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propriate test protocols, and integrate and interpret physio-
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cases to illuminate useful strategies for exercise testing and

interpretation. Useful appendices oVer answers to frequently

asked questions, laboratory forms, algorithms, and calcula-

tions, and a glossary of terms, symbols, and deWnitions.

Exercise Testing and Interpretation: A Practical Approach of-

fers clearly deWned responses (both normal and abnormal)
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diovascular, ventilatory, and gas exchange variables.

Practical, portable, and easy-to-read, this essential guide-
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on the topic, or stand on its own.
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Dedicated to Nancy and Paula

‘‘Those who do not make time for exercise will
eventually have to make time for illness’’

The Earl of Derby (1863)
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Preface

Exercise is fundamental to human existence. For
mostmen and women exercise is essential for qual-
ity of life and for many it is the essence of their
livelihood.Somehave a competitive instinct for ath-
letic performance in the pursuit of individual hu-
man achievement. We now understand that the
maintenance of physical Wtness throughout life is
crucial if we are to remain healthy and live to an
advanced age. In these contexts, the assessment
of exercise ability is of considerable importance to
humanity. Exercise testing becomes the means of
assessing ability to perform speciWc tasks, quantiW-
cation of athletic performance, diagnosis of disease,
assessment of disability, and evaluation of re-
sponses to physical training, therapeutic interven-
tion, and rehabilitation.
Recent years have indeed witnessed widespread

applications of exercise testing that range from
clinical uses in assessing debilitated patients to
sports medicine venues and the testing of élite ath-
letes. Some exercise tests are appropriately per-
formed with a minimum of equipment, such as a
watch and a measured course. Others involve more
sophisticated instrumentation enabling more de-
tailed assessments. Advances in technology have
rendered all exercise tests more accessible and
more aVordable, although not necessarily easier to
perform with accuracy and reliability. Wireless
heart rate monitors give instantaneous and reliable
heart rates in the Weld or in the laboratory. Bi-direc-
tional, light-weight, mass Xow sensors have ob-
viated the need for cumbersome valves and tubing
and, together with miniaturized and fast-respon-
ding gas analyzers, enable the calculation of oxygen
uptakewith every breath. Computer technology has
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revolutionized the real-time acquisition and analy-
sis of data, although not necessarily made exercise
tests any easier to interpret.
We have both practiced and taught in the Weld of

exercise testing and interpretation for many years.
We saw the need for a practical text that succinctly
explains the physiology of exercise and also gives
detailed advice regarding the conduct and interpre-
tation of exercise tests in a variety of settings. We
have included clinical and sports medicine applica-
tions because we are convinced that these disci-
plines will merge in the future. We have addressed
technical considerations, pitfalls, and solutions. We
have placed emphasis on creative Wgures and dia-
grams to oVer systematic explanations and
schemata for interpretation. We have also attem-
pted to address the confusion that surrounds termi-
nology in this diverse Weld. We have done so
through a systematic, logical, and critical examin-
ation of the concepts and applications of the Weld.
We hope our approach is enlightening and not a
mere addition to the plethora of terms and symbols
already in use.
Exercise testing, whichwe abbreviate to XT, can be

conducted for several purposes, in a variety of set-
tings. Performance exercise tests (PXT) can be per-
formed in the Weld or laboratory using a selection of
protocols, depending upon the purpose of the test.
Typicaly, PXT are conducted to establish exercise-
training guidelines and to monitor progress. Clini-
cal exercise tests (CXT) have a somewhat diVerent
emphasis and are almost exclusively conducted in a
laboratory setting. CXT can be diagnostic, seeking
an explanation for exercise impairment; for risk as-
sessment, such as from coronary artery disease or
surgery; or alternatively formonitoring, for example
to quantify the response to therapeutic or surgical
interventionsor to document progress in rehabilita-
tion. Exercise capacity can bemeasured by diVerent
protocols ranging from the time required to com-
plete ameasured course to the acquisition of a wide
range of cardiovascular, ventilatory, and gas ex-
change variables. Functional exercise tests focus on
ability to performa speciWc task whereas integrative
exercise tests compile an array of variables with

which to study the underlying physiology of the
exercise response.
Several features of this book are unique. The core

of the book describes instrumentation and proto-
cols for exercise testing followed by response vari-
ables and their interpretation. The book is laid out
so that the reader can easily locate a piece of equip-
ment or response variable for ready reference.
Chapter 2 (Instrumentation) describes apparatus
for exercise testing explaining, succinctly, the prin-
ciples of operationand essential facts about calibra-
tion and maintenance of the equipment. Chapter 3
(Testing methods) describes protocols for exercise
testing with many important details, gleaned from
years of experience, that facilitate a successful test.
Chapter 4 (Response variables) expands on the
many physiological variables that can be derived
from exercise testing, ranging from simple timed
distances to the complex integrated cardiovascular
and gas exchange variableswhich underlie the exer-
cise response. Each variable has its own section
including a deWnition, derivation, and units of
measurement, along with examples of the normal
and abnormal responses. Chapter 5 (Data integra-
tion and interpretation) presents a novel and sys-
tematic approach to help the reader develop a
conWdent and meaningful interpretation of the
data. There is an emphasis here on integrative exer-
cise testing because interpretationof this type of XT
has often presented more problems to the exercise
practitioner. Chapter 6 illustrates the principles ex-
pounded in Chapters 2 through 5 with a selection of
real cases. Finally, the appendices are designed to
be a valuable resource for the exercise practitioner.
They include a glossary of proper terms and sym-
bols as adopted by exercise physiologists, simpliWed
algorithms to help explain the derivation of sec-
ondary variables, predicted normal values with
appropriate critique, examples of worksheets that
facilitate testing, and a section on frequently asked
questions.
Finally, a few words about the units of measure-

ment incorporated in this book. Our goal has been
to write a book that will be of practical value to
persons throughout the world who are involved in
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exercise testing and interpretation. As such we have
had to deal with certain inconsistencies in currently
accepted units of measurement. Some countries,
including the USA, continue to use imperial rather
than metric units for certain measurements. The
Système International d’Unités attempts to bring
everyone into concordance with a metric system.
However, some traditional units do not lend them-
selves comfortably to this conversion.We have used
SI units whereverpossible but referred to traditional
units as well when conversion was not straightfor-
ward. Readers will undoubtedly Wnd some incon-
sistencies and discrepancies but hopefully these
can always be resolved by reference to Table B1 in
Appendix B which explains any necessary conver-
sions.
This book is intended to be a practical text which

exercise practitioners would want readily available
in their clinical or research laboratories, rehabilita-
tion facilities, and sports clubs. The bookmay prove
useful for chest physicians, cardiologists, exercise
physiologists, occupational health physicians,

sports physicians, sports scientists, laboratory tech-
nicians, physical or respiratory therapists, medical
students, and postgraduate students in the exercise
sciences. Thematerial for the book has evolved over
many years of teaching exercise physiology, exer-
cise testing, and interpretation. Parts of the book
reXect a syllabus that we have developed and re-
Wned over the past eight years for an annual sympo-
sium that has taken place at UCLA as well as several
national and international venues. ReXecting our
own careers and experiences, we have tried to ap-
proach the topic simultaneously from the perspec-
tives of exercise science and clinical medicine. By
doing so we have attempted to develop a compre-
hensive and balanced view of a complex subject
which we hope will appeal to, and draw together, a
broad range of disciplines with a common purpose
– that of understanding the human exercise re-
sponse.

CBC, TWS
Los Angeles, California
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