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Preface

The factors that led us to develop the first edition of this book remain relevant today.
The general public’s interest and participation in organized recreational sports con-
tinue to expand. New prevention and treatment options continue to develop.
Managed care continues to be a major vehicle for the delivery of medical services.

The first edition’s main focus was to offer the primary care provider a comprehen-
sive reference to aid in the diagnosis and initial management of sports injuries. In this
second edition, we hope to continue to meet the needs of the primary care provider
but also expand our initial focus to include orthopedic surgeons in training and in
general practice. To that end, we have updated the content of each chapter to include
advances in treatment developed in the past five years and have added new chapters of
increasing interest, such as specific sports injuries in the female athlete, osteoporosis
in the older female athlete, and sports and exercise in the geriatric population.

Once again, we gratefully acknowledge the tremendous efforts of the authors who
contributed to this second edition as well as the continued guidance of our editors. We
hope that this second edition will be a helpful guide for both the primary care provider
and the general orthopedic surgeon in the management of patients with sports-related
injuries.

GILES R. SCUDERI, MD
PETER D. McCaNN, MD



Why Sports Medicine?

Barbara A. Kahn, Giles R. Scuderi,
and Peter D. McCann

The increased understanding of the relationship between
physical fitness and health among the current growing
population has led to a reevaluation of the importance of
sports and physical activity in our daily lives. Although
this has led to a decrease in certain medical conditions
such as heart disease, it has also increased sports related
injuries. Consequently, this has created the need for
improved and specialized medical care. Advances in the
field of sports medicine have provided the techniques
necessary to prevent, cure, and recover from injuries
which detract and often terminate participation in
physical activity and athletics.

HISTORY

Throughout history, human beings’ ability to survive
and take care of their families have depended on their
physical capabilities. Speed, strength, and skill were
essential survival tools during early civilization. Progress
led to the transformation of these physical attributes to
organized contests where highly trained members began
competing in a team-like fashion.

Therapeutic exercise has been in existence as far back
as 1000 BC. Milo, an Olympic wrestler in ancient Greece,
used to lift a calf every day undil it reached adulthood.
This marked the beginning of strength training using
progressive resistance exercises. Herodicus became
known as the first sports physician to treat injuries with
therapeutic diet and exercise. Although his methods were
criticized at first, other physicians came to observe and
utilize his techniques, leading to the specialization of
sports medicine. In the second century AD, Galen became
the first appointed team physician. His purpose was to
cure injured gladiators so that they could return to battle.
Galen was followed by Oribasius of Pergamum, who
claimed that the body’s organs had greater function while
being physically stressed. Aurilianus in the fifth century

was the first physician to institute postoperative exercise
programs to promote healing.

Physical education in the United States started at
Ambherst College in Massachusetts with the appointment
of Edward Hitchcock Jr. as professor of physical educa-
tion and hygiene in 1854. He developed a program incor-
porating the Swedish and German methods of gymnastics
and running with the American games of football,
basketball, and track. Dr. Hitchcock also served as the
school physician for Amherst College, enabling him to
record the prevalence of injury and disease among the
student population. He published several books on
athletics which earned him the titles of America’s first
team physician and founder of physical education in the
United States.

In 1885 the American Alliance of Health, Physical
Education, and Recreation (AAHPER) was founded.
Dance was added in 1977 and the organization became
known as AAHPERD, which it remains to this day.
Its purpose was to promote research in exercise and
maintain high standards for physical education. After
President John F. Kennedy was inaugurated, he took an
interest in promoting physical education and formed the
President’s Council on Physical Fitness. This ensured
the standardization of the school system to promote
and educate youngsters about the advantages of regular
physical exercise.

The evolution of athletic training and sports medicine
occurred from the expansion of intercollegiate athletics.
The National Collegiate Athletic Association (NCAA),
founded in 1906, standardized team sports among col-
leges and universities. Its purpose, then and now, has
been to promote intercollegiate athletics, govern national
championships, and enforce rules for sport safety and
competitiveness.

As the number of participating athletes grew during
the 1950s, the demand for clinicians to care for medical
needs and athletic injuries increased. Physicians were
called on to provide immediate treatment to otherwise
young, healthy individuals. Aggressive treatment with a
rapid return to competition created the need for a highly
specialized and challenging field of medical care.

