual hfe 
while adding cost might be misunderstood if ana
lyzed only by measuring endpoints such as sur
vival. The information derived from the outcome 
data would be accurate, but wrong, if it led us to 
believe in the utility of the procedure for patients 
and society. 

A.S.W. 



CHAPTER 56 

Quality Improvement: Applying 
Outcomes Analysis to Patient Care 
S. W. Dziuban Jr. 

Once upon a time doctors had nearly complete pro
Jessional autonomy . ... 

-J.P. Kassirer! 

From unquestioned God to accountable production 
worker is a long way to fall in a Jew short years. But 
with a trillion dollars in annual health care spending 
on the table . ... 

-J.D. Kleinke2 

Introduction 

The traditional surgical investigator has been "a 
bridge tender, channelling knowledge from bio
logical science to the patient's bedside and back 
again."3 The goal of pursuing both research and 
surgical practice has been a challenge;4 successful 
models might have involved a split commitment 
between "pure research" and "applied care" or 
melding the two in a clinical trial on a defined 
and controlled patient subset. 

By contrast, in clinical outcomes analysis (also 
called outcomes research, outcomes study, or out
comes management), scientific methods and re
search are applied to study the less-controlled and 
more heterogeneous mainstream of patient care. 
This phenomenon has emerged as a fusion prod
uct from economic and political forces, colliding 
with clinical knowledge and practices, quality im
provement efforts, statistical methods, and infor
mation technology. 

What is the goal of outcomes analysis? The 
same as the ultimate goal of other research: the 
continual improvement of care and results for our 
patients. Why not, then, apply research methods 
directly to our mainstream care processes and re
sults? This concept, with roots in industry, em
phasizes feedback of clinical outcomes data to care 
providers in a nonadversarial environment, to 
identify opportunities for improvement in the 
processes of care.5 The same data can also serve 
other more pragmatic purposes, such as demon
strating performance to consumers or regulatory 
agencies or as a negotiating or contracting too1.6 

Although outcomes analysis is still in its in
fancy7 and is fraught with difficulties,s there is a 
widespread demand from payers, regulatory agen
cies, and consumers for outcomes data, often with 
little concern for the rigors of scientific accuracy. 
A rapidly growing industry catering to this de
mand ventures to "collect data from diverse 
sources, develop confidential algorithms to judge 
the performance of individual practitioners, and 
sell the profiles to third-party payers and employ
ers ... despite well-documented flaws in their 
data bases."! 

Surgeons are lead players in this scenario, be
cause operative procedures are easily identified 
and attributable to a specific surgeon. It is impor
tant that surgeons not only learn about outcomes 
analysis but also assert leadership in the effective 
use (and avoiding abuse) of outcomes data.! The 
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challenge is to move away from being targets or 
victims of the flawed data of others toward own
ership and expertise in the productive use and lim
itations of our own data. 

Historical Perspective 

The evolution of surgical audit, from ancient 
practices of census statistics, has been thoroughly 
reviewed in an excellent monograph by Pollock 
and Evans.9 Pollock and Evans point out that 
clinical research is largely a product of the last 
century, because of past emphasis on the idealized 
doctor-patient relationship, reverence for scholas
tic authority over logical thinking, and lack of 
progress in statistical methods. to Even in recent 
decades, with the explosion of medical research, 
clinical teaching and practice have maintained a 
strong emphasis on the necessity of knowing and 
treating each patient as an individual. This atti
tude is reflected in the traditional tool of surgical 
review, the mortality and morbidity case confer
ence. Early models of quality assurance were simi
larly characterized by case inspection, focusing on 
exceptions and outliers at the tails of the bell 
curveY 

Meanwhile exponentially increasing health 
costs have stimulated a massive health care reform 
effort, seeking not only cost containment but also 
clearer evidence of quality, good results, and 
proven value for cost. 12 In this "era of assessment 
and accountability"!3 many regulatory agencies, 
purchasers, consumer interest groups, and pa
tients themselves now seek to evaluate the quality 
and value of clinical care. This broadened scrutiny 
has created the "industrialization of medicine, 
ushered in by the appearance of tools and methods 
for measuring and managing its practitioners, 
[that] echoes what every major U.S. industry ex
perienced several decades ago."2 

From this industry experience, both in the 
United States and in Japan, comes a well-devel
oped science of continuous improvement that is 
now being applied to health careY·14,15 This new 
approach departs from traditional medical quality 
review, which sought to identify nonconforming 
individuals (the "bad apples" theory); instead, it 
views patient care as a complex process with mea
surable outcomes that can be optimized by tech-

niques proven valuable in industry. Several re
freshingly different principles characterize this 
newer perspective: 

1. Recognize that all members of the care process 
(i.e., not just physicians) exert important influ
ence on outcomes. 

2. Reduce fear and the disciplinary approach
assume that most people are already trying 
hard to produce good quality. 

3. Focus on improving care processes rather than 
individuals, with an open attitude that values 
the identification of problems as a necessary 
step for improvement. 

4. Address efforts at the mainstream of care, the 
large body of the bell curve, not just the small 
area under the tails of the curve. 

5. Eliminate unnecessary variation by sharing 
practice information and modeling "best prac
tices." 

Outcomes analysis is an essential component of 
this new improvement approach: it provides us 
with the information that helps guide our im
provement efforts. But does this industrial anal
ogy translate well to patient care? How might it 
work? 

Applying Outcomes Analysis 
to Clinical Care 

The most extensive clinical experience with out
comes analysis has been in the area of cardiac sur
gery, particularly coronary artery bypass graft 
(CABG). CABG surgery has high volume, ho
mogeneity, and relatively well-defined risk factors 
that provide an ideal opportunity for statistical 
analysis. Efforts are being made to extend the 
knowledge gained from using these techniques in 
CABG surgery into other areas, though there will 
likely need to be different adaptations of the basic 
principles. However, CABG surgery serves as an 
excellent example illustrating the principles, 
methods, and techniques of this work. 

Obtaining Outcomes and Process Data 

Getting data is the first step toward analysis. Ob
taining standardized, clinically relevant data usu-
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ally requires a dedicated and relatively expensive 
process of data collection. This data collection is 
best performed by trained staff who are closely in 
touch but not identical with the clinical care 
teams. Data designed for administrative or reim
bursement purposes such as DRGs, although 
readily and inexpensively available, do not accu
rately reflect the necessary clinical information. 
Typical useful types of data include patient iden
tification and demographics, risk factors, details 
of the care process, and outcomes. Having a da
tabase format that allows linking to other patient 
information-for example, costs or resources 
used-is a potential advantage because it allows 
exploration into other related questions that in
evitablyarise.6 

Outcomes data would ideally reflect any or all 
components of health status influenced by patient 
care. Examples are longevity or death, complica
tions of disease, complications of care, physiologic 
stability or reserve, functional status, role function 
(e.g., return to work), and quality of life. 8 In reality 
the complexity of such measurements and the cost 
of chronic follow-up have often led to the use of 
a simple, short-term indicator such as acute post
operative mortality and complications. Although 
this is reasonable and useful as a starting point, 
we must recognize its limitations as a proxy for 
overall outcome benefit. 

Although process data might not be the initial 
goal, it quickly becomes important when questions 
about different outcomes arise. It is therefore an 
advantage to have process data included as early as 
possible; the problem is that it is not always easy 
to predict which process variables will be needed, 
since the questions that will be raised by the data 
are not known in advance. Examples of process 
data elements might be any details of the surgical 
procedure, anesthesia, or postoperative care that are 
of particular interest. Examples for CABG surgery 
might be surgeon name, type of procedure, type of 
cardioplegia, and operative time. 

In designing a new database, it is best to be 
conservative about the number of data variables 
collected and resist any temptation to collect "the 
most complete" data set possible. Smaller is often 
better when it comes to data forms: completion 
will be better, cost and effort will be more main
tainable, and fewer resources will be wasted on 
collecting data that may not be useful. The value 

of each data element should be carefully weighed 
against the overall negative impact of too many 
data elements. Consider the number of patients 
involved and the fact that each data element has 
to be analyzed, often in several different ways, to 
be useful. Among the different CABG study sys
tems, one side of one sheet of paper is the mini
mum, two sides of one sheet is tolerable, and four 
sides (two sheets) is the upper limit. 

Risk Adjustment to Compensate 
for Patient Differences 

Industrial quality experts have long recognized 
that variations in input material will lead to wider 
variations in output. Patients clearly have inher
ently uncontrollable variations at presentation, 
described by various terms such as risk factors, 
case mix, severity of illness, and comorbidities.8 

Clinicians are quick to recognize and even expect 
that outcome variations may be due to differences 
in patient characteristics and not necessarily due 
to differences in care processes. Can one even 
make fair comparisons of outcomes among un
controlled groups? 

Risk adjustment is the process of quantifYing 
patient variations using a mathematical model, for 
the purpose of making outcomes more compara
ble. If outcomes could be perfectly risk adjusted, 
they would then be comparable because the risk 
model would compensate for differences among 
patients. In reality, risk adjustment is an imperfect 
approximation. No model is perfect; it has been 
said that "All models are wrong; some are use
ful."16 There are different risk-adjustment models 
even for CABG surgery; five major national or 
regional risk-adjusted CABG models have re
cently been compared, along with a thorough 
discussion of the difficulties and limitations of 
modeling.8•l7 

The practical effect of using a risk-adjustment 
model is the ability to calculate the theoretical risk 
of mortality for each patient. The sum of risks for 
a group of patients gives the theoretical risk of 
mortality for that group. This value is called the 
predicted or expected mortality. The ratio of the 
actual or observed mortality to the expected mor
tality (OlE ratio) indicates how many deaths oc
curred in comparison to the number expected 
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from the model. An OlE ratio greater than 1 in
dicates more deaths than expected (implying 
poorer results and performance), and a ratio less 
than 1 indicates fewer deaths (implying better re
sults and performance). 

External Comparison Gives Meaning 
to Outcomes Data 

Even risk-adjusted outcomes data have limited 
utility in isolation. Some comparison to a standard 
is necessary to give meaning to the results. In in
dustry, the standard might be the purchaser's tol
erance specifications. In medicine we generally 
seek to optimize results; but how do we know the 
optimal potential result? Comparison to external 
data or standards gives guidance and meaning to 
our results. 

Exactly comparable data are often limited or 
unavailable, and different approximations must 
often suffice. Historical data, available after time 
for one institution or for one practitioner, are im
portant for evaluating internal consistency but 
provide no comparative standard. Results of con
trolled studies published in the literature usually 
do not match the characteristics of an outcomes 
analysis population but can provide some rela
tive guidelines. The two most useful types of com
parative standards are 

1. Multiple centers or providers participating 
with the same outcomes data system. 

2. A best-practices model that can be used as a 
benchmark or optimal results target. 

External comparative data are so important that 
they might well dictate which data system should 
be selected for outcomes monitoring needs. The 
most sophisticated and ideally structured private 
database, used in isolation by one care provider, 
may not yield as much useful information as a less 
ideal data system that has the benefit of multiple 
participating providers. Sharing data is obviously 
necessary to receive the benefits of comparison. 
Commonly there are some hurdles to openly shar
ing data, and some arrangements respecting con
fidentiality are usually necessary. An additional 
obstacle to sharing comparative data among peers 
occurs if they are in a competitive situation. 

Even with good external comparisons, risk-

adjusted outcomes data serve only to raise ques
tions, not to provide answers. For example, if an 
institution identifies a higher average postopera
tive mortality than its peers, the reason is unlikely 
to be immediately obvious. Where or why did the 
higher mortality occur? What processes could be 
changed to reduce the operative mortality? Risk
adjusted comparative outcomes data are just the 
starting point of analysis; the next steps are to 
identify underlying causes in the processes of care 
and to evaluate where and how change might be 
needed. 

Using Outcomes Data to Evaluate 
and Change Care Processes 

A risk-adjusted outcome number is a simplified 
summation or average figure that represents many 
different categories of patients, care techniques, 
care providers, and the interactions among them 
all. It is like the bottom line of a financial state
ment indicating a red or black figure: a useful 
summary but, like any summary, concealing the 
underlying realities and details that produce the 
bottom line. Does a poorer (or better) summary 
figure indicate that all patients have poorer (or 
better) results? Or, more likely, is there a mix of 
poorer and better results in different categories of 
patients? Just as managing finances requires delv
ing into the inner details that combine to form 
the bottom line, likewise managing risk-adjusted 
outcome figures requires the same kind of explo
ration into the underlying details of the patients 
and the processes of care. 

The complexity of this reality is unappealing to 
some who would prefer to think that patient care 
can be evaluated like toasters in a consumers 
guide. Such oversimplification leads to the kind 
of "scorecard" thinking18 that reflects the punitive 
and less productive bad-apples approach.14 This 
perceptual problem is not likely to disappear given 
the current atmosphere of external scrutiny over 
health care. 

The underlying processes of care can only be 
effectively researched and understood by the very 
care providers who use and understand these pro
cesses. To succeed, this effort requires some cul
tural and organizational factors, including lead
ership; investments of time, capital, and expertise; 
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respect for health care workers; and individual 
physician involvement. 14 But given the motivation 
and effort, how might we actually use outcomes 
data? 

Exploring the Data: 
Suhset or Strata Analysis? 

Facing a summary or bottom line outcomes figure 
is like looking at a question; the answer may not 
be obvious in terms of the underlying problems or 
opportunities. The ability to explore the under
lying data is the key to finding answers to the 
question. Unlike traditional research directed at a 
defined hypothesis, this data exploration resem
bles an exploratory operation, where the findings 
cannot be fully anticipated. 

Dissection of the data to isolate and compare 
different subsets or strata is the basic approach. 
The process is multidimensional: It may be nec
essary to look from many different angles, at dif
ferent cross sections, to find a useful perspective. 
Breakdowns that might be helpful include patient 
age, condition, types of operations, surgeon, or 
any other available data factors. 

Naturally, different subsets of the data under 
study will have different outcomes; for this reason, 
access to the corresponding internal details of the 
comparative data set is essential. It would be ideal 
to get comparative risk-adjusted outcomes that 
match each subset of each breakdown stratifica
tion under study. For example, one might ask how 
patients over age 70 having emergency surgery in 
one group compared to the external group. 

As the number of patients in any subset gets 
smaller, the risk-adjustment mathematics tend to 
become less precise and perhaps less useful. But 
to the extent that two subsets of patients under 
comparison are more closely similar, even unad
justed outcomes differences begin to convey in
formation-or at least suggest possibilities. 

Unfortunately the internal details of compara
tive databases are not always available. A useful 
compromise is to know the prevalence and out
comes figure (e.g., mortality) associated with each 
data element in both data sets. This information 
can provide an idea of the population character
istics and outcomes in relation to the comparison 
population. Data elements that report mutually 
exclusive and exhaustive categorizations (e.g., 

elective versus urgent versus emergency) may be 
particularly useful. A case example using data ex
plored in this way is given in a later section. 

Evaluating and Changing Care Processes 

Once a problem or an area for desired improve
ment is identified, the care processes involved must 
be evaluated for potential changes. This evaluation 
is an essential component and probably the greatest 
challenge in carrying outcomes analysis through to 
improvements in care. If relevant process variables 
are included in the data set, then some association 
of a process variable with the outcome under eval
uation may occur. More likely, the process issue 
may be too complicated to be completely described 
in terms of simple data elements. 

It is possible that no obvious problem or limi
tation of care is immediately perceived, since ob
vious flaws are usually recognized and changed. 
Invisible or even accepted patterns of care may be 
at issue; there may be subtle or powerful resistance 
to change, especially if the current process is per
ceived as being necessary or the best available. 

On the other hand, outcomes data may direct 
attention at a care problem that has been known 
but not changed, perhaps because of its underes
timated impact, its high cost factors, or the pri
ority of other conflicting needs. Thus outcomes 
data can help clinicians to recognize unseen limi
tations or to persuade them of the need for chang
ing things that previously resisted change because 
of cost or other trade-offs. 

The Northern New England Cardiovascular 
Disease Study Group has used a technique of 
comparative process analysis among five different 
centers performing cardiac surgery. In this ap
proach, a group of representative specialists trav
eled around to other centers, focusing on observ
ing process of care in their own specialty.19 This 
direct process comparison emphasized the full 
scope of care before, during, and after the surgical 
procedure and was facilitated by a broad commit
ment to allow observation and openly share in
formation. 

There are many challenges in using outcomes 
data to evaluate and change care processes: iden
tifYing targets for change, developing agreement 
among involved parties, knowing the direction of 
desired change, and effecting that change. The 
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essentials to success, in our experience, are com
munication and teamwork. 

Case Example: Using Outcomes 
Analysis for Improvement 

The experience of one hospital illustrates the use 
of outcomes analysis to improve results even when 
traditional patient case review had failed. A more 
detailed description has been published.20 

OUTCOME DATA ANALYSIS FOR CASE IMPROVEMENT 

• Acquire outcome data. 
• Risk adjust data. 
• Perform external comparisons. 

• Use data to 
- evaluate subset analysis, 
- evaluate case process, 
- change case process. 

• Reevaluate new outcome. 

The Risk-Adjusted Comparative Data 

Since 1989 the New York State Department of 
Health (DOH), with a cardiac advisory commit
tee, has monitored CABG surgery with case
specific data. Annual public releases of hospital
and surgeon-specific risk-adjusted CABG mor
tality rates have been made since 1992.21- 23 

The New York State Cardiac Surgery Report
ing System (CSRS) was perceived as externally 
imposed and, in the early phases, was regarded 
with little enthusiasm or understanding of its po
tential. It was a shock and disappointment in late 
1992 when the DOH public data release showed 
that the hospital's actual CABG mortality of 
4.6%, against an expected (risk-model predicted) 
mortality of 2.1 %, resulted in a risk-adjusted mor
tality of 6.6%, which was statistically significantly 
higher than the statewide average of 3.1 %. 21 

Immediately in January 1993 a multidisciplin
ary group was established to analyze the situation. 
Initially skeptical, the group criticized the risk ad
justment as inadequate ("our patients are sicker 
than it indicates"); however, they resolved to thor
oughly evaluate patient care. 

Exploring the Data by Subset Analysis 

Three investigations were begun: repeat abstrac
tion of all CABG patient records to check risk
factor accuracy, repeated reviews of all cases of 
CABG patient death, and an exploration of the 
detailed case-specific data contained in the CSRS 
database. 

The first two investigations yielded limited 
benefit. It was found that the patients' records had 
been abstracted accurately for the risk factors 
documented, but the records themselves did not 
contain optimal documentation about the pres
ence or absence of all risk factors. This omission 
served to emphasize the importance of better at
tention to communication and chart documenta
tion. Multiple mortality reviews failed to find evi
dence of errors or problems in care, although it 
was noted that most deaths occurred in very sick 
and high-risk patients. 

The third investigation explored the detailed 
outcomes data in the CSRS database, breaking 
down the whole patient population into different 
cross sections, looking for patterns of excess mor
tality. This investigation succeeded in finding 
some meaningful patterns within a small subset 
of the patients: 

1. There was a higher-than-average proportion 
of emergency CABG patients having a high 
patient acuity profile: those within 24 hours 
after an acute myocardial infarction, in shock, 
or hemodynamically unstable (referred to 
herein as AMISHU). 

2. The majority of all patients (90%) had non
emergency CABG with mortality rates equal 
to or lower than statewide average. The emer
gency patients (10% of all) had a higher mor
tality (11-26%) than the statewide average 
(7.7%). 

3. Among the emergency patients, half had the 
high-acuity (AMI SHU) profile and a higher 
mortality rate of 31 %j the other half of the 
emergency patients had a mortality of 6.8%. 

Evaluating and Changing Care Processes 

Once these facts were recognized, attention fo
cused on reviewing the care processes for the 
high-acuity (AMI SHU) subgroup. Lacking spe-
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cific errors to correct, the approach was to 
consider new ways to optimize every possible as
pect of their care. Importantly, because this ap
proach was multidisciplinary, it covered not only 
each specialty's care but also the interactions and 
transitions among them. It was in those intersec
tions or transfers of care that some of the most 
important changes occurred. 

Available data on process variables were limited 
but somewhat useful. For example, we found 
that only about one-fourth of the high-acuity 
(AMI SHU) group had received an intraaortic 
balloon assist device preoperatively, a smaller 
number than one might expect in such unstable 
patients. 

Most of the care process changes occurred 
through debate and consensus. The general focus 
was to increase the stability of emergency patients 
and reduce any ongoing ischemia. Changes in
volved all aspects of care, including cardiology, 
surgery, anesthesia, nursing, emergency depart
ment, and even administration. Often there was 
concern about making changes for the worse. For 
example, there was concern that increasing the use 
of the intraaortic balloon might cause more com
plications oflimb ischemia; this was followed and 
is discussed in a later section. 

Improved Outcomes Resulted 

By the end of that year (1993) it was clear that a 
dramatic improvement in survival had occurred: 
The CABG mortality in high-acuity (AMI SHU) 
patients dropped from 31% to 5%, despite a dou
bling increase in the number of high-acuity 
(AMI SHU) cases performed. The overall pro
gram CABG mortality dropped by nearly half 
from 4.6% to 2.6%, and the risk-adjusted mor
tality dropped from 6.6% to 2.46%.23 Improve
ments have persisted; the overall actual CABG 
mortality was 1.3% in 1994 and 2.0% in 1995; the 
risk-adjusted figures are not yet available for those 
years. 

Benefits have accrued across the program, be
yond the outcomes of CABG mortality. Of great
est significance is the pattern of multispecialty 
teamwork and communication that has evolved. 
In addition, the approach of using outcomes data 

to track and offer feedback for care processes has 
been extended to other areas. 

An example of this spin -off is a separate project 
that arose from the concerns we had about causing 
more limb ischemia complications due to in
creased use of the intraaortic balloon. The critical 
care nurses started monitoring practice processes 
and outcomes of balloon patients. By following 
the occurrence of complications and reviewing the 
associated placement techniques, we have evolved 
guidelines suggesting use of smaller balloons in 
patients below a threshold physical size and also 
recommended more use of sheathless balloons. In 
addition we have agreed on a policy that once 
there are even early findings of vascular compro
mise, balloon removal will be done by vascular 
surgeons in the operating room, to manage arte
rial closure or repair with the goal of maintaining 
vascularity of the extremity. The incidence of leg 
ischemia has dropped, despite higher levels ofbal
loon use. 

Controversies, Benefits, 
and Limitations of 
Clinical Outcomes Data 

Several specific issues remain problematic in using 
outcomes data. 

Clinician Confidence in 
Risk-Adjustment Models 

One of the problems in accepting outcomes data 
has been the lack of confidence that clinicians 
place in the risk-adjustment models and the 
mathematical compensation for individual patient 
risk. Overall statistical validity in a large popula
tion has not completely translated to make sur
geons believe in the accuracy for their smaller 
populations or for individual patients. In the state 
of New York, surgeons' cases are combined in a 
rolling 3-year sample to accumulate a more sig
nificant volume of cases. However, this procedure 
forces them to carry a historical "tail," so that re
cent changes might not be reflected accurately. 
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Another concern surrounds the issue of small 
rates of negative outcomes; for example, in 
CABG surgery, mortality might be 2% or 3%, and 
in percutaneous transluminal coronary angio
plasty (PTCA) mortality might be less than 1%. 
Clinicians performing these procedures often fear 
that a small number of "bad cases" could exert a 
disproportionate impact on their results. The ar
gument that statistical testing proves that a model 
corrects for high-risk cases, and will not penalize 
for accepting high-risk cases, does not always hold 
sway in the clinician's mind. 

These doubts induce another concern: that cli
nicians' decision making, traditionally guided pri
marily by the patient's best interests, will become 
contaminated with other conflicting interests such 
as self-protection. As one physician put it, "Now 
I not only have to worry about what's best for my 
patient, I also worry about what's best for my 
numbers." The issue of confidence remains an im
portant one even aside from the statistical validity 
of risk models. 

Using Administrative Data 
for Risk Adjustment 

Faced with the cost and complexity of collecting 
specialized clinical data for risk adjustment, many 
agencies and managed care entities are increas
ingly using an alternative in the form of secondary 
or administrative data: that data developed for re
imbursement or regulatory purposes (e.g., DRGs, 
ICD-9-CM, or UB-92). In these cases the risk 
adjustment may be based on either costs, length 
of stay, or extent of comorbidity documented for 
financial purposes. Although such data have the 
appeal of being standardized and readily available 
at considerably less cost, they are not really based 
on clinical risk factors and are, appropriately, even 
less credible to clinicians.8 

When data are presented as risk adjusted, care 
must be taken to ascertain the risk basis and to 
recognize its limitations. Perhaps there is a legiti
mate role for administrative data as a first step in 
the examination of diversely mixed populations, 
to identifY where potential questions may occur. 
However, such potential questions will inevitably 
need more focused and specific clinical analysis to 
clarifY their significance and their underlying 
causes. 

Public Disclosure of 
Clinical Outcomes Data 

Public disclosure of provider profiles, with phy
sician- or hospital-specific outcome results, is 
highly controversial. In New York State, surgeon
specific results have been published since the 
press won a freedom-of-information lawsuit. The 
DOH asserts that monitoring and release of risk
adjusted CABG data are beneficial for consumers 
and have helped reduce the associated mortality 
across the state.24 Concerns have been expressed 
about other potential negative impacts of public 
disclosure: increased reporting of risk factors,25 
unfair damage to the reputation of good surgeons 
caught in bad situations,26 and the possible referral 
of high-risk patients out of state.27 These benefits 
and hazards have been discussed, with emphasis 
on the importance of measures such as oversight 
by a clinical advisory committee, external audits, 
and evaluation of the risk-adjustment model. 28 

Other interesting insights are provided into the 
statewide effects of the New York system.28,29 Be
tween 1989 and 1992, 27 surgeons in New York 
State doing low volumes of CABG (less than 50 
cases per year) stopped performing this procedure. 
All of the surgeons who stopped performing 
CABG had mortality rates 2.5 to 5 times the 
statewide average and more than twice the average 
rate for all low-volume surgeons. Their combined 
risk-adjusted CABG mortality rate was 11.9%, as 
opposed to the statewide average of 3.1 %. 

Despite the limitations and controversies, some 
definite improvements have been associated with 
the New York system. It remains speculative 
whether these changes would have occurred from 
feedback of detailed comparative outcomes infor
mation to providers alone. Although such feed
back is probably the most important factor in ac
complishing improvement, it seems likely that the 
external pressure of public release "played an im
portant part in galvanizing physicians and hospi
tals to seize these opportunities to improve."12 
While the improvement process may have been 
accelerated, there have been detrimental effects 
and adversarial reactions among providers in
duced by the scorecard approach. The collection 
and public disclosure of outcomes data by an ex
ternal agency put caregivers on a collision course 
with each other and with public health authori-
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ties. The intellectual honesty of scientific research, 
and reflective collaboration, provided an enlight
ened course correction. Our challenge is to inte
grate these elements and the best principles and 
practices of patient care into the pragmatic and 
turbulent mainstream of health care delivery. 

References 

1. Kassirer]P. The use and abuse of practice profiles. 

New Engl] Med 1994;330:634-635. 
2. Kleinke ]D. Medicine's industrial revolution. Wall 

Street Journal, August 21, 1995. 
3. Moore FD. The university in American surgery. 

Surgery 1958;44:1-10. 
4. Chiu RCJ, Mulder DS. Roles for the surgical in

vestigator. In: Troidl H, Spitzer WO, McPeek B, 

Mulder DS, McKneally MF, Wechsler AS, Balch 

CM, eds. Principles and Practice of Research. New 
York: Springer-Verlag, 1991, pp. 10-15. 

5. Hammermeister KE, Daley], Grover FL. Using 
outcomes data to improve clinical practice: what 

we have learned. Ann Thorac Surg 1994;58: 
1809-1811. 

6. Denton T A, Chaux A, Matloff ]M. A cardiotho
racic surgery information system for the next cen

tury: implications for managed care. Ann Thorac 
Surg 1995;59:486-493. 

7. Ebert PA. The importance of data in improving 
practice: effective clinical use of outcomes data. 
Ann Thorac Surg 1994;58:1812-1814. 

8. Iezzoni LI. Using risk-adjusted outcomes to assess 
clinical practice: an overview of issues pertaining to 
risk adjustment. Ann Thorac Surg 1994;58:1822-

1826. 
9. Pollock A, Evans M. Surgical Audit. London: But

terworth,1989. 
10. Pollock AV. Historical evolution: methods, atti

tudes, and goals. In: Troidl H, Spitzer WO, 
McPeek B, Mulder DS, McKneally MF, Wechsler 
AS, Balch CM, eds. Principles and Practice ofRe

search. New York: Springer-Verlag, 1991, pp. 3-9. 
11. O'Connor GT, Plume SK, Wennberg]E. Regional 

organization for outcomes research. Ann N Y Acad 
Sci 1993;703:44-51. 

12. Barbour G. The role of outcomes data in health 
care reform. Ann Thorac Surg 1994;58:1881-
1884. 

13. Relman AS. Assessment and accountability-the 

third revolution in medical care. New Engl] Med 
1988;319:1220--1222. 

14. Berwick DM. Continuous improvement as an ideal 
in health care. New Engl] Med 1989;320:53-56. 

15. Laffel G, Blumenthal D. The case for using in
dustrial quality management science in health care 
organizations. ]AMA 1989;262:2869-2873. 

16. Box G, quoted by Berwick DM. Commentary in: 
Batalden PB, Stoltz PK. A framework for the con

tinual improvement of health care. Journal on 
Qyality Improvement 1993;19:425-452. 

17. Daley]. Criteria by which to evaluate risk-adjusted 
outcomes programs in cardiac surgery. Ann Thorac 
Surg 1994;58:1827-1835. 

18. Topol E], Califf RM. Scorecard cardiovascular 
medicine-its impact and future directions. Ann 
Intern Med 1994;120:65-70. 

19. Kasper ]F, Plume SK, O'Connor GT. A method

ology for Q! in the coronary artery bypass grafting 

procedure involving comparative process analysis. 
Qyal Rev Bull 1992;18:128-133. 

20. Dziuban SW, Mcllduff]B, Miller S], DalCol RH. 

How a New York cardiac surgery program uses 

outcomes data. Ann Thorac Surg 1994;58:1871-
1876. 

21. Coronary Artery Bypass Surgery in New York 
State: 1989-1991. Albany: New York State De

partment of Health, December 1992. 
22. Coronary Artery Bypass Surgery in New York 

State: 1990--1992. Albany: New York State De
partment of Health, December 1993. 

23. Coronary Artery Bypass Surgery in New York 
State: 1991-1993. Albany: New York State De
partment ofHealth,]une 1995. 

24. Hannan EL, Kilbum H, Racz M, Shields E, Chas
sin MR. Improving the outcomes of coronary ar
tery bypass surgery in New York State. ]AMA 
1994;271:761-766. 

25. Green], Wintfeld N. Report cards on cardiac sur
geons-assessing New York State's approach. New 
Engl] Med 1995;332:1229-1232. 

26. Bumiller E. Death rate rankings shake New York 
cardiac surgeons. New York Times, September 6, 
1995. 

27. Omoigui NA, Miller DP, Brown K], Annan K, 
Cosgrove D 3rd, Lytle B, Loop F, Topol E]. Out
migration for coronary bypass surgery in an era of 
public dissemination of clinical outcomes. Circu
lation 1996;93:27-33. 



530 S.W. Dziuban Jr. 

28. Chassin MR, Hannan EL, DeBuono BA. Benefits 

and hazards of reporting medical outcomes pub

licly. New EnglJ Med 1996;334:394-398. 

29. Hannan EL, Siu AL, Kumar D, Kilburn H Jr, 

Chassin MR. The decline in coronary artery bypass 

graft surgery mortality in New York State. JAMA 

1995;273:209-213. 

Commentary 

This chapter is centered around a case study dem
onstrating how outcome analysis may be used to 
improve patient care. In contrast to the more ex
tensive outcome analyses suggested by Lorenz in 
chapter 55, the endpoints in this study are simple
primarily risk-adjusted mortality. This focus is ap
propriate because mortality has a high enough oc
currence in this patient population to be a highly 
meaningful endpoint. Other interesting issues are 
raised within the chapter. For example, who owns 
outcome data? Are there adverse effects to putting 
too much pressure on institutions to alter outcomes 
that might force institutions to stop treating high
risk patients-particularly when these are the pa
tients who potentially derive the greatest benefit 
from a given intervention? How does one over
come the most fundamental element that is not 
measured in these analyses? Specifically, every pa
tient enrolled in the study had the decision made 
by a surgeon that the patient would potentially 
benefit from operation. Do the risk-adjustment 
protocols adequately compensate for those ele
ments of decision making that may incorporate 
other undefined outcome measures that are of great 
importance (as emphasized by Lorenz)? The chap
ter is highly pragmatic; it makes the important 
point that all surgeons should be involved in a con
tinuing research process whose goal is the improve
ment of patient care. 

A.S.W. 

Commentary 

Dr. Dziuban has written a very interesting chapter 
on outcomes research, drawing our attention to 
the need to take both the professional and con-

sumerist perspective on the various outcomes of 
treatment. It is the collision of the view of the 
consumer with the known prejudice of the biolo
gist toward hard data that has brought onto the 
scene this new frame of research into outcomes. 
The taxonomy of research into outcomes is not 
completely defined. A good overview of it is found 
in Orchard.! Briefly, outcomes can be divided into 
professional outcomes (e.g., sepsis, recurrence after 
surgery), patient outcomes (the relief from pain and 
symptoms afforded by surgery), and population
based outcomes (the effect of outcomes on the 
political economy of the country, in particular re
turn to work or return to normal functioning in 
society). 

Politicians and consumer groups want out
comes to be presented as competitive league tables 
to allow them to compare good with bad. Al
though this idea is attractive, life is not that sim
ple. Outcomes are determined by factors, such as 
age, gender, pathology, and so forth, beyond the 
control of clinicians. 

Outcomes research is made difficult by prob
lems of case mix. We have looked very carefully 
at outcomes after upper gastrointestinal surgery in 
a fairly large series. The effect of case mix on the 
outcomes after surgery was demonstrated quite 
clearly.2 Unfortunately, despite the difficulties, 
people still hanker for simple competitive tables 
and are unconvinced by the difficulties and pitfalls 
of using routine outcome data in this way. 

So, outcomes research is here to stay, as Dr. 
Dziuban points out. However, it is a form of re
search that requires the same meticulous attention 
to detail that Dr. Dziuban and other surgeons 
have shown when looking at coronary artery by
pass surgery. This excellent chapter, setting out 
what can and cannot be done in this field, de
scribes a new challenge that surgical researchers 
ought to take up with their customary enthusiasm 
and precision. 

1. Orchard C. Comparing healthcare outcomes. Br 

Med J 1994;308: 1496-1499. 
2. Devlin HB, Rockall RA, Logan RFA, Northfield 

TC. Variation in outcome after acute upper gastro
intestinal haemorrhage. Lancet 1995;346:346-350. 

HB. Devlin 
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Commentary 

In 1983 Professor J.R. Hampton wrote that 
"Clinical freedom should have been strangled long 
ago, for at best it was a cloak for ignorance and at 
worst an excuse for quackery." 

Outcome analysis is essential if we are going to 
apply the results of research to the treatment of 
patients. We must know what happens to our pa
tients, not only in terms of 30-day mortality but 
also of long-term morbidity and mortality and 
quality of life. 

We have all been fascinated by the New York 
State Department of Health's reporting of deaths 
after coronary artery bypass grafting classified by 

hospitals and individual surgeons. The publica
tion of above-average death rates stimulated hos
pitals to conduct closer examinations of the pro
cesses of surgical, anesthetic, and postoperative 
care. By the end of 1993 there had been a dra
matic improvement in survival, and the mortality 
in high-risk (AMI SHU) patients had fallen from 
31 % to 5% and the risk-adjusted mortality from 
6.6% to 2.5%. These are remarkable figures. Can 
we emulate them? Can we improve the results of 
other interventions? We will not know until we 
audit the outcome of every patient who comes un
der our care. 

A. V. Pollock 



CHAPTER 57 

Health Services Research 
J1. Williams, J Haber, and K W Lauterbach 

An Introduction to 
Health Services Research 

The goal of health services is to provide oppor
tunities for effective care to persons who can 
benefit from it in a manner that is acceptable to 
the consumer and the provider, at a cost that is 
acceptable to the public at large. Health services 
research strives to determine whether that goal 
has been achieved, in whole or in part, and to 
identifY factors that enhance or diminish the pos
sibility of achieving that goal. 

Health services research is a field of study rather 
than a discipline. Investigators come from the 
health sciences, social sciences, management sci
ences, and information sciences, as outlined in Fig
ure 57-1. The banners under which individuals 
come together to undertake health services research 
include health systems research, clinical epidemi
ology, technology assessment, clinical decision 
analysis, operations research, health economics, 
medical sociology, and medical anthropology. 

Scientists and clinicians have questioned the 
benefits of medical interventions in relation to 
their hazards and costs for centuries, but it has 
only been over the past 50 years that the princi
ples, concepts, methods, and statistics for health 
services research have been developed. Through 
the development of social medicine in Great Brit
ain, epidemiological concepts and methods were 

applied to the broad spectrum of health problems 
and behaviors. The randomized trial was intro
duced for the study of the efficacy of drugs and 
extended to other interventions. Sociologists, 
economists, demographers, and political scientists 
brought their concepts, methods, and statistics, 
and clinical psychologists and anthropologists 
contributed observational methods for use in 
health services research. 

Reasons for Health Services 
Research 

The reasons for health services research come 
from the challenges and problems countries face 
in the organization, financing, and provision of 
health services. At the risk of oversimplification, 
one can differentiate between challenges in the 
industrialized and developed countries with high 
income, and those in developing countries with 
low and middle levels of income. 

The World Bank! estimated that in 1990 the 
world expenditures on health care, public and pri
vate, were about $1,700 billion, or 8% of the total 
world product. High-income countries expended 
about 90% of this amount, or about $1,500 per 
person. Developing countries spent about $170 
billion, which was 4% of their gross national prod
uct, or about $41 per person. Among the prob-
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Figure 57-1. Disciplines in health services 
research. 

• Social Sciences 
Anthropology 
Demography 
Economics 
History 
Political science 
Psychology 
Sociology 

• Other 
Informatics 

• Health Sciences 
Biostatistics 
Epidemiology 

• Business 
Decision theory 
Finance 
Management 
Organizational theory 
Operations research 

lems that health services research addresses in de
veloping countries is misallocation of monies to 
expensive clinical and hospital interventions of 
low cost-effectiveness at a time when highly cost
effective interventions such as the treatment of 
tuberculosis and sexually transmitted diseases are 
underfunded. While the poor lack access to basic 
health services, government spending goes dis
proportionately to the affluent in the form of sub
sidies to private and public health insurance and 
subsidized care in tertiary hospitals. The World 
Development Report, issued by the World Bank, l 

set forth a plan for investing in health and ad
dressing these problems. 

In developed countries there is little evidence 
concerning the effectiveness and efficiency of the 
treatment of many routinely administered treat
ments and diagnostic tests. Additionally a number 
of new problems for the provision of health care 
are arising that alone would provide enough rea
son for investing more into health services studies. 
Among them are demographic changes. These are 
most pronounced in Europe where we can expect 
an increase of 20-50% in the number of people 
age 65 and older in the next 30 years, and a dwin
dling number of young people who can support 
the publicly financed health care systems.2 

For these reasons, in 1990 the Commission on 
Health Research for Development,3 an indepen
dent international initiative, called for an inter
national program of research for enabling people 
in diverse circumstances to apply health care so
lutions that are presently available and to generate 
new knowledge to tackle health care problems 
without solutions. Not only does research provide 

the basis for effective planning and the best use of 
scarce resources, it is a critical part of social and 
human development. The Commission stated 
that without health research, countries would of
ten fly blind in their attempts to improve the 
health of their citizens. It proposed a program of 
internal collaboration in funding from public and 
private sources, and international and national 
governments and agencies for building and sus
taining research capacity within developing coun
tries. The demand for research that addresses is
sues and problems in health care and policy is 
universal,3 

Defining Health Services 
Research 

There is no one widely accepted definition of 
health services research. Mter reviewing various 
definitions, the Committee on Health Services 
Research of the Institute of Medicine,4 provided 
the following definition: 

Health services research is a multidisciplinary 

field of inquiry, both basic and applied, that ex

amines the uses, costs, quality, accessibility, de

livery, organization, financing, and outcomes of 
health care services to increase knowledge and 

understanding of the structure, processes, and ef

fects of health services for individuals and popu

lations. 

Basic research that generates new knowledge 
about fundamental individual and institutional 
behaviors that may not be useful in the short term 
is important. However, the primary demand is for 
research that can be applied to problems and is
sues of more immediate interest to the public, and 
the providers and agencies responsible for govern
ing health care. The key areas of health services 
research are displayed in Figure 57-2. 

Another way to define health services re
search is to look at the work of those who do 
the research. The Committee on Health Services 
Research4 identified about 5,000 health service re
searchers in the United States. They found that 
this workforce has three broad components: re
searchers who create, design, supervise, and report 
on basic and applied projects; individuals who as-



Figure 57-2. Key areas for health services 
research. 

• Organization and financing 
• Access to practitioners 
• Patient and consumer behaviors 
• Qtality of care 
• Clinical evaluation and outcomes 
• Informatics 
• Clinical decision making 
• Health professions workforce 
• Equity and health care 
• Economic evaluation of interventions 
• Pharmacoeconomics 
• Technology assessments 

sist in the research under the direction of others; 
and those who analyze health services information 
and apply tools of health services research in man

agement and policy settings. Most of the re

searchers were employed in academic institutions, 
private research organizations, and consulting 

groups. There are rapidly growing opportunities 
for research in health plans, insurance companies, 

and similar organizations. 

Two Examples of 
Health Services Research 

There have been two large studies that have tied 
the organization and financing of health services 
to the health needs of the individuals and their 
satisfaction with the care they received. The stud
ies are summarized in structured abstracts. These 
studies can give only a very limited introduction 
into the wide array of studies concerning health 
services research. Still, they are exemplary because 
they combine data about patients, delivery sys
tems, and socioeconomic factors in a way that can 
have immediate policy consequences. These stud
ies are also important beyond their immediate re

sults in that they overcame important methodo
logical problems such as the management oflarge 
data sets that were subsequently confronted in 
other studies. Finally, they helped to train a num
ber of young researchers who later became leaders 
in health services research. 
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ABSTRACT No.1 

Study 

Health Care: An International Study. World 
Health OrganizationlbInternational Collaborative 
Study of Medical Care Utilization, 1964-1974. 
Kerr White and others.5,6 

Objectives 

To study the extent to which personal determi
nants of health and health behavior affect the 
uses of health services, and to compare the im
pact of health service systems on these relation
ships. 

Design 

Cross-sectional comparisons of surveys and 
health service systems. 

Settings 

Twelve study areas in seven countries: four in 
Canada (Grand Prairie, Alberta; Saskatchewan; 
Fraser, British Columbia; and Jersey, British Co
lumbia); two each in Yugoslavia (Banat, Serbia 
and Rijeka, Croatia) and the United States (Bal
timore, Maryland and northwestern Vermont); 
one in each in Argentina (Buenos Aires), Fin
land (Helsinki), Poland (Lodz), and the United 
Kingdom (Liverpool). 

Subjects 

A total of 48,000 persons in probability samples 
from the 12 areas. 

Measurements 

Standard measures of perceived need, resources, 
and uses of health service systems in the 12 areas. 
Survey of health services resources and organi
zational factors in the systems. 

Results 

Mortality. Area standard mortality ratios were 
relatively close to a median of 8.4 deaths per 
1,000. Infant mortality rates were higher for 
Buenos Aires, Lodz, and Banant. 

Perceived health. There were minimal varia
tions in self-reported health: 40% saw them
selves as functionally healthy; 10% of subjects in 
North America, Buenos Aires, and Liverpool re
ported chronic and disabling conditions; rates in 
Yugoslavia, Helsinki, and Lodz were two to three 
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times as high. Reported rates for sickness and 
bed days followed a similar pattern. 

Health services utilization. There were marked 
variations in rates of physician visits, volume of 
physician use, volume of hospital nights, and 
uses of prescribed and nonprescribed medica
tions. Utilization rates did not correspond to ar
eas' variations in sickness, chronicity, and dis
ability. 

Systems. Uses of physicians and hospitals for 
healthy and unhealthy persons were not related 
to resources or financial barriers across areas. Use 
of hospitals was related to availability of hospital 
beds. Volume of ambulatory care physicians was 
inversely related to supply of short-term beds. 
The balance between physicians (generalists and 
specialists) and hospital beds may be an impor
tant determinant of hospital use. 

Conclusion 

Perceived need is the major prerequisite for the 
demand for health care. Predisposing and en
abling factors influence use. The supply and dis
tribution of resources are critical factors in access 
to and demand for health services. Physicians 
largely determine point of entry and uses of 
health services system. The process is influenced 
by a number of factors including the local struc
ture of health services and financing and pay
ment mechanisms. Epidemiology and health 
services research is a means for assisting politi
cians, planners, professionals, and the public in 
allocating resources rationally and compassion
ately. 

ABSTRACT No.2 

Study 
RAND Health Insurance Experiment: Controlled 

Experimentation as Research Policy, 1971-1986. 

Joseph Newhouse and Insurance Experiment 
Group.7-10 

Background 

Five health insurance plans were designed from 
the study: four had varying levels of cost sharing 
by enrollees (25%, 50%, 95%, and individual de
ductible), and one offered free care. There was a 
maximum dollar expenditure per year of 5%, 
10%, or 15% of income, or $1,000, whichever 

was less. A health maintenance organization 
(HMO) provided free care. 

Objectives 

To determine the effects of cost sharing on uses 
of services and health outcomes, determine if 
these effects varied by income group; determine 
the effects of covering outpatient as well as in
patient services, and estimate the reduction in 
use and resulting health effects in a HMO. 

Design 

Randomized controlled experiment. 

Settings 

Six sites: Dayton, Ohio; Seattle, Washington; 
Fitchburg/Leominister, Massachusetts; and, 
Georgetown County, South Carolina. 

Patients 

A total of7,700 individuals were enrolled. About 
2,000 of the enrollees received their care through 
the HMO. The enrollees in the study partici
pated for either 3 or 5 years. Persons eligible for 
Medicare because of age or disability were ex
cluded. 

Measurements 

Uses and costs of inpatient and outpatient ser
vices, appropriateness of care for conditions and 
indications, self-reports of health status, and 
consumer satisfaction. 

Results 
Uses and costs of services. The main comparisons 
were between free care (FC) and fee-for-service 
(FFS) care. The dollars spent per person per year 
were about 50% higher for FC than FFS. Par
ticipants in the FC plan averaged 2 more phy
sician visits per year, and their hospital admission 
rate was 25% higher than for those in FFS plans. 

Health outcomes. FC had no effect on habits 
associated with cardiovascular diseases and some 
types of cancer. There were no effects of FC on 
any of five measures of health status. The effects 
of FC were evident in improved levels of dental 
care. FC patients with visual problems or hyper
tension received better care, and improvements 
appeared to be greater among the poor. The in
vestigators estimated the reductions in mortality 
that could result from the differences in out-



comes and concluded they were not sufficient to 
justifY Fe for all adults. 

HMO. Hospital admissions were 40% less for 
the HMO than the FFS plan. For the average 
participant, there were no differences in out
come. The poor and sick in the HMOs may have 
had more bed days and serious symptoms than 
the poor and the sick in FFS. 

Satisfaction. HMO enrollees had either been 
subscribers or they joined the HMO at the time 
of randomization. Prior HMO enrollees were as 
satisfied with their care and services as FFS par
ticipants. Enrollees new to the HMO were less 
satisfied with waiting times and the availability 
of specialists and hospitals. Some preferred FFS 
care and were willing to pay for it. 

Conclusion 

The Rand Health Insurance Experiment 
(RHIE) is a hallmark, randomized controlled 
experiment in health services research. Innova
tive methods for assessing health outcomes and 
quality of care were developed for the project. 
The implications of the RHIE for the organi
zation and financing of health services continue 
to be debated. 

Research Methods 
in Health Services 

For the most part, health services research is 
population based. It involves studies of the needs 
and determinants of the health of the population, 
the appropriateness and efficiency with which the 
population is provided services, and the resulting 
health outcomes for the population served. The 
key methods for health services research include: 
health surveys of individuals and households, 
analysis of health administrative data, methods for 
defining appropriateness of care, benchmarks and 
performance indicators, measures of health out
comes, and the methods for economic analysis. 
Brief descriptions of the methods are presented in 
Figure 57-3. 

Population Health Surveys 

Population surveys are routinely conducted in the 
European and North American countries. The 
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Figure 57-3. Methods for health services 
research. 

• Health surveys of individuals and households 
• Analysis of health administrative data 
• Defining appropriateness of care 
• Benchmarks and performance indicators 
• Assessing health outcomes 
• Economic evaluations 

surveys typically include questions on the demo
graphic characteristics of the individuals and 
households, work and socioeconomic character
istics, acute and chronic health problems, limita
tions of activities and disabilities stemming from 
health problems, health knowledge, beliefs and 
attitudes, health behaviors concerning health pro
motion and disease prevention (e.g., smoking, 
drinking, exercise, nutrition, and participation in 
screening programs), utilization of health profes
sional and hospital services. 