WOMEN IN SPORTS

The acceptance of female athletes, both professionally
and recreationally, added a new dimension to both sports
medicine and sports in general. During the 1800s women
were forbidden to engage in any type of physical activity.
Frailty and pallor were symbols of a woman’s status in
society, for only poor, working-class females showed any
signs of physical well-being or strength. Doctors in
the late 1800s felt that females were an inherently ill
species due to their reproductive cycles and felt that
most diseases, regardless of origin, were diseases of the
womb.
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The Women’s Suffrage Movement of the 1870s intro-
duced women into the collegiate system, which was a
cause for major concern for many physicians. It was
believed that the stress brought about by studying would
cause infertility and uterine atrophy because the brain
was in direct competition with the uterus.!* To prevent
this from happening, women were encouraged to engage
in noncontact activities such as walking, swimming,
tennis, and golf. In 1896 the bicycle was invented.
Women abandoned all sense of morals and sexual taboos
that had been bestowed on them to participate in bicycle
riding.

World Wars I and II forced women to enter the work-
force to support the war effort. They worked long hours,
mostly in factories. To compensate for poor working
conditions, recreational and team sports were organized
by factory owners to alleviate stress. In the 1940s Philip
Wrigley, owner of the Chicago Cubs, formed a profes-
sional female baseball league to fill the void left by the
absence of men’s professional baseball. It was tremen-
dously popular, but no further advancement in women’s
athletics came about once the men returned after the
war ended.

In 1972 Title IX was enacted, which prohibited
discrimination on the basis of sex in any educational
institution receiving federal funding. Under Title IX,
women were to receive a percentage of funding high
enough to give them equivalent uniforms, playing fields,
coaches, and budgets to that of their male counterparts.
Title IX opened the door for women to enter competitive
sports at the high school and college levels. This had a
major effect on the field of sports medicine for young
wormen.

DISABLED ATHLETES IN SPORTS

Women were not the only group experiencing exclusion
from recreational and competitive sports. Until the late
1950s persons with either physical or mental disabilities
were unable to become involved in physical activity at all.
At present, it is estimated that 2 to 3 million people with
disabilities participate in sports each year in the United
States.® Part of the reason for this is the advancement in
special equipment needed for the disabled to participate
in a wide variety of activities. Disabled athletes now
compete in basketball, skiing, swimming, and many other
sports. The advent of sport-specific wheelchairs became
the catalyst for competitive sports for the disabled about
35 years ago. In the late 1970s special committees
were formed to represent disabled athletic participants.
This included organizations on the national and inter-
national level to include the deaf, blind, wheelchair
bound, dwarfed, and cerebral palsied, among many
others. Health care personnel realize the benefits of
physical activity for individuals with disabilities and are
developing ways to treat and prevent injuries incurred by

GENERAL PRINCIPLES OF SPORTS MEDICINE

these athletes. Burnham et al.? in 1991 found that injuries
sustained during the 1988 Canadian Paralympics
occurred most often in the musculoskeletal, general
medical, and disability-related groups. Richter and his
colleagues studied injury patterns of athletes with cere-
bral palsy at the same paralympic games and found that
60% of the athletes with cerebral palsy reported an injury
or illness, as compared with 75% of participants from the
1988 Olympic Games.!® The study also found that of
these reported injuries the most commonly traumatized
region was the shoulder and respiratory tract in the
disabled athlete.

Sports medicine physicians have needed to adapt their
practice to treat disabled athletes differently from other
groups because they are prone to specific injuries. For
example, athletes who are blind tend to injure their lower
extremities most often. Those athletes with cerebral
palsy and spinal cord injuries have a tendency toward
urinary retention, infections, and dehydration. Because
prolonged immobilization leads to bone loss, wheelchair
athletes are at an extreme risk for sustaining fractures.
In addition, these athletes are prone to developing
pressure sores or ulcers due to increased friction and loss
of sensation.! It is apparent, then, how the field of sports
medicine has needed to advance and become more
specialized over the past 40 years.

SPORTS AND THE ELDERLY POPULATION

In 1989 there were 25 million Americans over the age
of 65. It is expected that this number will rise to 65 million
in the year 2030, which will equal approximately 20% of
the population.” In 1900 the average life expectancy
was only 48.2 years for males and 51.1 years for females.
By 1987 these numbers had increased to 72.2 years
and 78.9 years, respectively, with individuals older than
85 years of age becoming the largest growing portion of
the American population.'®