The results are used to draw health profiles of 
the communities surveyed, construct indicators of 
population, define health needs, monitor behav
iors related to health promotion and disease pre
vention, and indicate the access to, use of, and 
satisfaction with health care and services. Ideally 
the questionnaires and interview schedules would 
be standardized over time and across nations, 
states, and provinces. ll The reality is that the 
methods vary enough across surveys that it is dif
ficult to make cross-national comparisons such as 
those provided by Kerr White and his col
leagues. 12 

Health Administrative Data 

The revolution in computing systems, combined 
with the development of information technolo
gies, has resulted in data that was gathered for 
financial and administrative purposes being ac
cessible for health services research. Canada has 
universal public health insurance. Provinces de
cide on the health services they will fund, and they 
administer the programs. 

The Institute for Clinical Evaluative Sciences 
(ICES) in Ontario is funded by the Ministry of 
Health to study access to and efficiency and ef
fectiveness of medical services in the province. 
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Much of the research is based on one or more of 
the following: hospital discharge summaries, phy
sician claims, the drug benefit plan for the elderly, 
and home care. As almost all hospital and physi
cian services are covered by public insurance, the 
coverage of the services provided is nearly univer
sal. The drug benefit plan covers the elderly, and 
until this year all drug costs were covered by the 
plan. There are home care programs throughout 
the provinces, but the services are organized at the 
municipal levels, and the coverage varies accord
ingly.13,14 

Researchers at ICES have assessed the quality 
of the demographic, diagnostic, and intervention 
data in the databases. IS The reliability and validity 
of the demographic data and the primary services 
provided are very high in all four databases. The 
quality of the data on primary diagnosis is high 
for hospital discharge summaries. Diagnosis is an 
optional field on physician claims, is not recorded 
on drug claims, and may not be included on home 
care data. Data on secondary diagnoses and com
plications on the hospital discharge summary gen
erally are not reliable except for the most salient 
conditions. 

The methods for the analysis of administrative 
databases have been well established by Wenn
berg,16 Roos and Roos,t7 and McPherson and co
workers. 18,19 They are summarized in a series of 
articles included in a book edited by Anderson 
and Mooney.2o Explaining variations in the rates 
of health care utilization and finding strategies for 
reducing them continue as major tasks of health 
services. Generally speaking, rates for surgical 
procedures are higher in the United States than 
in most European countries, and the rates for 
Canada fall somewhere in the middle, depending 
on the procedure. There variations among areas 
within a country can be greater than the variations 
between countries.21 Obviously, if the variations 
could be reduced by lowering utilization, particu
larly in areas with high rates, there would be a 
potential for reducing the overall costs of health 
services. There is also a concern that variations 
indicate that utilization may not be related to ap
propriateness of care. Low utilization could imply 
that needs were not being met, and high utiliza
tion may indicate that services are provided in
appropriately.22 The source of the variations can 
be determined by assessing the availability of ser-

vices, the rationalization of care, and the charac
teristics of the population serviced. Variations in 
procedures are minimal when physicians agree on 
treatment procedures, as they do for fractured hips 
and inguinal hernia. Variations are marked for 
conditions for which there is less consensus con
cerning treatment, such as for the management of 
back problems, dental extractions, and asthma in 
adults.23 Marked variations in rates are a screening 
test for the access, efficiency, and effectiveness of 
medical practice. Variations may identify possible 
problems, but additional investigations are re
quired to identify patterns of practice that are con
trary to evidence and guidelines. 

Variations over time mark the changes in prac
tice, such as reclassifying procedures as suitable for 
same-day surgery instead of requiring inpatient 
stays, and the introductions of new technologies, 
such as the use oflaparoscopic procedures in gen
eral surgery. Trends over time also indicate the 
rate at which practices change in response to the 
dissemination of knowledge. By linking services 
to indications, the appropriateness of services can 
be assessed, and variations in rates can be related 
to the criteria for appropriateness. 

Appropriateness of Care 

Figure 57-4 gives an indication as to how evidence 
can be derived for relating guidelines for practice 
to patterns of practice. The Cochrane Collabo
rative Project based at Oxford University is de
signed to collate the results from all randomized 
trials and synthesize the evidence into guidelines 
for practice. The publications on effective care in 
pregnancy and childbirth and the effective care of 
the newborn were the first major books to come 
from the project.24 However, there is "black and 
white" evidence from clinical trials for only a mi
nority of medical decisions and interventions. The 
efficacy results obtained in well-designed, ran
domized trials, based on standardized protocols 
may not translate into effectiveness in everyday 
practice. 

The task is to develop guidelines for the gray 
zones of practices. Also, there is the need do re
search on the guidelines that are derived from the 
evidence, asking the question whether they are 
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Figure 57-4. Building evidence for evaluating health care. 

valid, reproducible, unambiguous, and helpful in 
clinical practice.25 Evidence itself may be taken 
from other clinical research, clinical databases, 
and case registries. Consensus conferences are 
used to bring experts together to render guidelines 
for care based on implicit criteria for assessing the 
broad array of clinical research and evidence. 
RAND researchers have developed methods for 
synthesizing the knowledge and experience of ex
perts and deriving detailed assessments of appro
priateness of care based on explicit criteria.26 Re
searchers review the literature for a particular 
procedure and define the indications for the pro
cedure in terms of symptoms, medical history, and 
diagnostic tests. The indications for procedures 
are combined into clinical scenarios. The panel 
members initially are to make their ratings on a 
nine-point scale, with 1 being extremely inappro
priate and 9 being extremely appropriate. After 
considering the ratings and indications from the 
first round, the indications for conditions are 
modified, scenarios are altered or dropped, and 
the ratings are repeated. 

Using the data from the study of Medicare pa
tients, Leape and his colleagues27 studied varia
tions in use of coronary angiography, carotid end
arterectomy, and upper gastrointestinal tract 
endoscopy across 23 adjacent counties in one 
state. Taking appropriateness criteria derived 
from the RAND methods, they audited the hos
pital charts and rated the appropriateness of the pro-

cedures. The variations in county rates per 10,000 
Medicare enrollees ranged from 13 to 158 for 
coronary angiography, from 5 to 41 for carotid 
endarterectomy, and from 42 to 164 for upper 
gastrointestinal tract endoscopy. The rates of in
appropriate use by county ranged from 8% to 75% 
for coronary angiography, from 0% to 67% for ca
rotid endarterectomy, and from 0% to 25% for 
endoscopy. The variations in utilization rates 
could not be explained by variations in appropri
ateness of care for the procedures studied. 

In Ontario, nine centers provide coronary ar
tery bypass surgery, and they are joined within the 
Provincial Adult Cardiac Care Network of On
tario (PACCN). Researchers at ICES and clini
cians in the network employed the RAND pro
cedures with an expert panel to create an urgency 
rating for prioritizing patients in the queue for 
surgery.28 Results of the rating exercise were used 
to create triage guidelines. Patients with urgent 
priority scores should have surgery within 3 days, 
and the recommended waiting times extend to 6 
months for patients with elective priority scores. 
Since there have been criticisms of the deaths and 
delays in queues for coronary surgery in Canada 
by American groups opposed to "socialized med
icine," researchers from ICES and PACCN ex
amined the experience of 8,517 patients leaving 
the registry between October 1991 and July 1993. 
Among the 8,213 patients receiving surgery, the 
median wait was 17 days, and the median waiting 
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times ranged from one day for urgent cases to 40 
days for those with low priority scores. Waiting 
times did vary inequitably among the nine centers 
but the patients rarely suffered critical events or 
extreme delays.29 The result of this study has been 
to transfer patients across centers and convince 
the government to expand the programs in hos
pitals with the longer waiting times. A subsequent 
study has shown that referring specialists in On
tario have accepted the priority scores, and this 
facilitates the managing of the waiting lists.30 

Based on an overview of randomized trials, the 
Coronary Artery Bypass Graft Surgery Trialists 
Collaboration developed a score to indicate the 
risk of death if surgery is not performed, based on 
clinical indications of severity of disease.31 Hux 
and her colleagues32 used the score to define three 
levels of survival benefit from surgery (high, mod
erate, and low), and they applied to the PACCN 
for data on 5,058 patients in Ontario undergoing 
CABG surgery in 1992. About 95% of the cases 
from across the nine centers were judged to have 
been managed in a clinically appropriate manner. 
However, there is a threefold variation in surgical 
rates across the counties of Ontario. As the rates 
increased, the proportion of high-benefit cases in 
the counties declined, and the proportion oflow
benefit cases increased. These results suggest that 
while the ratings of appropriateness are high 
across areas, there may be diminishing marginal 
returns for specific outcomes with rising local use 
of procedures. This is consistent with the findings 
by Black and his colleagues who concluded that 
areas with high rates of elective surgery for benign 
prostatic hyperplasia provided surgery to higher 
proportions of men with low levels of need and 
limited potential benefit.33 Variations in rates may 
suggest variations in patient selection. 

Benchmarks and Performance 
Indicators 

Basinski34.35 established three benchmarks for 
judging hospital performance during this era of 
restructuring: average length of stay, day-surgery 
rates, and readmissions. While there are varia
tions, across the board hospital efficiency contin
ues to improve, with declines in lengths of stay 

for a wide range of conditions. For the years that 
the data have been collected, the age-sex-adjusted 
day-surgery rate per 1,000 patients has increased 
from 57.6 to 68.8.35 Concern has been expressed 
by providers and consumers that patients are be
ing discharged "quicker and sicker." The analysis 
of readmission rates for selected medical and sur
gical conditions and for newborns indicates that 
the readmission rates have remained constant.35 

Methods for Assessing 
Outcomes 

The quest for measures of outcome that can be 
used in shaping health policy is perpetual. In this 
section we briefly review hospital mortality rates 
as outcomes, procedures that serve as proxy in
dicators of outcome, and measures of health status 
and quality of life. 

Starting in 1986, the Health Care Financing 
Administration (HCFA) in the United States be
gan publishing the inpatient mortality rates for 
Medicare patients. The listings of inpatient mor
tality rates released to the public included the 
names of the hospitals. According to HCFA's cal
culations, 142 hospitals had significandy higher 
death rates than was predicted, and 127 hospitals 
had significantly lower rates. The first prediction 
model developed by HCFA had adjustments for 
case mix, but this did not accurately capture the 
severity of illness. There were other methodologi
cal flaws as well. The model has been refined over 
the years, but the question remains whether the 
data on comorbidity, complications, and severity 
available on hospital discharge abstracts are suf
ficiendy good to adequately adjust for hospital 
variations in case mix.36 

At the beginning of this decade, the New York 
State Department of Health37 began publishing 
in-hospital, case mortality rates for the 30 hos
pitals that provide coronary artery bypass graft 
(CABG) surgery. Each of the hospitals perform
ing this procedure submits data to the Health De
partment on the clinical characteristics of CABG 
patients and their status at discharge. This infor
mation is entered into a database along with in
formation about the hospital and surgeon. The 
Health Department developed a multivariate risk 



factor equation for predicting deaths based on the 
demographic characteristics and clinical data on 
ventricular function, hemodynamic state, comor
bidities, ischemia, severity of disease, and prior 
open-heart operations. 

For each hospital and surgeon, the report lists 
the cases, deaths, observed mortality rate, ex
pected mortality rate, and risk-adjusted mortality 
rate, along with the 95% confidence intervals for 
the risk-adjusted mortality rate as an indicator of 
rates that are significantly high or low. Only sur
geons performing 200 or more CABG operations 
during the time period are listed by name. 

Hannan and others38 have observed the 
changes in rates for CABG surgery performed in 
New York State from 1989 through 1992. The 
overall in-hospital death rates declined from 
3.52% to 2.78%. They attributed the decline in 
the exodus oflow-volume surgeons with poor per
formance, the better performance of surgeons 
who entered the system, and the performance of 
surgeons who did not have consistently low vol
umes. 

There is another explanation as well. Omoigui 
and his colleagues39 reviewed 9,442 isolated coro
nary bypass operations performed at the Cleve
land Clinic from 1989 through 19'13. They com
pared the mortality experiences 01· patients from 
New York, Ohio, other states, and other coun
tries. The observed mortality rate for patients 
from New York (5.2%) was greater than the rates 
for patients from Ohio (2.9%), other states 
(3.1%), and other countries (1.4%). Compared to 
other patients, patients from New York were more 
likely to have had prior heart surgery and more 
severe disease. The expected mortality rate was 
thus higher than for the other patient cohorts. 
Omoigui and his colleagues also compared mor
tality outcomes by state of referral for the 1980 to 
1988 time periods, and these patterns were not 
evident in that data. They concluded that the 
public dissemination of outcome data in New 
York resulted in a referral of high-risk patients to 
an out-of-state clinic. 

It can be noted that ICES researchers worked 
with the Provincial Adult Cardiac Care Network 
of Ontario (PACCN) to create a six-variable risk 
index (age, sex, left ventricular function, type of 
surgery, and repeat operation) for predicting in
hospital mortality, intensive care unit stay, and 
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overall hospital length of stay following cardiac 
surgery.40 The overall mortality rate following 
CABG surgery was 3.01%, and the risk-adjusted 
mortality rate declined from 3.17% in 1991 to 
2.93% in 1993. The risk-adjusted mortality rates 
for the nine hospitals were within the expected 
range during the study period, except that one 
hospital had a significantly lower rate in 1991. All 
hospitals performed over 300 CABG procedures 
in 1992 and 1993, and only 2 of 42 cardiac sur
geons performed less than 50 CABG procedures 
in 1993.41 The members of the PACCN are using 
the results as feedback for the quality assurance 
program, but they have decided not to publish re
ports such as those concerning New York or 
Pennsylvania. 

There are at least three major limitations to 
mortality as an indicator in outcome studies. 
There is still little consensus as to how well vari
ous measures of severity and co morbidity ade
quately adjust for case mixY Secondly, less than 
3% of admissions to acute care hospitals end in 
death, so mortality reviews, at best, provided a 
narrow view of the quality of care. Thirdly, mor
tality as the primary indicator for the quality of 
care of a hospital can produce the incentive of not 
admitting or of transferring high-risk patients, 
particularly if adjustment for severity of illness 
and comorbidity is incomplete in the reporting. 

There are indicators that serve as proxies 
to outcomes. For example, mammography, pap 
smears, and blood pressure monitoring are screen
ing tests that serve as proxy indicators for out
comes, since there is ample evidence that early 
detection of breast cancer, cervical cancer, and 
heart disease can lead to prolongation of life and 
enhanced quality of life. Data on these indicators 
are available through population health surveys 
and administrative databases. 

Guidelines regarding caesarean section43 have 
been disseminated and discussed widely with phy
sicians in the United States and Canada, but ini
tially there was little response in terms in caesa
rean section rates. 44 The rates in Ontario peaked 
in the mid -1980s at 20% of deliveries and have 
fallen to 17% of deliveries in 1994, primarily be
cause of the decrease in the number of repeat 
caesarean sections.45 This shift is consistent with 
guidelines. However there are marked variations 
in caesarean rates by hospital, ranging from a low 
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of 10% to a high of 25%, and the rates serve as 
benchmarks for the hospitals. The Society of 
Obstetricians and Gynaecologists of Canada is
sued guidelines in 1995 for the diagnosis and 
management of dystocia and fetal distress.46 Re
searchers at ICES continue to monitor caesarean 
sections by indication, to estimate the impact of 
the guidelines. 

Experimental studies established that primary 
tumors of the breast are managed effectively with 
breast-conserving surgery and radiotherapy.47 In 
Ontario, the overall rates of breast-conserving 
surgery increased from 57% in 1991 to 64% in 
1994, and variation in rates by hospital declined.48 

With the introduction of mammography screen
ing and articulation of the consumer choices in 
management at the National Forum on Breast 
Cancer, women are becoming aware of treatment 
options and outcomes. While health administra
tive data do not indicate the reasons for the treat
ment, one can follow the data from surveys and 
hospitals to determine if trends in mammography 
screening and breast-conserving surgery continue 
to move in the expected directions with further 
reductions in variations. 

Groups in the United States have classified 
various medical conditions as markers of appro
priate primary care.49,50 The conditions are clas
sified as ambulatory care sensitive, and hospital 
admissions for these conditions are referred to as 
preventable hospitalizations. The basic idea is that 
appropriate ambulatory care can make many hos
pitalizations for these conditions unnecessary. Ex
amples of these marker medical conditions are 
asthma, congestive heart failure, diabetes, and 
depression. In Ontario, the rates of hospitaliza
tion for asthma and congestive heart failure were 
found to be higher in rural areas, where access to 
primary care can be a problem, than in urban 
areas.5! 

In a comparative study of cities in Ontario and 
United States cities, Billings and others52 exam
ined hospitalization rates for ambulatory care
sensitive conditions with respect to income levels 
of where individuals lived. On average, persons in 
low-income areas had hospitalization rates that 
were higher than for persons living in high
income areas. However the variations in rates of 
preventable hospitalizations in Ontario were not 
as dramatic as those found in the U.S. cities. In 

Toronto, with universal coverage and reduced bar
riers to primary care, low-income areas had 39% 
higher hospitalization rates than the more affiuent 
areas. Overall in the United States, where there 
are problems with lack of access to health insur
ance and primary care, low-income areas had hos
pitalization rates that were 340% higher than 
those in high-income areas.52 

Outcome Measures for Health 
Status and Quality of Life 

There are extensive reviews and critiques for mea
sures of physical, emotional, and social health 
functioning and health-related quality of life. The 
works by Bowling,s3,54 McDowell and Newell,55 
and Spilker56 provide the excellent coverage of the 
measures. There are basically three types of mea
sures that have been developed: measures of gen
eral health status or functioning, measures that are 
disease specific, and utility measures for assessing 
preferences for health states. Examples of coding 
measures are listed in Figure 57-5. Researchers 
are encouraged to include at least one measure of 
each type in clinical research and the evaluations 
of interventions and health technologies in order 
to obtain patient perspectives on outcomes. 57 

The four leading measures for assessing general 
health functioning or status are the Sickness Im
pact Profile (SIP),s8 Nottingham Health Profile 

Figure 57-5. Measures for health status and 
quality of life. 

• General health status/quality of life 
Dartmouth COOP Charts 
Nottingham Health Profile 
Sickness Impact Profile 
Short Form Health Survey-36 Items 

• Disease-specific measures 
Barthel Index 
Karnofsky Performance Index 

• Utilities and patient preferences 
Standard gamble method 
Time trade-off method 
Disability and Distress Scale 
EuroQgl Qyality of Life Scale 
Health Utility Index 
Qyality of Well-Being Scale 



(NHP),59 Short Form Health Survey-36 Items 
(SF-36),60.61 and Dartmouth COOP Charts for 
Primary Care Practice.62 The measures reflect the 
World Health Organization63 definition of health 
in terms of physical, mental, and social well
being. Each measure creates separate scores for 
several dimensions of health. All four measures 
have been used extensively in population surveys, 
clinical research, and health services researchers, 
and they have been translated into a number of 
languages for use in international studies. 

The generic measures are broadly applicable 
across diseases, conditions, populations and con
cepts. The measures are better at describing gen
eral health status than detecting clinically impor
tant changes in functioning. The measures 
provide profiles of dimension scores rather than a 
unitary value, so the health states and effects of 
interventions may be difficult to interpret. The 
length of the instruments can be a problem in 
usage as well.64 Comparative research has dem
onstrated reasonably well that the measures are 
suitable for detecting group differences in health, 
but they generally are not appropriate for com
paring individuals, or monitoring changes within 
individuals over time.65 This is why these mea
sures are often of limited importance for individu
al patients. They can rarely be used to monitor 
treatment progress. 

Disease-specific measures are designed to assess 
the impact of disease and the treatment of it on 
symptoms and impairments in functioning con
sidered important to patients and clinicians. The 
measures are usually designed so that they are re
sponsive to significant clinical changes, particu
larly in response to therapeutic interventions. The 
measures may produce single scores or they can 
be multidimensional. Of the hundreds of mea
sures that are in use, the Karnofsky Performance 
Index66 for cancer patients and the Barthel Index67 

for assessing stroke patients are older measures 
that continue to be used widely. The main 
strength of this class of measures is also their main 
limitation, the results are specific to the condition 
so there is no way to make comparisons across 
conditions or populations. Also, it is difficult to 
assess the impact of a treatment on the general 
quality oflife of a patient, leaving unanswered the 
question of whether the improvement is, all things 
considered, meaningful. 
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The general impact of a treatment on survival 
and quality of life is best determined by so-called 
utility measures. Utility measures are designed to 
assess patients' preferences for health states, usu
ally on a scale that ranges from 0, indicating 
death, to 1, the score for perfect health. The stan
dard gamble is a method that has been used ex
tensively in the field of decision analysis, and it is 
based on the fundamental axioms of von Neu
mann and Morgenstern.68 Persons in a chronic 
health state of ill health (e.g., end-stage renal dis
ease) are presented with the gamble of a treatment 
(e.g., transplantation) that could either return the 
ill to health or result in death. The probability of 
health following the treatment is altered until the 
subject is uncertain as to which treatment to 
choose, and that probability becomes the utility 
value. 

The time trade-off method was developed by 
Torrance and his colleagues69 as an alternative to 
the standard gamble. With this method, the util
ity value reflects the trade-off between the time 
the person would spend in a chronic state (e.g., 
time spent on dialysis), as opposed to the time he 
or she would have in a healthy state if a treatment 
alternative (e.g., successful kidney transplant) 
were chosen. Both of these measures are based on 
the theory of decision making under conditions 
of uncertainty, but there is debate as to how the 
theory applies to choices in health policy. Making 
choices with the standard gamble and time trade
offs is a conceptually demanding task, and the 
subjects can be reluctant to gamble with health. 
The utility values are developed one condition at 
a time, and they are available for a limited selec
tion of health states. The principal advantage of 
using utility scales is the possibility of comparing 
health programs that improve only the quality of 
life, with those that improve either survival or the 
quality of life and survival at the same time. A 
program that, for example, saves a given number 
of utility units is equally as beneficial as any other 
program with the same score, independent of the 
question of how this impact was achieved. 

Additionally there are a number of multidi
mensional utility scores such as the ~ality of 
Well-Being Scale,7° Rosser's Disability and Dis
tress Scale,71 the Health Utility Index3,72 and the 
EuroQgI ~ality of Life Scale.73 The ~ality of 
Well-Being Scale is used widely in the United 
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States, EuroQgI was developed for use in Euro
pean countries, and the Health Utilities Index, 
developed for use in clinical research, has been 
incorporated into population health surveys in 
Canada. There is collaboration between the re
searchers in Canada and Europe, with the hope 
of comparable scores, if not methods, for the 
EuroQgI and Health Utilities Index. The four 
measures provide preference weights for general 
health states. The information they provide is dif
ferent from the utility scores produced by the 
standard gamble and time trade-off methods be
cause they do not provide an opportunity to trans
late quality of life gains into survival gains. This 
makes them less useful for economic evaluations. 

In 1988, Ellwood,74 the godfather of the 
Health Maintenance Organization, and Relman75 

independently called for the use of the measures 
for a new kind of accountability in health care that 
would take the consumers' perspective into ac
count. Since that time there has been a prolifer
ation of new measures, and refinements of existing 
ones. There are debates about the desired prop
erties of the measures65.76.77 and the standards for 
their developmenes and use.79 

There is little standardization and consensus 
about measures to be used and the properties they 
should possess. Physicians, nurses, and other pro
viders infrequently use measures for assessing the 
effects of clinical encounters. Lastly, the design of 
care has to be coordinated with the assessment of 
outcomes. It is neither clear that the measures 
work in the real world, nor that the information 
gleaned from them can be used to make real 
changes. 

Methods for Economic Evaluations 

Health economists have been developing and pro
moting models for comparative cost analyses of 
alternative health interventions.64 ,so Four types of 
analyses have been proposed: cost-minimization 
analysis, cost-effectiveness analysis, cost-benefit 
analysis, and cost-utility analysis. On the cost side 
of the equation, most studies include the costs of 
provider time, supplies, equipment, and related 
services. Appropriate portions of administrative, 
overhead, and capital cost should be allocated to 
the costs as well. Researchers mayor may not 

include out-of-pocket expenses of the patient 
and the family. It is relatively uncommon for re
searchers to attach dollar values to the time pa
tients and family members contribute to care, or 
the indirect costs of time lost from work, and the 
psychic costs of pain and suffering. If the cost im
plications and consequences are realized over time 
or in the future, they are discounted and expressed 
in current dollars. (See Figure 57-6.) 

In cost-minimization analysis, one assumes that 
the effects of the alternative interventions or pro
grams are equal, and the task is to determine if 
one intervention or program is less costly than the 
other. 

Cost-effectiveness analysis is predicated on the 
assumption that the alternative interventions pro
duce clinically important differences in outcomes 
for a given health problem, with respect to mor
tality, morbidity, function status, andlor quality of 
life. If there are significant reductions in mortality, 
the effects can be expressed in survival time and 
years of life gained. 

Cost-benefit analysis involves assigning dollar 
values to the effects. By quantifYing the effects of 
programs and interventions in dollar values, it 
would be possible to compare the costs and bene
fits of different interventions such as hypertension 
screening, hip replacements, and kidney trans
plants. Monetary values have to be placed on the 
benefits as well: life years gained, disability days 
avoided, complications avoided, and reduced dis-

Figure 57-6. Health economic evaluations. 

• Cost minimization: Two or more interventions for 
the same problem produce same effects. Choose the 
least costly intervention. 

• Cost-effectiveness analysis: Two or more interven
tions for the same problem produce important dif
ferences in outcomes. Choose after weighting costs 
against difference in effects. 

• Cost-benefit analysis: Two interventions for the 
same or different problems produce different effects, 
and all costs and benefits are expressed in dollars. 
Choose intervention with best cost-benefit ratio. 

• Cost-utility analysis: Two or more interventions for 
the same or different problems produce effects quan
tified as utility values or quality-adjusted life years. 
Choose intervention with best cost-utility ratio. 



ruptions to work, family, and social activities. The 
methods for quantifying benefits in dollar values 
are sufficiently difficult and so highly controversial 
that one seldom sees such studies. 

Cost-utility analysis starts with the assignment 
of a utility or preference values to the health states 
resulting from disease and management. The util
ity measures described in the previous section are 
used for this purpose. By multiplying the life years 
gained by the utility value, the outcomes are ex
pressed in terms of quality-adjusted life years 
(QALYs).98 

Economics methods build directly on the other 
methods for health services research. They are de
signed to provide summary statements about the 
worth of health programs and interventions. The 
summary statements carry the advantages and 
limitations of the data and methods on which they 
are based. 

Challenges for 
Health Services Research 

Health services research in the future has to meet 
a number of challenges if it is to deliver on the 
task of assessing equity, efficiency, and effective
ness: establishing a perspective on the population; 
relating the associations and trade-offs between 
access and equity, efficiency, and effectiveness; and 
providing economic evaluations of interventions 
and connecting the evidence to decisions in health 
policy. 82 

Setting the Population Perspective 

We have recently been reminded by Mckeown'sloo 
treatise that medicine is only one of the deter
minants of health, and that health services may 
play only a minor role in improving the health of 
the populations.84,85 One challenge is to relate 
health services to well-defined populations. Ide
ally, researchers would be able to assess all health 
services provided to a population, taking into ac
count the social, economic, and ethnic determi
nants of health status in addition to the charac
teristics of the individuals. 86 

One approach is to combine data from popu
lation health surveys and health administrative 
databases so that the health information about the 
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participants can be linked to their subsequent uses 
of medical and social services. Longitudinal sur
veys are complex and expensive. Researchers will 
be able to study trends at the level of the nation 
and province, but the sample sizes will not be ade
quate to relate health and health services for 
regions or districts, or to estimate the impacts of 
specific interventions for specific diseases and 
conditions. 

Regionalization of health services affords an
other opportunity for establishing a population 
perspective. For example, in England, Sweden, 
and some provinces in Canada, regional health 
authorities are responsible for allocating funds to 
services and ensuring that the health needs of the 
population are met. Regional data on the uses of 
health services and vital statistics can be linked to 
estimate the impact of health services on the 
population served.86 

A third approach is to define populations in 
terms of subscribers to health insurance plans, or 
persons rostered to providers who are funded on 
a per capita basis. It may be difficult to accurately 
define the populations served by various plans 
with respect to salient demographics such as so
cioeconomic, ethnic, and health characteristics. 
Competition and managed care dominate health 
services in the United States. Health insurance 
firms and providers are striving to control costs 
and services as they compete for contracts with 
employers and consumers who buy the insurance 
plans or pay for the services. As they compete for 
buyers and enrollees, it will be interesting to see 
how they will provide data on costs, services, and 
outcomes. One promising benchmarking ap
proach is the Health Employer Data and Infor
mation Set (HEDIS) in which managed care or
ganizations voluntarily report on several outcomes 
indicators and proxies, which allows competition 
not only with respect to volume and price of cov
erage, but also with respect to quality of care.87 

In England, general practitioners with large 
practices can contract with the National Health 
Service to be fund holders. They receive budgets 
to purchase some hospital services, diagnostic 
tests, drugs, and some community health services 
for the patients registered in their practices. In 
addition, they receive management allowances 
and additional funding for the required informa
tion systems. The flexibility in purchasing services 
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provides incentives for efficiency and improve
ments in quality of care. There is a cost for the 
added layer of management, and a two-tier system 
of primary care may emerge. While there is a po
tential for relating the efficiency and effectiveness 
to the needs of the "populations" served, provid
ers, managers, and researchers have some distance 
to travel before the potential is realized.88 In Ger
many, several pilot projects with national sickness 
funds are currently starting. These sickness funds 
and regional physician's offices contract in such a 
way that, through the implementation of health 
services research data, hospitalization rates can be 
reduced.89 

A fourth approach is to break the population 
down into service areas by defining the markets 
for hospitals and other services. Wennberg and 
others90 took the Medicare data for the United 
States, and divided the postal codes of the en
rollees to 3,436 hospital service areas. In each 
area, more Medicare patients were hospitalized 
locally than in anyone other area. Originally the 
goal was to define the areas to allow for the pos
sibility of competition at the level of secondary 
care. However, given the distribution of the 
American population, 82% of the hospital areas 
with 39% of the population had only one hospital. 
Twelve percent of the areas with 23% of the popu
lation had either two or three hospitals, and the 
remaining 5% of the areas had four or more local 
hospitals and 37% of the population. The average 
population size of the areas was 180,000 people, 
with half of the areas having fewer than 30,000 
residents. 

Secondary care facilities refer patients to re
gional hospitals. Wennberg and others90 grouped 
the hospital service areas into 306 hospital referral 
regions. The hospital referral regions overlap city 
and state boundaries. Even so, about half of the 
regions had populations of fewer than 500,000 
residents. One-quarter of the regions served a 
large population of one million residents or more. 
Working with a number of health administrative 
databases, Wennberg and others90 displayed the 
variations of health resources and the utilization 
rates of Medicare patients across the hospital re
ferral regions. It is unclear how the areas defined 
in the Dartmouth Atlas can be linked to current 
and future patterns of managed care and compe
tition in the United States. 

Hospital service areas are an important concept 
for populations that are defined regionally or by 
service plans. It is not uncommon for secondary 
and tertiary hospitals to serve as referral cen
ters for a number of regions or plans. For a given 
population, knowledge of hospital service areas 
may define opportunities for restructuring or re
organizing the service delivery system. 91 

Access and Equity 

In the United States, where an estimated 37 mil
lion citizens are without health insurance, and the 
number of underinsured is about 48 million, there 
is a continuing research emphasis on access to 
care.82 Insurers and providers attempt to limit lia
bilities and control costs through restricting access 
to specialists and hospital beds, and major prob
lems have arisen with respect to access and equity 
for those with insurance coverage. While HMOs 
have been targeted for criticism, other providers 
of managed care have been criticized as well.92 

In countries where universal access to medical 
care is a right guaranteed by public programs, in
equities in health have been key issues.93 The 
Black Report94 and the Health Divide Report95 

have demonstrated that while there have been re
ductions in mortality and improvements in access 
to care since the introduction of the National 
Health Services, inequities in health by region and 
social groups, defined in terms of employment, 
socioeconomic status, and other characteristics, 
have either persisted or increased since World 
War II. England has addressed the issue by allo
cating resources geographically by level of need. 
Following the report of the Resource Allocation 
Working Party in 1978, the formula for the allo
cation of funds was based on sex- and disease
specific standard mortality ratios (SMRs) and bed 
occupancy rates for the regions. With the growing 
criticisms of the use of the SMRs to define health, 
social, and economic needs, the formula was re
vised to include all-cause SMRs for deaths before 
the age of 75 years, and the weight given to the 
SMR was reduced; bed utilization was replaced 
by a measure of demand for all hospital and com
munity services and an adjustment for regional 
variations for the costs of those services.96 

As Whitehead95 noted, not only are there criti
cisms of the model and the indicators, the in-



equities among social groups within a region are 
not taken into account. To the extent that invest
ments in education, social programs, and employ
ment can reduce inequities in health, it can be 
reasonably argued that resources from the health 
budget should be reallocated to those sectors of 
the public economy. 

The last step to consider for addressing in
equities would be to introduce health interven
tions aimed at specific problems contributing to 
the inequities. In a review of experimental studies 
of interventions directed toward accidents, cancer 
risk factors, coronary artery disease and stroke, 
sexual health; HIV / AIDS; preventing teenage 
pregnancy, pregnancy and childbirth, and mental 
health, Arblaster and others97 found an absence of 
comprehensive empirical evidence to support the 
potential benefits of such community-based pro
grams. 

Effectiveness AND Efficiency: 
The Outcomes Movement 

Bunker, Frazier, and Mosteller98 listed the medi
cal interventions in this century that have had the 
greatest impact on improving survival and quality 
of life for patients whose conditions were such 
that mortality was not an issue. They identified 
interventions that have been unquestionably ef
fective in improving quantity of life (e.g., immu
nization for diphtheria, and the collection of tech
nologies for the treatment of ischemic heart 
disease and hypertension) and quality oflife (e.g., 
the collection of technologies for correcting vision 
problems, hip and knee replacements). However, 
the costs and effects of most medical interventions 
are not known. Researchers are working on strate
gies for directly relating the costs of medical care 
to the benefits produced.99 

The major initiatives in the outcomes move
ment are found in England and the United States. 
In England, the Department of Health has estab
lished the Central Health Outcomes Unit to 
encourage and coordinate the development of 
methods, data collection systems, analysis, and ex
pertise. The Department of Health also estab
lished the United Kingdom Clearing House for 
the Assessment of Health Outcomes at the Uni
versity of Leeds. There are a number of research 
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units, including the one at the Royal College of 
Physicians, that have had held workshops for phy
sicians on the uses of outcome measures. lOO 

In the United States there are a number of gov
ernmental agencies, proprietary groups, founda
tions, and independent associations involved in 
developing outcomes that can be related to man
agement. 101 Two such undertakings are the U.S. 
Agency for Health Care Policy and Research and 
the Medical Outcomes Study. 

In 1989 the U.S. government created the 
Agency for Health Care Policy and Research 
(AHCPR) to fund research on the costs and ef
fectiveness of services delivered to Medicare 
beneficiaries. Under its Medical Treatment Effec
tiveness Program, the AHCPR funds patient out
comes research, clinical practice guideline devel
opment, scientific data development, and research 
dissemination. The AHCPR has funded multi
center interdisciplinary programs of research on 
the effectiveness of alternative strategies for the 
prevention, diagnosis, treatment, and manage
ment of a wide variety of acute and chronic con
ditions. There are 19 Patient Outcome Research 
Teams to study hip fracture repairs and osteo
arthritis, total knee replacement, benign prostatic 
hypertrophy and localized prostate cancer, pneu
monia, cardiac arrhythmias, local breast cancer, 
acute myocardial infarction, dialysis care, low
back pain, low birth weight in children of minor
ity and high-risk women, childbirth, biliary tract 
disease, ischemic heart disease, prostatic diseases, 
stroke, testing prior to cataract surgery, cataract 
management, and diabetes. The first contracts 
were set in 1989, and they have been of 5 to 10 
years in duration. Publications based on the stud
ies are now appearing in the literature.101 

The Medical Outcomes Study conducted by 
the Health Institute, New England Medical 
Center, and RAND was designed to determine if 
variations in patient outcomes can be related to 
systems of care, clinician specialty, and clinicians' 
technical and interpersonal styles. The study 
started with 28,257 adults treated by 345 clini
cians in Boston, Chicago, and Los Angeles for 
hypertension, congestive heart failure, myocardial 
infarction, depression, or type II diabetes. Green
field and his colleagues102 reported that the out
comes for type II diabetes were not related to spe
cialty or variations in management. Ware and his 
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colleagues103 followed a random sample 2,235 pa
tients for 4 years, and found no differences in 
physical and mental outcomes for the average pa
tient. They did find that the elderly, poor, and 
chronically ill had worse physical health outcomes 
in HMOs than in the fee-for-service systems, but 
the mental health outcomes were not related to 
type of managed care. However, in a randomized 
trial of Medicare patients assigned to HMOs and 
fee-for-service plans, Lurie and othersl04 found 
the outcomes for the two types of care to be equal. 

Disease management systems are a variation on 
the theme. Drug companies and other contractors 
target diseases with high prevalence rates, whose 
outcomes should be sensitive to variations in man
agement in the community and hospital. Diabetes 
and asthma are two diseases for which manage
ment systems are being marketed to hospitals. 
Targeting of specific diseases and the marketing 
management systems for them can lead to seg
mentation of health services. From the perspective 
of population health, the impacts have yet to be 
determined. los 

The outcomes management systems have been 
underway for a decade, and the world is waiting 
for the verdict on whether or not they will work. 
Companies are marketing disease management 
programs to hospitals and other providers on the 
premise that they can improve outcomes at re
duced costs, but it is too early to tell if they will 
be successful. 

Economic Evaluation of Interventions 

Laupacis and his colleagues106 proposed setting 
guidelines for the funding of technologies that 
would take into account cost per quality-adjusted 
life year (QALy) and the quality of the evidence 
of the effectiveness of the technology. If a new 
technology had grade A (best) evidence and cost 
less than existing technology, it would be ac
cepted. Conversely, a technology with grade E 
(worst) evidence that cost more would receive no 
funding. A grade B technology is to cost less than 
$20,000 per QALY, a grade C technology is to 
cost between $20,000 and $100,000, and a grade 
D technology is to cost more than $100,000 per 
QALY. 

Maynard107 produced a "league table" in which 
he ranked a number of interventions in terms of 

costs per QALY gained from a number of studies 
to demonstrate the relative cost-utility ratios for a 
number of interventions. For example, the costs 
per QALY, expressed in 1990 pounds British ster
ling, were 220 for cholesterol testing and diet 
therapy, alone; 1,100 for pacemaker implantation; 
1,180 for hip replacement; 2,090 for CABG sur
gery of the left main vessel; 21,970 for hospital 
dialysis; and 107,780 for neurosurgical interven
tion for malignant intracranial tumors. 

Drummond, Torrance, and Mason108 critically 
appraised the studies that produced the costs per 
QALY. They assessed the discount rate, method 
for estimating the utility values, range of costs and 
consequences included, and choice of intervention 
or program for the comparison. The methods var
ied across the studies, and the discrepancies could 
have biased the results. Information on key com
ponents was frequently missing. Had the infor
mation been available for all costs and conse
quences, the biases would likely have been more 
marked. 

Further, it can be noted that the concept of 
quality-adjusted life year is a controversial concept 
in and of itself.lo9 For most interventions, we do 
not have long-term follow up data for patients 
that tracks changes in health status over time. 
Even if the data and concepts were sound, one 
would wonder whether the allocation of health 
resources could rest on such narrow utilitarian 
principles. llo 

Groups such as Drummond and colleagues8o 
and the Task Force on Principles for Economic 
Analysis for Health Care Technologylll have pro
posed new standards for conducting economic 
analyses of interventions. The challenges for com
paring and economically evaluating management 
systems continue for health service researchers. 

Evidence and Health Policy Decisions 

The reasons for health services research and the 
potential uses of the results in making health pol
icy decisions are clear and demanding. In his Rock 
Carling Fellowship address, Cochranell2 noted 
that expenditures and development of the Na
tional Health Services in England took place 
without regard to information on efficiency and 
effectiveness. If decisions can be made to expand 



and develop health services without regard to evi
dence, so can the decisions about restructuring 
and rationalization of health services and the con
straints of costs for health care. 

Health service research often has to rely upon 
observational studies based on quantitative epi
demiological research, to evaluate the effective
ness of health care.113,114 Blackll3 pointed out that 
when evaluating the effects of services, a random
ized trial may be unnecessary, inappropriate, im
possible, or inadequate, particularly when the ex
ternal validity of the findings is required to define 
its impact on the population. As Naylor and Guy
att114 note, for observational studies to be credible, 
the outcome measures must be accurate and com
prehensive, the comparison groups must be clearly 
identified and sensible, and either the comparison 
groups must be similar with respect to important 
determinants of outcome, or the differences have 
to be adjusted for in the analysis. Researchers have 
to meet these demands if the evidence is to be a 
credible basis for health policy decisions. 

Some health policy decisions are purely politi
cal and are beyond the reach of research evidence. 
Other decisions are within the reach of research. 
Decisions are made that do take evidence into ac
count, but for some decisions the evidence may 
not exist, or it may not be effectively transferred 
to those making decisions. All of the players in
volved in making decisions about health care
policy makers, planners, managers, health profes
sionals, and consumers-are looking for high
quality information that is relevant, made public, 
and disseminated for use. The interest in health 
services research is matched with monies to sup
port the research programs and projects. Health 
services research will remain an active and vital 
field of activity for the foreseeable future. All in
terest parties are invited to participate. 
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CHAPTER 58 

Decision Analysis, Cost-Benefit 
Analysis and Cost-Effectiveness 
Analysis in Surgical Research 
J Kievit 

Introduction 

The goals of health care have been defined by 
Lohr in 1988 as "to limit mortality, disease, dis
ability, and discomfort, and optimize satisfac
tion."l Given such ambitious goals, described on 
a high level of aggregation, the value of medical 
interventions is evaluated in more and more com
plex terms. New outcome measures have evolved 
beside more classical ones such as morbidity, mor
tality and n-year survival. They include both one
dimensional outcomes such as quality of life, util
ity, and costs, but also explicitly multidimensional 
ones such as quality-adjusted life years (QALYs) 
and costs per Q£\L Y. Modern forms of research 
are evolving. Research on treatment has passed 
from the retrospective analysis of single-patient 
series to large-scale randomized controlled trials 
of surgical treatment. Research on diagnostic test
ing addresses questions about the value of diag
nostic tests, in which "value" is expressed not only 
in terms of sensitivity and specificity, but also with 
respect to influence on medical outcome. All these 
research efforts are aimed at answering questions 
that seemed irrelevant before, but are more and 
more relevant today, in a time when society is con
fronted with rising costs and limited resources and 
expects value for money. Do we do things for the 
right reasons, and in the right way? Do our inter
ventions have the right effects, at acceptable costs? 

What evidence do we have for the choices we 
make? 

This chapter deals with the potential and limi
tations of decision analysis, cost-benefit analysis, 
and cost-effectiveness, in helping to find answers 
to such questions. Clinical decision analysis is 
the discipline that uses an explicit quantitative 
method to analyze and support decision-making 
processes in medicine, with the goal to rationalize 
and improve both the decision-making processes 
themselves, and to improve the outcome of medi
cal decisions. Decision analysis, cost-effectiveness 
analysis, and cost-benefit analysis have much in 
common: they all use explicit, quantitative, and 
probabilistic "model" representations of reality to 
calculate the consequences of choices. Their dif
ference lies in the outcome measures calculated. 
Clinical decision analysis calculates expected 
medical outcomes only and ignores the issue of 
costs. In contrast, cost-effectiveness analysis 
and cost-benefit analysis compare outcomes with 
costs. To do this, cost-effectiveness analysis ex
presses medical outcomes in one general effect pa
rameter (such as Q£\LYs) that is then compared 
with costs in a two-dimensional analysis. This 
provides the possibility to explicitly calculate 
value-for-money. Cost-benefit analysis is one
dimensional; even nonmonetary outcomes are 
translated into monetary terms, and the result of 
the analysis is the net balance between monetary 
costs and monetary benefits. To word it differ-
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ently; in cost-benefit analysis the exchange of 
nonmonetary effects into (negative) costs occurs 
before the calculation of expected outcomes and 
is thus hidden from view in the final result. In 
cost-effectiveness analysis the weighing between 
nonmonetary outcomes and costs is done explic
itly after the calculation of expected outcomes and 
can be done differently by different interpreters. 
The choice to use one or the other method de
pends on many circumstances such as the question 
posed, and the party asking it. In the following, 
we will use cost-effectiveness as an example to il
lustrate the technical aspects of these methods. 

Methods and Issues of 
Cost-Effectiveness Analysis 

In cost-effectiveness analysis, as in decision analy
sis, cost-benefit analysis, and, in fact, in all re
search, the most essential step is an unambiguous 
definition of the research question. We will de
scribe this process in four sections dealing with 
problem specification, problem structure, data as
sessment, and calculation. 

Problem Specification 

To get the clinical problem adequately specified, 
agreement must exist on at least five aspects: 

1. What is the precise medical question posed, and 
who is asking it with what purpose? It does not 
suffice to ask whether "some intervention" is 
cost-effective. This question is unanswerable 
because it lacks specification and detail. An
swerable is a question from a department of 
finance of a hospital about the short-term cost
effectiveness of laparoscopic cholecystectomy 
in comparison to open cholecystectomy, given 
the present reimbursement system. Likewise 
answerable is the question from a ministry of 
health, as to whether it is more cost-effective 
to diagnose persisting posttraumatic knee 
complaints using MRI than using arthroscopy, 
with the aim to minimize both long-term 
morbidity and intervention costs. Likewise 
answerable would be a question on the relative 
cost-effectiveness of spiral CT-scan in com
parison to ventilation-perfusion scanning for 
the diagnosis and treatment of suspected pul-

monary embolism, with the aim to minimize 
mortality. Thus, the question needs specifi
cation and detail, one must know who asks 
(which of the parties involved, such as patient, 
hospital, health care insurance company, or so
ciety), and what the purpose of the question is 
(reducing the involved party's costs, improving 
effects for patients or society, or both). 

2. What is the intervention strategy in question, and 
what is the patient category and the context in 
which the intervention is considered? Cost
effectiveness analysis per definition deals with 
interventions that are supposed to provide de
sirable effects, be it at a certain cost-price. In
terventions in medicine come in two main cate
gories: treatments and diagnostic tests. The aim 
of treatment is to cure the disease or, if this is 
not possible, to reduce its negative aspects. At 
an operational level these aims are translated 
into desired effects such as reducing mortality 
and morbidity and thereby increasing life ex
pectancy and improving quality of life. For most 
treatments these desired effects come at a price, 
that of the complications and costs of the treat
ment itself The aim of diagnostic tests is to 
identifY the underlying disease that causes a 
problem. In practice, testing helps to assess dis
ease probability in the face of uncertainty. 
Thereby, diagnostic testing helps in the weigh
ing of the desired and undesired effects of treat
ment that necessarily underlie the treatment 
choice. Intervention choices, in principle, come 
in three types, in order of increasing aggressive
ness: (a) doing nothing; (b) performing one or 
more diagnostic tests, followed by treatment in 
the case of a positive test result; and (c) giving 
treatment without preceding testing. Doing 
nothing is preferable at very low levels of disease 
probability, while increasing disease probability 
may justifY testing and treatment, as is illus
trated in the classical paper "The threshold ap
proach to clinical decision making."2 

3. What are the alternative strategies, and what are 
the advantages and drawbacks of each strategy? 
The question concerning the cost-effectiveness 
of an intervention strategy can be answered 
only if this strategy is compared to an alter
native (such as doing things in the usual way, 
or doing nothing). Only on the basis of com
parison may the intervention-specific costs and 
gains (added effects) be identified and com-
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pared. Noncomparison leads to erroneous con
clusions. 

In an earlier publication we found that in pa
tients who undergo colon cancer follow-up us
ing carcinoembryonic antigen (CEA), the costs 
are $3,377 and the outcome is 6.41 QALYs.3 
Noncomparison would elicit the conclusion 
that CEA-directed follow-up is highly efficient 
and has a cost-effectiveness ratio of $527 per 
QALY ($3,377/6.41). One would need to know 
the costs and effects of the alternative strategy 
(no follow-up), which provides 6.29 QALYs at 
$1,839. Comparison of the two makes it clear 
that CEA -directed follow-up generates a mean 
0.01 Q£\LY only (6.41 - 6.39), at an added 
cost of $1,478 ($3,377 - $1,839), giving a 
marginal cost-effectiveness ratio of $86,227 per 
QALY ($1,478/0.02). 

There are no standard rules concerning 
which alternative strategies should be taken 
into consideration, however, strong arguments 
exist in favor of always considering at least the 
extremes (doing nothing and treating every
one), since this identifies the range of potential 
outcomes in which the strategy investigated 
must be placed. It cannot be sufficiently em
phasized that it is crucial to specifY the argu
ments that are brought forward in favor of and 
against each strategy. Only by knowing what 
steers decision making and policy choices can 
one hope to influence them, and many decision 
analyses and cost-effectiveness analyses have 
missed their effect, precisely because they 
failed to identifY (and thus target) the argu
ments that determined choices in real life. 

4. What are relevant effect parameters? The rele
vant effect parameters are largely dictated by 
the aims of the intervention at hand, more spe
cifically, the desired and undesirable effects. 
Other important considerations are the argu
ments that have been brought forward in favor 
of and concerning various strategy alternatives. 
Thus for laparoscopic cholecystectomy, rele
vant effect parameters may be mortality, severe 
morbidity, pain, duration of hospitalization, 
and duration until return to work. For colon 
cancer follow-up, relevant effect parameters 
may be lead time and detection of asymptom
atic incurable disease or asymptomatic curable 
disease. Depending on the parties involved 
(both those for whom the analysis is per-

formed, and those who will experience the ef
fects of a policy change), these effect parame
ters have greater or lesser weight and may be 
categorized into one primary effect parameter, 
and one or more secondary effect parameters. 

5. What are relevant costs? The issue of costs is as 
least as critical as that of relevant outcomes. 
Beforehand, many choices must be made about 
the way in which costs are brought into the 
cost-effectiveness equation. For these choices 
we refer to the later section about data on costs. 

Cost-Effectiveness Analysis 

• Define the medical question posed and pur
pose of inquiry 

• Define intervention strategy and patient con
text for its use 

• Define advantages/disadvantages of alternate 
strategies 

• IdentifY effect parameters 
• IdentifY relevant costs 

Problem Structure 

In the problem structure phase, two methods of 
structuring may be used. First, all potential ac
tions and outcomes may be verbalized in a logi
cally and chronologically correct order. This pro
vides a descriptive algorithm in terms of "if ... 
then ... else ... " sequences. Such an algorithm 
should be as simple as possible, while still incor
porating the relevant issues brought forward in 
the problem specification phase. Another way of 
structuring the problem is by drawing a decision 
tree. Such a tree is graphical representation of the 
alternatives and of the potential events and out
comes. Tree-building convention states that a tree 
is drawn from left to right, with the stem splitting 
into branches at nodes. Nodes are divided into 
decision nodes (squares), chance nodes (circles), 
and terminal nodes (rectangles). Figures 58-1 and 
58-2 illustrate these elements. 

Data Assessment 

A decision analysis needs data to quantifY the 
various aspects of the problem represented in the 
algorithm and decision tree. In the second phase 
of the analysis, these data are gathered from var-
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a. 
Operative mortality 

surgery 

L--__ ---j Life with vascular prosthesis 

b. 
$25,000 I 5.4 years 

difference= 
$ 23,080 I 0.6 years= 

$ 38,500 I year 
surgery 

ignore 

Life with aortic aneurysm 

$ 25,000 I 0.0 years 

$ 25,000 I 6.0 years 

$ 1,920 14.8 years 

Figure 58-1. Decision tree representing the two options analyzed in example 1, conceming the cost
effectiveness of operating on an 80-year-old male patient with a 6-cm asymptomatic abdominal aortic 
aneurysm. In (a) the tree is drawn from left to right, the stem splitting into branches at so-called nodes. 
Nodes are divided into decision nodes (squares), chance nodes (circles), and terminal nodes (rectan
gles). At a decision node, the choice for the relevant branch can be made by the decision maker. At a 
chance node, the occurrence of the different branches is beyond the control of the decision maker. A 
terminal node represents the final outcome. In (b) includes the relevant data (probabilities below 
respective branches, outcomes in terminal nodes, and expected outcomes pointing toward relevant 
decision or chance nodes). 

ious sources (such as one's own patient series, 
meta-analysis, or expert judgement). For the sake 
of clarity we will subdivide data into five basic 
categories: (1) data on underlying disease, (2) data 
on diagnostic testing, (3) data on treatment, (4) 
data on outcome, and (5) cost data. 

Data on Underlying Disease 

For a given clinical problem, the various disease 
categories that may be its cause, and their respec
tive prior probabilities, should be known. Although 
disease prevalence is frequently used as an estimate 
of prior probability, this is not necessarily correct. 
It is better to correct this figure on the basis of 

patient covariates (age, sex, signs, and symptoms) 
and context (primary care, hospital care, elective or 
acute situations, etc.). The natural course of each 
disease should be known, because this is the no
action standard against which the effects of medical 
interventions should be assessed. 

Data on Diagnostic Testing 

Besides the classical parameters of sensitivity and 
specificity, diagnostic interventions may also be 
characterized by their success rate and, in certain 
cases, even by their morbidity and mortality. Sen
sitivity is the potential to identify disease (i.e., the 
probability of a positive test in the presence of 
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Figure 58-2. Graph representing the results of a sensitivity analysis in example 1. The one-way seven
step sensitivity analysis illustrates the effect of age on expected outcome and cost per strategy, and on 
the differential cost-effectiveness of surgical treatment, versus ignoring the aneurysm. 

disease), while specificity is the potential to rec
ognize the absence of disease (i.e., the probability 
of a negative test in the absence of disease). 

Sensitivity and specificity determine what the 
test result will be, given the presence or absence of 
disease, respectively. In clinical reality, however, 
the problem of test interpretation is the mirror im
age of this: the real-life question is how likely or 
unlikely the presence of disease is, given a certain 
test result. This question can be answered by cal
culating predictive values from the combination of 
sensitivity and specificity with prior probability in 
Bayes' Theorem. This theorem can easily be de-

rived from the two-by-two table (in which Se is the 
sensitivity, Sp is the specificity, and p (D) is the prior 
probability of disease). (Table 58-1) 

Other parameters for test performance, not 
limited to dichotomous tests, are the odds ratio, 
likelihood ratio, and ROC-curve. These fall be
yond the limited scope of this chapter. 

Although sensitivity and specificity are ade
quate parameters for test performance in the lim
ited sense, they fail to assess the impact of a di
agnostic test on health outcomes. Therefore, 
higher level parameters of effect have been in
vented. These include the potential to influence 
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Table 58-1. 

Disease No disease All 

Test positive 

Test negative 

Se X p(D) 

(1 - Se) X p(D) 

p(D) 

(1 - Sp) X (1 - p(D)) 

(1 - Se) X p(D) 

Se X p(D) + (1 - Sp) X (1 - p(D)) 

(1 - Se) X p(D) + Sp X (1 - p(D)) 

all 1 - p(D) 

The positive predictive value (PV + ) of a test is the probability that a positive test result is correct, that is, it is equal to the chance that disease is 

present given a positive test resuit, as follows: 

Se X p(D) 
PV+ p(D + I T+) --------'---'---'----

Se X p(D) + (1 - Sp) X (1 - p(D)) 

The negative predictive value (PV - ) is the probability that a negative test result is correct, that is, it is equal to the chance that disease is absent given 
a negative test resuit, as follows: 

PV- (D _ I T-) Sp X (1 - p(D)) 
p Sp X (1 - p(D)) + (1 - Se) X p(D) 

Thus, the probability that disease is present in spite of a negative test is equal to (1 - negative predictive value): 

(D + I T-) PV- (1 - Se) X p(D) 
p Sp X (1 - p(D)) + (1 - Se) X p(D) 

diagnostic thinking, the potential to change the 
therapeutic choice, and the potential to generate 
better health outcome. The example of testing for 
HIV (the test's excellent sensitivity and specificity 
not justifying its routine use) or other incurable 
disease (such as many types of cancer recurrence) 
illustrates these points. 

Data on Treatment 

One should know the curative effect on relevant 
diseases, and the probability and nature of adverse 
outcomes (treatment-related morbidity and mor
tality) of the treatments under consideration. Typ
ical parameters for the value of a treatment are 
safety (the absence of dangerous side effects), ef
ficacy (the potential to generate a desired effect 
under optimal-trial-conditions), and effective
ness (the potential to generate a desired effect in 
daily practice). In the weighing of the pros and 
cons of treatment, it should be kept in mind that 
the desired effects of treatment occur mainly if the 
targeted disease really is the cause of the problem 
(i.e., in case of a correct diagnosis). On the other 
hand, the negative effects of treatment occur in a 
frequency characteristic for the treatment under 
consideration and are less dependent on the un
derlying cause of the problem. As a consequence, 
the balance between desired and negative effects 
of treatment depends on the correctness or 
(un)certainty of diagnosis. This again illustrates 
the purpose of diagnostic testing: to optimize the 

ratio between potential positive and negative ef
fects of treatment by reducing uncertainty about 
the presence of the disease at which the treatment 
is aimed. 

Data on Outcome 

Data on medical outcome can be subdivided into 
data concerning quantity and quality of life, re
spectively. One of the most simple methods for 
the determination of quantity of life (i.e., life 
expectancy) in the presence of disease is the 
DEALE, which stands for decreasing exponential 
approximation of life expectancy. The DEALE is 
based on the (in itself incorrect) assumption that 
survival over time can be represented by an ex
ponential function. Under this assumption the 
following formulas hold: 

M 11LE 
S Exp( -M*1) 

and thus also: 
M -liT * In(S) 
LE = 11M 

Where 
S 
M 

fractional survival 
mortality rate (incidence density of 
death) 

T time of measure 
LE life expectancy 
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One application of the DEALE is a simple way 
to approximately calculate the life expectancy of a 
patient who has a disease with a known excess 
mortality. The relevant steps are as follows: 

1. Determine the natural life expectancy of the 
patient, using available age- and sex-specific 
life-expectancy tables. 

2. Take the inverse of the natural life expectancy 
to approximate the natural yearly mortality 
(avoid taking yearly mortality from a table to 
calculate life expectancy, as this will lead to an 
overestimation of life expectancy). 

3. Add to this the yearly excess mortality rate of 
the disease present, to obtain the overall yearly 
mortality rate. 

4. Take the inverse of the overall yearly mortality 
rate, to obtain the life expectancy with disease. 

This is described in the following formula: 

LEdisease = lI(llLEnormal + Mexee,.} 

Alternative techniques besides the DEALE to 
calculate life expectancies include Markov mod
eling and other forms of time-dependent survival 
analysis. Their use is beyond the scope of this 
chapter. 

Besides quantity of life, the qualitative evalua
tion of life is more and more an important aspect 
of medical outcome. For qualitative assessment, 
three different conceptual measures are relevant: 
quality of life assessment, value assessment, and 
utility assessment. 

Quality of lift assessment aims at offering a de
scriptive inventory of a patient's function in vari
ous aspects oflife, such as physical, psychological, 
and social function. It uses questionnaires or in
terviews to assess to what extent the level of func
tion deviates from normal because of suboptimal 
health. Well-known general quality of life ques
tionnaires are the Medical Outcomes Study Short 
Form-36 questions (MOS-SF36) and the 
Euro~o1. 4,5 Several questionnaires have been de
veloped for specific diseases or disease categories. 
These include the Head and Neck Radiotherapy 
~estionnaire (HNRQ2, EORTC Melanoma 
Module (MM), and Gastrointestinal ~ality of 
Life Index of Troidl and Eypasch.6- s Value assess
ment and utility assessment go one step further; 
given the fact that the health-related level of func
tioning is suboptimal, they measure to what extent 

dysfunction reduces the subjective value of a pa
tient's life. If this value judgment is expressed in 
a figure on a ratio scale from 0 to 1, where the 
number obtained indicates what fractional quan
tity of healthy life is considered of equal value to 
one unit of life with disease, the value is called a 
utility. 

Historically the main techniques of utility as
sessment that have been used in decision analysis 
are the standard gamble (SG), time trade-off 
(TTO), and visual analogue scale (VAS), although 
the latter is not a utility in the sense defined above. 

In the standard gamble method, a patient is of
fered two options. The patient either accepts the 
disease or chooses some intervention that may 
lead to one out of two possible outcomes: the best 
health outcome (usually full health) with chance 
of p, or the worst health outcome (such as im
mediate death) with a chance of (1 - p). At the 
value of p where the patient is indifferent between 
the two choices, p represents the utility value of 
the disease state. An SG utility score of 0.95 for 
having a permanent colostomy, using full health 
and death as extreme outcomes, would mean that 
a patient is willing to accept a mortality risk of 
(1 - 0.95) = 0.05, or 5%, to avoid disease. 

In the time trade-off method a patient is like
wise asked to choose between two options, which 
are, however, less dramatic. Here the choice is be
tween a certain longer life expectancy, L, with dis
ease, and a shorter life expectancy, S, in full health. 
At the point where the patient is indifferent be
tween the two options, the utility is equal to SIL. 
A patient is thus asked what quantity oflife he or 
she is willing to give up in order to improve its 
quality. A TTO utility of 0.9 would mean that a 
patient is willing to give up (1 - 0.9) = 0.01, or 
10% oflife expectancy in order to become healthy 
or avoid becoming diseased. 

Finally, in the visual analogue scale method a 
patient is asked to indicate on a 10-cm-Iong hori
zontalline, labeled from 0 (worst health outcome) 
to 1 (full health), where he or she judges the 
health state at stake should be scaled. The utility 
is then equal to this number; a mark on the line 
at 0.8 would indicate a VAS utility of 0.8. 

If the results of these methods are used for cost
effectiveness analysis or decision analysis, it must 
be realized that only the SG and TTO explicitly 
weigh quantity and quality of life (the standard 



562 J. Kievit 

gamble using risk of immediate loss as its basic 
issue, and the time trade-off using potential re
duction in length of life). The visual analogue 
scaling method may well offer a number between 
o and 1, but this number does not indicate which 
consequences a patient is willing to take to get rid 
of the disease state. A patient with hemorrhoids 
might put a cross on the line at 0.8 to indicate 
that his hemorrhoid complaints are really distress
ing. Interpreting this as a utility figure and assum
ing that the patient is willing to offer 20% of his 
life expectancy or even to accept a 20% immediate 
mortality risk in order to get rid of his hemor
rhoids, would almost certainly be a misunder
standing. 

In spite of this, VAS values are frequently but 
wrongly used as utility measures because of the 
ease with which patients are willing to put crosses 
on VAS lines. This "use by availability" may se
verely overestimate the impact of quality of life 
considerations on medical decisions and will 
thereby underestimate the value that patients at
tach to their life (expectancy). 

Data on Costs 

Like data on outcome, data on costs are not easily 
gathered. The most basic problem is that the cost 
of medical interventions is not equal to the fee for 
services (be it a doctor visit, a day in hospital, or 
a hernia operation) that exists under the prevailing 
health care financing system; such fees only are 
the result of historical wheeling and dealing in the 
medical market place. Real costs are less easily ob
tained. Drummond, in his classical book on eco
nomic evaluation in health care, has even helped 
us with a 10-point checklist.9 Five of these points 
specifically address issues of cost assessment: 
identification of all relevant costs, cost measure
ment (the issue of volumes), cost valuation (the 
issue of unit costs), cost discounting, and cost 
comparison (the issue of the alternative strategy). 
Within and besides these five points, many spe
cific issues must be discussed and settled. These 
include the following: 

• The health care boundary (costs within or out
side health care) . 

• The type of cost parameters used (charges or 
real costs). 

• The directness of costs (costs directly related to 
the intervention, versus indirect costs induced 
by increased survival). 

• The variability of costs in relation to the time 
horizon chosen. (Depending on the extent to 
which their height changes in relation to pro
duction, capacity costs may on the short run be 
considered as fixed, and material costs as vari
able, while personnel costs occupy an inter
mediate position and may be considered semi
variable.) 

• The method of assessment of unit costs-costs 
per unit of product (such as the top-down cost
place method, in which the overall costs of a 
relevant production unit are divided by its over
all production, or the bottom-up direct mea
surement of various material costs, costs of per
sonnel time, and overhead). 

• The appropriate level of detail (a detailed, ac
curate, assessment of costs the results of which 
will become invalid as soon as the circum
stances change, versus a more global, best
estimate approach, the results of which may be 
less precise, but may remain valid for a wider 
range of circumstances or time period). 

• Differences in costs between countries (deter
mined by many factors such as exchange rates, 
the proportion of gross national product spent 
on health care, wages, health care accounting 
methods, etc.) 

It is beyond the scope of this chapter to discuss 
these issues in more detail, and so we refer the 
reader to the literature list provided at the end of 
this chapter. 

Calculation 

After the problem has been specified, structured, 
and quantified in phases one through three, the 
fourth and final phase of a cost-effectiveness as
sessment is entered. In this phase, the results of 
the decision analysis may be obtained in various 
ways: 

• Calculating expected costs and efficts. The ex
pected costs and effects of each branch of a de
cision tree are first calculated separately. 

• Calculating dijJerential cost-effictiveness ratios 
(also called marginal or incremental cost-
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effectiveness ratios}. The ratios of differences in 
costs and effects between strategies are deter
mined, to analyze whether higher costs are jus
tified by sufficiently higher effects. 

• Performing sensitivity analysis and threshold 
analysis. Sensitivity analysis is the technique 
that demonstrates how sensitive the conclusion 
of the analysis is for a change in one or more 
of the variables used. The value of one or more 
independent variables is varied over a range, 
and the extent to which the expected outcomes 
change is determined. Threshold analysis is a 
special application of sensitivity analysis that 
indicates at what threshold level of the inde
pendent parameter the preferred choice 
changes. 

• Interpreting the quantitative results and drawing 
conclusions. The importance of transforming the 
quantitative results, sometimes of a complex 
nature, to clear and unambiguous conclusions 
that are understandable to a party or parties 
who asked the original cost-effectiveness ques
tion, cannot be overemphasized. Only after this 
has been completed to the satisfaction of the 
party or parties asking the original question, is 
the analysis completed. 

Some Examples 

In this section some very simple examples of 
cost-effectiveness are given. They are deliberate 
simplifications of the real problems, meant to il
lustrate the various steps of cost-effectiveness 
analysis. 

Example 1 

Q,yestion: Is it cost-effective from a health care 
perspective to operate on an SO-year-old male pa
tient with a 6-cm asymptomatic abdominal aortic 
aneurysm, if the accepted differential cost-effec
tive ratio for medical interventions (defined by the 
Ministry of Health) is around $50,000/QALY? 

Answer: Given the schedule presented above the 
following steps are taken. 

1. Problem identification 
(a) The question relates to the costs and ef

fects of surgical treatment of asymptomatic an-

eurysms in elderly patients. (b) The interven
tion in question replaces the aneurysm with a 
vascular prosthesis. (c) The alternative strategy 
is to ignore the aneurysm (frequently called the 
"wait-and-see" policy). (d) The relevant effect 
parameter is life expectancy, as it concerns an 
asymptomatic aneurysm. (e) The relevant costs 
are those of the elective operation, versus those 
of a wait-and-see policy, with operation only 
in case of rupture. 

2. Problem structure 
The problem can be described in an algo

rithm as follows. The choice is between ignor
ing the aneurysm, and doing elective surgery. 
If the aneurysm is ignored, the patient lives his 
remaining life with the aneurysm until he dies 
of natural causes or experiences a rupture. In 
case of rupture, the patient may die before 
reaching the hospital, or may enter the hospital 
and be operated on. Operation may result in 
death, or may be successful and result in sur
vival with vascular prosthesis until death from 
natural causes. 

If the patient is operated on electively, he 
may die from the operation or survive with a 
vascular prosthesis until death from natural 
causes. 

Alternatively, the problem can be structured 
in a simplified decision tree, shown in Figure 
5S-2. 

3. The necessary data are obtained from the lit
erature and are as follows: 
Disease A 6-cm aneurysm has a yearly 

rupture rate of about 5%. In 
case of rupture, 60% of patients 
die before reaching the hospital. 
Of those who receive surgery, 
50% die during or after the 
operation. This makes for an 
overall mortality per rupture of 
(0.60 + 0.5 X 0040) = O.SO, 
or SO%, and a yearly rupture
related mortality rate of 0.05 X 

O.SO = 0.04, or 4%. 

Testing Not relevant; the aneurysm has 
been detected by abdominal 
CT scanning performed for 
other reasons. 
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Treatment 

Outcome 

Costs 

4. Calculations 

Elective surgery, carrying a 10% 
mortality in an SO-year-old 
male patient, and leaving the 
patient with a normal life ex
pectancy after successful opera
tion. 

Natural life expectancy is 6 
years in an SO-year-old male. 

The direct health care costs of 
elective aneurysm surgery are 
$25,000, of acute surgery 
$20,000. Costs outside health 
care are irrelevant; indirect costs 
are not considered. 

The outcome of ignoring the aneurysm is as 
follows. Per year, 0.05 X O.SO = 0.04, or 4% 
of patients die from the disease. Their natural 
life expectancy would be 6 years. Thus their 
life expectancy with the disease, according to 
the DEALE, is the following: 

1/(1/6 + 0.04) = 4.S years 

The costs of this strategy are as follows. Per 
life year, the rupture rate is 5%, with a surgery 
rate of 0.40% and a cost 0[$20,000. Therefore 
the estimated total (undiscounted) cost would 
be approximately as follows: 

4.S X 0.05 X 0.40 X $20,000 = $1,920 

The outcome of elective surgery is as fol
lows. Of all patients operated on, 10% die, 
leaving the remaining 90% with a normal life 
expectancy. This makes for an overall life ex
pectancy as follows: 

0.10 X 0 + 0.90 X 6 = 5.4 years 

The costs are $25,000. 

Thus elective surgery offers better life expectancy 
(5.4 - 4.S = 0.6 years) at higher costs ($25,000 
- $1,920 = $23,OSO). To analyze whether im
provements come at an acceptable price, we need 
the differential cost-effectiveness ratio of elective 
surgery versus leaving the aneurysm alone: 

($25,000 - $1,920)/(5.4 - 4.S) 
= $3S,5001Qf\L Y. 

Therefore, even if the maximum accepted differ
ential cost-effectiveness ratio is $50,000/QALY, 
elective surgery is the preferred strategy, as it pro
vides better outcome at acceptable costs. In con
clusion, repairing a 6-cm aneurysm in SO-year
old patients is an effective and efficient 
intervention. 

The above calculations are grave simplifications 
of the clinical problem. Both effects and costs are 
only approximations, and can be calculated better 
using a so-called Markov model, in which long
term effects are modeled using l-year cycles. The 
differential cost-effectiveness would then come 
out higher, and elective surgery would thus be 
shown to be less efficient. 

In the above example, many factors that are 
crucial have deliberately been left out, such as the 
age of the patient, the diameter of the aneurysm, 
and the presence or absence of specific risk factors. 
The influence of such factors can be analyzed us
ing sensitivity analysis and threshold analysis. As 
an illustration of these techniques we will now 
answer the following question: 

~estion: What is the influence of patient age in 
the above example, and from what age should 
elective surgery not be considered, if we assume 
that in the 60- to 100-year age range, life expec
tancy halves with every 10 years, that elective sur
gical mortality doubles, and that other variables 
are not influenced? 

Answer: The above relationships can be trans
lated into the following two functions: 

life expectancy = 6 X 0.5«80-AGE)/1O) 
elective mortality = 0.10 X 2«80-AGE)/1O) 

We can substitute these functions in the formulas 
we used before, and then get the following results: 

Outcome of leaving the aneurysm alone: 

1/(1/(6 X 0.5«80-AGE)/1O») + 0.04) years 

Costs of leaving the aneurysm alone: 

(1/(1/(6 X 0.5«80-AGE)110») 
+ 0.04)) X 0.05 X 0.40 X $20,000 

Outcome of elective surgery: 

(1 - 0.10 X 2«80-AGE)/1O») X 6 
X 0.5«80-AGE)/10») years 

Cost of elective surgery: 
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Table 58-2. 

LE LE LE C-E ratio C-E ratio Differential 
Age natural ignore AAA surgery ignore AAA surgery C-E ratio 

60 24.0 12.2 23.4 400 1070 1800 
70 12.0 8.1 11.4 400 2190 6590 
80 6.0 4.8 5.4 400 4630 38470 
90 3.0 2.7 2.4 400 10420 

The required age threshold can be calculated in the following way: 

Cost,"'lI"'Y - Costi",o" < = S50,000/QAL Y 
LE,m"" - LEi",o" 

(25,000) - ((1/(1/(6 X 0.5((RO-AGE)110)) + 0.04)) X 0.05 X 0.40 X 20,000) < = 50000 
((1 - 0.10 X 2((80-AGElI10)) X 6 X 0.5((80-AGE)110)) - (1/(11(6 X 0.5((80-AGElllOl) + 0.04)) , 

If this equation is solved for AGE, the AGE threshold can be shown to be equal to 80.8 years. 

$25,000 

Using these formulas we can easily construct Ta
ble 58-2 (see also Figure 58-2). 

Interpretation and conclusion: This mathematical 
solution could, if so desired, be translated into a 
clinical algorithm: 

From a perspective of efficiency, 6-cm aneurysms 
in male patients over the age of 80 years may, in 

principle, be left alone, and more so as patients 

are progressively older.* 

It goes without saying that such algorithms, aim
ing at optimal efficiency at an aggregate level, 
should be used cautiously in individual patient 
care. Patients not only differ strongly in health 
(including risk factors for surgical mortality), but 
also in their value assessments of various health 
states. It would thus be irrational to make the 
same choice for all patients of the same age. The 
even more complex ethical questions, in which 
case decisions should be guided by considerations 
of effectiveness or efficiency, however relevant, are 
beyond the scope of this chapter. 

Example 2 

Qyestion: Is it cost-effective from a societal per
spective (taking all costs to society, both within 
and outside health care, into consideration) to test 
for pheochromocytoma by urinary VMA, in 

'N.B.: A more realistic Markov model developed in 
Leiden yields a higher age threshold of around 88 years! 

asymptomatic patients in whom an adrenal tumor 
is detected at abdominal CT made for other rea
sons? 

Answer: The steps are now as follows: 

1. Problem identification 

(a) The question relates to the costs and effects 
of diagnostic testing for pheochromocytoma, fol
lowed by treatment in case of a positive test. 
(b) The interventions in question are testing by 
urinary VMA, and treatment by adrenalectomy, 
in case of positive testing. (c) The alternative 
strategy is to ignore the adrenal tumor. (d) The 
relevant effect parameter again is life expectancy, 
as the patient is asymptomatic, but the pheochro
mocytoma may cause an acute hypertensive crisis 
with risk of death. (e) The relevant costs are those 
of testing, adrenalectomy and hospitalization, and 
being on sick leave for some time after leaving the 
hospital. 

2. The problem can be described in an algorithm 
as follows: 

The choice is between leaving the adrenal tu
mor alone, and testing by urinary VMA. If the 
tumor is left alone, the patient lives his remaining 
life with an adrenal tumor that might be a pheo
chromocytoma, with the possibility of death due 
to hypertensive crisis. If the tumor is taken out by 
adrenalectomy, there is a small operative mortality 
risk, while in the case of successful adrenalectomy 
the patient leaves the hospital with a normal life 
expectancy. 
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The decision tree of this problem is shown in 
Figure 58-3. 

3. The necessary parameters are as follows: 

Disease Asymptomatic adrenal tumor, 
found on CT scan performed 
for other reasons, that in 2% of 
cases may be a pheochromocy
toma. In such cases there is a 
yearly 0.01 mortality rate from 
acute hypertensive crises. 

Testing Urinary VMA has a sensitivity 
for pheochromocytoma of 0.80 
and a specificity of 0.90. 

Treatment Adrenalectomy, carrying a 1% 
mortality and leaving the pa
tient with a normal life expec
tancy in case of successful 

Outcome 

Costs 

4. Calculations 

operation. 
Natural life expectancy is 40 
years in a 40-year-old patient. 
The direct health care costs of 
VMA testing are $150, and of 
adrenalectomy are S20,000. 
Costs outside health care con
cern a 4-week sick leave after 
surgery, costing society a total 
of S2,500. Indirect costs are not 
considered. 

The outcome of ignoring the adrenal tumor is 
as follows: Per year, 2% of patients suffer from a 
yearly excessive death rate from pheochromocy
toma of 1 %. As their natural life expectancy would 
be 40 years, life expectancy with pheochromocy
toma, according to the DEALE, is as follows: 

1/(1/40 + 0.01) = 28.57 years 

The remaining 98% of patients do not have 
pheochromocytoma, and thus have a normal life 
expectancy of 40.0 years. Life expectancy if the 
adrenal tumor is not treated is the following: 

0.02 X 28.571 + 0.98 X 40.0 = 39.77 years 

The costs of this strategy, assuming that pa
tients that die from an acute hypertensive crisis 
incur no costs, are SO. 

Calculating the outcome of testing by VMA is 
more complex. The chance of a positive test is the 
following: 

sensitivity X p(disease) 
+ (1 - specificity) X (1 - p(disease)) 

0.80 X 0.02 + 0.10 X 0.98 = 0.114 

All patients with a positive test will undergo 
adrenalectomy. Since 1% of patients die from ad
renalectomy, the 99% who survive have a normal 
life expectancy. In the case of a positive test, this 
makes for the following overall life expectancy: 

0.01 X 0 + 0.99 X 40 = 39.6 years 

A negative test will occur in the remaining 
88.6% (1 - 0.114) of patients. 

Of these patients, the absence of pheochro
mocytoma can be calculated by Bayes' formula for 
the negative predictive value: 

pv- Sp X (1 - p(D)) 
SP X (1 - p(D)) + (1 - Se) X p(D) 

0.90 X 0.98 

0.90 X 0.98 + 0.20 X 0.02 

= 0.996 

Thus, while 99.6% of patients with negative VMA 
values are disease free, 0.5% have a missed pheo
chromocytoma. This makes for the following over
all life expectancy of in case of negative testing: 

0.996 X 40 + 0.005 X 37 = 39.95 years 

Thus overall life expectancy in case of testing is 
the sum of products of probabilities and outcomes 
in case of positive and negative test results: 

0.114 X 39.6 + 0.886 X 39.95 = 39.91 years 

The overall costs of the test strategy are equal to 
the costs of VMA for all, and costs of adrenal
ectomy and sick leave for those who test posi
tively: 

$150 + 0.114 X (S20,000 + $2500) = S2715 

The differential cost-effectiveness of testing ver
sus ignoring the adrenal tumor then becomes the 
following: 

($2,715 - SO)/(39.91 - 39.77) 
= $19,700 QALY 

Note that both of the above examples are grave sim
plifications of the real clinical problem equivalent. 
They are just meant to teach cost-effectiveness meth
ods at an elementary level 
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VMA-t..t 

$ 22,650 139.6 years 

positive 

0.114 

$150 139.95 years 

$ 0 139.77 years 

Figure 58-3. Decision tree representing the options in example 2 concerning the cost-effectiveness 
of testing the urine for valinyl mandelic acid in a patient with an adrenal incidentaloma. The same 
conventions hold as were explained for Figure 58-1. In addition, label nodes (symbolizing one event 
following another) are represented as triangles. 

Clinical Use of Decision Analysis, 
Cost-Benefit Analysis, and Cost
Effectiveness Analysis 

The methods of decision analysis, cost-benefit 
analysis, and cost-effectiveness analysis differ 
from the usual way of clinical decision making in 
that they are explicit, quantitative, based on 
chance, and multidisciplinary. Given these differ
ences, these methods offer both advantages and 
drawbacks. Advantages are that a complex prob-

lem can be dissected into smaller parts that are 
more easily solved. Available data can be com
bined and restructured in a meaningful way to 
help solve the smaller partial problems. Further, 
given that explicit and quantitative outcomes are 
chosen, it is clear what the goal of a choice is, and 
to what extent this goal may be realized. Differ
ences of opinion can be analyzed to differences in 
data, or in values, and the strengths and weak
nesses of the arguments brought forward can be 
tested. 

However, drawbacks do exist. The modeling 
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approach used in decision analysis, cost-benefit 
analysis, and cost-effectiveness analysis necessi
tates the translation and, thereby, simplification of 
real-life problems into "models" such as decision 
trees. The answers obtained may be valid for the 
model, but are not necessarily equally valid for the 
original real-life problem. The validity of the 
model is determined not only by the correctness 
of the model itself, but may also be limited by the 
availability of reliable data. Finally, creating a 
high-quality analysis is time-consuming and re
quires expertise and experience. 

Depending on the nature of the problem to 
be solved, the advantages and disadvantages are 
relevant to a different degree. In general, de
cision analysis, cost-benefit analysis, and cost
effectiveness analysis can be used most advanta
geously for clinical problems that have the follow
ing characteristics: 

• Concern risk or uncertainty 
• Are structurally complex and typically involve 

interactions between tests, treatment, outcome, 
and/or costs 

• About which sufficient quantitative data are 
available 

• In which solutions may differ for different sit
uations and/or patients 

• In which different and conflicting interests 
have to be considered and weighed 

• Frequency of occurrence or the magnitude of 
the problem justifies the effort of performing a 
decision analysis 

There is one final matter of debate. The use of 
decision analysis as an explicit quantitative 
method for decision support has become relatively 
accepted. The role of the other two methods, 
cost-benefit analysis and cost-effectiveness analy
sis, seems less clear. The role that cost consider
ations may play in clinical care, and especially in 
decision making between patient and doctor, is 
not undisputed. 

Some doctors strongly object to the use of cost
effectiveness analysis. They insist that doctors 
should not take costs into account in choices that 
are in the interest of their patients, that it even is 
unethical to do so. They hold that it is against our 
professional autonomy to be concerned about 
costs, and that the interest of each individual pa
tient is the sole standard by which choices should 

be made. They may thus choose to strive only for 
the best outcome, however small the differences 
and however large the costs. 

Others (including the author) do not agree. It is 
a fact of life that the health care budget in most 
countries is limited to a restricted fraction of the 
gross national product, and that this budget is far 
too small to use all diagnostic and therapeutic tech
niques to the full. In our opinion we have a re
sponsibility toward more patients than the one that 
we are actually helping at a given moment in time. 
Therefore we should not spend all or most of our 
limited budget on a few patients and then find out 
that we do not have the funds to help those that 
come later. In addition we have a responsibility to
ward the society that pays for health care and 
makes it possible, for careful spending. If we do not 
accept this responsibility, others will almost cer
tainly take over this role, and steer the medical pro
fession according to their cost analyses. 

In our opinion, doctors should assume collec
tive professional responsibility for appropriate use 
of resources. Only with their expertise and co
operation can interventions with a too high cost
effectiveness (C-E) ratio be replaced by interven
tions with lower C-E ratios, leading to more 
health at the same or lower price. Doctors will 
have to guard the appropriate balance between re
sponsibility to society, and the responsibility to the 
individual patient. But if doctors accept this re
sponsibility, they should at least know the poten
tial and limitations of the methods of cost-benefit 
and cost-effectiveness analysis and be able to 
interpret and use them judiciously. 

Use of Decision Analysis, 
Cost-Benefit Analysis, and 
Cost-Effectiveness Analysis 
in Empirical Surgical Research 

Apart from clinical application, decision analysis, 
cost-benefit analysis, and cost-effectiveness anal
ysis can also be used in surgical research. They 
may serve as an adjunct to empirical research in 
roughly three ways: as a summary of existing 
medical knowledge; as support for past, present, or 
future research; and as a substitute for research that 
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is not feasible for reasons of practical or financial 
limitations. 

Applied as a summary, these methods may be 
used to represent the present state of medical 
knowledge concerning a clinical problem. As such 
they may have greater scope and flexibility than 
classical meta-analyses, but at the same time may 
be less lucid because of their complexity, and less 
reliable because of the various unproven assump
tions on which they may be based. As a means of 
support, decision analysis, cost-benefit analysis, 
and cost-effectiveness analysis may be used to im
prove the effectiveness and efficiency of empirical 
clinical research in various ways. They may be 
used to dissect a complex problem into smaller, 
more manageable parts, and to assess the relative 
importance of these parts. They may help to iden
tity the most relevant trial arms, and the data that 
should be recorded. They may be used to estimate 
trial size, to simulate clinical trials, and thus to 
predict their outcome. And they may be used to 
combine the results from different diagnostic and 
therapeutic research efforts, allow for the extrapo
lation of conclusions to other situations, or predict 
the effects of policy changes. They thus may ex
pand the scope of empirical research, albeit at the 
expense of reduced robustness of the conclusions 
obtained. Finally, as a substitute, these methods 
can be used in cases where clinical trials are 
deemed not feasible, or inefficient. Although the 
Monte Carlo simulation of a model may offer im
portant information, it is no real substitute for 
empirical data. The validity of conclusions de
pends strongly on the correctness of the structure, 
data, and assumptions underlying the model, that 
is, on the pretrial state of medical knowledge. 
Here, as everywhere, the classical "garbage in
garbage out" principle holds. 

In conclusion, decision analysis, cost-benefit 
analysis and cost-effectiveness analysis are relatively 
new methods, that have expanded the armamen
tarium of surgical research. They may be used to an
swer questions of effectiveness and efficiency that 
are becoming more and more relevant. 
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Commentary 

If you find this chapter challenging reading, you 
are probably not alone. The writing is clear, but 
the subject material involves complexities layered 
one upon the other. Where data are not readily 
available, assumptions must be made. Dr. Kievit's 
mathematical orientation leads him to a numeri
cal answer at the conclusion of an analysis. Many 
of the calculations are based on probability theory, 
with more or less complete information compris
ing the elements of the formulation. It is difficult 
to fully comprehend all of the variables that are 
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resolved by a defined set of parameters that ulti
mately constitute the calculation elements. 

Dr. Kievit's approach can help us appreciate the 
quantitative, measurable endpoints referred to in 
other sections of the text, and their increased 
utility for mathematical analysis when compared 
with "softer" qualitative data. Cost-benefit, cost 

effectiveness, and other analytic tools in this class 
have a definable statistical probability of accu
rately representing reality, and each contributes to 
the scatter within the mathematical solutions de

veloped for problems at this level of complexity. 

A.S.W. 



CHAPTER 59 

Technology Assessment 
M.P. McKneally, A.P. Pierre, and H Troidl 

Truth emerges more readily from error than from con
fusion. 

-Francis Bacon 

Introduction 

Technology is the domain of knowledge that in
cludes devices, instruments, the industrial arts, and 
engineering. The term is sometimes expanded to 
include the organization of resources or systems by 
which social groups provide themselves with the 
material objects of their civilization. 

The technology of health care includes drugs 
and devices, and systems for the delivery of care, 
such as operating rooms and intensive care units. 
Technology assessment is the examination of new 
or old technologies to determine their value to 
society with respect to feasibility, safety, benefit, 
effectiveness, cost, and ethics.1 

The timeline of technology development in 
medicine shows recent logarithmic acceleration 
that will continue. The evolution of technology 
seems relentless and nearly unalterable. How 
should we think about this dominant force? 

In Technopoly, Neil Postman describes a 
technology-dominated society in which techno
phobes who are unable to participate proficiently 
in technology become an underprivileged class.2 

We need to be aware that technology is not the so-

lution to all of society's problems. Surgeons are 
inclined to be technophiles and are less likely to 
be left behind by the dominating force of tech
nology. However, we should not use new tech
nological developments simply because we can.3 

Wisdom must guide our utilization of new tech
nology. Surgeons will be expected to provide lead
ership in assessing the benefits, burdens, and costs 
of surgical technology and must be involved in 
developing policies for the proper implementation 
of those innovations. 

The Bright Side 

All knowledge, including technology, is morally 
neutral; its application can be beneficial or harm
ful. There are obvious benefits to technology; it 
has already helped society and medicine in many 
ways. Advances in communications technology 
make instantaneous consultation available around 
the globe. The environment in the operating 
room and in our homes is conditioned and con
trolled electronically. Diseased tissue is biopsied 
or ablated by stereotactic triangulation within the 
brain without craniotomy, and lasers weld de
tached retinas or seal anastamoses. Technophiles 
claim that surgeons soon will be able to operate 
robotically in space or on battlefields from control 
stations far from the patient's side. 
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Robotic tools will operate with remarkable pre
cision, without biorhythms, emotions, or mo
ments of sadness or distraction leading to inatten
tion to detail. They have a steady arm and hand 
and may keep the surgeon safely distanced from 
bullets or lethal viruses. Advanced technology will 
soon allow realistic rehearsal of the necessary steps 
of surgery before it is performed. Algorithms of 
treatment can be tested and perfected in simula
tions before their application in a real situation. 
Personnel can be trained in their individual and 
collaborative tasks using simulators, without risk 
to them or to patients. 

The Dark Side 

Since humans are not assembled robotically on a 
production line like automobiles, their anatomy and 
biology show significant variations. Adaptation to 
variation is an important component of the art of 
surgery, and surgery as we now perform it is a blend 
of technology and art. Robotic precision without 
individualization carries significant dangers. Al
though some functions, such as biochemical analysis 
of blood samples, lend themselves to automated 
mechanized analysis, effectiveness deteriorates 
when individual tissues, normally assessed by the 
pathologist for their variation from normal, are sub
jected to similar robotic interpretation. 

Safety and efficacy are the first levels of analysis 
of the feasibility of a new technology. But what of 
the human cost? Adaptation to variations in hu
man anatomy and pathology is one challenge; ad
aptation to the human mind and spirit is more 
difficult to assess. Will humans accept robotic 
caregivers? The very term is an oxymoron. Will 
engineers become the nurses and doctors of the 
future? Will they hold the digitized output from 
robotic sensors instead of the patient's hand? The 
public accepts and almost worships medical tech
nology in the abstract, even when it is inappro
priate. This fascination is reinforced by politicians 
who enhance their political standing by endorsing 
and identifying themselves with popular techno
logical imperatives. Sending an American astro
naut to the moon, or rushing a prehospital trauma 
care team of German doctors to the scene of a 
motor vehicle accident is supported because the 

voters are thrilled by the concepts, even when the 
cost is not balanced by the benefit. Journalists and 
consumers accelerate the demand for new and ex
pensive surgical technology from the moment it 
is introduced, often long before accurate conclu
sions can be drawn from conventional modes of 
assessment. 

The cost of complex technology is daunting. 
Analyses based on the large capital investments in 
robotics made in the auto and aircraft industries 
show that some expensive technology can be 
highly cost-effective. The automated clinical bio
chemistry analytic systems are an example of ex
pensive but cost-effective technology. Biochemi
cal analyses of blood samples, once performed at 
a far greater cost by skilled laboratory technicians, 
are now universally automated. Which advances 
in surgical technology will give a comparable re
turn on investment? Currently, research aimed at 
developing robotic surgical interventions is so ex
pensive that only the U.S. Department of Defense 
can fund it. The expense to individual hospitals 
for laser angioplasty equipment for the treatment 
of peripheral vascular disease in the 1980s is a 
memorable and important example of inadequate 
technology assessment combined with an uncon
trolled enthusiasm for the promise of technology. 4 

Why did this harmful misapplication of tech
nology continue so long, until disastrous results 
forced its discontinuation? 

Technology Assessment 

Since so many contributions of technology to civi
lization have been beneficial, we tend to adopt 
technological innovations uncritically. But new is 
not always better, and unexamined integration of 
new technology cannot continue. How should we 
approach this problem? Specifically, how should 
we evaluate each new component of surgical tech
nology as it is brought to us for application in our 
patients and in different communities around the 
world? We are under severe time pressure as the 
burden of disease continues to increase. The ur
gency for particular innovations may be increased 
by the incidence or prevalence of certain diseases, 
war, or natural disasters. This is now and will con
tinue to be one of the most important fields for 



research by surgeons. Our methodology is not 
well developed in this area but is represented by 
the term technology assessment. 

Technology assessment is the utilization of avail
able scientific knowledge and methodologies to 
analyze a new or established technology.s Tech
nology can be tested using the endpoints of fea
sibility, safety, benefit, effectiveness, cost analysis, 
ease of application by the surgeon, and ethic\ll 
considerations.1,6 The grades of evidence for these 
assessments are summarized in Table 59-l,1,s 
Methods of assessment include randomized trials, 
epidemiologic studies, consensus conferences, 
failure analysis, mathematical modeling, and so 
forth. Which of these methods are used alone or 
in combination to analyze a technology will de
pend on the question asked about that technology 
(e.g., "Is this implantable defibrillator safer than 
drug treatment?") and the nature of the technol
ogy or application itself (e.g., "Are intensive care 
units overutilized during terminal illness?"). 

Contemporary methods for testing less com
plex treatments will still be applicable to many 
advanced technological interventions; for exam
ple, randomized controlled clinical trials will still 
be useful for comparing some technologically 

Table 59-1. Methods of technology assessment." 

Method 

Randomized clinical trial 
Cohort studies, case-control studies, cross-sectional 

studies 

Qyantitative synthesis methods (e.g., meta-analysis) 

Group judgment methods (e.g., Delphi method, 
consensus conferences) 

Case series 

Failure analysis 

Registers and databases 

Mathematical modeling 
Decision analysis 
Examination of social and ethical issues (e.g., 

University of Chicago method) 
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complex innovations with standard treatments. 
However, new and expensive technology must be 
tested for safety before its first application in such 
a clinical trial. The methods might include labo
ratory experiments in animals, and nonexperi
mental case-controlled studies of safety and effi
cacy in human patients. Observational studies are 
still the most commonly used evidence in support 
of new technology, as typified by endoscopic sur
gery. The confidential inquiry approach of the 
United Kingdom, and the audit are other useful 
contemporary methods. 

The University of Chicago method for intro
ducing ethically troublesome innovations is a 
carefully constructed, rule-based observational 
approach that merits wider use.7 This method in
volves research ethics consultation, public dis
cussion, and protocol publication before the 
introduction of the innovation. A published com
mitment to a second follow-up report on the re
sults obtained in a pre specified number of cases 
insures that the assessment will be maximally 
beneficial to the society, and may be helpful to the 
study subjects. This approach was used with ex
emplary success in the introduction of living do
nor liver transplantation.8 

Comment 

Avoids bias and allows comparison with control group 
Helpful in studying risk factors and cost-effectiveness 

when randomized trials may be impractical or 
unethical 

Combines information from multiple sources in order 
to summarize effectiveness of therapies 

Usually do not produce new evidence of safety, 
efficacy, or cost-effectiveness; subject to bias 

Lack explicit study design and randomization; subject 
to bias; may generate new hypotheses 

Analysis of a problem aimed at prevention of future 
similar problems 

When associated with additional information may 
generate new hypotheses 

Difficult to obtain appropriate models 
Special form of mathematical modeling 
To consider the impact of procedures and treatments 

on society in general; consider fairness of the 
technology 

"This summary is our adaptation of a detailed table developed by Mosteller and Frazier;5 see this reference for a more extensive presentation. 
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Consensus conferences (see chapter 23) provide 
another method of technology assessment with 
specific rules that provide tentative conclusions 
from a panel of experts, patients, and the public. 
This approach provides information more rapidly 
than observational studies summarized, reviewed 
by peers, and published after customary delays in 
surgical journals. The National Institutes of 
Health (NIH) method for consensus conferences 
is a broad, sweeping assessment, best applied to 
validate a general approach. The method is some
what cumbersome and does not provide the detail 
required for application of technology in daily 
practice. The Cologne method9 is oriented more 
to the particular needs of the practitioner and fo
cuses more narrowly on important details (e.g., 
the incision, the suture, or the type of mesh used 
in endoscopic inguinal hernia repair). Consensus 
conferences provide rapid feedback from a large 
number of centers, and can be managed in such a 
way that information is available in summary form 
for cautious general consumption early in the ex
perience with a new technique or device. 

There are two major weaknesses in the consen
sus conference method. First, the bias of partici
pants is not controlled. Some participants may 
also feel intimidated by peer pressure. Second, the 
nature of a consensus conference is such that ideas 
are reduced to a common denominator that may 
suppress or neglect important concepts, alterna
tives, or dissent. 

Failure analysis is another approach to the as
sessment of technology.lO It is rapid, less expen
sive, and generally more applicable to surgical 
problems than many of the previously mentioned 
methods. It is widely used in industry, but has 
been given little attention in clinical practice. ll 

The essential elements of failure analysis are ad
dressed by four questions and are aimed at the 
prevention of future problems: 

1. What was the clinical situation in which the 
failure happened? 

2. What happened in that clinical situation? 
3. How did it happen? 
4. How can it be avoided in the future? 

Failure analysis may be likened to the analysis 
of an aircraft disaster. One goes through the pro
cess of discovering what happened, why it hap
pened, and, especially, how to prevent it from 

happening again. Sir Karl Popper felt that the 
adoption of failure analysis is potentially the most 
important advance modern medicine can make. It 
will require a significant revision in our approach 
to problems; doctors are trained to emphasize re
pair and reconstruction rather than prevention. In 
contrast, the emphasis in industry is on preven
tion, where technical failures in the aircraft or 
train cannot be repaired or corrected with a sal
vage operation or remedial intervention. 

A significant disadvantage of failure analysis is 
that it is retrospective. Lessons from the analysis 
should be coupled with ongoing tests of the qual
ity of the instruments, technique, and judgment, 
and their applications before the development of 
failure. This is an important area for future re
search in surgery. 

The specter of litigation is common to both 
consensus conferences and the failure analysis 
method. We open ourselves up to attack by pub
licly addressing our failures and uncertainties, but 
it is through such dialog that we are most likely 
to produce the greatest good and prevent the most 
harm to our patients in the future. A tort-based 
legal system is inimical to this goal. 