Researchers have found that moderate-intensity phys-
ical activity such as walking, stair-climbing, cycling, and
gardening convey health benefits. Epidemiologic studies
have shown a decrease in cardiovascular morbidity/
mortality and increased longevity in people who partici-
pate in moderate activity on a regular basis. It is estimated
that at least 6 million Americans have coronary artery
disease and that 500,000 patients will undergo coronary
artery bypass grafting or angioplasty each year.” Even
with these findings, there has been a 30% decrease in
coronary artery disease in the United States since 1960.°
This decrease can be attributed to a change in the life-
styles of middle-aged and elderly people. The United
States Masters Swimming Association (USMS) serves as
the national governing body for aquatic athletes compet-
ing in organized events over the age of 20. In 1989, there
were 28,600 athletes registered in the USMS. Of these,
34% were between the ages of 30 and 39, and 23% were
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between 40 and 49.'7 Other moderate-intensity cardio-
vascular activities done by middle-aged and elderly
athletes include cycling, jogging, golfing, rock climbing,
and tennis. Bicycling is an excellent sport for athletes of
any age. It offers cardiovascular benefits comparable with
those of jogging yet relies on smooth motion, which does
not overstress the muscles and joints. Eighty-six million
Americans will ride a bicycle this year, with 30% of these
being older than 30 years of age.!

In 1975 the United States Tennis Association (USTA)
established a seniors division to include athletes desiring
to play tennis competitively up through age 85.13 This
was in response to the growing number of senior athletes
wanting to play competitive tennis. It has been shown
that senior athletes who play tennis regularly suffer fewer
injuries than the intermittent recreational athlete of
the same age. The same is true for the jogger, rock
climber, bicycler, and so on. All mature athletes need to
be involved in a proper conditioning program to include
stretching, warm-up, endurance, and strength training to
avoid injury. Since this is not always possible or done
properly, it is important for the sports medicine physician
to be able to recognize and treat mature athletes.
Physiologic changes such as osteoporosis, decreased elas-
ticity of articular cartilage, and spinal disc degeneration
need to be addressed when treating an older person but
should not be considered factors that necessarily end an
individual’s athletic career.

EFFECTS OF EXERCISE ON PSYCHOLOGIC
WELL-BEING

In today’s society, sports and physical fitness play an
important role in physical well-being. Great emphasis
has been placed on living longer, disease prevention, and
holistic treatment through diet and exercise. Over the
past several years, more and more studies have been
conducted in the area of exercise and physical health.
As we will discuss later in this chapter, many serious
health problems can be controlled or obliterated through
moderate, consistent physical activity.

There is a growing amount of evidence to support the
fact that exercising regularly can heighten intellectual
acuity and self-concept while decreasing anxiety and
levels of depression. Exercise promotes release of sero-
tonins and endorphins, which are natural pain killers and
antidepressants produced by the brain. Release of these
substances into the blood produces a euphoric sense
intrinsically. Hilyer and Mitchell'” studied three groups
of college students in regard to self-concept and found
that the most positively affected group had both exercise
and mental counseling as opposed to counseling alone.
To support these results, a study was conducted by
Eickhoff et al.,® which proved that young women with
low self-concept who became involved in a 10-week
aerobic dance program showed greater improvement in

self-concept and self-esteem than any other group
involved. Additional studies have been conducted in
the area of mental acuity. Bowers et al. showed that
reaction time in a mental task involving memory could
be significantly reduced following a 10-week aerobic
exercise program in middle-aged adults.? Similarly, it has
been demonstrated that cognition was improved either
during or immediately after physical activity in both the
younger adult and the geriatric patient.

In terms of anxiety, there is a direct correlation
between stress levels and high blood pressure, heart
attack, and stroke. Reducing the stress level of a “type A
personality” would greatly decrease the risk of severe
health ailments. Many studies have been conducted on
this subject. Of those that included physical activity as a
parameter, anxiety levels have been shown to decrease
significantly in the groups engaging in exercise programs.

For many years it has been noted that chronic psycho-
logic and emotional disturbances are associated with
deterioration of one’s health status. Therefore, it appears
that the converse must also be true; improving one’s
physical health can improve psychologic wellness.
Depression affects thousands of people in the United
States alone and accounts for the majority of cases seen
by psychotherapists daily. It has been proven that exercise
of any type helps alleviate depression, with the longest
programs having the greatest effect. When comparing
exercise programs with relaxation techniques and
psychotherapy, exercise was proven to be more effective
at decreasing depression than relaxation techniques and
equally as effective as psychotherapy.? We can therefore
conclude that moderate, consistent physical activity can
promote physiologic and psychologic health.