The models for technology assessment that are 
currendy available for analysis include the phar
maceutical model, which is a well-developed and 
extensive system of agencies, procedures, and guide
lines typified inter alia by the Food and Drug Act in 
Canada, and the Food and Drug Administration in 
the United States. High "launch prices" for drugs 
and n~ devices are blamed on the cost of regulation 
imposed by these agencies. Equipment and device 
regulation is being assumed by the subsets of the 
pharmaceutical regulatory agencies, and a sugges
tion has been made that a separate federal tech
nology agency be formed. Currendy, the Office 
of Technology Assessment, the Device Regulation 
Branch of the Food and Drug Administration, 
the Technology Assessment Committee of Blue 
CrosslBlue Shield, and several other ad hoc orga
nizations varying in competence, authority, and 
motive form a dysfunctional array of agencies in the 
United StatesY As these groups compete to fulfill 
this function, without notable success, industry and 
academic science work to produce new and expen
sive technology at a constandy accelerating rate.12 

Who should pay the costs of development and 
testing? Who should stand responsibly at the in-
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Table 59-2. Relative impact of technology assessment in eight countries! 

Impact 
of TN 

Highest 

CABG 

Sweden 

Canada 

CTIMRI 

Sweden 

UK 

LC ESRD 

Sweden Sweden 
Canada 

Australia 

NICU 

Canada 

Netherlands 

Breast 
cancer 

UK 
Sweden 

Canada Netherlands 
France 
UK 
Canada 
US 
Germany 

UK 

France Netherlands 
France 
Australia 

Netherlands 
Australia 

US US 
Lowest Germany Germany 

France 

Netherlands 

Australia 
UK 

US 
Germany 

UK 
France 
Sweden 
Australia 

US 
Germany 

Canada 
Netherlands 

US 
Australia 
France 

Germany 

"Breast cancer, screening programs for breast cancer; CABG, coronary artery bypass grafting; CTIMRI, computerized tomography and magnetic 
resonance imaging; ESRD, treatment for end-stage renal disease; LC, laparoscopic cholecystectomy techniques; NICU, neonatal intensive care units 
and ECMO; TA, technology assessment. 

'Relative impact of technology assessment on technology adoption and diffusion (case study technologies). 

Reprinted with the kind permission of the authors and Elsevier Scientific Ireland Ltd., from Battista RN, et aI., Lesson from the eight countries. 
Health Policy 1994;30:397-421. 

terface of surgical technology and society, over
seeing the assessment, initial introduction, and 
subsequent diffusion of innovations into practice? 
There is encouraging activity in the development 
of an international forum for the exchange of in
formation about technology assessment,13 and a 
favorable disposition of governments and insurers 
to fund it. 

Surgeons should participate in these assessments, 
and their education should insure that they have the 
skills and knowledge to contribute wisely and re
sponsibly to the process. If we abdicate this respon
sibility we may lose not only control of our clinical 
practice but also our research interests, and the very 
nature of the personal relationship between doctor 
and patient will be altered for the worse. The as
sessment of medical technology cannot reasonably 
take place without physician input; we must par
ticipate in this decision-making process. 

Finally, the diffusion of new technology into 

widespread practice before it is satisfactorily as
sessed or proven remains a significant problem. 
New medical technology affects not only health 
care, but also has social and ethical ramifications. 
It is driven by public enthusiasm for technology, 
and the enthusiasm of hospitals and caregivers for 
using exciting new tools. Table 58-2 shows the 
relative impact of technology assessment in vari
ous countries, with respect to some familiar medi
cal innovations.14 Nations with a centralized 
government-controlled health care system utilize 
technology assessment more than nations who do 
not have such a system (e.g., United States and 
Germany). The retarding effect of cost has been 
insufficient to prevent excessive application prior 
to adequate assessment. The American College 
of Surgeons Committee on Emerging Surgical 
Technology has taken an active role in developing 
randomized trials and fostering the development 
of models for testing new innovations. The on-
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rush of industrial development, and the wealth of 
the technology-driven companies creates a ten
sion that is exciting and potentially extremely 
beneficial if the proper balance can be struck 
among innovation, assessment, and regulation. 

References 

1. Troidl H. Endoscopic surgery-A fascinating idea 
requires responsibility in evaluation and handling. 
In: Szabo Z, Kerstein MD, Lewis JE, eds. Surgical 
Technology International III. International Devel
opments in Surgery and Surgical Research. San 
Francisco: Universal Medical, 1994, pp. 111-117. 

2. Postman, N. Technopoly: The Surrender of Cul
ture to Technology. New York: Knopf, 1992. 

3. Lorenz, K. "Die Ruckselte des Spiegels" Versuch 
einer Naturgeschichte menschlichen Erkennens. 
Zurich: Piper-Verlag, 1973. 

4. White RA, Cavaye DM. Endovascular surgery: 
history, current status and future perspective. Int 
Angiol1993;12(3):197-205. 

5. Mosteller F, Frazier HS. Evaluating medical tech
nologies. In: HS Frazier, F Mosteller, eds. Medi
cine Worth Paying For: Assessing Medical Inno
vations. Cambridge: Harvard University, 1995, p. 
9-35. 

6. Jennett B. High Technology Medicine-Benefits 
and Burdens. Oxford: Oxford Medical Publica
tions, 1986. 

7. Singer PA, Siegler M, Lantos JD, Emond JC, 
Whitington PF, Thistlethwaite JR, Broelsch CEo 
The ethical assessment of innovative therapies: 
liver transplantation using living donors. Theor 
Med 1990;11:87-94. 

8. Singer PA, Siegler M, Whitington PF, Lantos JD, 
Emond JC, Thistlethwaite JR, Broelsch CE. 
Ethics of liver transplantation with living donors. 
New EnglJ Med 1989;321(9):620-622. 

9. Neugebauer E, Troidl H, Kum CK, Eypasch E, 
Miserez M, Paul A. The E.A.E.S. consensus de
velopment conferences on laparoscopic cholecys
tectomy, appendectomy, and hernia repair. Con
sensus Statements-September 1994. Surg Endosc 
1995;9:550-563. 

10. Troidl H, Backer B, Langer B, Winkler-Wilfurth 
A. Fehleranalyse-Evaluierung und Verhutung 
Von Komplikationen; ihre juristische Implikation. 
Langenbecks Arch Chir Suppl (Kongre~bericht) 
1993, p. 59-72. 

11. Cooper JB, Newbower RS, Kitz R]. An analysis of 
major errors and equipment failures in anesthesis 
management: considerations for prevention and 
detection. Anesthesiology. 1984;60:34-42. 

12. McKneally MF. Can surgical innovation survive? 
Bull Am ColI Surg 1996;81(4):8-21. 

13. Battista RN. Innovation and diffusion of health
related technologies-a conceptual framework. Int 
J Technol Assess Health Care 1989;5:227-248. 

14. Battista RN, Banta HD, Jonnson E, Hodge M, 
Gelband H. Lessons from the eight countries. 
Health Policy 1994;30:397-421. 

Additional Reading 

Postman N. Technopoly: The Surrender of Culture to 
Technology. New York: Knopf, 1992. 

Cardwell D. The Fontana History of Technology. Lon
don: Fontana, 1994. 

Commentary 

This chapter on technology assessment is thor
ough and thought provoking. There is a need for 
clinicians to assess new technology very carefully 
before introducing it into the cost-contained sys
tem we work in. Every system throughout the 
world is at present trying to cope with escalating 
cost, much of it related to technological innova
tions. We need a system to evaluate these costs 
before new practices are introduced in health care. 
Too often new technologies have been introduced 
before their costs and benefits have been fully 
evaluated. Incrementalism about introducing new 
technology is common, particularly in surgery. 
The explosion in laparoscopic surgery has been 
followed by a subsequent implosion when it was 
realized that laparoscopic surgery couldn't do all 
it was claimed to do, and that it was far too costly 
to be generalizable throughout the health care 
world. What is needed is some early warning sys
tem that triggers an evaluation of technology be
fore it is introduced. Evaluation in a randomized 
trial is the design of choice for assessing expensive 
new technology against standard treatments. 

Surgeons must work to overcome the obstacles 
in setting up randomized trials of new technology. 



Two obstacles immediately strike a practicing sur
geon. First there is the problem of the long learn
ing curve with new technologies; the benefits of 
the technology are often not completely realized 
until the learning curve is over. Second, there is 
the problem of resistance to randomization as new 
techniques are introduced. Researchers and cli
nicians need to work together to devise pragmatic 
trials that will be acceptable to surgeons and to 
the public despite their fascination with the new 
treatment. In assessing technology, there is a need 
to assess all the benefits and all the costs. Those 
that are too remote may need some alternative 
strategy to identity and link them. Often the costs 
are logarithmic and extend far beyond what is eas
ily identifiable in the clinical situation. The same 
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is true of benefits that may be realized by em
ployers and workers far removed from the usual 
boundaries of cost benefit analyses of surgical 
treatments. Results of technology assessment 
need to be generalizable; the results should be 
"rolled out" to show their impact on the whole 
system. This is a problem with case series, when 
one particular group has developed a very good 
technique locally but hasn't the access or facilities 
to measure its societal impact. 

Notwithstanding all the difficulties in the area, 
the approaches that McKneally, Pierre, and Troidl 
present in this very thoughtful and cogent essay 
must be encouraged and adopted in the surgical 
community. 

HB. Devlin 



SECTION VIII 

Ethical Issues 



CHAPTER 60 

Ethical Principles in Research 
D.] Roy, P.McL. Black, B. McPeek, and M.P. McKneally 

I start with the premise that medicine is a moral 
endeavor, and within it, surgery, by virtue of its in
trinsic violence, has magnified visibility. 1 

-Alexander Walt 

Research ethics is as integral a part of scientific 
judgment as clinical ethics is of clinical judgment.2 

Many ethical issues in research arise from a failure 
to think as rigorously about the conditions for 
ethical consistency as about those for scientific va
lidity. The ethical principles governing all surgical, 
clinical, and biomedical research with human sub
jects are fundamentally the same. They have been 
listed and discussed in numerous documents and 
countless publications over the past 40 years.3- 10 

Although due regard must be maintained for 
the utility and necessity of institutional review 
boards, ethics committees, and public participa
tion in the ethical evaluation of the protocols for 
research with human subjects, it is a mistake to 
view ethics as an external, authoritarian im
position of regulations or possibly arbitrary con
straints on the process of clinical research. The 
design and the practice of research ethics should 
be primarily, though not exclusively, a matter of 
self-consistency and self-governance within clini
cal investigation. 

Ethics and Research 

Research ethics and scientific research pursue a 
common cognitive goal; to distinguish mere ap
pearances from reality. Scientific research, using 

measurement as its cardinal procedure, seeks to 
ascertain the actual relationships between phe
nomena. Uncritical reliance on initial observa
tions, potentially distorted by bias, can lead to a 
systematic divergence from the truth.ll Rigorous 
research methods are devised precisely to counter 
the tendency to mistake a mere semblance of cor
relation for a judgment of fact. 

Research ethics, a process of critical reflection 
and interdisciplinary collaboration, acts against the 
tendency to diverge systematically from what is 
right. As initial observations may fail to reveal true 
correlations, spontaneous desires or compulsions 
may not correspond with what we ought to do. 
What appears to be good in a limited perspective 
may contradict a greater and more commanding 
value. True values, like real correlations between 
phenomena, are not always immediately obvious. 
A spontaneous apparent good acquires the moral 
force of a value only after passing through a process 
of critical reflection in which proposed courses of 
action and possible objects of choice are subjected 
to a series of questions that result in value judg
ment. Value judgments, like judgments of fact and 
of truth, are governed by assent to sufficient evi
dence, not by submission to custom, convention, 
authority, brilliance, or emotion. 

Working out the ethics of research requires the 
exercise of critical intelligence and judgment by a 
community of humans engaged in attentive and 
mutually corrective discourse, rather than isolated 
monologues. Combining interdisciplinary dia
logue with the study of specific cases, whether of 
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clinical practice or clinical research, counteracts 
moral atomism, rampant relativism, and what 
Stephen Toulmin has called the tyranny of prin
ciples.12 Principles, guidelines, and codes, alone, 
do not decide concrete cases. Principles will fail 
to reveal their meaning-what they command, 
permit, and prohibit-until they are interpreted 
in the light of specific research situations. This 
approach to ethics provides a basis for institutional 
review boards (IRBs) or research ethics commit
tees without, necessarily, justifying their specific 
modes of operation. It must be emphasized, how
ever, that ethical judgment is an integral compo
nent of clinical and scientific intelligence; clinical 
investigators are expected and entided to perform 
as integrated humans and professionals. 

Controlled Clinical Research: 
An Ethical Imperative 

A physician's moral obligation to offer each pa
tient the best available treatment cannot be sepa
rated from clinical imperatives to base any choice 
of treatment on the best accessible evidence. The 
tension between the interdependent responsibili
ties of giving care that is personal and compas
sionate, and treatment that is scientifically sound 
and validated, is intrinsic to the practice of medi
cine.13 This tension, which arises prior to and as 
a moral reality distinct from any conflict of in
terests, is a structural part of the medical profes
sion's covenant with the human community, not 
merely the expression of an individual physician
investigator's disordered intentions. 

Controlled clinical trials-randomized and 
multiply blinded (when these are feasible), ethi
cally achievable, and scientifically appropriate
are an integral part of the ethical imperative that 
physicians and surgeons know what they are doing 
when they intervene into the bodies, psyches, and 
lives of vulnerable, suffering humans. The ethical 
requirement of precise and validated knowledge 
gathers force with the likelihood that clinical in
terventions will have decisive and irreversible im
pacts on patients' futures and on future patients. 
Future patients have faces; they cannot be lumped 
together as part of society and set in opposition 
to patients occupying hospital beds today. 

The standards of good medicine, determined 
by professional consensus based on reliable meth
ods of achieving validated knowledge, enter into 
the inner structure of the doctor-patient relation
ship. "What doctor and patient choose is not the 
untrammelled expression of the knowledge and 
values of each. It is limited by the professional 
norms that constrain the doctor's judgment and 
constrain it in the name of good medicine gen
erally."14 Something more, though, is required. If 
the achievement of good medicine is an ethical 
imperative, it must exert not only the protective 
force of a constraint on potential misguided judg
ment and choice, but also the constructive force of 
an invocation to comprehending and voluntary 
collaboration in constantly redesigning the stan
dards of good medicine. Professionally validated 
knowledge, without the collaboration of individ
ual physicians and patients, would remain a uto
pian dream. 

When there is uncertainty or definite doubt 
about the safety or efficacy of an innovative or 
established treatment, this position supports the 
strong view that there is, not simply may be, "a 
higher moral obligation to test it critically than to 
prescribe it year-in, year-out with the support of 
custom or wishful thinking."15 When large num
bers of innovative treatments are being continu
ously introduced into clinical practice, rigorous 
testing is ethically mandatory for the protection 
of individual patients and the just use of limited 
resources. This holds true with even greater force 
in the light of evidence that many innovations 
show no advantage over existing treatments when 
they are subjected to properly controlled study.16 
They may even be less effective or harmful. 17 

In order to conduct a trial, three conditions 
must be met:18 (1) A genuine uncertainty, or equi
poise, must exist within the medical community re
garding the comparative merits of the treatment 
arms of the trial. (2) The trial must be designed 
so that its successful conclusion will disturb equi
poise; that is, the trial should be continued until 
the difference is convincing enough to resolve the 
dispute among clinicians.19 (3) Finally, the rights 
of the patients to protection and the pursuit of their 
best interests must be safeguarded. 

Benjamin Freedman at McGill University in 
Montreal has clarified our thinking through his 
definition of clinical equipoise: 



Clinical Equipoise 

A conflict in the opinions of members of the 
expert clinical community over which treatment 
is preferred; each side recognizes that there is 
evidence to support the opposing view. 

It is not a precise balance of evidence and intuition 
supporting each treatment, which could be dis
turbed by a few patients who seem to be benefited 
by one particular treatment; this unrealistic and 
fragile balance he terms theoretical equipoise. Clini
cal equipoise, on the other hand, means only that 
there is a difference of opinion among respected 
members of the expert clinical community over treat
ments. Some may favor lumpectomy while some 
may favor mastectomy. Or some may favor post
operative treatment with radiation or chemo
therapy after cancer resection, and others may 
disagree, recommending radical surgery alone. 
Each side recognizes that there is evidence to 
support the opposing view. This is all that is re
quired for initiation and continuation of a ran
domized controlled clinical trial. 

The trial is begun because there are differences 
of opinion in the expert clinical community. This 
does not prevent the participation of doctors who 
hold one of those opinions and have a treatment 
preference. Entering patients into a comparative 
trial when your preference is to treat them with 
your modality, such as surgery in a trial of surgery 
versus radiation, requires intellectual humility, but 
it does not require you to abandon your respon
sibility to provide the best available treatment. In 
fact, when a doctor concludes that one treatment 
is clearly best for one particular patient, for ex
ample, a patient who will not or cannot tolerate 
the side effects of one of the treatments, that pa
tient should be excluded from entering the trial, 
or should withdraw from the arm to which he or 
she was assigned. When strong evidence develops 
in the trial that would create consensus throughout 
the medical community, it is time to stop the trial. 
The technical details on stopping rules are a fas
cinating subject beyond the scope of this chapter. 
Stopping a randomized trial of a treatment pre
maturely deprives patients and society of the 
benefits of the trial. Unanticipated and unaccept
able toxicity, overwhelmingly convincing evidence 

Chapter 60 Ethical Principles in Research 583 

of a beneficial treatment effect, the completion of 
a preassigned, predetermined number of treat
ments predicted to give a reliable assessment of 
the treatment, or the development of a new and 
clearly more effective treatment that was not avail
able at the time of initiation of the trial constitute 
legitimate guidelines for stopping a trial. 

Conditions for the Ethical 
Conduct of Clinical Research 

Conditional Ethics 

If the practice of medicine is both morally man
datory and inherently experimental,20 controlled 
clinical trials cannot be inherently unethical. 
Clinical trials, whatever the tactics used to control 
for bias, will be unethical only to the extent that 
they fail to meet a set of necessary and interrelated 
conditions. "Ethical justifiability" means consis
tency with the ethos and morality of the human 
community. Human communities vary from one 
culture and society to another, not only in their 
customs and art, but also in their governing per
ceptions and values regarding the body, health, 
disease, suffering, death, and a host of other re
alities affecting the practice of medicine. The con
ditions for ethically justifiable research with hu
man subjects arise from the requirements for 
consistency along each of these dimensions. 

These conditions are structured. They range 
from fundamental principles of science, medicine, 
and philosophy, across more specific norms, pro
cedures, and regulations, to encompass the tai
lored ethical judgments required for the unique 
characteristics and designs of individual clinical 
trials. The ethics of clinical research is open
ended, cumulative, and unfinished. A continual 
process of feedback is at work between tailored 
ethical judgments on specific trials, and the prin
ciples, norms, procedures, and regulations requi
site for the ethical conduct of clinical research. 
Our knowledge of right and wrong is as subject 
to the process of evolution and cumulative growth 
as our knowledge of fact and truth in science. 

The concept of conditional ethics, so under
stood, implies that ethical justifiability is a graded, 
not a binary, characteristic of clinical trials. The 



584 D.J. Roy, P.McL. Black, B. McPeek, M.F. McKneally 

rheostat rather than the on-off switch suggests an 
appropriate image. 

Research Ethics 
and Cultural Diversity 

Though science is largely transcultural, the hu
man community has not yet developed a com
pletely corresponding body of transcultural ethics. 
Differing views about what is normative in 
person-person, doctor-patient, and investigator
subject relationships may create the need for ethi
cal compromise or accommodation in some mul
ticenter trials, particularly when the collaborating 
centers are situated in different nations. 

A Japanese physician-investigator may find it 
difficult to honor North American insistence on 
detailed disclosure to patients about the randomi
zation process used to select treatment in a clinical 
trial for breast cancer or cancer of the prostate. In 
a culture that places great emphasis on trust in the 
physician as an integral part of the healing pro
cess, both physicians and patients may find an 
open admission of physician ignorance or uncer
tainty therapeutically damaging or even absurd. 

North American culture emphasizes the value 
of individual autonomy; some Asian cultures, the 
value of the family and the community. The ap
proaches to informed, comprehending, and vol
untary consent may be quite different in these two 
cultures. In China the family and the community 
playa central role in resolving disputes and in ob
taining a patient's consent in difficult situations. 

First, community social pressure is the first and 

usually very effective mode of obtaining agree

ment. Second, the family plays an important role 

in securing patient consent, even with adult pa

tients. However, others, such as fellow-workers, 

are also involved.21 

Sensitivity to the dominant values of other cul
tures should be an ethical requisite of interna
tional collaboration in multicenter trials. Accom
modating cultural differences, even in ethnic 
groups within the pluralistic society of Western 
nations, will usually require a flexibility in proce
dures rather than the compromise of fundamental 
principles. 

Equitable Selection 
of Participants 

The equitable selection of human subjects for par
ticipation in clinical trials is one of the criteria for 
institutional review board (IRB) approval accord
ing to the Code of Federal Regulations of the 
United States.22 Until recently, the prime ethical 
concern was to protect vulnerable people against 
exploitation in research, against being forced to 
carry a disproportionate share of the burdens of 
research. The leading contemporary perspective is 
that women, the economically disadvantaged, the 
socially marginalized, and people belonging to 
ethnic and minority groups often suffer discrimi
nation and injustice by their exclusion from, or 
under representation in, clinical trials of promis
ing new treatments. 

The history of clinical and surgical research, and 
of the development of research ethics, leading up 
to this change of perspective and to the contem
porary emphasis on equitable access to the benefits 
of participation in clinical trials is complex. A series 
of ethically most dubious, if not tragic, events 
stretching over nearly a century formed the per
ception that medical and surgical research was dan
gerous, of little or no benefit to participants, and 
that vulnerable people and minority groups were 
used as guinea pigs for the advancement of scien
tific knowledge.23 Vikenty Veressayev, whose Mem
oirs of a Physician were published in English in 
1916, chastised his colleagues as "those zealots of 
science who have ceased to distinguish between 
their brothers and guinea pigs."24 He was writing 
about the use of vulnerable and helpless people in 
gonorrhea and syphilis research conducted during 
the latter half of the 1800s in Germany, France, 
Russia, Ireland, and the United States. The use, 
and we would now say the exploitation, of sub
jugate populations, was the trend in medical and 
surgical research in the nineteenth and early part 
of the twentieth centuries.25 These subjugate 
populations included American slave women in 
nineteenth-century surgical research,26.27 and pris
oners and institutional persons in the early part of 
the twentieth century.28.29 Exclusively helpless peo
ple were involved in the medical experiments con
ducted by the Nazi doctors condemned in the Nu
remberg trial of 1947. Twenty years later, Dr. 



Henry K. Beecher documented the unethical use 
of vulnerable people in research conducted in the 
United States.30 There were also the reports of the 
Tuskegee Syphilis Study with black men,3! and 
the Willowbrook Studies of Infectious Hepatitis 
conducted on mentally handicapped children in a 
New York State institution.32.33 After the thalido
mide tragedy, women of childbearing age and preg
nant women came to be quite generally excluded 
from clinical trials that could affect the fetus. 23.25 

The recent emphasis on assuring women, eth
nic and minority groups, and economically dis
advantaged people fair access to clinical trials 
stems in part from a recognition that people often 
receive better treatment within a clinical trial 
than in ordinary practice. Moreover, the HIV epi
demic has also highlighted the awareness that par
tlclpation in university hospital-based or 
community-based clinical trials is often the only 
way to obtain access to promising new treatments. 
There is also the concern about the generalizabil
ity of clinical trial results if the trial participants 
are not representative of the disease population for 
which a treatment under study is intended. 

These and other considerations have prompted 
recent changes in the Food and Drug Administra
tion (FDA) and the National Institutes of Health 
(NIH) policies concerning equitable selection of 
women and ethnic and minority groups in clinical 
trials.34.35 However, this concern for equity, long 
overdue, has to be balanced against what is scien
tifically meaningful and feasible,36-38 and will be 
constrained by what is socially difficult. 39-4! 

Scientific Adequacy 

The Nuremberg Code and the Declaration of 
Helsinki state that research with human subjects 
must, as a general condition of ethical justifiabil
ity, conform to the canons of scientific method
ology.42.43 Both documents insist on respect for ac
cepted scientific principles, knowledge of the 
natural history of the disease or problem under 
study, adequate preliminary laboratory and animal 
experimentation, and proper scientific and medi
cal qualification of investigators. This emphasis, 
though covering the basic preconditions for a valid 
and credible clinical trial, may sound like a quaint 
overemphasis of the obvious. However, the at-
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tempt in the early 1980s to treat two ~-thalasse
mic patients by modifYing bone marrow with 
human ~-globulin gene implants was widely criti
cized as premature and unethical, chiefly on two 
grounds. The treatment was tried without ade
quate preliminary experimentation with animal 
models of ~-thalassemia, or a solid foundation of 
adequate basic knowledge about the regulation of 
gene expression.44-48 

David D. Rutstein's maxim-"A poorly or im
properly designed study involving human subjects 
... is by definition unethical"49-directs attention 
to the general rule of proportionality ethics. In
viting human beings to submit themselves to a 
possibly heightened risk of discomfort, inconveni
ence, harm, or death; consuming scarce precious 
resources; and raising hopes, particularly when 
hope is about all that patients have left, demand 
the balancing weight of a clinical trial that exhibits 
a high probability of achieving the three objectives 
identified by David L. Sackett. They are: "validity 
(the results are true), generalizability (the results 
are widely applicable), and efficiency (the trial is 
affordable and resources are left over for patient 
care and other health research)."so 

Only reliable clinical knowledge merits wide
spread clinical application. The generalization of 
invalid clinical knowledge is inherently unethical, 
and the extensive application of nonvalidated pro
cedures is, at best, ethically dubious. In this con
text, randomization has gained wide recognition 
as one of the most effective tactics to control for 
selection bias-a major form of bias that leads to 
false conclusions about the safety, efficacy, or su
periority of a given treatment. 

Although the emphasis on randomization in 
scientific ethical discussions of controlled clinical 
trials with human subjects has not been mis
placed, a major shift of ethical attention is long 
overdue. The ethical difficulties raised by the ran
domization process may be less significant than 
the methodological confusion and deficiencies it 
contributes to the generation of randomized clini
cal trials that are humanly costly and resource in
tensive and whose results are clinically imple
mented only in very limited ways. The problem 
is not limited to the admitted need to translate 
the results of clinical trials into practice more ef
fectively,S! nor can it be solved by technique alone 
or by more intensive and restricted focus on the care-
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ful blueprinting of randomization designs.52 Ran
domization, whatever its power, glorious achieve
ments, limitations, or ethical challenges, is not the 
root of the basic problem of scientific adequacy as 
a condition for ethically justifiable clinical re
search with human subjects. 

The problem is rooted in the current limita
tions of basic biomedical science. Meeting the de
mands of scientific adequacy as a condition for the 
ethical justifiability of clinical research with hu
man subjects requires the development of what 
Alvan R. Feinstein has called "the basic science of 
clinical practice." This requirement, as yet unful
filled, is based on the fact that "the experiments 
of the laboratory and the bedside have major dif
ferences in scientific orientation, motivation, hy
potheses, and values."53 

A continuing failure to implement the conse
quences of the differences will exacerbate the ethi
cal problems of clinical research, however much 
greater the increases in the number of publications 
and conferences on the meaning of respect for hu
man dignity and the specifications of informed 
consent. Feinstein's suggested additional basic sci
ence of clinical practice would aim to bring cogent 
human information, derived directly from the pa
tient, back within the boundaries of science. The 
goal of this science would be to give physicians 
and patients power over medical science and tech
nology "by expanding it to include human data, 
by aiming it at human goals, and by making it 
respond to human aspirations."54 

Clinical Research: 
A Human Relationship 

Research with human subjects is ethically unjus
tifiable to the extent that it fails to honor four 
fundamental characteristics of an authentically 
human relationship. Charles Fried14 has identified 
these as humanity, autonomy, lucidity, and fidelity. 
These characteristics are essential qualifications of 
how physicians, clinical investigators, patients, 
and subjects should behave toward each other. 
Our attention, in this discussion, is understand
ably focused on the behavior of physicians and 
clinical investigators. 

In a human relationship, a person is not treated 
simply as one of a class. The characteristic hu
manity stresses that each person is a unique in
dividual with a correspondingly unique biology 
and individualized needs, weaknesses, strengths, 
and life plans. Humanity means attention to and 
respect for this "full human particularity."14 Au
tonomy or self-determination implies the need 
and the capacity to deliberate about personal goals 
and the liberty to act accordingly. A relationship 
that fosters autonomy is notable for the absence 
of fraud, force, and the tendency to use another 
human being as a disposable resource. 

Lucidity qualifies communication as honest, 
candid, and open to imparting all known in
formation that is material to another's self
determination, deliberation, and choice of alter
natives to realize individual life plans. This means 
sensitivity to another person's total life interests 
and capacities for comprehension. Lucidity is ill 
served if clinical investigators look on "obtaining 
informed consent" as some kind of legally im
posed ritual. Clinical investigators sometimes 
speak as though consent is something they need 
for their research. They fail to grasp the reality 
that adequate information is primarily a need of 
the patient and a moral requirement of integrity 
in a human relationship.55 

Fidelity means faithfulness in responding to 
justified expectations that are integral components 
of a relationship. These expectations will vary 
from one kind of relationship to another. Patients 
enter into relationships with doctors justifiably ex
pecting, however implicitly, that their doctors are 
suitably qualified, up-to-date with current stan
dards of good medicine and skillful surgery, and 
committed to restoring their patients to good 
health. 

Informed, Comprehending, 
and Voluntary Consent 

Physicians and clinical investigators have a pri
mordial obligation to assure that their patients 
and volunteer subjects are adequately informed to 
be able to consent comprehendingly, and without 
coercion, to the research procedures and interven
tions they are being invited to undergo. This con-



dition for ethically justifiable research with human 
subjects, clearly established in the Nuremberg 
Code,42 has been subjected to relentless and de
tailed scrutiny over the past 30 years in more than 
4,000 publications. 56 

The ethical norm of informed, comprehending, 
and voluntary consent has its origin in the four 
characteristics of an authentic human relationship 
discussed earlier. Though each shapes the process 
of consent, humanity is the most difficult to re
spect. It is, nevertheless, singularly important in 
gauging the scope of disclosure of information in 
clinical practice and clinical research. 

The particularity of the patient's situation was 
a central issue in the Canadian Supreme Court 
case of Reibl v. Hughes. The court's decision clari
fies that, of three possible standards for determin
ing the kinds of information that must be dis
closed (i.e., the professional, subjective patient, 
and objective patient standards) the latter is to be 
followed. If the professional standard would allow 
doctors and clinical investigators to set the thresh
old of disclosure "at a lower level than would serve 
the public interest and protection," the subjective 
patient standard would place physicians "at the 
mercy of the patient's bitter hindsight."57 

The court clarified that the objective, or reason
able, patient standard implies the need to match in
formation to a patient's reasonably based particular 
concerns and preferences.58 This legally and ethi
cally important case illustrates the essential moral 
difference between "obtaining" informed consent as 
a ritual kind of act performed primarily to get treat
ment or research moving, and "educating" a patient 
or subject in an open, searching conversation, car
ried out primarily to assure that the patient knows 
and understands everything required to make a free 
and reasonable decision. 

The Canadian case also emphasizes that "in
formed consent" is part of a two-way transac
tion.57 The doctor also needs information if the 
patient is to be adequately informed. How can a 
physician or clinical investigator serve the life 
plans of a patient or subject if nothing is said 
about them in conversations about the treatment 
or research? Doctors and clinical investigators are 
as much in need of knowing every essential of the 
life plans, concerns, and bodily situation of pa
tients and subjects as the latter are in need of 
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knowing every essential of the preferred treat
ments and proposed research procedures.59,6o 

Viewed by the patient as medically irrelevant, 
some contextual features of the patient's life may 
have potent consequences, as illustrated in the 
case of Reibl v. Hughes. Reibl's pension, unknown 
to his surgeon, became unobtainable when the pa
tient developed postoperative hemiplegia after ca
rotid artery surgery. This elective operation was 
performed before he had worked long enough to 
be vested in his company's pension plan, and his 
permanent disability prevented a return to work, 
leaving him destitute. The court ruled, and the 
ruling was upheld on appeal, that the surgeon's 
ignorance of this nuance of the patient's particu
lar circumstances constituted negligence.61 Since 
there is no systematic review comprehensive 
enough to elicit details like this one, it is useful at 
the time consent for a trial or treatment is ob
tained to ask the patient, "Are there any special 
circumstances in your own life that we both 
should take into consideration as we make this 
decision?" 

Physicians and clinical investigators bear pri
mary responsibility for organizing consent con
versations and making certain that this mutually 
informing process really takes place. Insecure and 
vulnerable patients and subjects may easily be 
cowed into silence, or even acquiescence, by the 
awesome environment of the hospital and the 
authority-laden image of the doctor.62 The hos
pital is the doctor's daily domain and home ter
ritory, which the patient enters as a frightened 
stranger. In these circumstances, voluntary con
sent doesn't come naturally. Sensitive perception 
and dedicated commitment are necessary if phy
sicians and clinical investigators are to serve the 
needs and goals of those who come to them for 
care and cure. 

Confidentiality 

Protection of privacy and confidentiality, a pro
fessional obligation arising from the fiduciary 
character of the relationship between patient and 
physician, is a necessary condition for the ethical 
conduct of surgical and clinical research with hu
man subjects. The therapeutic relationship re-
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quires sick people to reveal to physicians, and al
lows physicians to acquire, kinds of information 
about body and biography that the patients would 
rarely, if ever, be willing to share with anyone else. 
That sharing of personal secrets can only occur if 
patients can trust that physicians will honor the 
confidentiality demands of professional fidelity. 
When intimate information is divulged without a 
patient's knowledge and consent, and, worse still, 
when explicit promises of confidentiality have 
been broken, the integrity of sick people is 
harmed, as is also the integrity of clinical practice 
and clinical research. 

Participants in research may be harmed psy
chologically, socially, or even financially, if their 
privacy is invaded or if information about them, 
including the fact of their participation in certain 
kinds of research, is not kept confidential. There 
is now heightened sensitivity to the critical im
portance of safeguards for privacy and confiden
tiality, particularly in surveillance studies and in 
epidemiological and social research on conditions 
that are socially stigmatizing and likely to render 
people susceptible to various kinds of discrimi
nation.63-65 The HIV epidemic, for instance, has 
occasioned the development of detailed guidelines 
and ingenious coding methods for electronic data 
storage to protect privacy and confidentiality in 
the research setting.66,67 

Information sheets accompanying consent 
forms for participants in clinical research routinely 
state, or should so state, that rights to privacy and 
confidentiality of information will be respected in 
clinical trials. The World Medical Association 
Declaration of Helsinki states that every precau
tion should be taken to respect the privacy of re
search subjects.68 The Code of Federal Regula
tions of the United States requires, for IRB 
approval of research with human subjects, that 
there are adequate provisions to protect the pri
vacy of subjects and to maintain the confidenti
ality of data.69 

The requirements for adequate protection of pri
vacy and confidentiality will vary in keeping with 
the nature of the research, the disease or condition 
under study, and the laws of each country. Some 
countries provide legal shields to protect the con
fidentiality of research data against civil, criminal, 
administrative, or other proceedings to compel dis
closure.70 Where such shields do not exist in law, 

researchers may be restricted with regard to the ex
tent of protection of confidentiality they can guar
antee research subjects. When stigmatizing con
ditions are under study, special coding procedures 
may be necessary to assure that sensitive data can
not be linked to individuals via personal identifiers. 
Clinical studies involving follow-up of patients af
ter close-out of the study require that particular 
attention be given to protection of privacy. Re
search subjects should be alerted to the possibility 
of future contact, and they should give free and 
informed consent to any follow-up plan.71 In sur
gical research, confidentiality could be inadver
tently broken if the uniqueness of the surgical 
operation combined with the relative rarity of pa
tient characteristics could lead some to deduce the 
personal identity of the patient or patients pre
sented in case discussions or publications. 

Clinical Research: 
A Therapeutic Relationship 

Henry K. Beecher's statement, "Ordinary patients 
will not knowingly risk their health or their life 
for the sake of science,"72 is as true today as it was 
in 1966. Sick people come to doctors for care, 
relief, and cure. Though cure cannot be guaran
teed, and every intervention into the body carries 
its risk of harm, care encompasses the granting by 
patients, and the appropriating by doctors, "of 
some power over another so that the other will 
benefit."73 

The expectation that doctors will help, and not 
harm, is the basis of the patient-doctor relation
ship, the primary content of the medical profes
sion's societal mandate, and the guiding norm of 
one of medicine's most ancient ethical maxims.73 

Fidelity to this expectation is an essential condi
tion for ethically acceptable clinical research. 

Claude Bernard gave precision to the meaning 
of this fidelity in his statement of a principle of 
medical and surgical morality: 

It is our duty and our right to perform an ex

periment on man whenever it can save his life, 

cure him, or gain him some personal benefit. The 

principle of medical and surgical morality, there

fore, consists in never performing an experiment 



which might be harmful to him to any extent, 
even though the result might be highly advan
tageous to science, that is, to the health of oth
ers."20 

This principle sets a basic right of patients, and 
a corresponding fundamental duty of doctors, that 
takes precedence over any utilitarian calculus that 
would tolerate a sacrifice of the health or lives of 
individuals today for the putatively greater good 
of society or the patients of tomorrow. 

This "Bernard" principle, though clearly essen
tial for the ethical justifiability of clinical research 
with human subjects, is too pure and absolute in 
its original wording to be realistic. Medicine is 
inherently experimental. It is clearly impossible, 
either in uncontrolled clinical practice or in con
trolled clinical trials, to abstain totally from inter
ventions that might be harmful "to any extent." 
The factors of uncertainty and risk of harm, at
tendant upon any clinical intervention into the 
body, must be taken into account in this principle 
of the primacy of the therapeutic obligation. 

The therapeutic obligation in clinical practice, re
gardless of whether physician and patient are par
ticipants in a controlled clinical trial, has to be gov
erned by proportionality ethics. Risks of harm or 
detriment have to be balanced by a probability of 
benefit for the patient that is weighty enough to 
compensate for any loss or injury that might occur. 
This principle complements the Nuremberg and 
Helsinki emphasis on the proportion to be main
tained between the risks undertaken by subjects in 
clinical research and the scientific and humanitarian 
importance of the research objectives.42,43 

Harms and benefits are not totally susceptible to 
objective, generalizable measurement. They com
prise both "hard" and "soft" data. The ethical im
plication is that it is impossible to determine that a 
proportion between harms and benefits holds for 
particular patients, without giving due attention and 
weight to their personal interpretations of the total 
impact of a clinical intervention on their lives. This 
is the target of Feinstein's justified criticism of at
tempts to balance harms and benefits, or to judge a 
treatment's efficacy, on the basis of a dehumanized 
array of data. Such attempts fall short of their ob
jective because they fail to assess the "total spectrum 
of a treatment's impact."74 
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The Therapeutic Relationship 
in Randomized Clinical Trials 

One of the strongest recurrent ethical criticisms 
of randomized clinical trials is that they sin against 
the therapeutic relationship,1s-79 Physician-investi
gators participating in such studies, so the critique 
runs, abandon fully individualized care of their pa
tients and even subject some patients, via the ran
domization process, to inferior treatment. One as
sumption behind this criticism is that equipoise 
regarding safety and efficacy rarely exists between 
alternative treatments at the initiation of a con
trolled trial.18,80-82 There is usually some indication 
that one treatment is better than another, even if 
the indication falls short of a statistically rigorous 
demonstration. Even if equipoise does seem to 
hold at the initiation of a trial, secrecy about in
terim results when these favor one treatment over 
another means that some randomized patients, in
cluding both early and newly entered patients, will 
receive inferior treatment. 

How can randomizing patients to inferior 
treatment or maintaining them on inferior treat
ment until the trial reaches a certain minimum 
probability of error be squared with the demands 
of the therapeutic relationship? This bottom-line 
question gathers force when patients die or suffer 
serious deterioration of health as a consequence 
of the inferior treatment. 

The foregoing criticism of randomized clinical 
trials does not reflect sufficient appreciation of the 
proliferation of innovations and the attendant 
pervasiveness of uncertainty in medicine, the as
sociated danger of using invalidated procedures in 
clinical practice, and the intersection of goals in 
clinical therapy and interventional trials. 

Surgical trials with human subjects are, with 
few exceptions, interventional rather than expli
catory. Feinstein has identified the ethical signifi
cance of the differences between these two kinds 
of trial. 83 In an interventiona/ trial, the goal of the 
treatments employed is to change a patient's clini
cal course, not in a passing way to study some 
physiological variable, but in an enduring way, and 
to enhance health and postpone death. 

The goal of the therapeutic relationship-to 
care, relieve, and cure a suffering patient-is iden
tical to the goal pursued by the physician
investigators in an interventional trial. The goal 
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of the trial is to determine, reliably, whether the ef
fects observed to follow upon a clinical intervention 
are due to treatment, or whether one treatment is 
safer or more effective than its alternatives. 

When there is no uncertainty about the safety, 
efficacy, or comparative worth of treatments, there 
is no need for an interventional trial. To the extent 
that such uncertainty does hold sway, it is imper
tinent to ask whether physician-investigators in an 
interventional trial are withholding known effec
tive treatments from patients or are consigning 
patients to inferior treatment. That is precisely 
what is unknown and can be reliably determined 
only by a properly designed trial. An interven
tional trial, assuming the fulfillment of essential 
scientific and ethical conditions, is more consis
tent with fidelity to the therapeutic relationship 
than unquestioning recommendation of one of 
several invalidated treatments whose comparative 
worth is in dispute. 

This position does not reject the principle of con
science. A physician, convinced of the superiority of 
a given treatment on the basis of available evidence, 
would be acting against his or her personal and pro
fessional conscience in participating in a randomi
zation of patients to an alternative treatment that 
causes higher mortality or morbidity in the physi
cian's opinion. It must be realized, however, that 
evidence sufficiently strong to constitute ethical 
ground for an individual physician's refusal to par
ticipate in a randomized clinical trial may fall far 
short of a decisive argument against the ethical jus
tifiability of the trial itself 

Clinical Trials and Surgical 
Research: Ethical Issues 

To fit the reality of particular clinical trials, ethical 
decisions need two synchronized cutting edges: an 
upper blade of general ethical principles, and a 
continually reshaped lower blade of definite an
swers to specific questions. 

The Ethical Use of Animals 
in Surgical Research 

It is generally and correctly assumed that the ethi
cal justifiability of research with human subjects 

depends on adequate prior experimentation with 
animals. This does not mean that the use of ani
mals in research requires no further justification. 
However, a comprehensive response to the ques
tion about whether we are morally justified "in 
imposing suffering on or taking the lives of other 
species solely for our own benefit"84 would require 
an analysis of the expanding and unfinished de
bate on these issues.85-88 Since such an analysis 
would exceed the boundaries of this chapter, two 
major points have been selected for discussion. 

First, differences between species do have 
moral significance. Ethical constraints on what we 
may impose on other animals to satisfY our own 
good and our own needs increase as the capacities 
and needs of the animals approach those of hu
man beings. Second, the critical question is not 
whether, but under what conditions we may use 
animals in research. 

Effective measures to assure the humane treat
ment of animals in research and to protect animals 
against wanton disregard of their needs and wel
fare are essential requirements of civilized scien
tific behavior. Fulfilling these requirements does 
not necessitate acceptance of any of the following 
positions. 

Humans have no right to treat animals any dif
ferently from how they would treat any member 
of their own species.89 

Animals should be used in research projects only 
when the results will directly benefit the ani
mals themselves.89 

There should be an immediate replacement of all 
animals used in experiments by alternative sys
tems.8? 

Sensitivity to the needs of animals and to their 
differential capacities for suffering from pain, 
constriction, and deprivation does necessitate 
careful attention to Lane-Petter's five basic ques
tions. 

Is the animal the best experimental system for the 
problem? 

Must the animal be conscious at any time during 
the experiment? 

Can the pain and discomfort associated with the 
experiment be lessened or eliminated? 

Can the number of animals involved be reduced? 
Is the problem under study worth solving?9o,91 



Necessity of experiment, humaneness of de
sign, and a standard of pre-and postoperative care 
at least as good as that required for acceptable 
clinical veterinary practice92 summarize the con
ditions for the ethical justifiability of using ani
mals in research. 

Standards in Surgical Research 

There is no controversy about the desirability of 
high standards of evidence in surgical research. 
The well-known division of opinion is about the 
kinds of design that are practicable and effective 
in producing such evidence.93-loo The rule govern
ing such discussions should be to avoid fervent 
answers to global questions. Variations in the na
ture of the procedures under study, the clinical 
conditions to be treated, and different surgical 
specialties require differentiated judgments about 
the research design most appropriate for each re
search project. 

The principle of differentiated judgment modi
fies and is not a substitute for the more general 
ethical rule: employ every possible tactic at the 
most opportune moment in the development of 
innovative surgical procedures to reduce the dev
astating effects of bias. Demanding that the stan
dards of surgical research match the highest cur
rently attainable in clinical investigation is not the 
same thing as insisting on identity of research de
sign in surgical and medical trials. Methodologi
cal sophistication may indicate the need for re
search designs uniquely tailored for some surgical 
specialties.95,1()()-102 

Ethics and the Design 
of Surgical Research 

The methodologically rigorous design of surgical 
trials poses several distinct and widely recognized 
difficulties,103-104 which have ethical implications. 

First, it is generally impossible to achieve full 
blinding in surgical research. The extent of blind
ing achievable will vary according to the purpose 
of the trial, that is, whether an operation is being 
compared with nonsurgical treatment or with the 
comparative safety and efficacy of two operations. 
Though sham operations are ethically unjustifia-
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ble and would not be considered today, a measure 
of blinding may be possible when the physicians 
evaluating the patients' progress have not been in
volved in the trials.94,104-106 

Second, surgery has a powerful placebo effect 
that may exist independently of an operation's 
genuine efficacy. This fact, for which internal 
mammary artery ligation for the relief of angina 
offers some evidence, underscores the importance 
of blinding as a tactic in a methodologically rig
orous trial. It is difficult to ethically justify the 
continued use of surgical operations having little 
more than placebo efficacy.lo4 

Third, Francis D. Moore has observed that "the 
most remarkable and effective extensions of sur
gery have often not required elaborate statistical 
analysis for their establishment."107 Though "of
ten" is not equal to "regularly" or "generally," this 
observation invites a flexible attitude toward 
what H.A.F. Dudley has called the central dogma, 
namely, "the concept of overriding need to prose
cute controlled clinical trials as the only way of 
ensuring reliable knowledge."lo8 

Fourth, there are situations in which random
ized clinical trials may be both impractical and 
ethically dubious. The advisability of a trial is 
open to serious questions when "thousands of pa
tients must be treated to establish statistically sig
nificant, but very small, differences. "107 

Fifth, randomized clinical trials may be impos
sible when the course of treatment for a given 
condition is in a state of rapid evolution. For ex
ample, the arrival of coronary artery bypass graft
ing led to the abandonment of a randomized 
clinical trial of the Vineburg surgical procedure.101 

Randomized clinical trials are perilous and dubi
ous undertakings when innovations are likely to 
be rapidly replaced by even better new procedures. 

Sixth, the controversy over radial keratotomy, a 
surgical procedure to correct myopia, has empha
sized once again how difficult it is to launch con
trolled studies of surgical innovations after they 
have become popular. The standard ethical objec
tion to randomized trials in this situation is: How 
can one justify withholding a widely acclaimed 
procedure from a control group? The radial kera
totomy controversy has added another objection: 
How can one justify withholding business from 
surgeons by concentrating use of the operation to 
those surgeons participating in a randomized 
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clinical trial? The lawsuit launched in the United 
States against George O. Waring, an associate 
professor of ophthalmology, and against others in
volved in the Prospective Evaluation of Radial 
Keratotomy (PERK) trial, has intensified and 
hardened divisions of opinion about how surgical 
innovations should be brought into the health care 
system.109 

Although a judgment on the justification of this 
particular lawsuit must be withheld, the wisdom 
of charging clinical researchers with conspiracy to 
monopolize an operation and with violation of 
antitrust laws when they undertake the evaluation 
of a new operation for safety and efficacy must be 
vigorously questioned. The good conscience of in
dividual surgeons will never be an adequate sub
stitute for methodologically rigorous evaluations 
of surgical innovations. The PERK study indi
cates that this surgical operation tends to have un
predictable outcomes. The risks have to be bal
anced against the small gainsYO.111 

The goal of controlled clinical trials should not 
be confused with any set of methodological strate
gies or tactics. The goal is reliable knowledge. 
H.A.F. Dudley has emphasized that "there is a 
continuous rather than a discontinuous scale of 
reliability, not a quantum leap from none to near
total reliability."lo8 The role of randomized clinical 
trials should be gauged against that scale and in 
the light of the varying constraints of different 
clinical situations. We are coming to a more pre
cise identification of the circumstances in which 
evaluations of efficacy cannot be made with ran
domized prospective studies.95.101.112 However, the 
recent results of the extracranial-intracranial by
pass study should exercise a braking restraint on 
any latent enthusiasm for liberation from the rig
ors of controlled clinical trials.ll3 

Prerandomization Learning 
and Early Randomization 

Thomas C. Chalmers has advanced methodologi
cal and ethical reasons for early randomization, 
indeed for the randomization of the first patient, 
in the evaluation of new medical treatments and 
surgical procedures.94.114 Succinctly, his position is 
that "randomization from the beginning, with 
truly informed consent, is the only ethical way to 
begin the exploration of new therapies."94 

Attention should be given to two methodologi
cal considerations, one supportive, the other criti
cal of early randomization, before analyzing the 
ethical issue raised in the Chalmers position. 

Pilot studies and prerandomization learning 
periods, followed by positive observations reports, 
increase the likelihood that methodologically rig
orous evaluations of new surgical procedures will 
be postponed unduly or never initiated. It be
comes ethically difficult to randomize patients 
when one of the procedures under study has al
ready won an enthusiastic constituency, however 
illusory the evidence for this enthusiasm may 
be.115.116 Early randomization, if practicable and 
successful, counters this tendency. 

Early randomization may, however, be impos
sible or methodologically dubious in some surgical 
trials. Experience, technical skill, and masterful 
craftsmanship have to be acquired through prac
tice. They cannot be taught and learned before an 
operation is actually performed. A new operation 
has little chance of being judged on its own merits 
before the surgeons performing it in a trial have 
acquired sufficient mastery of the procedures to 
permit a sufficient degree of standardization. 
Short of this, the same operation in the hands of 
different surgeons possessing quite variable levels 
of skill may well have quite divergent results. 117 In 
such circumstances, a trial would more likely mea
sure variances in surgical craftsmanship rather 
than the safety and effectiveness of the new opera
tion. Indeed, with wide variations in surgical skill, 
the operation under study may not be the same. 
Moreover, potential promising new operations for 
which "it takes years to reach optimum low risk 
and clinical benefit"97 could be rejected, not on the 
basis of their real therapeutic merit, but because 
of initial high mortality rates due to surgeons' in
expenence. 

Chalmers recognizes the force of the methodo
logical objection to very early randomization of 
patients in the evaluation of surgical innovations, 
particularly of technically difficult new operations. 
He has stated that "from the scientific standpoint 
alone, the technique should be fully developed be
fore the randomized trial is begun."94 Consonant 
with this observation, William Van der Linden 
has proposed a prerandomization practice period 
that "should last until the participants are fully 
conversant with every single detail of the new 



technique. It is not until then that a fair trial can 
be run."106 

The Chalmers position holds that running a 
fair trial can be in conflict with running an ethical 
trial. Though prerandomization practice periods 
would set the stage for a more reliable comparison 
of a new against an established operation. Chal
mers observes that patients honestly informed 
about the potentially higher initial mortality or 
morbidity rates, to be expected during this period, 
would likely refuse to enter this surgical novitiate 
and demand the established operation.94 He ar
gues that randomization from the beginning, with 
truly informed consent, is the only ethical way to 
evaluate new operations because patients are more 
likely to accept randomization if they are con
vinced that there is "an equal chance that the new 
operation might be better than the old from the 
beginning."94 

The Chalmers exclusive position on the ethical 
superiority of very early randomization is not con
vincing. The fact that a new operation has a good 
chance of being superior to an older established 
surgical treatment must be modified by the word 
"eventually." The potential intrinsic merits of a 
new operation, once mastered, are not an antidote 
to the risks of potentially higher mortality or 
morbidity resulting from surgeons' underdevel
oped skills in performing the new procedures. 
Lawrence Bonchek's observation and counter
question are in order: "Randomization does not 
alter operative risk; it simply dictates that chance, 
not the patient, will determine exposure to the 
risk. Is such an arrangement more ethical?"93 The 
real ethical issue is whether patients know about 
and freely assume the risks of new operations. 

Informing Patients about 
Randomization: Conflicting 
Views 

Do the ethical principles requmng informed, 
comprehending, and voluntary consent necessi
tate telling patients how their treatments are se
lected in randomized clinical trials? 

The ethical justifiability of randomization does 
not hinge only on physician "indifference" to the 
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treatments. Equipoise of outcome of different 
treatments, whether apparent only at the begin
ning of a trial or increasingly evident as the trial 
progresses, does not justify the inference that pa
tients will be or ought to be "indifferent" about 
the treatment they will receive.ll8 Physician
investigator uncertainty about the relative merits 
of alternative treatments does not mean that pa
tient preference for one treatment over another is 
necessarily or even generally "capricious."119 The 
treatments in a trial may exert significantly dif
ferent impacts on patients' quality of life and life 
plans, whatever the initial state of knowledge or 
the eventual statistical results of the trial may be. 

The management of breast cancer and cancer 
of the prostate are two clinical trial situations for 
which the following conclusion is entirely appro
priate: "It is not enough for the physician to have 
no reason to prefer one treatment over the other, 
in addition, there must be no reason for the pa
tient to prefer one treatment."120 

The harm-benefit ratio is a result of balancing 
multiple factors that must include effects that 
patients consider personally important. Reducing 
the ratio to the "hard" variables the trial is de
signed to measure can easily amount to a disregard 
of a patient's particular situation. Physician
investigators are not ethically justified in perceiv
ing and treating patients exclusively as repre
sentatives of a given disease category. It is meth
odologically and ethically important that surgeon
investigators pay close attention to patient
subjects' unique personal differences. Good ethics 
and good science demand precisely that everybody 
not be treated alike in consent negotiations. l2l ,122 

Lack of candor about randomization, and the 
associated additional concealments of information 
this would often entail, can constitute an act that 
bars patients from what they need to know to 
make the choices they consider to be the most 
important for their lives. This is ethically unjus
tifiable in a trial that would otherwise be ethically 
acceptable. As a rule, patients should be informed 
about randomization. Justifiable exceptions will 
have to be justified. A generalization of such ex
ceptions could arise when the differential impact 
on patients' lives are perceived, by patients and 
surgeons alike, as being just as important as the 
treatments' initial putative equality of outcome. In 
such situations, surgeons may be no less deterred 
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from enrolling otherwise eligible candidates into 
a trial than the patients themselves are from par
ticipating. 

The National Surgical Adjuvant Project for 
Breast and Bowel Cancer (NSABP) trial to com
pare the relative effectiveness of total and seg
mental mastectomy, with and without radiation, 
presents a challenging illustration of these diffi
culties123 (see chapter 27). 

Harmonizing a surgeon's responsibilities as 
physician, with his or her duties as clinical inves
tigator may be easier in word and in theory than 
it frequently is in act and practice. The U.K. Can
cer Research Campaign Working Party in Breast 
Conservation has noted: "It is one thing to admit 
doubt among one's colleagues, quite another to 
have to admit it to a patient."62 The need to con
fess to patients that chance, not their surgeon, is 
in charge of selecting their treatment is at least as 
difficult as admitting uncertainty or ignorance. 
These admissions do require "mental gymnastics 
beyond the abilities of many, "124,125 surgeons as 
well as patients. Admittedly, this is not the way 
surgeons traditionally behave toward their pa
tients in normal practice. Whether behavior in 
normal practice should be the norm for clinical 
research or vice versa is a question meriting its 
own discussion. 

Enrolling patients into randomized surgical tri
als without their knowledge and consent is not an 
answer to these and other difficulties surgeons ex
perience with the process of randomization. Ran
domizing patients to treatment groups before ini
tiating consent negotiations seems to alleviate the 
difficulty surgeons have when asking patients to 
participate in a trial without being able to tell 
them what treatment they will receive. Preran
domization designs are less problematic ethically 
when all patient candidates, those assigned by 
chance to standard therapy and those similarly as
signed to innovative therapy, are involved in con
sent negotiations. It is unethical to conduct a trial 
when some of the patient-subjects are totally un
aware of the research process in which they have 
been enrolled and quite unaware of the alternative 
treatments they might have preferred. 

Involving all patient-subjects in consent nego
tiations does not, however, directly guarantee that 
prerandomization designs are ethically innocuous. 
Even if patients are told that their treatment has 
been selected by chance-and they should be told, 

the way in which the advantages and drawbacks 
of the alternative treatments are presented can 
amount to tender but real coercion.126 The vol
untary, if not the informed, character of consent 
may be jeopardized by a linguistic tailoring of in
formation that manipulates the patient's will with
out blinding the patient's intellect. 

It should be emphasized that this danger is not 
peculiar to randomized clinical trials, whatever 
the randomization tactic may be. The danger is 
equal or greater when a surgeon who is not par
ticipating in a trial convincingly presents one of 
several alternative treatments under study in a 
trial, elsewhere, as the best "in my judgment." 
This situation is the target of the U.K. Working 
Party's fifth practical proposal: 

Those doctors who treat patients with cancer but 

do not participate in randomized clinical trials 

should realize that they too have an obligation 
to discuss alternative forms of treatment with 

their patients. In our view the fact that they are 

not formally randomizing their patients does not 

reduce their obligation in this respect.62 

This proposal suggests a return to the point 
mentioned earlier about norms of surgeon behav
ior toward patients in routine practice as con
trasted with randomized surgical trials. Some re
spondents to the investigation of surgeons' 
reasons for not enrolling patients into the NSABP 
trial of treatments for breast cancer "believed that 
participating in a clinical trial would necessitate a 
major change in the traditional physician-patient 
interaction."123 Some changes in that relationship, 
motivated or necessitated by participation in ran
domized surgical trials, may be highly desirable, 
meriting introduction into routine surgical prac
tice. Dropping the guise of sapiential authority, 
when the state of clinical knowledge offers no 
warrant for such an assumption of power, may 
advance the education of patient expectations, 
bolster patient autonomy, and, paradoxically, 
strengthen the trust of patients in their physicians. 

Conflicts of Interest 

Confucius is reputed to have said, "If language is 
not correct, then what is said is not what is meant; 
if what is said is not what is meant, then what 



ought to be done remains undone." Confucius 
could have added another consequence of the mis
match between words and meaning: what ought 
not to be done may be continued as the natural 
and normal way to behave. 

Our primary concern here is with what ought 
to be done about conflicts of interest. If solutions 
and preventive measures are to fit the problems, 
definitions and distinctions of problems are ines
capable. We first consider what is meant by con
flicts of interest and then discuss what can be done 
about them. 

Meaning 

The literature about conflict of interest seems to 
mirror Augustine's embarrassment when he con
sidered answering the question about the meaning 
of time: "If no one asks me, I know; if I want to 
explain it to someone who does ask me, I do not 
knoW."127 The meaning of the word interest128 in
cludes a diversity of relationships of persons to 
goods, and that diversity complicates the defini
tions of conflicts of interest that can be found in 
the recent literature. 

In this chapter we consider an interest to be 
whatever is to the good, benefit, profit, or advan
tage of anyone. 128 These advantages are in conflict 
when one or several cannot be obtained or main
tained without sacrificing others. A conflict of in
terest, according to a definition adopted by two 
Councils of the American Medical Association 
(AMA) , is a conflict "between private interests 
and official responsibilities of a person in a posi
tion of trust."129 In an excellent explanatory dis
cussion of this subject, Thompson defines the 
conflict as being between primary and secondary 
interests. Primary interests, such as the health of 
patients, the integrity of research, and the edu
cation of students, relate to the professional re
sponsibilities of a physician, researcher, or teacher. 
Secondary interests relate to desirable personal 
goods such as financial gain, prestige, career ad
vancement, or advantages for those to whom a 
professional has personal and private allegiance.13o 

A conflict of interest is a situation or a con
stellation of circumstances in which professional 
judgment or institutional mission regarding pri
mary interests, such as clinical, scientific, or aca
demic integrity, "tend to be unduly influenced by 
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a secondary interest."13o This definition is open to 
the AMA Councils' distinction between potential 
and actual conflicts of interest. 129 A potential con
flict of interest is a situation in which a profes
sional's primary and secondary interests might 
come into conflict. An actual conflict of interest is 
a situation in which a professional cannot honor 
one interest without impairing others. 

The scope for potential and actual conflicts of 
interest is extensive, encompassing medical prac
tice,131-138 research,139-142 peer review,t43 medical 
and scientific publishing,144-147 and education.148 

Institutions and organizations, as well as individ
ual professionals, can be in a conflict of interest. 149 

A conflict of interest should be distinguished 
from scientific misconduct, which typically con
sists of plagiarism, deception, or falsification or 
fabrication of data. 129 A conflict of interest is a 
situation or set of circumstances, not an act or a 
behavior. However, unprofessional or profession
ally unethical behaviors can result from conflicts 
of interest. For example, a scientist consciously or 
unconsciously might review a competing col
league's research proposal unfairly, or the authors 
of a review article might give exaggerated promi
nence to studies of treatments manufactured by 
companies that have funded the authors. 145 

The risk of professionally unethical conduct re
lated to conflicts of interest can be reduced if 
physician-investigators do the following: 

• Attend to the conflict and do something 
about it. 

• Transparently disclose their competing inter
ests. 

• Offer reasonable cause for holding secondary 
interests when these might be viewed as incom
patible with professional and scientific respon
sibilities. 

• Choose between primary and secondary inter
ests when they are irreconcilably in conflict. 

Management 

The sources of conflict of interest may be per
sonal, political, academic, scientific, or philosoph
ical, and not only financial. 139,145 Yet, special at
tention should be given to conflicts between the 
pursuit of financial gain and the exercise of pro
fessional and scientific judgment. Although col-
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laboration between industry and academia is both 
essential and desirable, the expansion of these col
laborative connections are cause for concern, and 
they merit vigilance.142 It is not objectionable in 
principle that researchers and their institutions 
share in the financial rewards of scientific discov
ery and innovation, but the growing dependence 
of biomedical research on industrial support, and 
the potential magnitude of the financial rewards 
deriving from this collaboration, could imperil, or 
give the appearance of imperiling, scientific integ
rity.129,142 An Al\1A Council has reasonably em
phasized that the mere appearance or perception 
of conflict of interest may be sufficient to cast 
doubt on an otherwise exemplary research pro
gram.129 Accordingly, there has been at least one 
proposal that apparent conflicts of interest should 
be no less seriously evaluated and managed than 
actual conflicts.141 

Precisely what should be done about conflicts 
of interest will vary with the severity of the con
flict and the seriousness of the harm such conflicts 
can produce yo Severity of conflict is proportional 
to the likelihood that financial interests will im
peril the objectivity of professional and scientific 
judgment or will detour an institution from the 
pursuit of its primary missions. The values en
dangered by conflicts of interest measure the harm 
such conflicts can cause. The harm includes the 
threat to the health and even the lives of sick peo
ple;132 weakening of trust between physician
investigators and between physician-investigators, 
patients, and students; 141 and loss of public 
confidence in a profession or an institution. 

While conflicts of interest may threaten the ob
jective and trustworthy conduct, evaluation, and 
reporting of research,141 they may also exercise 
subtle but powerful influence on the directions of 
research that will be pursued or neglected, perhaps 
to the detriment of the common good.130 

The approaches proposed to manage conflicts 
of interest include disclosure, mediation, modifi
cation of research plan, monitoring of research, ab
stention, divestiture, and prohibition.130.140,142,147,15o 
Disclosure has been called the bedrock of any sen
sible scheme for managing conflicts of interest. 142 
Although not sufficient, disclosure is a necessary 
starting point in the management of conflicts of 
interest. It favors the maintenance of trust by end
ing the possible deception "of permitting one's 

judgment to appear more reliable than it really 
is.''141 Physicians' and scientists' disclosure of their 
financial interests also gives to people the infor
mation required to gauge how much trust they 
should place in medical recommendations and 
scientific results. It is reasonable to expect and re
quire that scientists' disclosure of their financial 
ties to companies be made to medical institutions 
where the research is carried out, to funding agen
cies, and to journals in which the research will be 
published. 129 

Although disclosure alerts people to the exis
tence of a conflict of interest, it does not of itself 
resolve them and may even create additional prob
lems.130,151 The judicious use of more severe con
flict of interest control measures, such as prohib
iting independent researchers from serving on the 
boards of directors of companies that could profit 
from the researcher's scientific work, or prohibit
ing researchers from holding equity ownership or 
stock options in such companies,142 will require 
careful evaluation of each conflict of interest 
situation. These conflicts are not all of one kind 
or of the same degree of severity, as may be seen 
in the Harvard University Faculty of Medicine 
three-category classification of conflicts of 
interest-related activities. Some such activities are 
allowable with oversight, but only after disclosure, 
review, and approval by a committee; other activi
ties, ordinarily allowable following disclosure, 
may require oversight; the third category is of ac
tivities that are routinely allowable.152 

The judicious regulation of conflicts of interest 
serves the high Confucian purpose of assuring 
that what ought to be done does not remain un
done. What ought to be done, and expeditiously, 
is methodologically sound research uncontami
nated by the multiple biases, including the bias of 
conflicting interests, that restrict both the validity 
of research and the common trust research needs 
in order to thrive. 

Human Studies Permission: 
Some Practical Points 

Perhaps the most important practical point for the 
potential surgical investigator is to take human 
studies permission seriously. The present climate 



and the requirements for appropriate treatment of 
other human beings make it mandatory that hu
man studies forms be filled out honestly and ac
curately. For purposes of this discussion, the hu
man studies form of the Brigham and Women's 
Hospital in Boston will be used as a guideline. At 
this hospital, all protocols involving human tissue 
or subjects are reviewed by a research committee 
that meets twice a month. Four categories of in
formation are required: 

1. General information, including the name of 
the investigator and the department, the date 
of beginning and ending the study, and the 
coinvestigators 

2. Funding information, specifically whether 
there are costs not covered by outside research 
funds or third -party payers 

3. Patient-subject information, including the to
tal number of subjects, the facilities required 
(inpatient, outpatient, or clinical research cen
ter), potential use of special groups (children, 
newborns, fetuses, medical students, the men
tally handicapped, pregnant women, prisoners, 
or adolescents), duration of study for individ
ual subjects, remuneration, and the use of 
drugs, radioactive materials, medical devices, 
nursing services, or dietetic services 

4. A description of the research and training 
project 

The fourth category probably has the greatest 
import because it essentially justifies the project 
for human studies. It begins with a statement of 
the general purpose of the research and the spe
cific hypothesis to be tested. It moves then to the 
proposed experimental procedures, including 
background information, number of subjects to be 
involved in the study, procedures and method
ologies to be used, names and details of medica
tions, and the use of data to test the proposed 
hypotheses. The next section documents stresses 
or aggravation of a "chemical, physical, biological, 
psychological, and other nature," and the inves
tigators' experience in this kind of research. There 
follows a listing of possible benefits or advantages 
to the individual patient or society, and potential 
discomfort or risks. (A risk is defined here as ex
posure to "the possibility of any harm, physical, 
psychological, sociological or other as a conse-

Chapter 60 Ethical Principles in Research 597 

quence of any activity which goes beyond the ap
plication of those established and accepted meth
ods necessary to meet the patient's needs.") 

The application must describe the manner in 
which patients will be recruited and informed 
consent will be obtained, appropriate alternative 
procedures, provisions made to answer patient in
quiries, measures taken to ensure that involved 
subjects will be free to omit specific procedures, 
and changes in experimental design that might be 
necessary to complete the formal information 
portion. 

The informed consent form lies at the heart of 
the study. The consent form should have the fol
lowing elements in it: the purpose of the study, 
procedures to be used, risks and discomfort, bene
fits, alternative procedures, standard release form, 
confidentiality of information, a compensational 
clause, and option to withdraw. 

The study's goals should be clearly stated at the 
beginning. The section on procedures should in
clude a description of how the proposed proce
dures differ from standard care, the duration of 
the subject's participation, the details of the pro
cedure to be used, and any compensation for par
ticipation. 

Risks, discomforts, and benefits should include 
direct benefits to the patient and any risks he or 
she might run. Alternative procedures should be 
discussed, and the availability of the physician in 
charge to answer inquiries should be emphasized. 
Assurance should be given that information will 
be kept confidential. It should be stated that the 
subject will not be compensated for injuries oc
curring and that he or she is free to withdraw at 
any time. Finally, there should be a statement that 
the procedure has been explained. 

The range of potential investigative procedures 
is rather wide. Blood drawing for purposes of do
ing blood testing; chart reviews; use of nursing 
services, women, prisoners, or adolescents; dura
tion of study; and the use of discarded material 
are all part of human experimentation and must 
be proposed and justified. Special information is 
required for drug data, isotopes, and nursing ser
vices. Short forms, to expedite processing, are 
available for human discarded material and for 
record reviews. 

These requirements may seem onerous, but 
they ensure that the patient is not abused. 
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Teaching and Learning 
Research Ethics 

Riis (chapter 61) and Lockl53 describe examples 
of fraud and misconduct in research that led the 
National Institutes of Health to require specific 
training in research ethics as a mandatory com
ponent of National Research Service Award 
Training Grants in the United States. This initia
tive and the decision by the Royal College ofPhy
sicians and Surgeons of Canada to require teach
ing of bioethics (including research ethics) in all 
postgraduate residency programs reflect increas
ing recognition of the need for discussion of val
ues, guidelines, and ethical problems confronting 
the researcher. Programs of this kind are neces
sarily compact and incomplete, but formally rec
ognizing the topic as part of the learning agenda 
opens explicit discussion between trainees and 
their mentors about ethical issues and the pres
sures that lead to unethical research practices. 

The introduction of the bioethics curriculum as 
a mandatory component of Canada's surgical resi
dencies will provide a broader opportunity to dis
cuss and clarifY the values and principles they use 
as coordinates for ethical decision making. Guid
ance in this important area has come only implic
itly from the example of surgical mentors in the 
past. Pelligrino's insightful discussion provides 
useful answers to questions raised about the ap
propriateness and effectiveness of teaching medi
cal ethics.154 He defines stable and gradable ob
jectives such as teaching analytic skills, raising 
sensitivity to enhance recognition of ethical issues, 
and identification of ethical assumptions under
lying decisions. The educational research litera
ture analyzing the impact of teaching programs in 
ethics is sparse because assessment of the impact 
of such programs is so difficult. However, out
come data are lacking on the impact of most edu
cational interventions including teaching anatomy 
or biochemistry to medical students.154 

Sulemasy found that a series of facilitated dis
cussions of bioethics issues increased the confi
dence of residents in analyzing problems in clini
cal ethics; translation into daily practice was 
evident in the frequency and clarity of orders not 
to resuscitate terminal patients.15s Pollock re-

ported that a 6-hour research ethics course using 
a case-based "quandary ethics" approach provided 
an "ethical compass" that proved helpful to sur
gical research trainees. l56 Residents who partici
pated in the course felt better prepared to deal 
with problems related to discarding results, gra
tuitous authorship, data storage, and problems 
with mentors. One hundred percent of surgical 
research trainees who completed the course were 
prepared to seek third-party input into an ethical 
dilemma involving their own work, in contrast to 
37% of otherwise comparable trainees without 
this intervention. A list of readings for this course 
may be obtained from the course organizer, Dr. 
Raphael E. Pollock, Department of Surgical On
cology, M.D. Anderson Cancer Center, 1515 
Holcombe Boulevard, Houston, TX 77030, USA. 

Sachs and Sieglerl57 describe a two-year "sci
entific integrity" program oflectures and seminars 
developed at the University of Chicago to provide 
a continuous opportunity for learning and dis
cussing issues, values, and ethical norms in the 
practice of good science. A booklet on scientific 
integrity for researchers is available from the U.S. 
National Academy of Sciences (National Acad
emy Press, 2101 Constitution Avenue NW, 
Washington, DC 20418, USA).!58 Teaching the 
Responsible Conduct of Research Through a Case 
Study Approach is a thorough case-based teaching 
manual with extensive annotated references, pro
vided by the Association of American Medical 
Colleges.159 

With Dr. Alexander Walt, we believe that "our 
immersion during residency training has the most 
enduring influence on the way we practice surgery 
over the next 35 years. This seminal experience 
encodes our attitudes toward our responsibilities, 
learning habits, new techniques, and adaptability 
to medico-societal changes."1 We endorse his ar
ticulation of the constructive suggestion that ethi
cal problems should be addressed and thoroughly 
discussed in surgical rounds and conferences as a 
fundamental part of surgical residency education. 
Research ethics should be a fundamental com
ponent of training for surgical research, just as for
mal and informal exposure to statistical methods 
has become an expected part of the researcher's 
education. 



Conclusion 

The opening quotation was a surgeon's reminder 
of the need for ethical reflection in the practice of 
surgery. A number of matters to which surgeon
investigators should give primary attention in 
planning and conducting clinical trials have been 
discussed, but there are many other issues that are 
just as important. 

The most prominent of these issues might be 
the just distribution of burdens and benefits in the 
selection of patients as candidates for clinical tri
als; compensation for subjects injured in clinical 
trials; the requirements of clinical investigators' 
collaboration with institutional review boards or 
research ethics committees; the ethical conditions 
for terminating a controlled study; and the ethical 
dilemma of releasing interim results during the 
course of a randomized clinical trial. The discus
sion of these matters requires far more than the 
space that can be reasonably allocated to this 
chapter. The principle adopted was to offer in
depth discussion of the questions distinctively im
portant for surgical trials rather than to attempt a 
more superficial treatment of many issues, how
ever germane they may be to all clinical trials. 
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Commentary 

Marc Siegler, America's foremost clinical ethicist, 
gives surgeons high marks for their ability to con
front and resolve ethical quandaries on a daily ba
sis. This chapter is not intended to address the 
broad range of issues in clinical ethics; it is nar
rowly focused on research ethics. An excellent 
source book for further reading in the general field 
of biomedical ethics is Beauchamp T.L. and Chil
dress J. F. Principles of Biomedical Ethics, Oxford 
University Press, 1994. 

M.RM. 

Commentary 

Science once enjoyed an almost sacred status in 
Western culture. Like a secular religion, it was 
devoted to truth-seeking and universal commu
nication of new findings to advance the common 
body of knowledge derived through the scientific 
method. This public perception of science was 
forever changed by Hiroshima, Nuremberg, and 
Tuskegee. It has been further damaged by mis
conduct related to conflicts of interest. Formal 
teaching of the values and principles of research 
ethics helps to strengthen the habits of mind and 
conduct that have always earned the best scientists 
an honored position in society. 

HT. 
M.RM. 
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Scientific Integrity: 
Dealing with Scientific Fraud 
P. Riis 

Dramatic advances in informatics, imaging, and 
analytic techniques are dominating contemporary 
science. It is natural that attention is focused 
around what can be measured, described in nu
meric terms, reproduced, and analyzed. In this 
setting, science has deemphasized its founda
tional, cultural, and moral values. 

At a time when tools for measuring, calculat
ing, and transferring have never been so many and 
so efficient in medical research, it becomes more 
and more evident that fundamental values such as 
honesty, reliability, and social responsibility are 
conditiones sine qua non for all biomedical research. 
The eye-opening moral transgressions in science1 

have dramatized the need for a revival of ethical 
norms, analytical principles, and control systems, 
including education and review processes. 

Definitions 

Ethics can be defined in many ways. Here a prag
matic definition is used: the overall principles be
hind the pluralism of moral judgments in a given 
society. 

Research is here defined as an endeavor to bring 
unrelated masses of information together, in order 
to answer a question related to the potentials of 
such an original combination. One of the masses 
can be known already, another created by the ap-

plication of a new method. The original question 
and the potential answer are linked by what is 
called scientific methodology, that is, the art of plan
ning, carrying through, interpreting and publish
ing the results. 

Research ethics within the health sciences is a 
toto pro parte expression, usually meaning ethics 
related to the security and respect afforded sub
jects involved in research, either as trial patients 
or healthy volunteers. Taken for its full meaning 
it ought to include also the ethics of the scientists, 
namely, the ethical norms involved in the research 
process as such, independent of any involvement 
of research subjects. 

Scientific integrity is a widespread euphemism 
that covers good scientific standards in a moral, 
not technical sense. Outside such moral standards 
of science lie a variety of transgressions ranging 
from minor ones to fraud in the form of fabrica
tion and plagiarism. 

The Scope of 
Scientific Dishonesty 

The term scientific dishonesty covers "all con
sciously fraudulent actions in the course of the 
app1ication-research-pub1ication process, and all 
instances of negligence so gross that they must be 
expected to form a corresponding strain on sci-
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entific credibility. In the last mentioned cases, it 
may also be difficult to disprove intent. In legal 
terminology, the above delimitation corresponds 
to the concepts of intent and gross negligence."2 

The wide scope of scientific dishonesty is char-
acterized by 

forgery or distortion of the scientific message or 
a false claim of the contribution of researchers. 

This includes deliberate: 

• Fabrication of data 
• Selective and undisclosed rejection of unde

sired results 

• Substitutions with fictitious data 
• Erroneous use of statistical methods with the 

aim of drawing other conclusions than those 
warranted by the available data 

• Distorted interpretation of results or distor
tion of conclusions 

• Plagiarism of the results or entire articles of 
other researchers 

• Distorted representation of the results of other 
researchers 

• Wrongful or inappropriate attribution of au-
thorship 

• Misleading grant or job applications 

Other types of dishonesty concern the scientific 
message itself only to a small degree, but rather 

concern the attempts of researchers to distort the 
perceptions in the surrounding world of them
selves and their relations with other scientists 
through exaggerations or omissions: 

• Covert duplicate publication and other exag
geration of the personal publication list 

• Presentation of results to the public, thus by
passing a critical professional forum in the 

form of journals or scientific associations 

• Omission of recognition of original observa
tions made by other scientists 

• Exclusion of persons from the group of au
thors despite their contributions to the paper 
in question2 

Dealing with Suspected 
Scientific Dishonesty 

Someone has to react to a suspicion, to blow the 
whistle, informing the scientific society that some
thing might be wrong. This puts the whistleblower 

in the center of an inquiry process. The whistle
blower could be a laboratory technician, a chief of a 
department, a colleague in the same department or 
laboratory, or sometimes a member of a competitive 
research group who has tried in vain to reproduce a 
set of postulated original results. 

The closer the alleged transgressor and the lower 
the whistleblowers are placed in the local hierarchy, 
the more vulnerable they will be. The same rule ap
plies if whistleblowers have to address themselves to 
the institution itself, and not to an independent na
tional system. Experience has shown that whistle
blowers often suffer strongly from having acted with 
much moral courage. Instead of being appreciated 
for having done their moral duty, they are often stig
matized as traitors and condemned by the research 
community. This vulnerability is the reason for the 
decision of the Danish Committee on Scientific 
Dishonesty to accept anonymous allegations for se
rious scientific dishonesty, at least until the inquiry 
phase is ended. Agreement on this approach was 
reached reluctantly and only after consultation with 
legal experts. The negative side of anonymous de
nunciations is all too well known, but must be bal
anced against potential whistleblowers not acting 
due to fear. There is sometimes a paradoxical bene
fit. Bringing false accusations into the open enables 
an allegedly fraudulent scientist to be totally ac
quitted, bringing clarification that might otherwise 
be impossible in a jungle of rumors and gossip. 

Once scientific dishonesty has been alleged, 
someone has to carry it through the inquiry phase. 
This could be an independent national system (a fi
nal solution foreseeable in all developed countries in 
the years to come) or an institution such as a uni
versity, another research institution, or a hospital. In 
very severe cases it can even be the nation's judicial 
authorities, if patients' lives have been put at risk by 
falsified statements about the treatment of life
threatening illness. A whistleblower would rarely 
take this longer step to civil or criminal proceedings, 
and police authorities and courts are not prepared to 
deal with such cases. 

If the institution elects to deal with a case of 
alleged scientific misconduct, the following rules 
will help to avoid the consequences of the volatile 
and all too well known mixture of self-defense, 
guilt, and wounded vanity. The first person to be 
addressed by a whistleblower ought not to be the 
department chair alone, but a combination of the 
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chair and a representative of the institutional 
president or a member of the board of trustees. 
Such dual arrangement will help to prevent 
"sweeping the problem under the rug"-a com
mon reflex response to allegations of scientific 
fraud. The inquiry phase consists of correspon
dence with the accused and with all others in
volved, asking for their reactions and comments. 
Based on this material, the responsible authority 
decides if the case contains sufficient substance to 
necessitate a formal investigation. 

The investigation phase should be run by an in
dependent ad hoc group of competent persons 
whose impartial judgment the accused, the accus
ing, and the institution will accept. The material 
to be meticulously scrutinized by the ad hoc com
mittee consists of raw data, research protocols, 
published articles, and other appropriate docu
ments. The ad hoc group may perform control 
experiments or ask someone to do them. The ad 
hoc group ends its work by writing a report that 
is presented to the involved parties for comments. 
The commented report is then left to a national 
independent body for conclusion of the whole 
case, if such a body exists. Otherwise, the report 
goes directly to the responsible research institu
tion for appropriate action. This might be com
plete acquittal of the accused person, probablyac
companied by the issue of a public statement or 
press release stating the conclusion. Transgres
sions beyond reasonable doubt may result in real 
reprisals. These will vary according to the severity 
of the fraudulent behavior but might include the 
following: 

• Warning or reprimand from the researcher's 
institution 

• Transferral to other work or to another place 
of work 

• Deprivation of public research funds, possibly 
for a specific period of time, and in more se

rious cases total or partial repayment of fund

ing received 

• Divestiture of the right to conduct university 
teaching (jus docendi) 

• Divestiture of academic degrees in cases where 
scientific dishonesty directly affects the pub

lications used as the basis for the award of the 
degrees 

• Discharge or expulsion 

Sanctions can be graduated as follows: 

• Measures aimed at regulating conduct in cases 
which concern the borderline areas of dishon

esty. Such sanctions must often be made con
ditional. 

• Sanctions in effect for a period of time. Such 
sanctions should be employed in cases where 

the dishonesty evidenced is of a less serious 

nature which has not damaged the credibility 

of research nor had negative effects on pa

tients. 

• Serious and permanent sanctions which 
should be employed in cases that have had 

detrimental consequences for patients or 

groups of patients, or which have involved se

rious strains on society or seriously damaged 

research2 

The Prevention of 
Scientific Dishonesty 

As in other fields, prevention is better than pun
ishment. All institutions involved in biomedical 
research ought to include courses in good scien
tific practice and research ethics as a part of the 
formal training of all young scientists. In this way 
excuses about not knowing can be eradicated. 

Prevalence and Types 
of Real Cases 

Based on a national system's experience, the 
prevalence of scientific dishonesty cases raised can 
be calculated to be approximately 1-3 per million 
inhabitants. All types of allegations appear. At the 
most serious end of the spectrum are allegations 
of fabrication of data or severe distortion in data 
calculations. Severe cases of plagiarism include 
word-by-word translations from a foreign lan
guage of a published scientific manuscript pub
lished locally, with a whole new set of authors' 
names, only discovered by chance by the original 
authors; or ghost-authorship represented by a 
ready-made manuscript without an author's name, 
sent to a reputable scientist asking him to be the 
author.3 
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At the other end of the spectrum one finds 
quarrels about priorities, sequence of authors' 
names in publications, and allegations of scientific 
dishonesty raised by pressure groups who do not 
like the results of published controlled trials that 
have cast doubt about a certain therapy. Attempts 
to misuse a national system to resolve petty or 
inappropriate issues must be resisted. 

In the middle of the spectrum one finds cases 
of alleged unrightful authorship, disclosing this 
problem as a major one in the health sciences 
around the world. "The word author comes from 
Latin, au(c}tor, which means originator. If only 
the application of this term were in keeping with 
etymology, there would be no problems."3 But 
there are problems. 

The increasing, now almost dominating, occur

rence of group authorship which especially char

acterizes the health sciences has further contrib

uted to inflate the scientific authorship so that a 

clearly dishonest use sometimes occurs. In many 

cases it only gives an illusion of the presence of 

a named originator. 

Why has it come to this? It started out all right 
and is based on a truth which still (beneath the 
sediments of substandard publications) is valid: 
professions which renew themselves through sci

entific methods must apply documentation of 
scientific originality and experience as an evalua
tion for appointments. But instead of being a 
qualitative criterion, it has become a monetary 
standard on the basis that if something is good, 
it must be even better to possess more. This de
velopment has also lead to a deterioration of the 
evaluation itself If eight applicants are to be 
evaluated for an appointment, and several of 
them claim authorship to 150-300 articles, it is 

almost impossible to carry out a critical, in-depth 

evaluation. 
It is one thing to face the curse of quantity, 

but why does the risk of dishonesty occur? The 

answer is that in all known systems created by 

man, in which the competition is large and the 

unit of measurement is depersonalized or made 
anonymous, man is tempted to get more posses
sions by various short-circuiting manoeuvres. 
Therefore, in situations of strong competition 
within the health sciences-sometimes even real 
battles-for positions, grants and scientific pri-

orities, it is obvious that the general inflatory 

tendency not only increases and becomes more 
visible but that some people are tempted to ob

tain power through authorship even if the activ

ity moves from the grey area of "bad scientific 

practice" into actual dishonesty. 3 

The International Group of Medical Journal 
Editors has tried to bring order, and consequently 
to reduce dishonesty, by defining authorship as the 
term is applied within the health sciences. 

All persons designated as authors should qualify 

for authorship. The order of authorship should 
be a joint decision of the coauthors. Each author 

should have participated sufficiently in the work 

to take public responsibility for the content. Au
thorship credit should be based only on substan

tial contributions to (a) conception and design, 

or analysis and interpretation of data; and to 

(b) drafting the article or revising it critically for 

important intellectual content; and on (c) final 

approval of the version to be published. Condi

tions (a), (b), and (c) must all be met. Partici

pation solely in the acquisition of funding or the 

collection of data does not justify authorship. 
General supervision of the research group is not 
sufficient for authorship. Any part of an article 

critical to its main conclusions must be the re

sponsibility of at least one author. Editors may 
require authors to justify the assignment of au
thorship. Increasingly, multicenter trials are at
tributed to a corporate author. All members of 
the group who are named as authors, either in 
the authorship position below the title or in a 
footnote, should fully meet the criteria for au
thorship as defined in the Uniform Require

ments. Group members who do not meet these 

criteria should be listed, with their permission, 

under acknowledgements or in an appendix: 

Scientific Fraud in a Wider 
Societal Perspective 

Fraudulent behavior is not confined to the health 
sciences or to our time. It has been identified 
throughout history in geology, physics, polar ex
ploration, chemistry, and many other research dis
ciplines and has commonly occurred outside the 
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research sector. Norms within society interact 
with the norms of science. Young scientists bring 
their norms from school and home years with 
them into their scientific careers. If ethical trans
gressions are common in school, at home, and 
among friends, fraudulent behavior can be ex
pected to be seen more often than if scientists are 
recruited from a society with strong moral norms. 
The underlying norms of honesty, reliability, and 
responsibility are prevalent ideals in society as a 
whole, and insure that most research is conducted 
and reported with very high standards. Only a mi
nority deviate from these standards. 

Advice to Young Biomedical 
Scientists 

1. Beware of the very serious consequences that 
scientific dishonesty can have for patients, your 
institution, and especially for yourself 

2. Store all raw data meticulously according to 
the guidelines in Appendices 61-1 and 61-2. 

3. If suspicion of scientific dishonesty arises in 
your laboratory or department, start by dis
cussing the case with a good friend and col
league. Then go on to a national independent 
body if it exists, or to a superior distant from 
the institution, for instance, a scientific society. 
Bring your colleague and friend as an assessor. 
Unions and lawyers can come afterward. 

4. Do what you can to restore authorship to its 
original dignity. 

Advice to Leaders 
of Scientific Institutions 

1. Include lectures and discussions on good sci
entific practice and research ethics in the for
mal training of the institution's young scien
tists. 

2. See that all raw data are meticulously stored 
according to the guidelines in Appendices 
61-1 and 61-2. 

3. If suspicion of scientific dishonesty arises in 
your laboratory or department, start by dis-

cussing the case with the accused person. Then 
go on either to a national independent system 
if it exists, or to a colleague. After this bring 
the case in verbal form to the president or rec
tor of the institution. Bring a colleague as an 
objective assessor. 

4. Do what you can to restore authorship to its 
original dignity. 
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Appendix 61-1. Guidelines for the presentation of 
experimental records, research reports, data docu
mentation, and data storage in basic research in the 
health sciences. 

1. Experimental records must include date of entry, ex
perimental classification number, and the identity of 
the person(s) responsible for the adequate storage of 
records and annexes in a way that all participants 
have direct access for a period of at least 10 years. 
The index to the record must be kept up to date. 
The person(s) responsible for the project are to be 
permitted to keep copies of the data after the ter
mination of their employment. 

2. Research records must be comprehensible and un
ambiguous for all involved, not only for those that 
plan and implement the experiments, but also for 
those who may later assess the results. Use stan
dardized formats for the project's title, material, 
methodology, time schedule, basic documentation, 
and the calculations involved. 

3. The general project description in the research rec
ord should be drafted prior to the implementation 
of the experiments so that there is sufficient time for 
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the preparatory work. The experimental report 
should be completed as soon as possible after the 
termination of the experiments and should include 
information on methods of calculation, any correc
tions, and the premises for such corrections, to the 
extent that is necessary for interpretation of the re
sults obtained. 

4. Experimental reports should be formulated in such 
a way that the experimental conditions can be re
produced even several years later and in other labo
ratories. It is therefore necessary to describe any new 
research objects, apparatus, chemicals, isotopes, and 
so forth when they are used for the first time. 

5. Experimental reports must contain information on 
any mistakes or deviations from the work program 
planned and for the materials used. Such informa
tion can be decisive for assessing which data are to 
be excluded from the calculations. In addition, such 
changes in experimental circumstances can illumi
nate new aspects and, hence, be of scientific value. 
Any corrections made to the records must be carried 
out in such a way that the original data are legible. 

6. The research reports' data must, as far as possible, 
contain the raw data in a form that is easily read, for 
example, as printouts of computer data, printouts of 
adhesive labels, plotters, automatic balances, meters, 
automatic analyzers, and calculators. Copies of key 
computer data should be entered in a joint database 
in the institution involved as soon as possible. The 
participant researchers can keep their own copies. 

7. Annexes to the records should contain information 
on quality controls of crucial methods and data in 
the investigation and, where available, statistical as
sessments and results of pilot studies. 

8. The experimental annexes must enable an assess
ment of whether the results can be reproduced and 
of statistical variations, both within each experiment 
and between different experiments. It must be pos
sible to identifY the original observations from the 
published data, for example, by record number. 

9. It is the responsibility of the management of the 
research institute concerned, and of project super
visors, to ensure that the above guidelines are known 
to the parties involved. It is also a precondition of 
the implementation of projects that the researchers, 
supervisors, and other participants must inform each 
other as to the original experimental results and their 
processing and interpretation. 

Appendix 61-2. Guidelines for the presentation of 
research plans, data documentation, and data storage 
in clinical and clinical-epidemiological research. 

1. Research plans, questionnaires, case report forms, 
and other annexes must be comprehensible and un
ambiguous for all parties involved, not just for 
those who plan and carry out the research, but also 
for those who may later assess the results. Use a 

typewriter or word processor and a standardized 
presentation of the title of the investigation, the 
objective, methodology, procedures, raw data, and 
calculations for every investigatory plan. 

2. Research plans should be presented sufficiently 
early to give time to test the practical utility of the 
case report forms, and to get necessary scientific 
and ethical approval. 

3. Get the necessary approval of the scientific-ethical 
committee system, the appropriate data registration 
authority, radiation protection laboratory, health 
authorities, and other involved bodies. In addition, 
consent forms from the persons involved in the in
vestigation may be followed up; this is also true of 
interview reports, questionnaires, and case report 
forms. All such documentation should be archived 
separately, not in case records. Anonymous codes 
must also be preserved to the degree that legislation 
so permits. 

4. Research plans and annexes must contain sufficient 
information so that it is possible to assess whether 
a random sample is representative of the population 
in question. There should, therefore, be precise in
clusion criteria for the persons investigated and 
conditions for entry, for example, whether it was 
planned to conduct the research consecutively. 
Conditions for drop outs should also be mentioned. 

5. Data related to individuals in clinical-scientific re
search must be clearly identified, signed, and dated. 
Boxes that are not filled in should be crossed out. 

6. The data in the case report forms must, as far as 
possible, contain the raw data in a form that is 
easily read, for example, as printouts of computer 
data, printouts of adhesive labels, plotters, auto
matic balances, counters, automatic analyzers, and 
calculators. Copies of key computer data should be 
kept in a joint database in the institution involved 
as soon as possible. The participant researchers can 
keep their own copies. 

7. Annexes should contain the calculations carried 
out, including calculations of observation periods, 
corrections, and their premises, as documentation 
and to facilitate comprehension of the results 
achieved. 

8. Information as to quality control of key data should 
be given and also which statistical methods and 
computer programs were used. 

9. It should be possible to identifY the original obser
vations that are included in published tables and 
figures from the research annexes and the ques
tionnaires. 

10. It is the responsibility of the management of the 
research institute concerned, and of project super
visors to ensure that the above guidelines are 
known to the parties involved. It is also a precon
dition of the implementation of projects that the 
researchers and other participants must inform 
each other as to the original experimental results 
and their processing and interpretation. 
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Commentary 

The National Surgical Adjuvant Breast and Bowel 
Project (NSABP) was featured in the second edi
tion of this textbook (Principles and Practice ofRe
search: Strategies for Surgical Investigators, 2nd edn. 
Springer-Verlag, New York, 1991) in chapter 29 
on "Multicenter Collaborative Clinical Trials." 
Because the details are still being reviewed in 
court, we have elected not to attempt to analyze 
the prominent contemporary case of Roger Pois
son at this time. We will return to the complex 
questions raised by "the Poisson affair" in a future 
edition. 

M.F.M. 

Commentary 

Fifteen-certainly twenty-years ago nobody 
could have conceived of having a chapter and a 
commentary on this subject in such a book as this. 
To be sure, in history there had been alleged can
didates for fraudsters, Newton, Pasteur, Mendel, 
and Cyril Burt among them, let alone the inspired 
archeological jape of Piltdown Man.! Yet the se
ries of frauds emerging since 1975, when William 
Summerlin was found to have faked a graft of 
black skin in a white mouse simply by coloring a 
white skin transplant with a black felt-tip pen, has 
plunged academics into confusion, with politi
cians and the media forcing action on them in 
many countries. And, while mechanisms have 
been devised to deal with possible miscreants 
(though these are still being tinkered with as I 
write), there has usually been a tendency to ne
glect the far more important aspect of prevention, 
in particular, by emphasizing that the head of the 
department has to set standards (and especially 
eschew gift authorship). 

Characteristically, such action has had to occur 
in the absence of one piece of crucial knowledge: 

IThe fact that scientific fraud had also featured as a 
major theme in several works of fiction (Dorothy Say
ers' Gaudy Night, Angus Wilson's Anglo-Saxon Atti
tudes, and CP Snow's The Affair) suggested that a little 
economy with the truth had always been a feature of 
academia. 

the prevalence of fraud. Cases in the public do
main certainly number in the low hundreds, but 
most of us suspect that these are the tip of a 
deeper-than-usual iceberg. What we do know is 
that fraud (or misconduct, or dishonesty-all syn
onyms, given that the international community 
has still no agreed nomenclature for the phenom
enon) has been reported in all countries under
taking major medical research. Surveys of scien
tists show anything between 10 and over 50% 
knowing of unaddressed suspected instances; au
dits of results in multicenter clinical trials disclose 
0.25-0.5% that are crooked; and, despite a high 
profile, fresh cases continue to occur often in ma
jor departments in major academic centers (an av
erage of six or seven cases coming to closure in 
every quarterly report issued by the U.S. Office of 
Research Integrity alone, for example). 

To anatomize such cases further is to overturn 
some established shibboleths: we now know that 
forgery of data is far commoner than plagiarism, 
that the latter is often associated with abuse of a 
grant or editorial referee's access to confidential 
information, and that whistle blowers are still 
heavily penalized for their public-spirited ap
proach to what is in reality a crime. I am still 
staggered by the amount of gift authorship dis
closed by the investigation of papers that turn out 
to be based on fraudulent work; in particular, 
many heads of departments still assume a droit
de-seigneur in having their names put on papers 
reporting research they have had nothing to do 
with-indeed, couldn't have had, given that the 
work has never been carried out. One wag has 
likened this to claiming coauthorship of Hamlet 
because he happened to be around when Shake
speare wanted to borrow a pencil. 

No country has done more to address this prob
lem than the United States, though the Nordic 
countries with their statutory committees on sci
entific dishonesty run a close second. In particu
lar, I warm to their recent distinction between 
crooks and jerks, because management so clearly 
has to be different. The crooks need a three-stage 
process of receipt, inquiry, and investigation, all 
carried out with due process (fairness to whistle 
blower and accused, total confidentiality, and 
speed), and preferably with some sort of extreme 
sanction for those found guilty (such as removal 
of the license to practice, as happens with the 
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General Medical Council in Britain). The jerks 
tend to operate in the middle of the spectrum be
tween, at the one end, mistakes in good faith that 
all of us make (wrong observations, or wrong in
terpretation, for example) and, at the other end, 
undoubted crookery: clear-cut forgery, plagiarism, 
and piracy (the stealing of ideas). Jerks smooth 
curves, trim data, accept or confer gift authorship, 
publish the same article more than once in dif
ferent journals without disclosing this, and split 
reports of a single good piece of research into sev
eral different subsets ("salami science"). So they 
need supervision of their research together with 
education in good research practice, in particular 
on the keeping and storage of data, authorship 
policies, and publication practices, and they need 
regular audit of their work. 