CONDITIONING

DeLorme?* in 1940 introduced a way to increase muscular
strength using cables and pulleys systematically while
gradually increasing resistance. This method of condi-
tioning became known as progressive resistance exercise.
In 1978 the American College of Sports Medicine
(ACSM) updated their recommendations for exercise in
adults to include muscular strengthening and endurance
exercises.” They defined physical fitness as being composed
of cardiorespiratory fitness, body composition, muscular
strength, endurance, and flexibility.

Flexibility can be defined as the range of motion of a
joint or a series of joints that are influenced by muscles,
tendons, ligaments, bones, and bony structures.! Flexibility
varies in accordance with several intrinsic and extrinsic
factors. Aging causes a decrease in flexibility, with the
only increase being seen from birth to adolescence.
Males are, in general, less flexible than females. The level
and type of activity performed, rest intervals between
activities, temperature, and specific joint involvement all
have strong influences on flexibility. Adequate flexibility
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helps to prevent soft tissue injuries. As tendons and
ligaments are stretched repeatedly, lengthening occurs,
giving way to free movement with less stiffness. Because
sprains, strains, and tears of both muscle and connective
tissue are common sports-related injuries, it is important
to present proper stretching and conditioning techniques
to the recreational and professional athlete. These injuries
generally respond well to a therapeutic program of rest
with stretching and nonsteroidal anti-inflammatory
medications. When patient compliance to this regime is
poor or when athletes ignore symptoms of overuse
injuries, more serious injuries can occur.

Conditioning for sports is no longer restricted to
those athletes playing team sports. Participants at all
levels in every sport should be engaged in a conditioning
program to help reduce the risk of injury during sporting
activity. Maximum performance in athletic activity can
best be obtained by conditioning the body with a sport-
specific series of exercises designed to maximize the
body’s ability to withstand the demands inherent within a
sport.!12 The role of conditioning to modify sports
injuries and risk of injury is still being researched.
Injuries of the skeletal muscle and musculoskeletal
junction are common causes of pain and disability.
Improved understanding of normal physiologic mecha-
nisms and pathologies will lead to new strategies for
injury prevention and treatment. For example, resistive
training strengthens the structures surrounding a joint.
This is a positive influence because it spares the joint
which is most susceptible to injury, prevents osteoporosis,
improves posture, assists in weight control, and rehabili-
tates and prevents injury.

ADVANCES IN SPORTS MEDICINE

The field of sports medicine grew rapidly during the
1970s, with increased numbers of participants in both
recreational and competitive athletics. Family practitioners
and internists contributed to the welfare of the athlete by
conducting physicals and treating medical conditions in
conjunction with the orthopedist. Additionally, orthopedic
surgeons were required to attend many organized sport-
ing events to treat injuries on the field or sidelines.
The foundation of the American Orthopaedic Society
for Sports Medicine (AOSSM) in 1972 confirmed the
existence of sports medicine as its own medical specialty.
The American Medical Society for Sports Medicine
(AMSSM) arose as more nonorthopedic physicians who
were interested in sports medicine saw the benefits of the
AOSSM. These primary care physicians found that the
ACSM was too heterogeneous and research oriented to
satisfy their needs. Members of the AMSSM are board
certified physicians in primary care who have completed
a fellowship in sports medicine or meet certain practice
requirements and have passed a standardized exam that
leads to a Certification of Qualifications. The interaction
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between the AOSSM and the AMSSM is instrumental in
maintaining the excellence of sports medicine care.

Current research is also going beyond evaluation of
specific injuries and various treatment measures.
Epidemiologic studies are now directed at surveying the
injury patterns of the athlete, the sporting activity,
and the environment in which the event occurs. These
studies shift some investigations from treatment modali-
ties to possible preventive measures. In fact, this type of
investigation can be undertaken as a multicenter study
with a single epidemiologic team, which establishes a
single protocol and uniform definitions. With this
common interest, multicenter studies can acquire larger
amounts of more diverse information. As more informa-
tion is gathered, changes or modifications in a specific
sports venue may reduce the injury rate.

CURRENT ISSUES

Opver the last decade the concept of team physician has
evolved from the original model of an orthopedic surgeon
taking complete responsibility for the medical needs of a
sports team. Many nonorthopedic physicians, including
family practitioners, internists, and pediatricians, are
now actively involved in many sports medicine programs.
The ideal team physician is a combination of a primary
care physician and an orthopedic surgeon. This permits
complete care of the athlete, dealing with all the aspects
of medical care and traumatic injuries. Since many sports
injuries do not necessarily require surgery, primary care
physicians are at the forefront of prevention and treat-
ment. The AMSSM, in recognizing this fact, has quali-
fied sports medicine primary care physicians. Working
closely with consulting orthopedic surgeons, these physi-
cians ensure that the athlete will receive the optimal care.

One of the most challenging problems in the current
state of health care is the role of the team physician in
the managed care environment. Many find it difficult to
care for players because a player’s coverage is not a plan
with which the physician participates. Prompt diagnosis
and treatment remain the most cost-effective means of
returning the athlete to competition. It is for this reason
that as health care changes, health care providers and
legislators realize that the best treatment for sports related
injuries is provided by team physicians with an expertise
in sports medicine. This will maintain the continuity of
care with these athletes, enable the team physician to
make decisions regarding return to competition, and is
probably the most cost-effective means of delivering
health care to these athletes.

In this time of health care reform, it appears that the
primary care physician will have the initial responsibility
of administering treatment to the injured athlete.
Following recommended treatment plans or algorithms,
these physicians should be able to manage many of the
injuries. However, it behooves them to refer the athlete
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to a specialist as soon as it becomes apparent that the
injury is not improving or is beyond the scope of their
expertise.
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Muscle and Exercise
Physiology

Paul M. Juris

Tradition, or perhaps convention, has it that a discourse
on exercise physiology would focus on the subject of
muscle ultrastructure and the various energy producing
systems that allow for muscle contraction. The impor-
tance of such a discussion cannot be overstated, yet a
slightly different perspective might be more appropriate
when addressing the issues of sports medicine and
rehabilitation.

From a more global approach, one might consider
that the essential role of muscle is to either move or fixate
the skeleton so that purposeful behavior can occur. This
broad concept has led to numerous discussions of the
musculoskeletal system and the interaction between
muscle and bone. Absent from this model, however, is
the nervous system, which is primarily responsible for the
coordination of muscular activity.

Conventionally, neural and muscular behavior have
been treated separately as either muscle physiology or
neurophysiology. This scientific dichotomy is problematic
in that one system does not function appropriately
without the other. Although muscles act directly on the
skeleton, they cannot do so unless there is neural input
instructing them on how to function. On the other hand,
although the nervous system provides the primary
impetus for muscles to contract, its activity would be
immaterial without intact musculature. Thus, the discus-
sion of physiology from this perspective will explore the
intact neuromuscular system, focusing on the essential
functional element of this system, the motor unit.

THE MOTOR UNIT

The principle component of the neuromuscular system,
as seen in Figure 2-1, is the motor unit. The motor unit
is defined as the cell body and dendrites of a motor
neuron, its axon and branches, and all of the muscle
fibers that it innervates. Motor units can generally be
classified as either fast-twitch or slow-twitch, referring to

their twitch characteristics. Likewise, they can be
characterized according to their resistance to fatigue, in
which case they are referred to as fast-fatigable (FF),
fast-fatigue resistant (FR), or slow-fatigue resistant (S).
In all cases, the linkage between the motor neuron and
the muscle cell is closely related to the character of the
motor unit.

Cell diameter, for example, relates directly to the type
of motor unit and is consistent with both neural and
muscular components. In general, FF type units have
larger axon diameters than do S units, and the muscle
cells also tend to be larger.® Motor axon diameter bears a
direct relationship to nerve conduction velocity. This is
simply because the larger the area of the axonal cylinder,
the less resistance there is to the flow of electrons. Thus,
fast-twitch motor neurons tend to have higher conduc-
tion velocities than slow-twitch nerve cells. These
findings have been reported in studies of cat hindlimb
alpha motoneurons wherein the conduction velocities of
FF nerve cells were more than 15 msec faster than those
of S neurons.”?

Another contributor to conduction velocity is the
nature of conduction along the nerve cell. Motor neurons
are covered in an insulating sheath called myelin (Fig. 2-2).
The myelin is interrupted periodically along the axon by
nodes, which cause the depolarized signal to jump from
one node to the next in wavelike fashion. This form of
signal conduction is referred to as saltatory conduction
after the Latin sa/tare, meaning “to leap.” The wider the
nodal spacing, the more rapidly the signal jumps from
node to node, and consequently, the faster the rate of
transmission. Fast-twitch motor units have greater
internodal distances than slow-twitch units, contributing
to their faster conduction velocity.??