The Nobel laureate Sir Peter Medawar consid
ered that there were at least six causes of research 
fraud: the need to publish, for grants, tenure, or 
promotion; greed; vanity; mental illness; crookery; 
and the "Messianic complex," in which the sci
entist becomes so convinced of his solar-plexus 
ideas that he invents results to prove them right. 
As always, Medawar spoke wisely. As an editor, I 

have been amazed by the consistent link in one 
way or another between publication and episodes 
of fraud. Would, I wonder, there have been so 
many cases if the community had not chosen to 
evaluate its scientists by the quantity of what they 
publish rather than its quality? How can a pro
fession go on excusing its well-loved and senior 
members (the "there but for the Grace of God go 
I" syndrome) who have strayed "merely" by put
ting their names on a report of research with 
which they have had nothing to do. To my mind, 
this is academic prostitution, deserving our ob
loquy and not our sympathy. Even though, at this 
jin-de-siecle, all Western societies are in a state of 
sleaze, with other professions such as the law and 
accountancy reporting similar practices to those 
going on in academic scientific research, is it too 
naive to call for a return to the concept of virtue 
in research? Povl Riis's paper points to the way to 
this Arcadia, and the Danish Central Research
Ethics Committee, in whose formation he had 
such a crucial role, is an exemplar of what can be 
achieved. 

S. Lock 
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CHAPTER 62 

Pentathlete: The Many 
Roles of an Academic Surgeon 
G.M. Balch, M.F. McKneally, B. McPeek, D.S. Mulder, WOo Spitzer, 
H Troidl, and A. S. Wechsler 

The art and practice of academic surgery are mas
tered by defining and learning the pertinent basic 
principles and skills, and by practicing them under 
an experienced mentor. This requires a delinea
tion of the personal qualities and professional 
skills needed to integrate surgical practice and in
vestigation, and their attainment through an ap
propriately structured training program. This 
chapter discusses these qualities and skills, and the 
unique aspects of training that must be addressed 
by the academic surgical trainee in collaboration 
with his or her surgical program director. 

The academic surgeon must exhibit the fol
lowing: 

1. Be an excellent clinical surgeon 
2. Be willing to initiate and test clinically relevant 

ideas 
3. Be a good communicator who willingly passes 

knowledge to others in an understandable way 
4. Be highly organized and able to maintain an 

appropriate balance among professional and 
personal objectives 

5. Have excellent interactive skills to facilitate re
search collaboration and fulfillment of admin
istrative duties 

Many have discussed the dilemmas faced by a 
surgeon in the university setting who attempts to 
acquire all these traits and master all these skills. 
In the words of William P. Longmire, "developing 
and maintaining the technical skills that will iden-

tifY an individual as a well-trained surgeon and at 
the same time qualifY him or her as a scientist 
poses a greater challenge to surgery than to any 
other field of medicine."1 

The diversity and multiplicity of challenges 
confronting the academic surgeon have become so 
great that the editors consider the pentathlete an 
illustrative analogy. 

The Pentathlon Analogy 

The modern pentathlon, an Olympic event, re
quires an individual athlete to be outstanding in 
five diverse athletic events: swimming, fencing, 
shooting, running, and riding-based on the skills 
required to qualifY as a battlefield messenger in 
Napoleon's army. The critical characteristics of 
the pentathlete are personal strength, stamina, 
and commitment to excellence. The pentathlete 
is competitive in multiple areas but is not a record 
holder in events that are the single focus of other 
athletes. 

Most successful pentathletes begin with a 
strong background in swimming and develop 
other athletic skills around that. In a similar way, 
academic surgeons build their careers around 
clinical skills. To achieve the level of excellence 
attained by someone who has chosen to focus on 
clinical surgery or laboratory research, the aca-
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demic surgeon must be willing to spend extra time 
in training, and additional working hours as a fac
ulty surgeon. 

Athletes competing in the pentathlon have 
unique individual combinations of relative 
strengths, but their training and prowess must en
compass all five arenas of competition. Their real 
field of competition lies in their versatility and abil
ity to build a combination of strengths to a com
petitive level of performance in multiple areas. 

The analogy is that each aspiring academic sur
geon must follow a training program specifically 
designed to expand his or her unique combination 
of talents, interests, and developed skills. The ef
fort and dedication required of each individual 
presupposes an honest self-assessment of relative 
personal strengths and weaknesses, and a willing
ness to develop a diverse set of skills with a high 
degree of initiative and self-determination. There 
is no stereotyped or uniform approach to becom
ing an effective and productive academic surgeon. 

The pentathlon analogy is not perfect. Only a 
few can win the pentathlon, but most academic 
surgeons can be effective and productive in a per
sonally rewarding way, if they prepare themselves 
well for the challenges and take full advantage of 
the opportunities around them. Those who train 
well and meet the challenges are all winners. 

As discussed in the remainder of this chapter, 
several areas of professional and personal skill 
must be developed, perfected, and maintained to 
have a successful and rewarding career in aca
demic surgery. 

The Academic Surgeon 
as a Clinical Surgeon 

Academic surgeons must, first and foremost, be 
excellent clinical surgeons, even though they can
not devote their time solely to clinical surgery. Be
cause they are role models for surgical residents 
and medical students, they must not only display 
superb operative skills and techniques, they must 
also be compassionate and respectful in their in
teractions with other people. 

Although excellence in clinical surgery is an es
sential prerequisite for success as an effective aca
demic surgeon, we will not dwell on the training 

of a clinical surgeon, since the purpose of this 
chapter is to describe the special features of train
ing in other areas. 

Willingness to Initiate 
and Test New Ideas 

Ability to generate new knowledge relevant to 
surgical science and patient care is one of the most 
distinctive traits of an academic surgeon. It may 
be expressed through laboratory or clinical re
search, or a combination of the two. 

Many surgical training programs emphasize 
scholarly acquisition of knowledge and skills, but 
surgical investigative trainees must also learn to be 
"constructive skeptics" about current scientific 
knowledge and standard surgical practice if they 
are to identifY where opportunities for improve
ments and advances lie. They must be able to 
think "nontraditionally" and to channel ideas with 
clinical relevance into a series of formal investi
gations that will test them in a quantitative, ana
lytical, and deductive manner. 

Training to Be an Investigator 

Because scientific methodology is the basis of 
evaluation and the medium of exchange of new 
ideas, it should be the centerpiece in the training 
of surgical investigators. The training program 
should focus on developing the ability to channel 
ideas into a formal, systematic scientific inquiry 
based on a hypothesis, a set of scientific objectives, 
and accepted and effective methodology for 
achieving the study's objectives. 

What should trainees for academic surgical ca
reers do to prepare themselves specifically for the 
unique challenges of their chosen careers? 

A variety of pathways can lead to successful 
preparation for a career in academic surgery; many 
interesting options will suit some trainees better 
than others. Several programs proposed by the 
American College of Surgeons Conjoint Council 
on Surgical Research are outlined in Table 62-l. 

A few core curricular requirements or funda
mental courses essential to a scientific career 
should be incorporated in the formal/informal pe-
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Table 62-1. Examples of proposed programs for training in surgical research (Conjoint Council on Surgical Re
search). 

PGla 

PG2 
Research 1 
Research 2 
PG3 
PG4 
PG5 
Research 3 
Research 4 
Clinical research 

Post graduate year (PG) 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

II 

PGl 
PG2 
PG3 
PG4 
PG5 
Research 1 
Research 2 
Clinical research 

"Board requirements met at end of PG5 year. 

III IV 

PGl PGl 
PG2 PG2 
Research 1 Research 1 
Research 2 Research 2/PG3 
PG3 PG4 
PG4 PG5 
PG5 PG5 
Research 3 Research 3 
Research 4 Research 4 

Status 

M.D. degree 
Internship 
Surgical resident 
Surgical resident 
Research 
Research" 
Surgical resident 
Surgical resident (chief) 
Basic/clinical research fellowship 
Basic/clinical research fellowship 
Basic! clinical research fellowship 

V 

PGl 
PG2 
Research I/PG3 
PG4 
PG5 
Research 2 
Research 2 
Research 3 

riod of training in scientific methodology; biosta
tistics and computer methodology are two of 
them, as indicated in the following list. 

facilitate and enrich their scientific communica
tion skills. An adequate understanding of the lan
guage of computers and statistics is an absolute 
requirement for success in surgical science. 

1. Statistics 
2. Scientific writing 
3. A basic science, such as molecular biology, 

immunology, and so on 

4. Laboratory methodology 
5. Use of computers 
6. Research seminars 
7. Public speaking as applied to scientific pre

sentations 

8. Grant writing 
9. Scientific instrumentation 

10. Teaching methods 

For surgical scientists whose primary language 
is not English, developing a command of the En
glish language is highly desirable for international 
exchange. For English-speaking scientists, devel
opment of one or more additional languages will 

When should the trainee learn scientific method
ology? Ideally, an aspiring academic surgeon 
should embark on learning the experimental 
method as an undergraduate or medical student 
and expand this work during residency training. 
For those who have not had an earlier opportunity 
to gain experience in research in a scientific set

ting, the period of research immersion should oc

cur, ideally, upon completion of the first two or 

three years of surgical training. It is important to 
know whether an individual can perform profi
ciently in the clinical surgeon's role before com

mitting resources, time, and energy to his or her 
training as a surgical investigator. 

At the end of the second or third year of sur
gical training, the trainee is sufficiently flexible to 
derive maximum benefit from new experiences; 
subsequent surgical training will be enriched by 
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the principles learned and the habits and attitudes 
developed in the laboratory. While flexibility and 
diversity are to be encouraged, deferring the pe
riod of scientific training until the end of surgical 
residency is not as desirable, particularly if the 
laboratory experience is to be divorced from 
hands-on surgical experience. 

Where should training in scientific methodology be 
obtained? The most significant requirement is that 
the period of training in scientific methodology 
be an immersion in a milieu so organized that the 
scientific method is the dominant cultural and 
educational experience. The academic discipline 
and setting should be appropriate to the trainee's 
interests-a strictly surgical laboratory or such 
other departments as biostatistics, epidemiology, 
anesthesiology, immunology, anatomy, biochem
istry, physiology, economics, or social science. 
Provided the standards of observation, hypothesis 
formulation and testing, analysis, critical review, 
and communication are high, the discipline is best 
chosen according to the interest and needs of the 
investigative trainee and the objective advice of his 
or her department chief or mentor. 

Exposure to investigators who have different 
opinions and different approaches to solving 
problems in a given area of scientific inquiry is an 
important component of the surgical research 
training experience. Visiting other institutions and 
laboratories, and meeting with visiting proftssors to 
discuss their distinctive perspectives on a problem of 
common interest are broadening experiences. You will 
be surprised to learn how many different ways a 
given problem can be tackled. 

Should the academic surgical trainee pursue a 
Ph.D. degree in basic science? Some trainees will 
find a Ph.D. program a sensible, enjoyable way to 
develop fundamental skills in scientific method. If 
you are facile at course work, enjoy examinations, 
are not deterred by thesis writing, and have an 
enthusiastic interest in the research and course 
work required for a doctorate in a given science, 
a Ph.D. program is an excellent route to devel
oping a sound knowledge of scientific method
ology. On the other hand, many highly successful 
surgical scientists and major contributors to fun
damental science know that time at the laboratory 
bench, under the influence of an excellent scien
tist, can provide equal or possibly more appropri
ate preparation. 

How do I support myself while I am learning sci
entific methodology? A variety of scholarships and 
research training fellowships are available through 
the National Institutes of Health in the United 
States, the Medical Research Council of Canada, 
and a variety of surgical organizations. They pro
vide stipends to cover the trainee's living expenses 
and usually provide a small supplemental sum to 
the department for the support of the surgical re
search. They are generally available through such 
surgical organizations as the American College of 
Surgeons, the American Surgical Association, and 
others listed in chapters 42, 43, and 46. If the 
surgical scholar seeks out a department that fos
ters training in scientific methodology, depart
mental funds are often available to support appro
priate candidates during prolonged periods of 
training in science. 

The Academic Surgeon 
as a Communicator 

The mere acquisition of knowledge is not suffi
cient; the knowledge must be communicated to 
the surgical and scientific community in an un
derstandable way. Doing this requires oral and 
written skills, especially in English, which is now 
the primary scientific language. 

The effective surgical investigator must know 
how to communicate with specific audiences in 
such varied settings as scientific and surgical 
meetings, seminars, and rounds. The role of edu
cator requires the ability to communicate enthu
siasm as well as knowledge. The dedicated sur
gical educator tries to arouse an interest in surgery 
in every student and then chooses those best 
suited to become surgeons. 

Because the ability to assimilate meaningful in
formation is an essential component of being a 
good communicator, the academic surgeon must 
have well-developed reading skills and be able to 
extract important conclusions from a wide array 
of frequently contradictory reports. The academic 
surgeon's skill in interpreting data and resolving 
major issues must be sufficiently sophisticated to 
allow the development of soundly based convic
tions and their courageous defense against oppo
sition from any source. 
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Training to Be a Communicator 

Writing and public speaking skills may come 
more easily to some than to others, but for most 
people they are the result of considerable effort. 
The rewards of such efforts are significant and will 
be garnered at scientific meetings and through 
published reports in the form oflucid, interesting, 
and effective communication with other surgical 
investigators. To develop skill in talking about sci
entific topics, start by speaking to small groups, 
informally; master the content and delivery of 
your talk before speaking to larger groups. Most 
of the authors of this chapter regard enthusiastic 
critiquing by their colleagues and mentors, in 
small groups, as the best preparation they ever had 
for the academic surgical life. 

To learn scientific writing, begin with a rela
tively simple, straightforward clinical or scientific 
paper before attempting to write a complex sci
entific manuscript. In addition to language and 
writing skills, trainees must learn to use the for
mats required for abstracts and for scientific 
manuscripts destined for publication; the success
ful surgical investigator communicates effective
ly through surgical and other scientific journals. 
Whether you are choosing a journal or a meeting, 
think about the audience you wish to address. Se
lect the audience that is not only the largest with 
an interest in your report but also the most cred
itable and respectable forum to which you can 
convey your new finding. 

We recommend participation in courses in sci
entific writing and public speaking. Some surgical 
trainees have found that Toastmasters Interna
tional, an organization that meets in most major 
cities throughout the world for the purpose of en
hancing effective public speaking, provides a good 
learning experience. 

The Academic Surgeon 
Must Be Highly Organized 

Academic surgeons must be highly organized to 
fulfill their responsibilities for multiple simulta
neous professional activities. Maintaining an ap
propriate balance among competing priorities re
quires emotional maturity and stability, and the 

ability to keep a clear set of goals and objectives 
in focus. To master the juggler's art of "keeping 
all the balls in the air," you must become and re
main adept at setting priorities and delegating re
sponsibilities. 

A perspective derived from the frequent review 
of responsibilities and objectives must be the 
basis for setting and balancing priorities. You 
must weigh and take account of clinical versus sci
entific, institutional versus national, and profes
sional versus personal responsibilities. Develop
ment of the ability to use time effectively and 
wisely and to sort the urgent from the important 
and prevent the former preempting the latter, is 
essential. 

The following points will help you to learn how 
to be organized. 

1. Look for role models. Analyze how busy, ef
fective people organize their time. 

2. Know your own strengths, weaknesses, and 
limitations. Have realistic expectations of your
self and others. 

3. Have long- and short-range plans for all as
pects of your professional activities. 

4. Make your time meaningful by (a) identifYing 
areas of wasted time, through time-motion 
studies if necessary, (b) developing the ability 
to dictate your thoughts clearly, (c) attending 
speed reading courses, and so on. 

5. Write things down. Most of us keep a "do list" 
in our pocket or briefcase, on an index card, a 
sheet of paper, or on a tape in a pocket-size 
dictating machine. One of these should never 
be far away, day or night, so that thoughts 
can be captured as they come and before they 
evaporate. 

6. Think constantly about priorities and delega
tions. 

7. Maintain an appropriate balance between pro
fessional and personal life. Family and personal 
commitments are critically important. Develop 
areas and times for relaxation, such as hobbies, 
sports, and cultural and community activities. 

8. Consider professional training in organiza
tional and management skills. 

We believe that family and personal commit
ments, including at least one relationship or 
friendship that is close and trusting enough to al
low unburdening and sharing of very personal 
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anxieties and aspirations, rank first among the im
portant values to be maintained. "Burnout" is a 
not uncommon tragedy when rapidly rising suc
cessful young academic surgeons fail to maintain 
a balance in their personal lives, leading to tur
bulent periods of emotional instability or family 
disruption that undermine an individual's effec
tiveness in all areas. 

The Academic Surgeon Must 
Have Interactive Skills 

Multiple part-time responsibilities to collaborate 
in various clinical and scholarly activities demand 
significant interactive skills on the part of the aca
demic surgeon. Success depends on maturity, hu
mility, and the ability to delegate effectively. 
Learning to delegate is a form of training. You 
should arrive at an early appreciation of how to 
be an effective part-time, but wholehearted, co
worker and learn how to establish effective, mu
tually beneficial partnerships in various areas of 
your professional life. In research, this usually 
means collaborating with full-time investigators 
within their departments or in basic science de
partments. 

Think about the impact your activity will have 
on the discretionary time of the investigator and 
about the cost, to others, of the requests you make. 
Inspiring people to want to work with you re
quires a "give and take" personality. The successful 
academic surgeon strives to create "win-win" 
situations for all collaborators. 

Learn to frame suggestions and delegations 
tactfully, positively, and constructively; cutting 
comments entail a cost! You must also learn how 
to challenge and criticize at the right time, in the 
right place, with the right approach. Insensitivity 
to the needs and feelings of others, or destructive 
public criticism, is especially counterproduc
tive. Productive interaction presupposes a well
developed capacity for self-criticism and accep
tance of constructive criticism by others. Learning 
interactive skills is a lifetime task in self
development. 

Many of the topics just discussed are the subject 
matter of various books on managerial and lead
ership skills, but careful observation and consid
eration of how others work with and manage 

people, either well or badly, will make major con
tributions to your acquisition of their most desir
able characteristics. Try to see yourself as others 
do and listen to criticism given to or by others. 

Character Traits of the 
Academic Surgeon 

We are convinced that the skills of the academic 
surgeon must be developed in candidates who 
have basic character traits appropriate to this 
choice of career. The effective academic surgeon must 
be intellectually honest, with deep personal integrity, 
as well as generosity in the art of helping others. 

1. Commitment to excellence-be willing to 
put forth extra effort. This requires extra 
stamina and dedication to follow through and 
complete all responsibilities, even at the end 
of a long day. 

2. Determination and initiative. These qualities 
may be more important than intellectual bril
liance. 

3. Integrity and honesty. 
4. Judgment and intuition. 
5. Creativity (i.e., nontraditional and innovative 

thinking). 
6. Analytical, quantitative, deductive thinking. 
7. Curiosity. 
8. Humility and grace, particularly m glVlng 

credit to others. 
9. Emotional stability and maturity. 

10. A compulsive attitude toward getting things 
done right, coupled with flexibility about the 
methods of implementation. 

11. Patience and tolerance toward the imperfec
tions and shortcomings of others and your
self. 

12. Willingness to make financial sacrifices in ex
change for intellectual and personal rewards. 

13. Consistency. 
14. Courage. 

Conclusion 

To achieve a unique composite of special skills, 
the pentathlete lives with the frustration of not 
being the best in anyone athletic field. Becoming 
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and remaining competitive as a pentathlete de
mands dedication to working on areas ofleast skill 
to achieve overall excellence. Most pentathletes 
find their athletic careers amply rewarding. 

Those who have chosen academic surgery as a 
lifetime career are similarly content. The breadth 
of the experience and the diversity of the chal
lenges combine to create an exciting, stimulating, 
and rewarding professional and personal life. 
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Commentary 

The editors wrote this synthesis of our views of 
the life of the academic surgeon in 1990, while 
preparing the second edition. We agree with the 

values, principles, and spmt It expresses today, 
though we are sensitive to the increasing pressure 
for surgeons to devote more and more time to 
their clinical and administrative responsibilities. 
These pressures are making pentathlete academic 
surgeons as unusual as their athletic equivalents. 
The increasing complexity and depth of knowl
edge in cognate fields of basic science also requires 
more time for study and consecutive thinking. In 
deference to this change, Dr. Ori Rotstein has 
developed a new chapter (chapter 63) on the sur
geon who maintains a basic science laboratory, 
and explains the program of training for surgical 
scientists at the University of Toronto. 

When the "pentathlete" skills required of aca
demic surgeons become so complex that combin
ing them in a single individual may compromise 
each skill too much, a reasonable substitute is 
awareness and appreciation for the manner in 
which each of those skills contributes to the 
whole. The pentathlete has been largely replaced 
by a relay team. 

M.F.M. 
A.S.W. 



CHAPTER 63 

The Clinician with a 
Basic Science Laboratory 
Q.D. Rotstein 

Introduction 

In previous generations, the academic surgeon 
was the consummate clinician to whom the most 
difficult of surgical cases were referred for con
sultation on problems ranging from cardiovascular 
to gastrointestinal to endocrine systems. These in
dividuals were invariably virtuosos of the scalpel 
and innovators of surgical technique, character
istics required to deal with the complexities of 
their surgical practices. In addition to their su
perior clinical abilities, academic surgeons were 
defined by their ability as teachers, researchers, 
and administrators. 

The best of these academic surgeons combined 
their breadth of surgical knowledge with the ability 
to challenge the thought processes of their stu
dents. They were considered to be most effective 
teachers, and generally developed substantial 
schools of surgery that provided future leaders to 
the profession. The apprenticeship system of sur
gical training and the complexity of their surgical 
practices ensured that such individuals were given 
frequent exposure to students and more junior col
leagues. The research laboratory was a natural ex
tension of the surgeon's clinical practice. The 
pathophysiology of common clinical problems 
would be taken to the animal laboratory and un
raveled using a combination of physiological and 
anatomical models. This new knowledge could 

then be refined and readily translated back to the 
clinical situation, presumably resulting in improved 
outcome. The ability of academic surgeons to use 
their surgical skills to clarify pathophysiological 
principles in the animal laboratory and then carry 
them back to the clinical setting made research a 
natural extension of academic surgical practice. As 
leaders in their profession, these individuals par
ticipated vigorously in various organizational as
pects of hospital and university activities. 

In summary, academic surgeons of previous 
generations were the complete surgeons. They 
were the clinician-teacher-researcher-administrators 
whose combined skills allowed them to address all 
of the most difficult of surgical problems and pro
vide definitive answers to many of them. 

The Changing Environment 

The mandate for academic surgeons of today is 
unchanged. To fulfill the requirements, they must 
be skilled clinicians, provocative teachers, inno
vative researchers, and accomplished administra
tors. In all areas, however, the playing field has 
enlarged substantially. In the clinical arena, sur
gical practice has evolved into a matrix of intense 
specialization. Even within a specialty area such 
as general surgery, it is now virtually impossible 
to be an expert in all aspects of surgical practice. 
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Similarly, the scope of biomedical research has 
undergone rapid expansion, particularly over the 
past two decades. To a significant extent, the shift 
has been away from physiology and toward the 
areas of ce11ular and molecular biology. Research 
methodology has become more technical and la
bor intensive. Competition for research funding 
and laboratory space has increased markedly. 
Most significantly, the concept of peer review has 
changed. Our peer group, no longer comprising 
surgeons alone, now includes the most funda
mental of scientists. The complexities of being a 
surgeon-administrator have similarly increased in 
the present environment of fiscal restraint and 
managed care. This role is addressed in chapter 
64, "The Academic Surgeon as Administrator." 

The net result of this changing environment is 
the perception that most academic surgeons can 
no longer straddle clinical practice, research activ
ities, teaching, and administration. Among these 
pi11ars of academic medicine, continued research 
productivity seems most threatened. The changes 
in the research environment have made it less 
natural for the physiological bent of the surgeon. 
Both the technical and inte11ectual aspects of the 
surgeon's abilities in the laboratory are stressed. 
The translation of clinical problems from the bed
side to the fundamental study of ce11ular and mo
lecular mechanisms of disease in the laboratory, 
and then translation back to the clinical setting, 
is a greater challenge than that presented to our 
predecessors, whose physiological research was a 
natural inte11ectual extension of their clinical ac
tivities. The technical aspects of research are less 
familiar and more demanding. Surgeons have a 
natural aptitude for the performance of surgical 
procedures in the laboratory, and the measure
ment of physiological parameters. By contrast, 
pursuing biochemical, molecular, or electrophysio
logical questions requires a ski11 set for which the 
surgeon is not trained. Further, the acquisition 
and maintenance of such ski11s combined with the 
need to remain up-to-date on current literature 
mandates commitment of a significant amount of 
time to research activities. While no precise data 
exist, this commitment seems to require more of 
academic surgeons today than was expected of 
previous generations, who might achieve out
standing success in a11 events of the "academic 
pentathlon" described in the previous chapter. 

Managing the Changed 
Environment 

Through redefinition of one's job description, the 
academic surgeons of today may be able to fulfi11 
the mandate of the complete surgeon as defined 
by their ability to be clinicians, scientists, teachers, 
and administrators simultaneously. This is best 
accomplished through focusing of activities. Aca
demic surgeons should strictly define their general 
area of expertise in the clinical realm and link it 
to an appropriate domain of basic science. For ex
ample, the colorectal surgeon with an interest in 
rectal cancer and its molecular biology should at
tempt to confine his or her practice to this area. 
This concentrated experience wi11 develop intel
lectual and technical expertise in the field syner
gistically. 

Academic surgeons can excel as surgical teach
ers without a change of context. They wi11 serve 
as the local content experts in their specific area 
while maintaining a broad knowledge base in 
which their expertise is located. Focused interest 
and expertise will help to attract students, par
ticularly at the fe110wship level, to work with 
them. With their focus on investigation, surgeon
scientists are we11 equipped to serve as role models 
for future generations of surgeons. Their ability to 
pose new questions challenges students' thinking 
and propagates the stimulating concept that ad
vances in clinical care are best achieved through 
challenging present dogma. 

Maintaining an active research program in the 
face of responsibilities as a clinician and a teacher 
is the most significant cha11enge to an academic 
surgeon in the initial years on faculty. A multitude 
of definitions have been used to define the surgical 
investigator. At one extreme, there are individuals 
who devote the majority of time to research to the 
exclusion of clinical activities. At the other ex
treme, there are individuals who participate on the 
margins of research through occasional visits to a 
basic laboratory, or peripheral involvement in 
clinical trials. The actual definition of the 
surgeon-investigator rests significantly upon the 
local circumstances as defined by the expectations 
of the surgical chair and the institution. 

The opportunities for surgeons as investigators 
in the present era are multiple. With the devel-
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opment of the science of clinical epidemiology 
over the past decade, clinical investigation has be
come far more rigorous. The role of the surgeon 
as a clinical investigator as well as an investigator 
in the area of health services and outcomes re
search is addressed elsewhere in this text. This 
discussion will focus primarily on the role of the 
surgeon as a fundamental biomedical scientist. 

The competition for resources for basic science 
has increased significantly, challenging the ability 
of surgeons to establish themselves in this realm 
of research. In my opinion, surgeons can and must 
continue to do fundamental research. They are 
best qualified to define clinical questions, test 
them in the laboratory, and bring answers back to 
the clinical setting. Walter Ballinger suggested 
that "basic" research did not exist in surgery.! 
Whether this is true depends in part on one's defi
nition of "basic." Surgeon-scientists are unlikely 
to be involved in studies that elucidate the fun
damental mechanisms underlying DNA replica
tion or regulation of ion flux. This does not pre
clude our use of such information and novel 
technologies to investigate clinically relevant 
problems in these domains, such as regulation of 
cellular proliferation in tumors or determination 
of intracellular acidosis during myocardial pres
ervation. The surgical investigator uses funda
mental tools to answer questions related to basic 
pathophysiological mechanisms of disease. This 
practice does not differ significantly from that car
ried out by our surgical predecessors, except for 
the fact that the tools and techniques of cellular 
and molecular biology are not as natural to the 
contemporary surgeon as those of anatomy and 
physiology were to surgeon-investigators of pre
vious generations. 

Training the Surgeon-Scientist 

Several different models have been proposed for 
the optimal training of the surgeon-scientist. Im
portant, largely unanswered questions include 
whether research training should be obtained dur
ing or after the residency period, whether obtain
ing a graduate level degree is beneficial, and 
whether optimal training should be sought in the 
laboratory of a clinician-scientist or a full-time 

scientist. The answers depend on the particular 
needs of the trainees and the university setting 
within which they are training. Regardless of the 
specific training route, it is clear that sufficient 
duration of training in the appropriate environ
ment is an absolute requirement for success as an 
independent clinician-investigator. In his presi
dential address to the American Society for Clini
cal Investigation,2 Dr. Joseph Goldstein coined 
the formula for success as a clinician-investigator: 
"fundamental discovery = clinical stimulus X 

basic scientific training." The daily problems fac
ing the surgeon certainly provide sufficient stimuli 
for scientific inquiry. I will answer the question of 
what is the best mechanism for providing basic 
scientific training, based on the experience of our 
department. 

At the University of Toronto, a formal surgeon
scientist training program has been in place for 10 
years. Its goal is to provide excellent research 
training for surgical residents who wish to pursue 
a career in academic surgery. Residents who wish 
to participate in this program are excused from 
the clinical stream at the end of two or more years 
of core training in order to pursue research work. 
The research training period is formalized by the 
requirement to enroll in the graduate school of the 
university toward a degree at the M.Sc. or Ph.D. 
level. Supervisors may come from the Department 
of Surgery or other departments, and allocation 
of surgical residents to specific laboratories is 
based on the interests and long-term career plans 
of the individual trainee. Research programs may 
be pursued in the general areas of basic and clini
cal research, clinical epidemiology, or medical 
education. During the period of research training 
in the surgeon-scientist program, the surgical res
idents do not have regular clinical responsibilities. 
It is considered optimal for each individual to 
maintain contact with clinical activities by atten
dance at divisional, departmental, and hospital 
rounds as well as at formal teaching sessions. 
Trainees are also permitted to attend specialty 
clinics with direct relevance to their areas of re
search. Entry in the surgical scientist program is 
not mandatory for residents in the training pro
gram. However, the percentage of the resident 
pool enrolled is gradually increasing because of 
the attraction of the training program to individu
als interested in pursuing a career in academic 



626 0.0. Rotstein 

surgery, and an increasing number who elect to 
pursue a Ph.D. 

Since its inception in 1984, 100 individuals 
have enrolled in this program. At the time of the 
most recent review, 20 residents completed their 
research and clinical training and were eligible for 
university faculty appointments. Eighteen (90%) 
had appointments at academic institutions; of 
these, 55% are independent investigators with ex
ternal peer-reviewed funding. Eleven of these in
dividuals have assumed faculty positions at our 
own institution. 

These preliminary results of training in the for
malized setting of a surgeon-scientist program 
provide evidence that this is an effective means of 
training individuals for a career as an academic 
surgeon. The high retention rate of these indi
viduals within our own institution suggests that 
this approach represents an excellent means of 
faculty renewal. Further follow-up of these indi
viduals and future graduates from the program is 
needed to verifY this initial positive experience. 

In addition to developing individuals who may 
be successful clinician investigators, the surgeon
scientist program has had a significant impact on 
the academic profile of the Department of Sur
gery in our institution. We have been able to re
cruit well-trained young faculty who have a pro
found commitment to research activities. The fact 
that most of the resident trainees do their research 
training in the laboratories of our surgical faculty 
has augmented the productivity of these labora
tories. The definition of the program has raised 
the level of awareness of the role of the surgeon
scientist in the department. Other benefits in
clude the fact that this program has attracted 
highly qualified applicants to the residency train
ing program, and the productivity of the surgical 
trainees during their research training has im
proved their competitiveness for positions, either 
research or clinical, following the completion of 
the residency program. 

The duration of research training correlates well 
with the ability of individuals to successfully com
pete for peer-reviewed funding. Levey et al.3 sug
gested that 2 years of formal research training ap
peared to be a prerequisite for success in this 
process. However, the endpoint of an "active re
searcher" in this study was defined as someone who 
spent 20% of his or her time in research endeav-

ors, had one original publication in the previous 2 
years, and had some external funding. Given the 
changes in the peer-review system in the 8 years 
since this paper was published, this number proba
bly underestimates the required duration of train
ing by at least 50%. In the context of the surgeon
scientist program at the University of Toronto, this 
would suggest that individuals completing the 
M.Sc. program would require additional training 
in research at the end of their clinical residency. 
The duration of this additional fellowship training 
would be 1 to 2 years. This relatively short period 
would presumably serve to focus the individual's 
activities in a specific area and to bring that indi
vidual up to speed with a view to establishing an 
independent research program. Those who obtain 
a Ph.D. degree, a process usually requiring 3.5 
years, might choose to use the fellowship period 
for further research training or for specialized clini
cal training. Individuals who advocate delaying re
search training until completion of the residency 
program view this split in training as a major dis
advantage, arguing that a concentrated and pro
longed research program immediately prior to as
suming a faculty position is the best preparation for 
success as an independent investigator. I believe 
that both approaches are workable, and the local 
situation may dictate what is preferable at a specific 
institution. 

The initial 3 years on the faculty should also be 
considered as part of the training period for a suc
cessful career as a surgeon-scientist. During this 
reentry period, many young investigators have 
personal salary and research support that will sus
tain a research effort directed toward obtaining 
independent funding and establishing a produc
tive laboratory program. The duration of this sup
port should be a minimum of2 years.3 During this 
period, the young investigator must also learn to 
manage a laboratory. This includes hiring and 
managing new personnel, assessing and ordering 
new equipment, and simultaneously dealing with 
the rigors of translating new ideas into experi
mental protocols. All of this takes place in a new 
environment where the stresses of being a clini
cian and a surgical teacher are simultaneously 
present. This development clearly cannot be suc
cessfully achieved in isolation. Placement of new 
investigators within existing laboratory programs 
allows them to learn from the activities of others. 
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This approach reduces the stress associated with 
the complexities of establishing a research pro
gram, while providing an environment within 
which initial independent research activities may 
flourish. As the individual develops an active re
search program and is able to obtain peer
reviewed funding and independent publications, 
allocation of independent space might be appro
priate. This approach also encourages the devel
opment of collaborative efforts with established 
investigators, a process vital to the success of sur
gical investigators. 

At our institution, all new faculty sign a 
Memorandum of Agreement, a contract that 
clearly defines the commitment of the university 
to the individual, as well as the expectations for 
this individual during the first 3 years of appoint
ment. For new recruits with a major commitment 
to research activities, we have developed a highly 
structured memorandum that defines protected 
time for research, time for clinical activities in
cluding operating room time, as well as the re
source package such as laboratory space, startup 
funds, and salary support. The expectations with 
respect to research program development are out
lined. This contract is reviewed on a yearly basis 
to ensure that all parties in the agreement are ful
filling their commitments. A formal university re
view of the new faculty member takes place at 3 
years to determine whether the objectives outlined 
in the initial memorandum have been achieved. If 
so, the individual is granted a continuing appoint
ment at the university. This is the equivalent of 
university tenure, as our Faculty of Medicine has 
no tenure stream. Two items mentioned in the 
memorandum should be highlighted. First, all 
new faculty are assigned a mentor, an individual 
who is named in the agreement. The mentor is 
expected to meet regularly with the new faculty 
member, act as an advocate and ombudsman, en
suring that all aspects of the memorandum are 
fulfilled in a timely fashion. The mentor attends 
yearly departmental reviews of progress and con
tributes to the evaluation and promotion process. 
Second, the memorandum contains a clear state
ment regarding the fact that all grant proposals by 
the new faculty are to be reviewed internally 
within the university prior to their submission. 
This requirement is based on the demonstration 
within our own institution that internally re-

viewed grants have a higher probability of success 
at competitive peer-review funding agencies. To 
ensure compliance with this policy, participation 
in the process of internal review has been tied to 
the allocation of resources and is also a consider
ation at the yearly review of the individual's pro
gress. A clearly constructed Memorandum of 
Agreement, by reducing hopes and expectations 
to written commitments, provides the contractual 
basis for the successful transition from promising 
new faculty recruit to established investigator. 

The Challenge 
of Time Management 
for the Surgeon-Scientist 

Owen H. Wangensteen crystallized the greatest 
challenge for the academic surgeon: 

One of the most important questions every Sur

gical Academician has to resolve is how best to 

divide his time among his many heavy and im
portant responsibilities, of teaching, research, 

and patient care. Does he aspire to become 

known primarily as a talented operating surgeon 

or an effective teacher of undergraduate and 
graduate students, or innovative scientific inves
tigator?' 

Stephen Covey describes a steady evolution in the 
approaches to achieving optimal time manage
ment in business.5 His "planning, prioritizing and 
controlling" formula is perfectly applicable to the 
needs of the academic surgeon. Through dogged 
determination, precise organization, and intense 
focus, today's surgeon is able to juggle the com
mitments to clinical, teaching, and research work 
required to achieve success as an academic sur
geon. 

Practice 

Concentration of effort in a confined area of spe
cialty to achieve excellence in clinical activities is 
best accomplished by participating in a group 
practice. Specific cases can be steered toward in
dividuals with interest and expertise in that area. 
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Surgeons within this type of practice must agree 
to limit the scope of their activities to facilitate 
the function of the group. The precise amount of 
operating time required to achieve a high level of 
technical expertise has not been the subject of ob
jective study. Several factors warrant consideration 
in this regard, including the innate abilities of the 
surgeon, the surgical specialty, and the types of 
cases performed by the individual. An informal 
poll of senior surgeons in our department indi
cated that 1-1.5 days per week of operating time 
is probably sufficient to maintain technical skills. 
Block scheduling of operating time on a weekly 
basis is mandatory to minimize wasted time. 
Some departments have utilized 3 consecutive 
days every 2 weeks as an alternative approach. 
During the early years on faculty, young surgeons 
should be encouraged to operate with more senior 
faculty on difficult cases to gain experience, en
hance technical expertise, and minimize the pres
sures that may distract them from their research 
mlSSlOn. 

Time attending patients outside of the oper
ating room must be regularly and strictly sched
uled. One should attempt to see referred patients 
during a regularly scheduled day each week, and 
rounds on inpatients should be made at a defined 
time each day for a defined period of time. Ex
tensions outside of these time slots should be 
minimized. Academic surgeons must also carve 
out scheduled time to attend multidisciplinary 
rounds in the area of their clinical specialty. This 
is vital for establishing referral lines that will pro
mote specialized practice development. 

While regimentation of clinical time will help 
to protect committed research responsibilities, it 
poses a difficult dilemma for the academic sur
geon. How does one compete for clinical practice, 
while limiting the time spent attending to pa
tients? The magnitude of this problem is height
ened in the present era where pressures to gen
erate clinical earnings are increased. Academic 
surgeons with job descriptions that include a sig
nificant commitment to research must have an in
stitutional guarantee of personal salary support. In 
addition, they must be part of a practice plan 
wherein there is sharing of clinically generated 
earnings and clinical cases. Anxiety about finan
cial security is not compatible with success as a 
surgeon-investigator, particularly for young fac-

ulty. However, the practice plan does not remove 
the requirement for practice development by an 
individual. The surgeon-investigators must si
multaneously protect their research time, yet be 
accessible to referring physicians. Organization of 
clinical activities is essential. For elective outpa
tient consultations, patients should be seen during 
the same week, even if this means crowding or 
extending office hours. For urgent consultations, 
the academic surgeon must be immediately avail
able to referring physicians to arrange the optimal 
time for the patient visit. Practice sharing with 
individuals with common interests in the same fi
nancial group helps to alleviate some of these 
problems. The importance of a capable clinical 
secretary in these situations cannot be overstated. 
This individual must be able to triage patients to 
the complete satisfaction of the referring physi
cian's needs. Clearly enunciated guidelines for 
dealing with various situations are invaluable to 
the secretary. 

Teaching 

The surgeon-investigators have some clear advan
tages in terms of natural teaching skills. They are 
practiced in hypothesis-driven consideration of 
problems. This is an effective means of encour
aging students to consider clinical problems in 
terms of what information is available, what is the 
likeliest diagnosis (i.e., generating the hypothe
sis), and what investigations are needed to prove 
the diagnosis (i.e., to test the hypothesis). This 
approach provides students with a well-defined 
template for the consideration of future problems. 
In a defined area of specialty, the surgeon-scientist 
can add a breadth and depth of knowledge for 
particularly challenging clinical problems and can 
pose insightful challenges to existing dogma 
where answers are unclear. 

The actual amount of time spent teaching may 
limit an individual's contributions in this area. 
Clinician-scientists are frequently not perceived as 
excellent teachers by clinical residents because their 
time of exposure is limited. Several strategies may 
be used to overcome this problem. The surgeon
scientist should take advantage of time clearly 
committed to clinical activities. This includes time 
in the operating room as well as scheduled clinic 
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time. Use the time exclusively and emphatically for 
teaching clinical skills. Do not bring a grant or a 
paper to the operating room to work on between 
cases. Use this time to communicate clinically with 
the residents, nurses, and other staff In addition, 
the surgeon-scientist should aim to schedule a 
weekly session with the resident staff on the ser
vice. This committed time period can be used to 
discuss highly specialized but clinically interesting 
issues related to the investigator's particular area of 
expertise. The academic surgeon should encourage 
clinical projects among resident staff and medical 
students. This will provide an opportunity for the 
surgeon-scientist to teach the techniques of litera
ture review, database management, evaluation of 
data, and the writing of abstracts and manuscripts. 
Combined together, these strategies will permit 
teaching commitments to be encompassed within 
the context of clinical activities, thereby optimizing 
time utilization, particularly with respect to com
mitments to research activities. Within our own sur
gical department, we have recently begun to evalu
ate teaching activities that take place within the 
context of laboratory work. The laboratory is an 
ideal setting for the surgeon-scientist to teach sur
gical residents research methodology and thinking. 

The Laboratory 

Having organized your clinical activities with a 
view to protecting research time, you are left with 
the multifaceted and broad-ranging challenge of 
running a productive and competitive laboratory. 
In addition to performing the research, you must 
manage the personnel, manage the budget, raise 
funds, troubleshoot equipment problems, and 
maintain excellent public relations. Similar to 
clinical activities, time in the laboratory must be 
used efficiently. A secretary or a laboratory man
ager will help offload some of the managerial as
pects of being a principal investigator, but ulti
mate decision making must always rest with you. 
In the initial years in the laboratory, the surgeon
investigator should spend a significant amount of 
time at the bench performing studies. This work 
should be primarily focused on the development 
of new techniques, or ensuring quality control by 
the technical staff As the laboratory grows and 
the staff becomes more established, surgeon-

scientists should relinquish much of this technical 
activity and use their protected time to read, write, 
teach, and think. Attendance at the journal club 
seminar series in your area of interest should have 
high priority. Time allocated for writing should 
be used for the completion of original manuscripts 
for submission to peer-reviewed journals. While 
writing chapters may help formulate your think
ing, this practice should be considered a lesser 
priority. Authoring chapters will help to develop 
writing skills, to update one's knowledge in a 
given field, and may enhance practice develop
ment. However, their value in terms of enhanc
ing one's scientific credentials is limited. The 
surgeon-scientist should limit chapter writing to 
high-impact publications, preferably state-of-the
art textbooks with wide circulation. Similarly, 
there is a temptation for young faculty members 
to join the speaker's circuit to promote their re
search and clinical activities. This practice dis
tracts from the more important activities of de
veloping your research program and should be 
minimized. 

The Family 

I have deferred discussion of time management 
related to the mechanisms whereby individuals in
volved in the rigors of academic surgery are able 
to devote adequate time to their own family life 
because I do not profess to have personally mas
tered this challenge. One comment clearly rele
vant to the issue of the academic surgeon and 
family time is used as the title of the first chapter 
of the book First Things First by Covey and col
leagues5: "How many people on their deathbed 
wish they'd spent more time at the office?" Al
though the answer to this question is self-evident, 
we rarely remind ourselves to ask it. The strategies 
to achieve balance between home and work are 
nowhere clearly enunciated and not discussed 
enough in our conferences and conversations. 
Rather than address this issue directly, I will rec
ommend Covey's book for definition of some of 
the principles for doing so. One important aspect 
of this challenge is the incorporation of maternity 
or parental leave into the modern surgical depart
ment. A clear policy statement regarding this is
sue should be integrated into the mission state-
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ment of surgical departments. Within our own 
institution, the policy states: "The Department of 
Surgery supports maternity leave for faculty mem
bers. Female surgeons must be permitted to take 
time off for childbearing (or adoption), without 
compromising their academic careers in the De
partment of Surgery." With this premise estab
lished, issues relating to job protection, income 
support, practice preservation, and academic pro
motion can be resolved along lines that protect the 
important role of the family in the life of the sur
geon. 

Essentials for the Surgeon-Scientist with a Laboratory 

1. Train thoroughly in a well-developed pro
gram. 

2. Reenter the scientific domain after senior 
residency with well-protected time. 

3. Have a clearly written agreement specifying 
the obligations of the hospital and the de
partment, to ensure adequate time, space, 
and support for the success of your labora
tory effort. 

4. Strictly define your clinical domain. 
5. ClaritY the linkage in this domain to labo

ratory research and maintain it. 
6. Have a mentor in academic and in clinical 

work during the early years of practice. 
7. Manage your time and control your sched

ule. 
8. Do elective surgery in block time, not a ran

dom schedule. 
9. Share your practice with like-minded sur

geons. 
10. Do not bring a grant or paper to the oper

ating room. Use the time to teach and learn 
more about clinical surgery. 

11. Protect time for your family life. 

Conclusion 

The challenges facing the academic surgeon have 
evolved over the years but still permit simultane
ous contributions as a clinician, scientist, teacher, 
and administrator. Focusing clinical and research 
activities, combined with strict adherence to time 
management principles, is critical for achieving 
this goal. An institutional commitment to aca-

demic excellence enhances the probability that a 
surgeon be able to advance our understanding of 
disease, improve patient care and stimulate our 
students' thinking. Increasing numbers of women 
in the field of surgery, job sharing plans, and de
partmental programs designed to strengthen 
family life will encourage a more balanced and 
humanistic view of an academic career. 
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Commentary 

Dr. Rotstein personifies the success of the 
surgical-scientist program at the University of 
Toronto. He lives by the recommendations in 
this chapter and manages a laboratory that is 
popular with surgical residents seeking an aca
demic career. 

The resolution of time management problems 
for academic surgeons is not taught well in resi
dency. Like most academic residencies, the 
surgical-scientist program follows the tradition 
of total immersion of surgical residents in the 
laboratory-science phase of their training without 
any opportunity for continued contact and follow
up with laboratory colleagues during senior resi
dency. Surgeons who emerge from the laboratory 
lose currency in their scientific field and must re
establish their linkages several years later at a time 
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when they are establishing their clinical practices. 
Ideally, we would teach surgeon-scientists how to 
manage their time and fulfill both roles during the 
protected period of senior and chief residency so 
that the transition to postresidency life would be 
less arduous. To my knowledge no program has 
attempted this daunting task. If residents could 
return to the laboratory for only 3 hours per week, 
they would be able to maintain their mental link
ages with the field they know so well when they 
leave it. Protected time for this purpose is an un
realized ideal at the University of Toronto and 
elsewhere throughout the world. It is not unreal
istic, but it requires a shift in the thinking of all 
concerned with the responsibilities of the clinical 
years of residency. 

M.F.M. 

Commentary 

The early years on a faculty for a surgeon who 
wishes to establish a fundamental research labo
ratory require all the elements discussed in Dr. 
Rotstein's chapter. These requirements for insur
ing success represent utilization of valuable re
sources. Institutions have the responsibility to 
limit resources to ventures with a high probability 
of success, and surgical investigators must be pre-

pared to complete the research mission that they 
undertake. This almost certainly means special
ized training prior to the time of faculty entry so 
that the higher institution "gets what it pays for." 
During the "start-up" years, administrative tasks 
should be shunned. Opportunities to enlarge your 
bibliography by writing reviews and chapters 
should be declined unless there is a clear-cut edu
cational advantage that will be specifically helpful 
in the near term. The classic triad of clinical work, 
teaching, and research should be reduced to the 
two elements of research and practice. The im
mediate gratification of practice should be limited 
during the early years to allow investment of en
ergy in establishing a research program, which 
generally brings almost no immediate gratifica
tion. It is critical that time for consecutive think
ing and program development be invested in the 
early faculty years in order to achieve extramural 
funding. The academic surgeon's overall efficiency 
can be greatly enhanced by a supportive environ
ment that includes an investment in physician ex
tenders who can learn and maintain stable rou
tines. Residents require and deserve teaching time 
and rotation to different clinical services. Because 
both of these requirements increase time demands 
on the young faculty member, residents are not 
ideal extenders for the academic surgeon during 
the developmental phase. 

A.S.W 
M.F.M. 
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The Academic Surgeon 
as Administrator 
P.M. Walker and D.] Anastakis 

Academic surgeons have always been expected to 
excel as clinicians, educators, and researchers. The 
role of surgical administrator has been underval
ued, and development of skills and experience in 
this domain of academic surgery has not kept pace 
with the growing need for effective surgical ad
ministrators. 

Global changes in the delivery of health care 
now demand that some academic surgeons be
come as skilled in administration as they are in 
operative surgery. Most academic departments 
face radical changes related to continuing decline 
in available funding and increased pressure for fis
cal accountability. Surgeons who become instru
ments of change and take leadership roles in the 
management process can ensure continued high
quality surgical care, education, and research. 
These surgeons can bring their highly developed 
attention to detail and reliable decision-making 
skills to the larger interface between the institu
tion and society, defining priorities and taking re
sponsibility for resource management. To succeed 
in this new and changing environment, surgical 
administrators must be proactive, creative, and 
well grounded in their knowledge of administra
tive methods. 

The demands of an administrative position may 
conflict with the other academic responsibilities, 
trapping the surgeon in a cycle of increasing ad
ministrative activity and decreasing academic pro
ductivity. In this section, the principles and strate-

gies that have been helpful in the administra
tion of a large surgical department in a major 
university-affiliated teaching hospital will be 
provided. We will emphasize the skills and tech
niques that facilitate a successful blend of admin
istration with other academic responsibilities. 

Be Prepared 

Formal training in hospital or business adminis
tration for all surgical administrators is absolutely 
necessary. This training should provide the sur
geon with the fundamental knowledge and skills 
required for success in administration. Workshops 
or programs specifically geared toward clinician 
administrators are a more common and more fea
sible alternative to a full course of formal training. 
The principles of management and the develop
ment of problem-solving skills when faced with 
potential situational crises should be highlighted. 
In summary, the most important first step is being 
prepared, knowledgeable, and equipped to face 
the responsibilities of an administrative position. 

Timing 

When should an academic surgeon accept an ad
ministrative position? This is an important con
sideration for young academic surgeons focused 
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on developing their clinical practice and research. 
An administrative role accepted too early on in 
one's career may adversely affect academic growth 
and development. We recommend focusing your 
initial efforts on the development of your clinical 
practice and research program. It is most impor
tant that you establish yourself as an expert in your 
chosen clinical and research domain. The skills 
developed from experience in clinical practice and 
in being productive in the research environment 
are invaluable to the surgeon-administrator. An 
established and respected surgeon is a good can
didate for leadership, but accepting a major ad
ministrative post too late in one's career may be 
problematic. In today's environment, most posi
tions now require new thought processes and end
less energy. 

Expertise 

Establishing yourself as an expert in your chosen 
clinical and research domain is an important cre
dential for a surgical administrator. The respect 
of the academic community is essential in order 
to be an effective leader and administrator. Your 
colleagues need to respect you as a clinician and 
researcher before they will follow your lead as an 
administrator. 

Strategic Planning 

As an administrator, you must have a vision of the 
overall direction your department should take. To 
effect change, a strategic plan is crucial, including 
outlining your goals and objectives along with the 
necessary actions required to attain them. IdentifY 
immediate, short- and long-term objectives and 
actions. Each action should have measurable out
comes associated with it. In measuring these out
comes, you will be able to monitor the effective
ness of your plan and act on problems that may 
develop. 

A very important concept in the development 
of any strategic plan is "buy in" by all stakeholders. 
This can be accomplished by encouraging all par
ties to partake in the plan's development. In doing 

so, everyone feels ownership in the plan, and this 
facilitates the implementation of change. 

Job Description 

Before assuming any administrative position, se
cure a clear description of what is expected of you 
in your new role. Ask for a written description of 
what it is you are to do or accomplish. This is an 
important strategy. It will not only guide your ac
tions but will be used to assess your effectiveness 
as an administrator. 

Communication Skills 

Open and effective communication skills are the 
hallmark of a good administrator. Clear commu
nication prevents misconceptions from develop
ing. A good communicator not only conveys in
formation but is also a good listener. Listening to 
all the staff and colleagues you represent is vital 
to your success as an administrator. Effective 
communication is also essential in the clinical and 
research domains, allowing you to maintain vital 
links to all those involved in your clinical practice 
and research laboratory. 

Strategy for Task Completion 

As an administrator there will be numerous tasks 
for you to complete. Given the demands of clini
cal practice, research, and teaching, you will not 
be able to complete every one of these tasks per
sonally. An overall approach that is productive and 
helpful for task completion is illustrated in Figure 
64-1. 

The first step in this strategy is to define the 
outcome that you desire as the administrator. The 
outcome you desire should be clear, precise, mea
surable, and in most cases a part of the strategic 
plan you have prepared. 

The next step involves delegating the respon
sibility to an individual. Delegating a task repre
sents more than just clearing your desk of work 
and responsibility. The individual(s) you choose 
to carry out the task have to be carefully selected. 
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Consistent with 
strategic plan 
Precise 
Measurable 

Choose task leader Use reports Publicize completion 
Show confidence Minimize meetings Credit the leader 
Give authority and interruptions 

Task Completion 

Figure 64-1 Strategy for task completion. 

They represent you and carry responsibility for 
your success. They should possess the skills and 
knowledge you feel are required to complete the 
task. Express your confidence in their abilities, 
and respect for their authority. They also need to 
be empowered by you to complete the task with
out interference. 

After assigning a task, you need to make it clear 
that you are available to provide additional infor
mation, help solve problems, and troubleshoot. 
The individuals working on the task need to know 
that you are responsive to their needs should any 
arise. Interruptions and endless meetings to check 
on progress are signs of ineffective management. 
Nevertheless, you do need to be abreast of all that 
is happening. Periodic progress reports allow the 
most effective use of your time. Completion of the 
task must be publicized with appropriate credit to 
the task leader. 

Conclusion 

As academic surgery continues to change, sur
geons will assume very demanding administrative 
roles. This responsibility added to an already busy 
academic practice can be difficult to manage. This 
summary for the academic surgeon as administra
tor is very brief and does not purport to be a thor
ough overview of administration. We have pro
vided a few of the most useful tips that can be 
helpful to any administrator in surgery, including 
those who continue to participate actively in clini
cal and laboratory research. 

Additional Reading 

Burrows M, Dyson R, Jackson P, Saxton H. Manage

ment for Hospital Doctors. London: Butterworth 

Heinemann, 1994. This is one of the few books 

that gives perspectives of both management and 

clinicians. At the end of most chapters, there is a 

section that tries to demonstrate the impact of 

management programs on the practice of medicine. 

This book is specifically related to a situation in 
England, which makes it somewhat less useful for 

North American readers. 

Anthony RN, Young DW. Management Control in 

Nonprofit Organizations, 5th edn. Burr Ridge, IL: 

Irwin, 1994. This book outlines in great detail the 

financial management and control systems in place 

in hospitals. It provides all the information neces

sary for clinicians to understand the accounting 

processes within most hospitals, and should be read 

by all individuals interested in assuming a role in 

medical administration. 

Commentary 

The administrative position may allow you to de
velop your research with broader scope (''The ea
gle view of the pond, not the frog view" [Troidl]) 
and may even enhance the resources available for 
your studies. Be sure the terms for such an expan
sion are clearly and widely understood before you 
assume the leadership position, to avoid conflict 
of interest or resentment in the department. For 
most surgical researchers, graduating to an ad
ministrative position attenuates and modifies the 
research component of a surgical career to the role 
of team leader or coach. This transition is bene
ficial to younger researchers; the chief should not 
be in competition with fledgling investigators. 

M.F.M. 
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Surgical Research 
around the World 
W. Lorenz, M McKneally, and H Troidl, with JK Banerjee, J Benbassat, 
C. Dziri, P.-L. Fagniez, JM. Little, J Wong, and HR. Wuljf 

A Clearing Conference 
on Surgical Research 
from around the World 

This chapter was written as a formalized inter
action of a group of surgeons and basic scientists 
from various countries to address some contem
porary issues in surgical research. It was con
ducted as a conference through written questions. 
When we talk about consensus, we frequently, and 
paradoxically, mean totally different things. 1 H. 
Wulff proposed that we avoid this term alto
gether. We did not seek or achieve formal con
sensus; there was general agreement and clear dis
agreement on several issues. 

Consensus conferences constitute a formalized 
process to seek advice about a complex decision 
problem (how to treat prostatic cancer, when and 
how to use blood and blood substitutes, etc.). The 
process of seeking and getting advice is organized 
by rules that are derived from a scientific, social 
psychological background2 and intends to produce 
in a short time (usually a few days) as much agree
ment as possible between people of common sense 
and/or expertise about the complex decision prob
lem. H.R. Wulff (personal communication) has 
criticized consensus conferences as artificial and 
of doubtful validity as far as real and long-lasting 
consensus is concerned. He acknowledges the po
tential benefits of formalized processes of putting 

information, statements, and judgments together 
in order to present the problem in a clearer light, 
state the present positions of various people, de
fine the deficits in agreement, and indicate where 
further research is needed. Clearing the issues at a 
given point of time is therefore considered a more 
useful term for such a process of seeking advice 
than consensus, and we think of the exchanges of 
ideas recorded here as a clearing conference. 

Our objective was a survey on surgical research 
around the world: its aims, methods, content, and 
the group dynamics among academic surgeons 
and basic researchers. A questionnaire was devel
oped after discussion by a steering committee 
comprising the first three authors. It was sent to 
a selected group of participants in January 1996. 
Some of the questions and answers were trans
formed into tables (Tables 65-1 through 65-4) 
from which the structure of the questionnaire can 
be understood. Letters explained some answers, 
revealing more details, judgements, and reflective 
consideration. 

Twelve participants of the conference were 
selected by the steering committee. H. Troidl 
remained as an independent referee. M. Mc
Kneally-in addition to his steering functions
served for North America (USA and Canada), 
and W. Lorenz for Germany. Most commonly, 
surgeons were surveyed, one from each country. 
In addition, sociologists, surgical methodologists 
(theoretical surgeons3), methodologists in internal 
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medicine (clinical theory), and philosophers were 
questioned. Three members who elected not to 
fill out the questionnaire were excluded from the 
analysis. All members of the conference were 
asked to consider first what would be the "typical" 
response of a person from their country, society, 
or culture to each of the questions, and thereafter 
present their own opinion. These two opinions 
sometimes differed. 

Our approach to the problem of "surgical re
search around the world" is not perfectly repre
sentative and is certainly incomplete, but in the 
spirit of Popper or Reichenbach,4 it may be con
sidered as a hypothesis that we believe to be valua
ble for refutation. 

Statement of the Clearing 
Conference on Surgical 
Research: How Much Is 
Heterogeneity Based on Cross
Cultural Differences? 

Aims of Surgical Research 
(Table 65-1) 

Primary Aims. All respondents counted "curing 
and caring through surgical management and 
techniques" as a primary aim of surgical research. 
The hierarchy of longevity > good health > 
quality of life persists in most countries surveyed. 
A balance between prolongation of life with good 
quality was described for Denmark. There seems 
to be increasing emphasis on quality of life in 
other countries. We were surprised that life pro
longation was so highly valued in India despite 

Table 65-1. Aims of surgical research .. 

Aims of surgical research 

Curing and caring by surgical management techniques 
Hierarchy: longevity> good health > good quality of life 
Good health defined by objective well-being criteria 
Qyality of life defined by subjective criteria 
Role of pain in surgery 

.+, yes; 0, no. 

'A balance between long life and a good quality of life. 

the widespread belief in reincarnation and renun
ciation. J.K. Bane~ee explains, "Since renuncia
tion is a voluntary effort, the person doing it does 
not feel miserable at all. Longevity is not linked 
to an achievement. The word that has been used 
is 'immortality,' which means continuing to live in 
the form of 'soul' after death without a physi
cal body, as a part of the Supreme Being." Re
search on pain was viewed as a primary aim of 
surgical research by only four respondents: India, 
Tunisia, Australia, and Germany, suggesting un
derestimation of this problem by surgeons else
where5 or its delegation to anesthetists. 

].K. Bane*e discussed the three stages of sur
gical research: (1) discovery of an idea, (2) devel
opment of the idea in the laboratory and hospital, 
and (3) delivery of the result to the people who 
need curing and caring. He criticized the Western 
world for not taking the third stage sufficiently 
into account. In India, a few institutions such as 
the Association of Rural Surgeons of India con
duct research on new discoveries to manage sur
gical situations associated with India's socioeco
nomic restraint and cultural setting. If surgical 
research is to be meaningful around the world, 
then the benefits of research should be delivered 
not just to the 650 million people of the Western 
world, but to the 6 billion who make up the total 
global population. Bannerjee emphasized that 
simplifying and innovating the means of delivery 
should be viewed as a central aim of effective sur
gical research. 

J. Benbassat of Israel suggests three aims: 
(1) The development of methods to evaluate how 
patients regard their future quality of life. These 
should be clear enough to be routinely applicable 
for individual patients.6 Evaluation of quality of 

1 2 3 4 5 6 7 8 9 
Ind Isr Tun Fra Aus Ger NAm HK Den 

+ + + + + + + + + 
+ + + 0 + 0 + + Oh 

+ + + 0 + + 0 + 
+ + + 0 + + + + 
+ 0 + 0 + + 0 0 
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life necessitates interpersonal skills and an in
volvement of the patient in clinical decision mak
ing. Medical decisions require an understanding 
of how patients view alternative treatment out
comes in order to insure their participation in the 
choice between management options.7 (2) Use of 
failure analysis as a method of quality control fo
cused on why the error happened, rather than who 
committed an error. Such methods correct system 
faults rather than eliminate poor performers. They 
identity problem-prone clinical processes and 
suggest interventions with a view toward making 
the health care system as "error-proof' as possi
ble.8 This primary aim has been strongly advo
cated by H. Troidl9 and by Leape. lO (3) Appro
priate clinical guidelines should be generated. 
These should not be counterintuitive, formulaic 
rules that take the art out of clinical medicine, but 
effective means to reduce the disturbingly high 
rates of medical errors and health care costS.ll 

M. Little recommended attention to a more 
fundamental level: "There is far too little research 
being done on the value-base which justifies medi
cine and surgery and rationalizes assessments of 
quality-of-life and outcomes."12 

Secondary aims. Secondary aims of surgical re
search might include advancement, fame, grants, 
wealth, or greater personal efficiency. M. Little 
expressed the unanimous opinion of our authors: 
"Research prowess does not translate into high in
come." The demonstration of efficiency (e.g., per
forming good studies, writing papers for high
impact journals) and garnering more financial 
support of research were viewed as significant sec
ondary aims in most countries. Efficiency is be
coming increasingly linked to the other secondary 
benefits, particularly in North America because of 
the industrial revolution overtaking health care. 
The pathway to advancement may be smoother 
for the proficient surgeon-manager than the pro
ductive surgeon-scientist in this setting. Outcome 
research and research documenting efficiency link 
the skills of the scientist and the manager. 

Complexity. The service impact on society was 
identified by J.K. Banerjee as the specific aim of 
surgical research: "Health insurance and social se
curity have failed to meet the surgical cost of 
nearly 5 billion of the world population. The spe
cific aim of surgical research in any area is to de
velop surgical services for this category of people 

by their contribution and the surgeons' innova
tion." This point is strongly supported by H. 
Gibbs.u We regard this, and all research that in
corporates the interactive social, governmental, 
and cultural forces, as research in complex sys
tems, requiring a departure from the deterministic 
or stochastic reductionism that has characterized 
much of surgical research. 

Studying complexity was not identified as a 
specific aim of surgical research for the United 
States, Israel, Australia, or Germany. The trend 
toward simplification and linear thinking was 
summarized by M. Little: "The question about 
complexity as a specific aim is an interesting one. 
I think that one of the problems with surgical re
search in this country arises from a devotion to 
reductionism. We are very much in the thrall of 
the British and American empiricists, and I think 
that we have suffered from this by denying the 
importance of holism with all its attendant com
plexity." 

Only J. Wong (Hong Kong) considered com
plexity as a specific aim for surgical research. Per
haps this is a cross-cultural difference. In their 
Illustrated Guide to Chaos Theory, Briggs and Peat14 

state that the first culture to investigate the inter
action of order and chaos was China. 

The dawning realization that complex systems 
can and should be analyzed by surgeons requires 
an important change in methodology, and a shift 
in our thinking away from linear thinking about 
unique molecules such as tumor necrosis factor or 
nitric oxide. A more holistic look at all interacting 
reactions will bring us closer to understanding the 
complex systems interacting in cells, organisms, 
and whole societies. The reductionist linear and 
stochastic models learned in the surgicallabora
tory may constrict the viewpoint of surgical lead
ers trying to solve large-scale problems in surgical 
services research and national health policy. This 
problem will be discussed further in the Com
mentary section. 

Methods in Surgical Research 
(Tables 65-2 and 65-3) 

There was no single research methodology that 
all participants unanimously agreed upon. The 
heterogeneity of views was greater than in any of 
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Table 65-2. Methods in surgical research! 

Methods in surgical research 

Scientific criteria • Measurability 
• Repeatability 
• Avoidance of bias 
• Ethical soundness 

Research disciplines • Biomedical (e.g., molecular 
biological) 

• Clinimetric (scores, decision 
making) 

• Information science 
(networks) 

Approach to problem • Laboratory (cells, animals) 
solving • Clinical trial 

• Thorough analysis 
• Intuitive (surgery as art) 

Concepts of analysis • Deterministic (one cause, 
one effect) 

• Stochastic (some probability) 
• Fractal (chaos related) 
• Intuitive 

"+ +, very important; +, important; ( + ), less important; 0, no. 

'The first 3 are equally important. 

1 2 
Ind Isr 

+ 0 
+ 0 
+ ++ 
+ + 

+ 0 

+ + 

+ + 

+ 0 
+ + 
+ + 
+ 0 

+ 0 

+ + 
+ 
+ 0 

3 4 5 6 7 8 9 
Tun Fra Aus Ger NAm HK Den 

+ + + + + + + 
+ + + + + + + 
+ + + 0 + + + 
+ 0 ++ + ++ 0 + 

0 0 + + + + + 

+ + + + (+ ) + + 

+ + + + 0 + 

0 0 + + + + + 
+ + + (+ ) + + + 
+ 0 + + + + +b 
0 0 0' + + + 0 

0 + + + + + 0 

+ + 0 + + + 
0 0 0 0 + 0 
0 0 + 0 + 0 

'Australia is in contrast to the author, who very much appreciates intuitive (reflective) research. 

the other parts of the survey, especially when the 

preferences for a methodology to solve a clinical 
research problem were asked for (Table 65-3). 
However, there was general agreement about the 
importance of such scientific criteria as objectivity, 
measurability, repeatability, avoidance of bias, and 
ethical soundness, reflecting the currency of de
terministic and probabilistic analysis. Clinical 
problem solving in surgery included laboratory 
analysis (biochemistry, molecular biology) in all 
countries except Israel, Tunisia, and France. 

Formal surgical decision analysis. Clinimetric 
methodology, including formal mathematical 

scoring and decision analysis, was accepted in all 
responding countries, but given different levels of 
importance. In Germany this approach is now 
considered equally important to all forms of bio
medical research within the German Surgical So
ciety; in the United States, clinimetric approaches 
are far less prevalent in surgery. The abstracts of 
the Society for Medical Decision Making from 
the United States are predominantly from internal 
medicine; only one group in surgery regularly par-

tlC1pates (J.R. Clarke, Philadelphia). In Ger
many, surgical units dominate the contributions 
to the European Society of Medical Decision 
Making, just the opposite to the United States. 
This difference was documented in 1996 in the 
two country profiles for clinical research in The 
Lancet. 1S,16 

The preference among surgical researchers for 
biomedical versus clinimetric methods in surgical 
research varied considerably between the coun
tries (Table 65-3). J. Benbassat: "an emphasis on 
clinimetrics, decision sciences, clinical guidelines, 
observational analysis detects institutional failures 
that cause medical errors. Biomedical methods 

have secondary importance. The basic science of 
clinical practise is clinical epidemiology."I? 

M. Little saw a balance between biomedical 
and clinimetric data sorting. M. McKneally 
stated, "Biomedical methods still seem to pre
dominate over clinimetrics and information sci
ence in the United States." The situation in Ger
many is similar to that in Australia.1s 

Controlled clinical trials. Clinical trials were al-
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Table 65-3. How are research problems ap
proached in your country?· 

Country 

India 

Israel 

Tunisia 

Australia 

Germany 

North 

Nomination and ranking 

1. Invitation of surgical specialists for 
discussion 

2. Invention of simpler techniques 
than those with high costs 

1. Laboratory analysis 
2. Thorough logic analysis 

Controlled clinical trials 

Controlled clinical trials 

1. Laboratory analysis 
2. Thorough logic analysis (Cartesian 

type) 
3. Intuitive, expert analysis and 

controlled clinical trials on equal 
level 

1. Controlled clinical trials 
America 2. Laboratory analysis 

China Controlled clinical trials 
(Hong Kong) 

Denmark Laboratory analysis, thorough logic 
analysis and controlled clinical 
trials on equal level 

"Items of problem solving taken from Table 65-2. Preference 
expressed by ranking; no ranking means preference for only one 

approach. 

most universally accepted (Table 65-2), but pref
erences differed (Table 65-3). In Germany, there 
is continued resistance.1S,lS Can the wide support 

described for controlled clinical trials be a reflec
tion of personal bias, rather than the scientific 
conformity of all the countries including the Mid

dle and Far East with the Western world? Or may 

it also reflect medical education that is strongly 

oriented to the Western world? These questions 

about the heterogeneity of "surgical research 

around the world" require research beyond this 

survey. 
]. Benbassat denoted the avoidance of bias as 

the main methodological issue. The most fre
quent bias in surgical clinical research is the pla
cebo effect of surgery, and selection bias-an ar

gument stressed by H. Troidl.9 Avoidance of these 

biases is fraught with methodological difficulties 
and ethical uncertainties for which methodolo

gists have no ready solutions. M. Little empha-

sized the influence of strong teachers on Austra

lian surgery: 

We have been obsessed by a statistical correctness 

in this country for many years, and a number of 

influential people, including Hugh Dudley,John 

Lubrook, and John Hall, have written extensively 
on good statistics in surgical research. The search 

for objectivity, numbers, and ways of treating 

numbers is therefore paramount in our clinical 

research. So is the design of trials. 

Experience-based intuitive judgment. We found 

considerable cross-cultural difference of opinion 

about intuition.19 In the German tradition, intui

tion was judged to be much more reliable ("the 

experienced clinician is usually right") than in the 

Western community ("intuition is distorted by 
misjudgment of probabilities").19,2o 

J. Benbassat: I am biased against the intuitive 

approach that regards medicine in general and 

surgery in particular as an art. This claim is only 

too often used as an excuse for an inability to 

explain to others "how I did it." 

M. Little: We are still somewhat overconnected 

to determinism, but the national interest in sta

tistics has made all researchers aware that most 

biological outcomes are stochastic rather than 
purely deterministic. The devotion to reduction
ism, however, still keeps people looking in a de
terministic fashion, particularly in their labora

tory investigations. I am aware of a few projects 
using fractal theory but neither fractals nor chaos 
have penetrated our· surgical thinking mlJ,ch. I 

might detect a slight cultural problem with the 

word intuitive. In common parlance in Australia 

it means something like "inspired guess work." I 

think it has other philosophical meanings that 

are much richer. Many of my surgical colleagues 

are now starting to see that there is a real value 

in reflective research of the philosophical kind, 

as they meet problems that are not met by con

ventional models of ethics nor by the conven
tional reductionist approaches. 

J.K. Banerjee: Intuition was highly valued by 
philosophers and their students both in China, 

India, Greece, and Egypt. And this was the basis 
of the entire philosophical and mathematical de-
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velopment in the earlier part of human civiliza

tion. 

An individual analysisl9 and a group discussion 
forum21 drew attention to a related difference be
tween cultures: the German public and its clini
cians very much dislike the term and concept of 
uncertainty,22 whereas great parts of the Western 
culture revere" the art and science if uncertainty. "23 

They understand uncertainty not as a threat, but 
as a status that one can comfortably live with. 
"Clinical equipoise,"24,25 or a balance of conflicting 
opinions within the expert community, is the ethi
cal prerequisite for a randomized trial. ls,22 The at
titude to randomized trials differs between cul
tures, strongly influenced by different approaches 
to problem solving and concepts of analysis. 18 

Ethical correctness. The dominant influence of 
research ethics review was not reported from France 
and China. It was heavily emphasized in Australia 
and the United States, for different reasons. 

M. Little: The ethical movement in Australia is 

strong. We have been particularly influenced by 
Peter Singer from Melbourne and by numerous 

bioethical institutes that have sprung up in every 

major city. I am concerned, however, that much 

of the ethical deliberation is somewhat mecha

nistic. Nevertheless, there has been a welcome 

upsurge of interest in all levels in the last few 
years. The Royal Australasian College of Sur
geons, for example, is turning its main plenary 
session at the next scientific meeting into a series 
of workshops on major ethical topics. 1 

M. McKneally: Ethical correctness and occa
sionally excessive political correctness have be

come clear-cut concerns; for example, the Na

tional Institutes of Health requires that clinical 

studies be designed so that treatment effects can 

be evaluated among female patients and minority 

group members. This is a reaction, or perhaps an 

overreaction, to the exclusion of women in the 

childbearing years because of feared conse

quences to the fetus. 

Ethical issues are also of concern in India. 

J.K. Banerjee: Ethics is a variable factor depend

ing on a society's values at any given point of 
time. In the next National Conference of Rural 

Surgery here in India we are holding a sympo-

sium on ethical and legal issues in rural surgical 

practice in India. While our law forbids anesthe

sia being given without a qualified anaesthetist, 

a large number of rural surgeons are operating 

on emergencies by giving anesthesia themselves, 

out of the need to save lives of those who would 

otherwise die due to lack of transportation fa

cilities. So what is ethical in a given situation in 

our world today is greatly dependent on available 
resources and human judgement. 

Results of Surgical Research 

Respondents were presented with a table listing 
the content (items) of surgical research and an ar
ray of fields of study such as oncology, infection, 
and perioperative risk to help formulate their 
thinking. Items listed were (1) techniques and 
technical aspects, (2) increase of knowledge about 
patients, (3) improvement of outcomes ("biologi
cal" equates with hard data), (4) improvement of 
outcomes ("clinimetric" equates with soft data, 
e.g., on quality of life, patient's expectations and 
satisfaction), (5) others (in order to stimulate new, 
innovative items). 

The responses of the participants were remark
ably uniform. The importance of outcome-related 
research was emphasized in all comments-and 
this is a dramatic change over the last 10 years. 
The importance of outcomes measured with cli
nimetric methods, of health status, quality oflife, 
of outcomes expressed by patient's introspection 
and subjective judgment (data obtained by the 
qualitative, hermeneutic approach) was also em
phasized in all comments-and this is again a dra
matic change over the last 10 years! The three 
following comments illustrate this: 

J. Benbassat: The central importance of outcome 

research has been emphasized. I do not see any 
difference between so-called hard and soft mea

sures. The main technique to be developed is the 

interpersonal skill whereby surgeons can elicit 

patients' preferences regarding quality of life. 
Perioperative risk research is my preference. Es
sentially, surgery is expected to be safe and ef
fective. During the last decade, safety has im

proved dramatically. Anesthesia is an example of 
a clinical subspecialty that succeeded in reducing 

errors through continuous quality improvement,S 
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namely, through an analysis of errors and im
proved monitoring. The escalating frequency of 
negligence claims will be an additional motiva

tion for the focus of surgical research on reducing 

perioperative risk and postoperative complica
tions such as infections. I believe that the ori
entation to safety is foremost in importance. 

M. Little: Australians still spend quite a bit of 

time investigating and reporting technical as
pects of surgery. Their clinical research is very 
much aimed at practical outcomes and increased 

knowledge of patients and their diseases. What 
outcome research is being done depends both on 
biometric and clinimetric data. I am somewhat 

unhappy calling clinimetric data soft data, be

cause it performs rather well in comparison to 
what is generally called hard data. I am person

ally very much devoted to concepts of further 

understanding societal values, by which we may 
better judge the outcomes of our surgical pro

cedure. 

M. McKneally: Techniques and technical aspects 

were once the dominant area of North American 
surgical research. Outcome evaluation is gaining 
precedence. There is less in-depth research about 

the real impact of interventions in patients lives 

and some confusion in the outcome variables 
measured; for example "return to work" is a com
plex endpoint, where motivation confounds the 
analysis. When serious illness such as cancer or 
heart disease results in a surgical intervention, 
the operation may frighten the patient away from 
further work or validate his claim that his illness 
is serious enough to stop working. I am currently 
looking at qualitative research techniques26 to 

clarifY the questions and answers on outcome 
from surgical interventions. This approach in
volves the use of focus groups and interviews em

phasizing open questions. It provides a comple
mentary source of information to quantitative 
studies. (See chapter 29 on "Qyalitative Re

search.") 

Group Dynamics in Surgical Research 
(Table 65-4) 

Publication and language bias. "Political correct
ness" requires that certain questions not be asked 

in public. We thought that it was necessary to 
propose a few of them, because sometimes those 
questions were asked by journalists, 13 and because 

we consider them as interrelated with the aims 

and content of surgical research. We would ne

glect important influences if we were too polite. 
In the introduction to the questionnaire we de

fined a general policy, that we should not be so 
polite that we would not be able to find new hy

potheses and refutations of current beliefs. 

M. McKneally: There is a strong trend toward 
more publication of research from international 

sources in the surgical scientific literature of the 

United States, particularly in journals enjoying a 
large international circulation. 

Imitation of the powerful leadership of the United 

States is present in the English-speaking coun
tries, in Israel, and-in particular-Germany, IS 

but quite typically not in France and the franco
phone society of Tunisia or in the very individu

alistic Scandinavian societies. 

M. McKneally: Language problems have a defi
nite impact in Qyebec, where francophones do 
not have a suitable scientific journal as an outlet 
for their surgical research contributions in their 

own country. The French-speaking departments 

publish occasionally in the Annales de Chirurgie 
in Paris, but in general tend to publish in English 

for a wider readership in their own province and 
country. (A. Duranceau, personal communica
tion) 

The same issue, namely, that clinicians want to 
read clinical research in their own language, also 
influences publication strategies in Germany.IS 

Publication bias was not considered a problem 

by France and some other countries, but it was 
described in India, Germany, and China (Table 

65-4). For example, 

J.K. Banerjee: The rural surgeon is a victim of 
publication bias in our country and abroad. We 
feel this is because the delivery dimension of sur
gical research is ignored by surgeons of the de
veloped world and their counterpart, the profes
sorial surgeons of the developing world, with a 
few important exceptions. 

M. Little: I think that we are the victims of a 
rather curious publication bias. Australians pub-
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Table 65-4. Group dynamics in surgical research" 

1 2 3 4 5 6 7 8 9 
Group dynamics Ind Isr Tun Fra Aus Ger NAm HK Den 

Do language problems affect surgical research? 
• In reading + + 0 0 0 0 + + 0 
• In publishing + + + 0 0 + + + 0 

Do you feel you or others in your area are victims of publica-
tion bias? 
• In your country + 0 0 0 + + 0 0 0 

• World wide + 0 0 0 0 + 0 + 0 

Do research teams create problems? 
• Loss of power by delegation? 0 0 0 + 0 0 + 0 0 
• Should younger people work in lab, older in clinical trials? 0 0 0 + 0 + 0 + 0 

Are international teams built in your area? 

"+, Yes; 0, no. 

lish very widely in the English language surgical 

journals around the world. Our output of pub

lication is high. Our problem arises from the 

weighting assigned to surgical journals when re

search outputs are being assessed. Medical jour

nals, such as The Lancet or the New England 

Journal of Medicine are weighted far more highly 

than any equivalent surgical journal. (See chapter 

14 'Where Should You Publish Your Paper?") 

This means that a physician with the same or 
even a smaller number of publications will have 

higher publication weightings than his surgical 

colleague. This probably tells you that Austra

lians are very prone to use formulae to measure 

outputs of this kind. I think that this is a real 

problem for surgical workers. 

These comments have important implications: 

(1) Surgical researchers in countries or regions 

that do not belong to the English-speaking West

ern world adapt very much to the latter as a domi

nant culture, and do not find adequate means to 

express their own needs and feelings. (2) Surgical 

research is generally undervalued, a problem very 
much recognized in Germany.9,15 

Participation in Trials. This section was devel

oped from leading questions, for example, "Are 

there problems in creating research teams, such as 

losing power by delegation? Should younger sur

geons work in the research laboratory, and older 

ones in clinical trials?" The latter question was 

0 0 + + + + + + + 

stimulated by Vandenbroucke's provocative sug

gestion that 

progress in medicine is dependent upon young 

creative researchers who approach the problems 

with an abundance of novel ideas, while the final 

demonstration of the effectiveness of some 

therapy by randomised trials might be left to 

their burnt-out superiors who are only good for 

administration and organisation,27 

Vandenbroucke was deliberately impolite, but 
he said what many basic scientists in the biomedi

cal field think, and what many academic clinicians 

parrot, because of their inferiority complex toward 
"very basic research." H.R. Wulff refuted Van

denbroucke's challenge: 

The planning of randomised trials presents a 

great intellectual challenge and I disagree strongly 

with Vandenbroucke's remark. Young doctors 

should engage themselves in that type of research 

all over the world, I actually find it a scandal that 

surgeons introduced endoscopic surgery in the 

absence of evidence from properly conducted tri

als, ,., [Alleged] advances in medicine are no 

substitute for the accumulation of simple empiri

cal evidence. 

Respondents from France, Germany, and 

North America favored an individualistic ap

proach, expressed in the comment of M. Mc

Kneally: 
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Large trial groups create authorship problems. 

These are poorly resolved by publication of very 

long lists of participants. Younger people tend to 

want to distinguish themselves through work in 

the laboratory following an old tradition, but in 

recent years more of them are seeking training 

in epidemiology and trying to gain leadership 

roles in clinical trials early in their careers. 

The view is quite different in Australia. 

M. Little: In this country, we do not really lose 

power by delegation, and I do not see that as a 

major problem. Each person has his own inse

curities, and there are certainly some who decline 

to delegate. Nevertheless, I do not see those who 

delegate as losing power. I think this in part re

flects the egalitarianism of this country. I would 

not necessarily assign just the younger people to 

the laboratory and the older to clinical trials. 

Some of our best laboratories have been run by 

very active researchers in their 60s. 

It should be emphasized that almost all coun
tries have a positive attitude toward international 
teams. IS 

Two answers to the question, "Is scientific ter
minology related to your culture?" should com
plete this section. 

M. Little: There is no. question that terminology 
is a problem between cultures. My comments on 
the word intuitive reflect this. European educa

tion stresses philosophy and the philosophy of 
science far more than ours does. In the United 
Kingdom, there is a reasonable strand of philoso
phy in school education, but there is practically 
none in Australia. For this reason discussion of 

conceptual matters can pose problems. Your 0N. 
Lorenz's) mention of the word theoretical em

phasizes this point. British empiricism domi

nates, and words like dialectic and hermeneutic15•28 

are almost unknown among surgical researchers 

in this country. 

M. McKneally: Scientific or medical termi

nology does have cultural impact and specificity. 
The term theoretical surgeon, though well estab
lished in Germany since the time of Semelweiss, 
seems an oxymoron in English because of the 
strong emphasis on empiricism and practical ap

plications in the conduct of surgery. Some other 

words have excessive emotional overtones. The 

use of the word client to designate a patient en

rages surgeons because of its connotation of 

market transactions that degrade the patient

physician relationship. Rationing inflames and 

confuses discussions of resource allocation de

spite its appropriate place in studies of expensive, 

innovative technologies. 

Closing 

The clearing conference on Surgical Research 
around the World was intended as a formalized 
procedure to exchange views among participants 
from different societies, countries, and cultures. 
The selection of topics and the structure of the 
questionnaire was clearly subjective and domi
nated by the steering committee, although the 
participants had many chances to escape its re
strictions. 

H.R. Wulff addressed three missing issues of 
the clearing conference: 

There is a great need for classical randomized 
clinical trials in surgery and for meta -analyses of 

such trials. I know that there are still many who 

disagree with this point of view, but also many 
who agree, and I miss a detailed discussion of 

this issue .... I also miss critical discussions of 
technology assessment and quality assurance. I 
think that these are the main issues that must be 

faced by the international surgical community in 
order to harness the introduction of new tech
nology. 

In his preface to Invitation to Social Psychology, 2 

Philipchalk drew attention to cultural influences 
on behavior. 

This emphasis reflects a growing awareness 

among social psychologists that culture affects 

virtually everything we do. As modern commu

nication and mass migration increasingly brings 

diverse cultures into contact, and multicultural 

societies struggle to cope with their diversity, the 
potential for cultural clashes is enormous. At the 
end of the twentieth century, understanding cul
ture's impact is a very practical necessity. 

The part that social psychology plays in medi
cine in general and in surgery in particular is not 
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only social cognition, which deals with diagnostic 
and therapeutic decision making, but also proso
cial behavior: helping others. Why and how doc
tors help the patients is a subject of great interest 
to social scientists.2 Two interesting cross-cultural 
perspectives on this issue have been published;29.30 
L. Payer's30 lively account is focused on surgery 
(bypass operations and hysterectomy) in four 
countries of the Western world. Cross-cultural 
and cross-national issues in clinical trials, espe
cially in relation to quality of life and to 
pharmacoeconomics, are extensively covered in 
Spilker's second edition,31 However, most of the 
articles refer to technical and methodological as
pects and do not relate to clinical issues. 

It is incumbent on surgeons to become familiar 
with these approaches, and to provide realistic ap
praisals based on their unique insights. As we have 
learned in assembling this chapter, there is a rich 
variety of viewpoints and values that can 
strengthen surgical research and practice. 

Commentary: Reflections 
on Surgical Research around 
the World 

Over the past 10 years, there have been three quite 
different editions of Principles and Practice of Re
search. The changes reflect the positive impact of 
research on the larger practice community and in
novative developments in the conduct of research. 
In previous editions, there has been a strong sug
gestion that there are quite different forces that 
influence surgical research within different coun
tries and cultures. This commentary is a reflective 
consideration of some of these forces. 

1. Globalized information. Information about 
human beings has been globalized within a small 
frame of simultaneity, giving the impression that 
we have nearly achieved global unity through in
formation. 

• One of the consequences is an increased pres
sure to establish emotional equality among all 
human beings. Clinicians, for example, who 
visit colleagues all over the world, develop great 
personal sympathy for them. Thereafter when 
they watch disasters on television in areas they 

are now familiar with, for example, in India, 
Philippines, China, or South America, they feel 
compassion toward these regions, not on a na
tionallevel but on the level of the individual. 

• A second consequence of international contacts 
is increased pressure to establish fairness in 
medical care and clinical research. This pres
sure probably arises from the painful fact made 
obvious by the information superhighway
that the presentation of discoveries and newly 
established knowledge at present is unbalanced 
because of domination by an elite group of 
First World countries.13 

• A third consequence of the globalizing of in
formation is awareness of the different ways in 
which people in the various societies, regions, 
countries, and cultures value and conceptualize 
health and scientific research.19,32,33 The para
digms34 of illness, risk, quality of life, and the 
theoretical and intuitive approaches to medical 
problem solving differ greatly, even in terms of 
etymology.28 International partners in research 
from different communities sometimes despair 
that they will ever establish a common vocabu
lary, much less come to some form of research 
consensus. This issue prompted some of the 
language and conceptual probes we included in 
the questionnaire. 

2. Rise of molecular biology. The explosive ad
vances in molecular biology and particularly mo
lecular genetics over the past 10 years has created 
a powerful influence over surgical research, prom
ising solutions to some general problems of man
kind, such as lethal sepsis, tumor development 
and progression, hypertension, autoimmunity
even physiological and pathological aging. As this 
new discipline attempts to explain its findings, it 
also creates its own highly specialized language 
and terminology, paradoxically isolating clinicians 
and inhibiting communication. 

More importantly, it can lead to unrestricted 
reductionism 15 based on a purely mechanistic 
model of illness.28 The dangers become obvious 
when preemptive surgery is recommended for ge
nomic abnormalities, for example, prophylactic 
mastectomy in patients with BRCAI and BRCA2 
inherited susceptibility mutations, because they 
carry an increased risk for mammary cancer.36 Ex
aggerated optimism based on belief in the benefits 
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of technology shocks critical clinicians (Wulff et 
al.28). Technology can diminish compassion and 
awareness of the ethical requirement to "do no 
harm." It does not engender respect for the im
portance of the relationship between the patient 
and the doctor. These problems fall within the 
domain of social psychology;2 we suspect that they 
will be handled differently in various countries. 

3. Outcome movement. The outcome move
ment37 is a more recent cause of paradigmatic shift 
urgently demanding changes in surgical research. 
There are two major factors responsible for this 
movement: the economic crisis of health care37 

and the demand and capability for performance 
of quality-of-life research.38,39 QIality of life is 
now an important endpoint of studies in diseases 
with high mortality, such as cancer, and low mor
tality, such as gallstone disease. Outcome research 
also includes the analysis of individual choices be
tween endpoints. The leading scientific method
ologies used to carry this out are utility analysis40 

and cost-effectiveness analysis.41 The values given 
to different outcomes of treatment vary in differ
ent human societies. As in the case of India, re
ported by Banerjee in this chapter, choices made 
under economical restraints have considerable in
fluence on surgical research. 

4. Concept of complexity. In contrast to the first 
three major sources of influence, it is less obvious 
how the "new" methodology of handling com
plexity forces us to alter and to broaden surgical 
research. 

We are at the beginning of a scientific revolu
tion, in the terminology of Kuhn;34 some of its 
highlights have gained publicity and carry an 
emotional charge: chaos as a turbulent mirror of 
biology,14 complexity as a new science at the edge 
of order and chaos,42 selJ-organizing systems, 43 and, 
finally, the science of wholeness. 14 Despite this un
familiar and somewhat poetic terminology, these 
new models and methodological systems offer us 
solutions for important unsolved clinical problems 
such as the management of sepsis,44-47 the mea
surement of wound healing,48,49 and assessment of 
the increased perioperative risk in senescence. 50 

Terminology. In order to understand the analy
sis of complexity, we have constructed a glossary 
of definitions that do not follow mathematics or 
formal logic (chapter 55). Popperian definitions 
are descriptive denotations of the term, with as 

many specific attributes as possible. (See chapter 
1, "Toward a Definition of Surgical Research"). 

• Stochastic. This attribute in a model of the real 
world implies the presence of at least one ran
dom variable (i.e., a variable with uncertainty). 
It describes concepts derived from statistics or 
from probability theory. The Greek root, sto
chazesthai, means to aim at a target; people 
dealing with stochastic processes tend to fore
cast future events, with the aim to be true, but 
to accept some calculated uncertainty or scatter. 
Much contemporary science relies on stochas
tic or statistical inquiries and analyses. 

• Deterministic. This attribute in a model of re
ality implies that no random elements, only 
fixed elements, are included. Hence the future 
course of the system, as a prediction, is deter
mined precisely by natural laws and the exact 
state of its components at some fixed time 
point. Deterministic systems are rigid, but usu
ally more simple than stochastic ones. Deter
minists deny the existence of chance and em
phasize the influence of laws and explicit 
causes, 

• Chaotic. Chaotic processes are no longer con
sidered to be expressions of irrationality. They 
follow rules that can be formulated by special 
nonlinear equations (e.g., g(z) = Z2 + c, from 
Mandelbrot51). The attributes for such pro
cesses (and therefore also predictions for an out
come in the future) are not one-dimensional, 
two-dimensional, and so forth. Parts between 
one and two or between two and three are 
called fractals obtained from repeated iterations 
of the nonlinear equations. 52 Chaotic processes 
do not accept the classical differentiation be
tween stochastic and deterministic events (pre
dictable with some uncertainty or with an ab
solute necessity), but combine them. Chaos is 
stochastic behavior occurring in a deterministic 
system. Chaos predicts that very small causes 
may elicit-by iterative processes-very severe 
effects (the poetic but not fanciful example of
ten quoted is that the wing stroke of a butterfly 
in China might be the cause of a hurricane in 
the United States a few weeks later14). The 
analysis of chaotic processes provides a new way 
to approach the understanding of complex sys
tems53 and new models for the transition be-



648 W. Lorenz, M. McKneally, H. Troidl 

tween regular and irregular behavior in physio
logical or pathophysiological systems such as 
ventricular fibrillation or septic shock. 

• Fractal. Fractal models can be described as 
complex shapes (e.g., in wound healingt8.49) 
that cannot be described by classical geometry 
with one (line), two (surface) or three (space) 
dimensions. Fractal analysis is derived from 
chaos theory; it uses the nonlinear equations 
mentioned previously. A fractal line has a di
mension between a line and a surface, and a 
fractal surface has a dimension between a sur
face and a volume or space.49 Other attributes 
of fractals include self-similarity, a very impor
tant attribute in chaos theory: at smaller and 
smaller scales similar forms (sets of variables) 
are repeated within the same shape.49 Thus re
tention of complexity is guaranteed, whether 
on the molecular, cellular, whole animal, or 
clinical level. 

• Complex. The simplest way to describe a com
plex system is that it is a great many indepen
dent variables (agents, effectors, mediators) in
teracting with each other in a great many 
ways.42 This definition does not predict the 
model of handling the many variables, which 
might be stochastic, deterministic, chaotic, or 
fractal or something else. (See L.J. Cohen54 for 
an excellent discussion of this point). The sys
tem in the real world (the patient in his clinical 
situation) is modeled (by the doctor, the nurses, 
the health managers) using particular items and 
the relations between the items. If the items 
and their relationship are affected by or change 
over time, the term dynamic instead of static 
systems is used.55 This is usually the case in 
clinical situations. The more items and rela
tions a system demonstrates, the greater is its 
complexity. Intricacy is an expression of the in
homogeneity of the items. In clinical practice, 
the complexity can be measured by clinical al
gorithms structure analysis (CASA).56.57 Using 
the same clinical situation (e.g., anastomotic 
leakage after resection for colorectal cancer), 
the CASA values for managing the patient 
(case-related clinical practice guidelines) may 
vary from 19 to 168 units (Table 65-5). Com-

plexity and intricacy are important analytic 
concepts in our routine clinical world. 

• Intuitive. Attributes of intuitive reasoning for 
diagnostic and therapeutic processes consist of 
multistage inferences with partly unproven 
steps.19 Experience is essential for making in
tuitive decisions correcdy; this was very nicely 
defined by leading information scientists, in the 
Dreyfus scale of clinical expertise58 (Table 
65-6). One attribute of complex systems, self
organization, fits very well with intuition: "In 
every case the very richness of these interac
tions allows the system as a whole to undergo 
spontaneous self-organization."42 This state
ment supports experience-based intuition as a 
valid strategy of surgical decision making (see 
R.M. Hamm59 for a contrasting view). This has 
important implications for cross-cultural atti
tudes to clinical practice guidelines60 because it 
no longer places the experience-based intuitive 
judgment of the experienced surgeon at the 
bottom of the cognitive continuum for solving 
clinical inquiries and clinical research prob
lems.59 

Application of methodology. How can we use 
these models in finding treatments and predicting 
outcomes in complex clinical situations?61 Let us 
look at sepsis, a frustrating problem. In contrast 
to optimistic predictions derived from reduction
istic experiments of basic scientists,62 the clinical 
reality in sepsis remains dismal. One randomized 
trial after another has failed to demonstrate re
duction in mortality or morbidity.63 Our classical 
reductionistic approach using deterministic cell 
and animal models (Koch-Dale criteria52) could 
not solve this problem. The jump to the next level 
of complexity, integrating diagnosis, scoring, 
operations, antibiotics, and intensive care in large, 
multicenter clinical trials applies the same deter
ministic, reductionistic thinking. We look for a 
single "magic bullet" such as a cytokine, antibody, 
or drug; but when we find one in the laboratory 
and test it in a clinical trial, we always fail to show 
effectiveness.63 

An example. The example of adverse cardiovas
cular effects of antimicrobial agents in a clinical 
trial will help to clarify the complex interaction of 
stochastic and deterministic events. Two of us 
(W.L. and H.T.) were engaged in a randomized 
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Table 65-5. Measurement of clinical guidelines (algorithms) complexity. 

a) Seed algorithm: Patient with colorectal cancer and postoperative leakage of anastomosis 

Colonic resection 
and postoperative leak

age of anastomosis 

2 

3 

- Removal of foci 
• - Intraoperative 

lavage 
4 

• - Raising of anasto
mosis colostomy 

• - Performance of 
new anastomosis 

~-----~ 

• Peritonitis 

no 

7 
Improvement 

of health 

yes 

8 

Normal ward 

• Laparotomy 

no 

• - i.v. Antibiotics 
- Transfer to ICU 5 

yes 

b) CASA Scores for case-based algorithms of individual centers on anastomotic leakage 

Columbes-Paris 
Cologne 
Siegburg 
Altotting 
Frankfurt 
Delmenhorst 
Eindhoven 
Bristol 
Brooklyn 
Hamburg 

Center (surgical clinic) 

Seed algorithm (see above) 

(France) 
(Germany) 
(Germany) 
(Germany) 
(Germany) 
(Germany) 
(N etherlands) 
(UK) 
(USA) 
(Germany) 

• Planned 
relaparotomy 

no 

Improvement 
of health 

no 

yes 

CASA score 

19 
20 
20 
22 
29 
29 
31 
80 
81 

168 

53 

CASA (scores) ~ 2 D, + Do + 2: L" when D, ~ number of decision box ( < > ), Do ~ number of all action and state boxes (c:::::J), L, ~ 

weighted sum of all boxes between loop origin and reentry, and n ~ number of loops. The seed algorithm was proposed from all individual centers 

for a consensus process in Marburg, January 7-9, 1997. 
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Table 65-6. The Dreyfus Scale of Expertise (from Hilden59). 

Stage Characterization 

Novice The novice uses rules to pick out elements of a task and make simple decisions. 
When the car reaches a speed of 20 mph, it must be shifted into third gear. To 
interpret an ECG, first try to identify P waves and check their regularity. 

Advanced beginner The advanced beginner starts perceiving clusters of situational elements as a whole 
(the sound of the car engine or in the stethoscope), but must still rely on rules for 
making simple decisions. 

Competent The competent clinician has internalized most of these functions, but for high-level 
planning of diagnosis and treatment he or she must still rely on cookbook reasoning. 

Proficient The proficient individual handles tasks without hesitation or apparent effort. He does 
more than just drive the car: he simply goes where he wants to. She has acquired a 
flair for the important features of her task, while irrelevant ones recede into the 
background. (Flair may thus be acquired.) Even strategic ideas or hypotheses sug
gest themselves without conscious use of specific rules or heuristics, but major de
cisions are still analytical in many situations. 

Expert The true expert has internalized all aspects of the decision process. He or she sees the 
problem, sees the solution, and acts accordingly. 

controlled trial64 that included the measurement 
of histamine release in the perioperative period. 
A catastrophic event, cardiovascular collapse, was 
observed at unpredictable intervals. The clinical 
situation was complex, including an activated net
work of cytokines and an uncontrolled array of up 
to ten different drugs. Any of these factors might 
be contributory, but hypotension occurred unpre
dictably 10% of the time after prophylactic ad
ministration of cefuroxime with metronidizole. 

We followed the classical approach of Des
cartes, who is not only one of the fathers of re
ductionism65 but also of the analysis of com
plexity; "[1 resolved] to direct my thoughts in an 
orderly manner, by beginning with the simplest 
and most easily known objects in order to ascend 
little by little, step by step, to knowledge of the 
most complex, and by supposing some order even 
among objects that have no natural order of pre
cedence."66 (See also chapter 1, "Toward a Defi
nition of Surgical Research.") 

We analyzed our clinical problem by model
ing,61 using animals, in vitro studies, and the in
tuition of experienced clinicians, to perform a 
Cartesian decomposition of the swirling mass of 
variables associated with sepsis and its treatment. 
Surely, within this complex array of treatments, 
effects, intentions, complications, expertise, and 
misfortune, there had to be deterministic, causal 

components as well as random events. There was 

an intelligible summation of causes, but it did not 
lend itself to the usual reductionistic pharmaco
logical analysis. Complex interactions of antibi
otics and endotoxin, not simple direct effects, 
were detectable using isolated vascular tissue from 

the guinea pig aorta (Figure 65-1). The more the 
experimental model captured the conditions of 
the complex clinical scenario, the more predicta
ble were the complications, even though we could 
not entirely explicate the causal network. Differ
ent antibiotics behaved differently. They elicited 
or modulated histamine-related and histamine
unrelated cardiovascular instability only in the 
complex experiment in piglets that modeled com

ponents of an anterior resection of the colon. Hy
potension did not occur in the simpler experiment 
of intravenous anesthesia followed by intravenous 

antibiotics, a model more typical of pharmaco
logic reductionism, but not typical of the complex 
clinical situation in which hypotension was oc
curring unpredictably in our trial. 

The lessons we derived from this experience in
cluded the following: 

• A realization of the accuracy of Nobel prize 
winner ].W. Black's insight: "It must be axio

matic that all biochemical events are occurring 
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Figure 65-1. Isolated tissue experiments modeling clinical complexity. Concentration-effect curves of 
histamine concentration in the organ bath fluid and contraction of guinea pig aortic rings. Mean values 
from 8-12 experiments fro each of the doses used in the experiments. (a) Influence of cefuroxime
metronidazole on vascular contraction is shown, but works only in combination with LPS. (b) Influence 
of amoxicillin/clavulanic acid on vascular contraction is shown but does not work in combination with 
LPS. *p < 0.05, t-test. From Kunneke et al 61 
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instantaneously, in parallel, so that, potentially, 
every chemical event could be influenced, how
ever remotely, by every other event."67 

• Recognition that seemingly random events 
within a controlled, logically predictable system 
reflect a chaotic order we do not fully under
stand, but can eventually explicate. Like the ex
ample of the seemingly random contours of a 
coastline, ultimately explained in chaos theory 
as a summation of multiple predictable causal 
factors, our incomprehensibly complex clinical 
situation began to yield a logic we could begin 
to comprehend. 

• Greater understanding and respect for the role 
of the clinician in the basic science laboratory, 
as a guide to relevant issues and components of 
complex unsolved clinical problems, not simply 
a primitive user of reductionistic biomedical 
methods. 

Sepsis, cancer, trauma, cardiovascular disease, 
and the myriad clinical problems facing surgical 
researchers around the world will not yield to ran
domized trials, nor to Bayesian approaches, Mar
kov processes, or reductionistic searches to isolate 
single molecular causes. 52 The paradigm of sur
gical research is shifting toward a more holistic 
analysis, seeking to understand a multitude of 
contributory factors, including societal and cul
tural influences, that we are just beginning to take 
into consideration in our studies. 
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CHAPTER 66 

Intemational Exchange 
for Surgical Education 
L. KOhler, G.K Kum, M. Miserez, D. Rixen, and S. Saad 

Let our young [doctors}, particularly those who aspire 
to teaching positions, go abroad. They can find at 
home laboratories and hospitals as well equipped as 
any in the world, but they may find abroad more 
than they knew they sought--widened sympathies, 
heightened ideals and something perhaps of a Welt
cultur which will remain through life as the best pro
tection against the vice of nationalism. 

-Sir William Osler, Philosophical Essays, 
"Chauvinism in Medicine," 1902 

International exchange for surgical education has 
a long and rich tradition. William Halsted, for 
example, took his postgraduate training in Europe 
from 1878 to 1880. During this period abroad, 
Halsted gained experience in surgical techniques 
unknown to many North American surgeons. He 
formed close relationships with a number of clini
cal and laboratory professionals. When he became 
chief of surgery at the Johns Hopkins Hospital, 
he adopted a training program for residents simi
lar to what he had observed in Europe. The 
knowledge and experience he gained was not only 
a personal benefit, but it also contributed substan
tially to the development of North American sur
gical training programs. 

This chapter will provide some guidelines for 
surgeons who would like to study abroad. The 
ideas expressed are based on the personal experi
ence of the authors. Two of the authors (C.K. and 
M.M.) visited Cologne, Germany, for a I-year 

period. Two others (L.K. and D.R.) trained in the 
United States for 1 and 2 years, respectively, and 
one author visited Japan for 2 years (S.S.). 

Why Go Abroad? 

We are convinced that the training of an academic 
surgeon should include at least 1 year abroad in 
another academic institution. There are several 
good reasons to do so. You will see and learn dif
ferent techniques of surgery, investigative meth
ods, and experimental approaches to unsolved 
problems. This will expand your repertoire as a 
surgeon-investigator and stimulate new ideas. You 
may have the opportunity to learn a specific tech
nique from a master in that field. When working 
together for a prolonged period, scientists tend to 
influence each other's thinking. You will learn al
ternatives for solving problems, and new concepts, 
ideas, and methodologies that you will be able to 
bring back to your own clinic. You will be able to 
compare standards of other institutions with those 
of your own institution, and to judge your own 
position in a particular field. You will learn about 
differences in culture and custom, health care 
policies, socioeconomic structures, and political 
systems. This will help you to understand the rea
sons for differences in various diagnostic and ther
apeutic management protocols. 
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Another very important benefit is the oppor
tunity to form new friendships. These friendships 
often last a lifetime, and allow further exchange 
of thoughts and experience. Moreover, going 
abroad is often an enrichment in terms of personal 
development, such as building skill in foreign lan
guages. 

When and Where to Go 

To benefit from foreign training, prior experience 
in basic surgical skills is a minimal requirement; 
we feel it is best to go abroad toward the end of 
surgical training. It is also useful to have had some 
experience in research methodology and scientific 
writing. One year is short, and you should not 
waste it on learning fundamentals. 

Foreign training may consist of exclusively 
clinical activities, an exclusively scientific experi
mental mandate, or a combination of both. The 
search for a suitable location for foreign training 
should primarily take into account the specific 
purposes of your visit, for example, training in 
laparoscopic surgery. The center you choose 
should be reputable. Check the literature carefully 
for the areas of interest of the clinic and surgeons. 
If the center fu1fi11s the objectives in your area of 
interest, try to interview current or former resi
dents about their experiences there. 

Institutions with experience in foreign resident 
training are often more open to foreigners, and 
the facilities, such as housing and administration, 
are more directed toward visitors from abroad. 

Preparation 

Planning is crucially important; taking training 
abroad without adequate preparation is the big
gest mistake you can make. Ideally, planning 
should start 2 years before the estimated date of 
arrival at your chosen place of study abroad. You 
will need to make sure that you can communicate 
with your future colleagues in at least one lan
guage, for example, English. If this is not the na
tive language, you may have to learn that in ad
dition. You should read as much as possible about 
the people, culture, history, and social customs of 

the country you are visiting. You will want to find 
out what clothing is suitable, especially in the pro
fessional setting. 

Financial arrangements should be made as soon 
as possible. The least cumbersome procedure is to 
be paid by the hospital or institution abroad. 
However, finding such a position is not easy. 
Many foreign resident programs may be available, 
but only a few of them include specific financial 
compensation. In most cases a scholarship is 
needed to finance a resident's training abroad. 
Scholarship applications often need to be pro
cessed more than 1 year in advance, so informa
tion on specific scholarships to support foreign 
training should be gathered early. 

If you wish to participate in patient care, a li
cense to practice medicine is obligatory. The ad
ministrative formalities to be fulfilled differ from 
country to country, for example, the German 
medical license is not accepted in the United 
States. However, all countries have one thing in 
common-the application procedure takes quite a 
long time! 

After determining the site of training abroad, a 
formal application with curriculum vitae should 
be forwarded. If the answer is positive, a short 
visit should be organized, to provide the oppor
tunity to get to know the hospital and to make 
contact with the chief of the surgical department 
and the residents. During this visit, ask the fol
lowing questions: Is a project already planned, or 
are you expected to initiate it? Can you perform 
clinical work? What time of the year is best to 
come? Is there a salary? Are accommodations pro
vided? If not, are there inexpensive, subsidized ac
commodations for residents who are alone or 
those with a family? What about medical and per
sonal insurance? Are there special visa require
ments? Is a working permit necessary? 

If your scientific project has not been planned 
prior to acceptance into the program abroad, it is 
urgent to prepare a plan as soon as possible. Writ
ing a research protocol, funding the project, 
and getting approval from the animal care com
mittee and other institutional committees are 
time-consuming activities that must be done in 
advance. You want to be able to start the project 
right away upon your arrival, rather than losing 
valuable time (sometimes 3 to 6 months) finding 
a project, dealing with the bureaucracy, and plan-
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ning experiments. On the other hand, it is the 
responsibility of the host to help plan the stay of 
the resident. Accepting a foreign resident without 
a clear and practical plan for what the resident will 
do is unfair. 

If you travel with your family, preparation takes 
longer and is more intense. It may be wise for you 
to arrive first and have your family follow you in 
a few weeks-after you have settled in, found an 
appropriate place to live, and overcome the initial 
culture shock. 

What to Do When 
You Are There 

Always remember that you are a guest. After your 
arrival, you will first have to become acclimatized 
to your new situation. You will now be very grate
ful for your earlier efforts to become acquainted 
with the culture, language, and social customs. 

There will be an initial time of probation, when 
your hosts watch you carefully to learn about your 
personality, knowledge, and experience. It is ad
visable to have one responsible staff person as your 
mentor; this is often the director of the depart
ment. You should meet with your mentor on a 
regular basis, perhaps every 2 weeks, to discuss 
progress. It is important not to let unresolved 
problems accumulate until your departure. An 
open conversation in which all experiences, prob
lems, ideas, and initiatives can be freely discussed 
is very worthwhile for the success of your stay. 

If the major purpose of your study abroad is 
development of technical surgical skills, it is ad
visable to have a detailed list of operations in 
which you would like to participate. Constructive 
discussion with the local residents concerning this 
topic is mandatory. Using your privileged situa
tion of being a foreign resident to perform only 

the nice jobs is not fair; you should become a co
operative member of the surgical team and par
ticipate in all aspects of everyday practice. If, in 
your opinion, some techniques or procedures per
formed are inferior to prior methods you have 
learned, you should not criticize. Always be polite 
and tactful. 

You should prepare a reasonable timetable for 
the year and try to keep to it. Leave a few weeks 
of unscheduled time at the end of the year for 
unexpected delays. If possible, attend courses in 
such areas as statistics or epidemiology. Finish 
writing up your project before your departure. It 
is much easier for your supervisors to discuss and 
edit your work while you are still there. If this is 
not possible, a return trip should be considered. 

It is important to participate in festivals and 
cultural events and to learn as much about the 
country as possible. Meeting people and making 
friends, participating in social activities, and trav
eling around the country are good ways to prevent 
homesickness. 

Mter completion of your foreign training, you 
will want to report your experiences to colleagues 
back at your home institution. You should docu
ment your visit, take notes, photographs, and vid
eos, and prepare for presentation. A diary can be 
very helpful for putting your experiences into per
spective. 

Final Note 

There is no question that integrating yourself into 
another medical care system is challenging per
sonally and professionally. The new techniques 
and approaches that you learn, and the durable 
collaborations and friendships you create through 
training abroad will enrich your institution and 
your country as well as your own professional and 
personal life. 



CHAPTER 67 

Survival Essentials for the 
Surgeon-Scientist in Training 
D.] Hackam 

The surgical resident who has just become com
fortable in the clinical world faces a number of 
challenges on entering the unfamiliar world of 
scientific study. A supervisor must first be se
lected, and a research project carefully chosen. You 
must decide whether to enter a graduate training 
program, and if so, courses and a thesis committee 
must be selected. Once research training begins, 
you must make the transition to graduate student 
in science. This process results in significant sepa
ration anxiety from the surgical floors and oper
ating room, as well as frustration with the pace of 
the research process. As the pressures of adjusting 
to laboratory life ease, the next challenges arise. 
These include the submission of abstracts to sci
entific meetings and attending and presenting at 
national and international conferences. 

Planning Your Research Program 

The first choice made by every resident entering 
the laboratory is that of a research supervisor. This 
will be predetermined if a particular scientist has 
recruited you to his or her laboratory. In most 
cases, the resident is interested in "learning sci
ence" and has no preselected mentor; the choice 
of a supervisor from the myriad of scientists at an 
institution can be a daunting task. The following 
suggestions may facilitate the process. (1) The less 

research training you have, the more hands-on su
pervision you will require. In these circumstances, 
choose a lab with a variety of expert teachers in 
the form of postdoctoral fellows, technicians, and 
other students. (2) Consider the track record of 
your prospective supervisor. Unlike the stockmar
ket, past performance in research is a predictor of 
future performance and should be carefully inves
tigated. A quick MEDLINE search can readily 
acquaint you with the productivity and diversity 
of an individual's research program. (3) Meet with 
the supervisor and tour the laboratory. Given the 
long-term investment being considered, the per
sonal interaction between supervisor and student 
becomes paramount. Don't feel obligated to 
choose a particular supervisor because you like 
him or her, but be absolutely certain to avoid a 
supervisor that you dislike. 

The next decision often centers around whether 
to enter a formal graduate program leading to a 
master's or doctoral degree. While the ultimate 
decision remains a personal one, remember that 
the time for completion is approximately 2 years 
and 4 years, respectively. If a degree program is 
entered, complete the course requirements as soon 
as possible. Base your course choices on practical 
grounds and don't be embarrassed to take easy 
courses with an emphasis on material previously 
acquired in medical school. You'll do lots of fo
cused reading in your area of research, so the 
amount of time spent in peripheral areas should 
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probably be minimized as much as possible. 
Choosing a thesis committee becomes extremely 
important. Remember that the committee must 
read and approve your thesis before you defend it, 
so select members with a reputation for efficiency 
and partnership. 

Making the Transition 
from Surgeon to Scientist 

As the surgical resident embarks on laboratory 
training, anxiety related to separation from sur
gery can be a major hurdle in making the adjust
ment to a new life. Until you get "turned on" to 
the research process, anxiety created by losing 
touch (and ground) with resident colleagues can 
be significant. Coping strategies at this time can 
include attending clinical rounds regularly and 
taking occasional call on surgical services, if the 
program permits. Remember, reading a clinical 
paper will generally be easier and less stressful 
than a pure scientific one and will keep you in 
touch with an important part of your life and the 
developing definition of yourself as a professional. 

An important part of the transition that is sel
dom discussed is that the focus in science is so 
different from that in the clinical world. In simple 
terms, scientific training emphasizes a process, 
clinical training emphasizes an outcome. Under
standing this difference may alleviate the ex
tremely common anxiety associated with the ap
parently slow pace of scientific research. As 
residents, we are accustomed to knowing results 
within hours-whether our patient makes it to the 
floor or stays in the intensive care unit, the re
sponse to a saline infusion, the result of an X ray. 
In science, we must become accustomed to know
ing results within days or weeks-the results of 
gel electrophoresis, the expression of a plasmid, 
the sequence of a protein. The sooner you realize 
and accept the difference in time scale, the easier 
it is to make the adjustment. As a rough guide, 
consider this timeline for the achievement of the 
following milestones from entry into the labora
tory as fairly typical: fear, anxiety, confusion (up 
to 4 weeks), pure laboratory neophyte/clinical 
clerk equivalent (3 months), growing confidence 

(6 months), some independence in performing 
experiments (8 months), flying solo (12 months). 

Laboratory Life 

Life in the laboratory for surgical trainees can be 
as variable and as intense as clinical rotations. It 
depends very much on your goals, the supervisor's 
expectations, and the general pace of the labora
tory. Most often, the hours are as long as clinical 
hours, to the surprise of clinical colleagues. A few 
simple rules will help you plan a laboratory rou
tine. (1) Plan on everything taking approximately 
twice as long as you think it should. This reality 
won't necessarily please your supervisor, but it will 
assist you greatly in designing a research schedule. 
(2) Don't be afraid to ask widely about experi
mental protocols. Most things in the lab have 
been done before by at least one person, and sci
entists are generally extremely willing to share ex
periences and even reagents. This can save im
mense amounts of time and effort and can lead to 
useful collaborations. (3) Talk often with your su
pervisor, especially in your early research training, 
both about the planning of experiments and the 
results. There are many ways for an experiment to 
fail, and generally only one way for it to succeed. 
There is a good chance that your supervisor will 
know how to ensure the latter. 

Suitcase Life: 
Submitting Abstracts 
and Attending Meetings 

Submitting abstracts and attending conferences is 
an important part of the scientific research process 
that allows interaction with colleagues in the same 
field and provides an opportunity for communi
cation and personal advancement. Basic science 
meetings tend to be less formal than clinical meet
ings, and graduate students generally present in 
poster format. This is an excellent way to meet 
and receive direct feedback from people specifi
cally interested in your work and may provide im
portant ideas for further study. Clinical meetings 
offer the opportunity to meet like-minded col
leagues and may occasionally provide a podium 
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for the presentation of your research to the wider 
community of surgeons. Both types of meetings 
should be attended at least once, since the expe
riences will be quite different. The easiest way to 
attend a given meeting is to submit an abstract 
and have it accepted. Your supervisor will be of 
critical importance here, both in the selection of 
the meeting and the design of the submission. 

Once the abstract is accepted, a few golden 
rules will ease a great deal of stress as the meeting 
approaches: 

1. Book flights and hotels early. Meetings are of
ten well attended, and the number of flights 
may be very limited, particularly in smaller cit
ies. Similarly, hotels near the meeting site can 
become occupied at a rapid rate, literally leav
ing a student out in the cold. Take advantage 
of a conference's accommodation or hotel
booking service if available. 

2. Register in advance if possible. The feeling of 
control over one's life that one gets when walk
ing to the front of a block-long registration line 
to pick up a prepared identification badge is 
indescribable. 

3. When attending a meeting, pack lightly and 
call home often. 

Survival Essentials 

1. Choose a lab with excellent supervision and 
technical expertise. 

2. Use MEDLINE or another search program 

to review the publication track record of the 
supervisor and lab you are considering. 

3. Interview your supervisor and the laboratory 
members to be sure you will be productive in 
the new setting. 

4. Get your courses out of the way as soon as 
possible. 

5. Choose your thesis committee carefully. 
6. Have a defined controlled exposure to clinical 

work, on a regular basis. 
7. Consult regularly with your supervisor, es

pecially early in your training. 
8. Register early and book flights and hotels 

early for meetings, especially if you are pre
senting. 

Commentary 

Chairpersons far removed from the day they en
tered the laboratory will be reminded of the res
ident's unique needs, which are well expressed by 
Dr. Hackam. Long before they enter the labora
tory, residents should have time to read the pro
tocols, papers, and abstracts covering material that 
they may investigate. This period of mutual as
sessment can help insure that the right resident is 
in the right laboratory. We look for residents who 
are self-starters and have good organizational 
skills, a record of getting things done, and proven 
ability to write. The attitude, skill, and values that 
bring success in clinical medicine generally apply 
with equal weight in the research laboratory. 

M.F.M. 



CHAPTER 68 

Future Horizons 
in Surgical Research 
F.D. Moore 

. . . and a horizon is nothing save the limit of our 
sight. 

To glimpse what lies beyond our horizon, it is wise 
to examine the terrain from whence we come. 
Since World War II, surgical research has func
tioned in four modes. 

1. Developing new procedures. Examples of new 
procedures developed where none existed be
fore include open-heart operations using a 
pump oxygenator, organ transplantation, mi
crosurgery of the brain and middle ear, laser 
surgery of the detached retina, direct arterial 
suture and repair (including aortic aneurysm), 
and prosthetic replacement of major joints. 

2. Building bridges to the basic sciences. Bringing 
basic science directly to the bedside has re
sulted in advances in our understanding of the 
metabolic needs of surgical patients, intrave
nous feeding, the biology of convalescence, the 
use of anticoagulants and antibiotics, and the 
role of immunology in surgery. 

3. Collaborating with clinical colleagues. The blos
soming of cancer surgery into a multimodality 
collaborative treatment, improved orthopedic 
management of rheumatoid arthritis, and the 
use of pacemakers, ultrasound, and computed 
axial tomography are but a few examples of the 
effectiveness of collaboration between sur
geons and other clinical colleagues. 

4. Improving existing procedures by surgical engi
neering. The improvement of surgery is often 
triggered by self-examination and self-criticism. 
This time-honored practice by surgeons is now 
augmented by incisive research. The evolution 
of surgery for breast cancer, liver resection, 
prostatectomy, pituitary neoplasms, and frac
ture stabilization illustrates how surgical care 
has changed and improved through repeated 
performance and a clearer understanding of its 
own shortcomings. Advances in the evaluation 
of new procedures and technology assessment 
belong in this category. 

Surgical research has two basic requirements. 

1. People, institutions. The recruitment and aca
demic support of young people interested in 
surgical research require the establishment of 
surgical laboratories and their expansion and 
integration. To accomplish this, collaborative 
bridges must be built with basic science de
partments, and the support of surgical research 
by boards of trustees, hospital directors, uni
versity deans, and science colleagues must be 
won. It also requires an adequate understand
ing of the significance of the mission of sur
gical research and its accomplishments in 
producing some of the most remarkable bio
medical advances of this century. 

2. Financial support. When young people embark 
on careers as investigators, they do not have 
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bibliographies or research backgrounds that 
will command outside financial support for the 
pursuit of their ideas and their personal or 
family needs. Later, the full backing of home 
universities and nonsurgical faculties becomes 
a critical factor in successful searches for funds 
from large donors, foundations, and institu
tions, but it is, in some areas, very difficult to 
obtain. 

Two questions have to be answered by each sur
gical department head about the surgical research 
in his or her department. 

1. What is the role of modern basic quantitative bi
ology in surgical research? Like their colleagues 
in medicine, pediatrics, psychiatry, or radi
ology, very few surgeons are basic biologists. 
As the methods of modern science become 
progressively more challenging, fewer expert 
clinicians master them. Should there be more 
collaborating scientists in surgical depart
ments? 

2. Where does health policy fit in surgical research? 
Health policy research includes the role of sur
gical care in social rehabilitation, cost-benefit 
analysis, surgical manpower, the organization 
of surgical departments, the establishment of 
new procedures and practice patterns, law and 
ethics, the burden of malpractice litigation, 
and the application of highly technical meth
ods to life support in critical illness. Since all 
the foregoing enter into the practice of surgery, 
these areas cannot be neglected by research, 
despite their not having been considered a part 
of surgical research in the past. If surgical in
vestigators overlook or avoid them, critical de
cisions about surgery will be made by inade
quately informed sociologists and legislators. 

To have impact on the care of the sick, surgical 
research must be done with or by surgeons, or under 
their guidance. Whether the surgical investigator 
plays the key or a more modest role, the inspiration, 
drivingforce, and scientific and clinical insight of the 
surgical presence are essential for the success ofsurgical 
research. 

Now, within the same framework, we might 
take a quick glance-albeit not quite in focus-at 
the horizon. 

New Procedures 

In 1935 very few people would have predicted 
perfection of the pump oxygenator to support 
surgery on the open heart. Such a technological 
development and the transplantation of organs 
between unrelated individuals were termed im
possible by the experts in 1952 and 1953, respec
tively. From the turn of the century onward, sur
geons were taught that large foreign bodies in a 
wound were a sure recipe for disaster, to say noth
ing of artificial heart valves or such large plastic 
prostheses as new hip joints. Success in such en
deavors is now the rule. These examples illustrate 
the possible fate of negative predictions about new 
surgical procedures. One must be quite presump
tuous to imagine what might be on surgeons' op
erating lists even 10 or 15 years hence. 

I would guess that transplantation will be fur
ther perfected and extended to include additional 
organs and tissues. Although these operations will 
hardly be called "new," transplantation of the pan
creas and long sections of small bowel are among 
the many unsolved challenges. 

Head injury, whether inflicted by automobile or 
home accidents, child abuse, or military activity, 
remains the commonest cause of death from 
trauma. Microvascular operations for intracranial 
bleeding or for infarction caused by head injury 
might become a reality. The evaluation of head 
injuries to discern those that might be remedied 
by early direct examination of the brain and its 
vasculature remains an important goal. New im
aging modalities such as nuclear magnetic reso
nance and positron emission tomography may be 
crucial to success in this effort. 

The development of artificial organs will surely 
continue for many decades. Such organs fall into 
two general categories. First are the artificial or
gans that are physiologically outside the body, 
even if implanted under the skin. Extracorporeal 
pump oxygenators (the first effective artificial or
gan), pacemakers, artificial kidneys, and artificial 
pancreases belong in this group, although the first 
two are now in such wide use that we scarcely 
think of them as artificial organs. 

The second group comprises those artificial or
gans truly incorporated in situ. The artificial heart 
is one example, although it currently suffers from 
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a surpassing difficulty. In animal models, the ten
dency to cerebral microembolism may be masked 
by the inadequacy of our knowledge of the sub
tleties of animal behavior (speech, affect), or by 
actual differences in the coagulability of blood. In 
any event, microembolism, usually to the brain 
but possibly to other organs as well, has been a 
major complication in most of the patients in 
whom artificial hearts have been implanted. This 
unfortunate complication keeps this valuable, al
beit expensive, bulky, and awkward form of life 
support, from providing a life of acceptable quality 
for patients. 

The recent development of an endothelium
stimulating growth substance, fibroblastic growth 
factor (FGF), holds great promise. It seems rea
sonable to expect that implantable hearts and 
other left ventricular assist devices will eventually 
have endothelial linings grown within them to 
make them essentially physiologic as regards co
agulation induction. If this becomes possible, the 
use of artificial hearts will be limited only by the 
awkwardness of the extracorporeal power source. 
The work of several investigators who are at
tempting to develop an electrical, magnetic, or 
nuclear implantable power source is important, 
and it should occupy the time and attention of 
several capable collaborative groups encompassing 
energy conversion, engineering, medicine, and 
surgery. 

The human heart transplant requires toxic im
munosuppressive drugs, the artificial heart im
plant capricious anticoagulants. The tradeoff has 
not been as simple as it appeared. 

Will there be some new form of operation ap
plicable to many forms of cancer? It could, con
ceivably, be an organ implant, such as lymph 
nodes or spleen containing "educated" lympho
cytes to assault the tumor; a microfilter; or a mi
crofilter containing gene-engineered microorgan
isms that synthesize diffusible substances such as 
interleukin 2 or antiangiogenin. Though these 
might not be new operations, they would basically 
be the application of new immunologic and ge
netic knowledge to surgical care. 

When mastoidectomy yielded to antibiotics, 
and polio reconstruction disappeared following 
the advent of the Salk vaccine, no surgeon ob
jected. Indeed, all were elated. There are, how
ever, other losses to surgical practice, such as 

ultrasound-guided deep needle biopsy, angio
graphic embolization in hemorrhage, percutane
ous angioplasty, and colonoscopic polyp removal, 
where a steady surgical hand and the long
standing "field familiarity" of surgeons are still 
needed. Although surgery (chirurgie) is "doing 
with the hand" and can be learned by others, the 
surgeon should insist on participation, in some 
cases. Other new areas will require that the sur
geon "keep a hand in" by mastering new tech
niques and learning new concepts from other 
fields, as has already happened in relation to the 
treatment of deafness and coronary disease. 

Building Bridges 
to the Basic Sciences 

Immunology looms large with respect to building 
bridges between surgery and the basic sciences 
because molecular immunology should surely be 
applicable to cancer, transplantation, and surg
ical infection. Most immunologists who worked 
through the difficult decades of the 1940s, 1950s, 
and 1960s readily acknowledge the stimulus they 
received from surgery, given that the growth of 
tissue transplantation, the description of the HLA 
groups, and enhanced understanding of the events 
of tissue rejection were all central to the rebirth of 
immunology and its movement from pragmatic 
clinical testing to basic molecular biology. Several 
Nobel laureates (Burnet, Baltimore, Medawar, 
and Benacerraf) have worked on tissue types, im
mune competence, histocompatibility, and anti
gen genetics. 

Many young surgeons are now selecting im
munology as their basic science field, just as they 
may select physiology, metabolism, neurology, 
microbiology, or biomaterials. Although, when 
viewed in the harsh light of the 1990s, molecular 
immunology has not yet revolutionized anything 
in surgery, my own scientific faith affirms its tre
mendous surgical potential. 

Immune therapy for cancer seems, finally, to be 
on the verge of widespread applicability. The work 
of Rosenberg and his colleagues at the National 
Institutes of Health has an unmistakable ring of 
the future about it. Using their method, the pa
tient's lymphatic system is stimulated by interleu-
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kin 2 (IL-2), as are also the patient's lymphocytes 
(in some instances from tumor infiltration itself). 
The combined treatment is very toxic, but it has 
produced some remarkable effects, such as the 
complete disappearance of some very large me
tastases of certain types of tumor, such as hyper
nephroma, lung cancer, and melanoma. 

IL-2 treatment has been criticized as having an 
inadequate response rate but, in cancer treatment, 
the attention of the biologic and medical com
munity should be focused on the nature and 
quality of the response rather than the fractional 
response rate. Although some tumors may, for ex
ample, display a response rate as high as 75% to 
certain chemotherapy regimens, almost all the pa
tients die of their tumors without the tumors ever 
regressing completely. The response rate is high, 
but the quality of the response is very poor. With 
IL-2 treatment, tumors have disappeared com
pletely following immune intervention-an en
tirely new phenomenon in cancer therapy. The 
fact that some stay away while others return when 
the treatment is stopped raises the possibility of 
chronic immune therapy to maintain remission. 

Immune modulation of this type will surely be 
applicable to other forms of cancer. By extension, 
some analogous form of immune treatment might 
become available for severe surgical sepsis and its 
attendant multiple organ failure. 

Although our expanding knowledge of immu
nological processes seems to be establishing the 
basis for specific therapy, clinical case manage
ment has not yet altered much. It now seems clear 
that certain types of surgical trauma inhibit the 
production of immunoreactive globulins and may 
adversely affect the activity of specific lymphocyte 
subpopulations, possibly through an overload 
mechanism. All clinicians are familiar with the 
phenomenon of sequential failure of several or
gans and death as a consequence of sepsis follow
ing trauma or surgery with multiple treatment 
modalities and successively changed antibiotics. 
These terminal events suggest widespread im
mune deficiency and raise the possibility that re
pair of the patient's immune system, were it fea
sible, might be lifesaving. 

The 1940-1970 era may well go down in his
tory as one whose prime characteristic was the 
mishandling of antibiotics. The adverse effects in
cluded immunosuppression from overdosing with 

antibiotics, and the acquisition of antibiotic resis
tance by successive strains of organisms. Patients 
were converted into bacteriologically sterile but 
immunologically suppressed settings for the over
growth of ordinary commensals such as fungi and 
the cytomegalovirus. A better knowledge of the 
immune sequences in such complex cases may en
able the surgeon to employ new agents more in
telligently. 

The induction of specific immunologic toler
ance for transplant antigens from one organ 
source, without global immunosuppression, re
mains elusive. Significant as the replacement of 
azothiaprine by cyclosporin has appeared to be for 
many transplanted organs, particularly liver, cy
closporin is but another nonspecific immunosup
pressive drug with neoplastic by-products. 

Bringing basic science to the rescue of the 
surgical patient, through physiologic support sys
tems, has several inviting possibilities. New 
knowledge about hormone mediators that trans
late peripheral injury into central organ damage, 
nitrogen loss, conversion of energy sources to lipid 
oxidation, and activation of the stress response 
holds much promise. The possibility that treat
ment modalities may exist in the endocrine area 
is brighter than ever. If, after severe injury, cata
bolic activity could be modified and necessary 
substrates could be simultaneously released from 
within the body, or be introduced, a more serene 
clinical course might be anticipated. Recent evi
dence suggests that glutamine may have specific 
nutritional functions for the GI tract and that hu
man growth hormone may hasten recovery. 

If such methods of stress modulation become 
available, their misuse and overuse can be pre
dicted. It has been observed since the beginning 
of surgical metabolic research that healthy young 
men who show a very vigorous or brisk endocrine 
and catabolic response do very well clinically. The 
plentiful release of endogenous substrates for fi
broplasia, leukocyte activity, and immune globulin 
production appears to be an obvious though un
proven explanation. When some hormone be
comes available to abate this response, the ap
pearance of the vigorous young man with his 
"brisk and florid" endocrine response will rapidly 
be "mollified" to resemble that of a weakened old 
man having his fifth operation, totally devoid of 
physiologic response. The use of such potent and 
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dangerous hormones, if and when they become 
available, will require a great deal of sophistica
tion, but the dismal antibiotic record provides lit
tle assurance that a large group of surgeons and 
physicians will be able to use them intelligently. 

Collaborating with 
Clinical Colleagues 

The evolution of cancer treatment in the past de
cade has been one of the most spectacular exam
ples of collaboration. Formerly limited to essen
tially "do or die" surgical operations whose 
effectiveness was based largely on early diagnosis, 
treatment now includes other modalities and of
ten produces very good results. Nevertheless the 
net effect has often been overrated by the public 
media because of enthusiasm about the very ex
istence of these methods. This is particularly true 
vis-it-vis chemotherapy for solid tumors, and ra
diotherapy with supervoltage equipment. 

Despite many disappointments and failures, 
cancer patients now have a better prospect than 
ever before of prolonged disease-free survival, 
with a good quality of life. This is due not to any 
single "breakthrough" but to noncompetitive col
laboration in comprehensive cancer centers, where 
the welfare of the patient is more important than 
any specialty ambitions. When one visits such 
units, one can quickly discern whether the prac
titioners of the various and potentially competing 
treatment modalities, and the domains of sover
eignty, such as surgery, radiotherapy, and che
motherapy, are truly collaborating for the welfare 
of the patient, or if they are actually seeking the 
enrollment of patients in their own "protocols" in 
order to get more money, more publicity, more 
patients, or a higher group income. 

A professional is defined as a practitioner who 
places the welfare of the patient or client above 
the practitioner's own social, scientific, personal, 
or financial advancement. The availability of mul
tiple cancer therapies and therapists has truly 
placed the professionalism of all physicians on the 
line. Although most multiple-modality cancer 
treatment centers demonstrate a high order of 
professionalism, it is evident that, in a few, re
search protocol enrollment rather than the welfare 

of the patient governs the outcome. Although col
laboration now prevails in many fields, the psy
chology of professional interaction is an important 
component that remains to be analyzed. 

Clinical and research collaboration promises 
many rewards for the surgical patient. The devel
opment of ultrasound and computed axial tomog
raphy are tremendous advances in surgical care. 
To appreciate them, one has only to reflect on the 
painful and uncertain procedures of encephalog
raphy and ventriculography to diagnose hemor
rhage in the skull or disorders along the spinal 
column, and contrast them with the specificity 
and anatomic precision of tomographic scanning. 

Nuclear magnetic resonance (NMR) and posi
tron emission tomography (PET) hold great 
promise. Although NMR seems to have almost 
no adverse effects, current apparatus is expensive, 
cumbersome, and awkward, and does not lend it
self either to the scanning of extremely ill patients 
or to any sort of emergency procedure. PET scan
ning has the unique feature of demonstrating 
areas of functional activity within the brain. The 
development of this type of combined engineering 
and its application to neurosurgery and various 
mental, behavioral, and psychiatric problems open 
a new horizon for neurosurgery. It is possible to 
hope that these techniques, combined with very 
prompt attention, immediate and focal diagnosis, 
and microsurgery or eNS excision, will provide a 
way to save a few patients from that large group 
that now accounts for most of the mortality 
among civilian and military casualties. 

Improving Existing Procedures 
through Surgical Engineering 

While most of the quantum advances in surgery 
during the past century have come from university 
centers, gradual improvement and perfection of 
surgical procedures have often come via practi
tioners, clinical practicing groups, and community 
hospitals. As an applied form of biological science 
or human engineering, surgery improves with 
practice. The marked reduction in patient mor
tality and the tremendous increase in the frac
tional survival of transplanted kidneys between 
1965 and 1978, when there was no qualitative im-
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provement in immunosuppression, is but one of 
many examples that demonstrates perfection by 
gradual engineering. 

The same is true of open-heart surgery, par
ticularly coronary bypass operations. This for
merly imposing and immensely complex surgery 
has become much safer, rather than more hazard
ous, with its widespread performance. The mor
tality over large areas of the United States is now 
around 1%. 

The introduction oflaparoscopic techniques for 
major surgery is a beautiful example, becoming 
increasingly prominent over the last 5 years, of the 
improvement of existing surgical procedures by 
engineering. The use of thorascopes for the divi
sion of pleural adhesions, of gastroscopes and 
esophagoscopes for biopsy, and of sigmoidoscopes 
for diagnosis and treatment, go back to the turn 
of the century or shortly thereafter. The increas
ing use of endoscopic procedures on the bile ducts, 
and of colonoscopy, became prominent approxi
mately 25 years ago. Now, the much more ex
tensive technical developments of laparoscopic 
procedures for cholycestectomy, herniorrhaphy, 
appendectomy, and even exterpative maneuvers in 
thoracic, abdominal, and arthroscopic surgery 
have become commonplace. A thread of technical 
development underlies this whole area, namely, 
the use of television presentations based on elec
tronic imaging. The engineering steps have there
fore involved not only the optical and electronic 
devices, but the presentation screen. Through the 
further development of these procedures we can 
expect a very considerable simplification of sur
gical procedures over the coming decades, with 
earlier discharge of patients and a lower morbidity 
and mortality. One major precaution remains. 
Namely, that surgeons doing this type ofless in
vasive television-presented surgery must be them
selves expert in the entire anatomy and classic sur
gical care of the diseases under treatment. 

Very few clinicians or scientists outside the field 
of surgery understand its remarkable capacity for 
self-improvement. Many adverse views of surgical 
operations are based on early results before sur
gery's built-in learning curve becomes manifest. 
Liver transplantation is one of the most difficult 
and complex of the frontier group of surgical pro
cedures, but its perfection and the consequent im
provement in morbidity and mortality have been 

spectacular. Liver transplantation should be un
dertaken only by a master surgeon with self
confidence and specific training. Within those 
limitations, its repeated performance has resulted 
in an improvement in results beyond expectation; 
It is highly challenging to the neophyte individual 
or hospital at the beginning of the learning curve. 

Every hospital, clinical unit, group practice, or 
academic department conducting surgical opera
tions in any quantity should periodically review its 
results in terms of immediate mortality and mor
bidity, and late survivorship and rehabilitation. 
While modern computer techniques render this 
very simple, there must be an established program 
that is adequately supported at the outset and pe
riodically evaluated. This is a matter of pressing 
importance at the horizon of surgical research. 

Hospitals that cling to old operations, such as 
radical mastectomy in breast cancer or subtotal 
gastrectomy for duodenal ulcer, should have the 
research fortitude, often called "discipline" or 
"guts," to examine their own results in the light of 
recent advances. If they can, indeed, document 
superior results with the time-honored proce
dures, they should be encouraged to do so and 
to stand up in the court of professional opinion to 
defend their view. The same principle applies to 
such frequently performed standard operations as 
prostatectomy, colectomy for cancer, heart valve 
surgery, laminectomy for disc removal, and arte
rial replacement of the aorta or in the lower limb. 
It should be an obligation of every surgical unit, 
wherever located, to know its own results, com
pare them with those published by peer groups, 
and set its house to rights if its results are inade
quate. The support of research to accomplish this 
should come from the institution itsel£ 

The Two Basic Inputs: 
People and Support 

We can say with perfect confidence that young 
surgeons devoted to a life in science will be as rare 
in the future as they have been in the past. The 
coercion of all young interns and residents to labo
ratory "projects" is positively unrewarding; it 
merely results in crowding the literature with 
trash. Nevertheless, the door to the laboratory 
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should be open to all young surgeons so that, if 
their talents call them in that direction, they may 
give them a fair trial. The analogy with playing a 
musical instrument is too close to withhold: forc
ing every young person to practice 3 hours a day 
would produce only a large crashing of noise. And 
yet, one cannot learn to play by attending con
certs: one must perform oneself and practice every 
day! The instrument-a laboratory-should be 
there, along with a teacher-the professor-so 
that each resident in an academic unit can develop 
his or her talent, if it exists. 

The backwardness of institutions in providing 
space for surgical research is depressing. Surgical 
research is not demanding of space, although ani
mal facilities have sometimes been difficult to es
tablish and maintain. Antivivisectionist pressures 
have been a problem for surgical research for al
most a century. It is an obligation of the professor 
of surgery to convince the dean and the hospital 
director of what the necessary components of sur
gical research are and to call to their attention that 
only where research thrives and inquiring minds 
are given scope, will the quality of clinical surgery 
be maintained at its optimal level and the hospital 
attract patients and residents. 

Financial support for career development in 
surgery must come, increasingly, from practice in
come, although this has an ethical aspect that re
quires examination. If a practicing group such as 
a private group clinic of the United States model 
(Mayo, Lahey, Crile) sets aside professional fee 
income for research, the problem of fee splitting 
must be considered. Patients, or their insurance 
companies, are being charged for an activity (i.e., 
research) that they may be totally unaware of and 
unprepared to underwrite. If such fee diversion 
becomes extensive, it is clearly unethical. This also 
applies when the dean or the university taxes prac
tice income from academic clinicians. It is, in es
sence, a tax on the patient's pocketbook or on the 
insurance company, for the conduct of a medical 
school, which the patient may not feel is intrinsic 
to the treatment of her breast cancer. 

This ethical concern is counterbalanced, how
ever, by the fact that all enterprises in a free society 
require the diversion of some revenue to research 
and development. Given a proper explanation, 
even the most conservative patient would willingly 

make a reasonable contribution to the improve
ment of surgical practice. 

Determination of what is a "reasonable" frac
tion must depend on the scene and circumstances, 
but somewhere in the region of 10 to 15% would 
seem to be appropriate. Some sort of notification 
should be included in hospital publications or be 
given to the patient at admission, to make it clear 
that some of the professional charges incurred for 
his or her care will be devoted to assisting the 
research education of young surgeons. With that 
proviso, academic surgical group practices can 
provide fellowships and a few basic laboratory 
components for young people embarking on re
search careers. Although group practices can 
never supply the broadly financed support re
quired by modern quantitative biology, they can 
playa critically important role by providing the 
seed money and the strong surgical supporting 
voice that the young surgeon must have to com
pete successfully on the national scene for 
continuing grant funds. 

Where Does Basic Science 
Collaboration Fit? 

Surgical research will, in the future, involve a more 
searching appraisal of the role of basic science 
than it has in the past. The young surgeon em
barking on research should spend a year or two 
acquiring the vocabulary, skills, and concepts of 
some area of basic biology, molecular immu
nology, genetics, or bioengineering and then have 
a period of collaboration with scientists holding 
Ph.D. qualifications. To make this happen, sur
gical departments must willingly give appoint
ments in surgery to Ph.D. scientists. Medicine, 
pediatrics, and psychiatry have already assigned 
such appointments to scientists from other fields, 
but surgery has not done so very often. 

Young people with the talents required to meet 
the mechanical, spatial, and operative challenges 
of surgery may not have the mental bent appro
priate to thinking in terms of molecular interac
tions. The same limitation is found in medicine 
and pediatrics: as molecular biology becomes ever 
more challenging, an increasing proportion of to
tal research funding in clinical departments is held 
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by Ph.D. scientists. Surgery must do the same, if 
it is to move ahead. 

Health Policy 

Health policy research is one of the most inter
esting features of the surgical research horizon. 

Surgical research has three phases: discovery, 
development, and delivery. Discovery covers the 
revelation of some important bioscience finding 
related to surgical care; development occurs during 
the period of surgical bioengineering improve
ment already discussed. Delivery is concerned 
with providing new modes of surgical care, and 
with the manpower, economic, and regulatory 
constraints within which surgery operates in every 
nation. 

The manpower limitation in surgery is usually 
misunderstood by people outside the field and 
sometimes even by large national surgical orga
nizations. Because surgeons operate on specific 
disease entities, the requirement for surgeons is 
limited by the epidemiology and prevalence of 
those diseases. In many fields of surgery, 75% or 
more of the total operations performed may be 
devoted to a few disease entities. Thus, while the 
public "appetite" for family practitioners seems to 
be insatiable, that for surgeons is clearly limited. 
Failure to recognize this may lead to the training 
of an embarrassing and crippling excess of sur
geons by postgraduate programs in the United 
States. 

There is no point to expanding surgical training 
programs or recruiting additional people into sur
gery when the requirement for them is fixed and 
already met. Although many young people wish 
to enter surgery, boards of surgical examiners and 
colleges of surgeons must enforce strict and even 
"brutal" criteria to weed out everyone who cannot 
meet the highest standards. However, because it 
is not only uneconomic but also inhumane to cut 
people off at this late stage of their training, it is 
essential that potential incompetents be identified 
by in-house examinations as early as possible and 
be counseled accordingly. 

Malpractice litigation is a major disincentive to 
surgical practice in the United States and accounts 
for 3 to 5% of the total financial cost of medical 

and surgical care. The problem arises from the 
lack of any statutes of limitation relating to the 
care of children, judgments, and legal fees. Law
yers' concern for the welfare of the "victims" of 
incompetent physicians is rarely accompanied by 
an equal concern about the victims receiving only 
a tiny fraction of the settlements awarded. Al
though there is a persisting need for high stan
dards of quality assessment and constant surveil
lance of physicians for such damaging disorders 
as senility or drug and alcohol abuse, many crip
pling malpractice suits are launched against indi
viduals who are delivering medical care of the 
highest quality. lt is widely accepted in the press, 
with no basis in fact, that all malpractice judg
ments favoring the plaintiff reveal an incompetent 
practitioner. 

The impotence of national surgical organiza
tions in the United States in this area is largely 
the result of a lack of sound, relevant social re
search in collaboration with lawyers and judges. 
Other nations face or will soon face the same 
problem. Relief will come only from changes in 
public policy based on sound social research done 
by surgeons. 

L'envoi 

As we peer or peep over the horizon, we see many 
things promised and many challenges posed. On 
the basis of the past, many problems will be solved 
and many challenges will linger on. 

lt is my guess that two of the lingering chal
lenges will be death from head injury and from 
widespread sepsis with multiple organ failure. In 
my own 50-year surgical career, to date, I have 
seen very little progress on either front. Such 
spotty advances as have been made have been 
overwhelmed, in some ways, by the larger number 
of early cases that have survived to show us the 
futility of existing modes of treatment. 

Every professorial head of a surgical depart
ment should support an active research program 
that would, I hope, include health policy, the 
evaluation of clinical procedures used within the 
department and, most of all, a periodic assessment 
of the areas in which injured or diseased patients 
still die despite our best efforts. 
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Our future failures will be those of blindness to 
the power of surgical research and oflack of focus 
in research. We will possess both vision and re
search focus if the surgical profession of each na
tion supports its own research establishment, and 
the leading departments of surgery take bold new 

initiatives in the outstanding salients of surgical 
mortality. Such new ventures will be far more re
warding than the pursuit of small details down 
some well-trodden path and will be inspired only 
by surgeons who study their own patients. 
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