In addition to their signal transmission characteristics,
motor units can be separated into groups with different
excitatory potentials. In other words, the strength of the
input required to evoke an action potential along the
nerve cell varies between fast and slow-twitch motor
units. Although slow-twitch neurons are more readily
excited (have a lower firing threshold), fast-twitch
neurons require more input to overcome a higher
excitatory threshold.

Muscle fiber characteristics in motor units closely
parallel their associated nerve cells. Muscle fibers can be
categorized histochemically according to the level of
myosin-ATPase associated with the cell. Myosin-ATPase
is bound to the myosin heads and is related to twitch
speed. Fast-twitch muscle fibers have higher levels of
myosin-ATPase and consequently, stain darkly in slide
preparations. Slow-twitch fibers, on the other hand, have
low levels of myosin-ATPase and thus appear very light
under stain (Fig. 2-3).

Muscle twitch responses are also clearly distinguish-
able between FF, FR, and S motor unit types. Enoka'?
describes three such motor units from the medial
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with motor end plates (to stimulate tissue)

FIGURE 2-1. Motor unit.

gastrocnemius of the cat. Muscle fibers from the FF
motor unit produce nearly 50 grams of force with a
twitch time of less than 100 ms. Twitch tension from FR
fibers was recorded at less than 20 gm, with a twitch
duration of greater than 100 ms. Fibers from the S motor
unit achieved a tension of less than 10 gm over a period
of more than 200 ms. Thus, the diversity of motor unit
types provides the neuromuscular system with a fairly
precise means of controlling contractle activity, thus
influencing the nature of motor coordination.

MOTOR-UNIT RECRUITMENT

The gradation of muscle contraction is necessary for
purposeful movement to occur. The force required to
hold a 12-pound bowling ball, for example, is greater
than that needed to hold a crystal goblet. The higher
force may serve both conditions, but in the latter case is
unnecessary and may result in damage or injury.
Through a diverse motor-unit pool, the neuromuscular
system has a means of controlling not only the amplitude
of muscle activity, but also the rate of change in tension.
These are accomplished through motor-unit recruitment
strategies.

Neuron

Axon
hillock

Dendrites

Myelin

sheath Node of

Ranvier

A

Motor end plates
FIGURE 2-2. Myelination/nodes of Ranvier.

It is first necessary to understand that motor-unit
activity adheres to the “all-or-none” principle. That is,
once the firing threshold of a motor-unit is reached,
depolarization of the nerve cell proceeds, resulting in the
stimulation of all of the associated muscle fibers. Those
fibers will respond by contracting fully, meaning that
they will produce the maximal amount of force that they
are capable of producing. Thus, a motor-unit can be
viewed as either quiescent or fully contracting; there are
no other possibilities.

The gradation of muscle contraction, therefore, must
account for this phenomenon, and accordingly, there are
two essential means by which force modulation is accom-
plished. These are sometimes referred to as recruitment
or frequency strategies. Under a recruitment strategy, the
nervous system recruits a progressive number of motor-
units until the appropriate level of force output is
achieved. Frequency strategies involve the repeated
stimulation of a fixed number of motor-units, contributing
to tension development with each successive twitch
response.

Either an isolated or combined application of these
strategies will result in graded muscle tension. It is
generally reported, however, that recruitment is the
predominant strategy for a stepwise or gross increase in
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Cross sections of muscle

FIGURE 2-3. A, Myosin-ATPase stains dark in the predomi-
nantly type Il muscle. B, Type | muscle shows little staining.

muscle force, and smooth changes or minor fluctuations
in twitch tension emanate from frequency control
schemes.!%?635 Milner-Brown and Stein® suggest that
recruitment occurs under low-level muscular contrac-
tions, but the manipulation of firing rate becomes more
critical at higher force levels. Regardless of their specific

Recruitment

Frequency
1 1
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manner of activation, the presence of these two strategies
and the associated variety of muscle torque profiles that
can be generated suggest that a high degree of variability
exists in the recruitment of motor-units. Yet, evidence
exists suggesting that the recruitment of motor-units
follows a quite orderly pattern.

Henneman’s Size Principle

Through decades of research in the area of motor
control, many hypotheses have emerged to explain the
nature of motor activity and the systematic activation of
motor-units. One theory presented over 35 years ago,
however, remains relatively unchallenged in its
explanation of the governing of muscle force output.
Henneman’s size principle" states that the activation of
motor units at the spinal cord level follows an orderly
progression from the low threshold, slow-twitch nerve
cells, to the higher threshold, fast-twitch motor neurons.

Low force contractions, therefore, will involve only
slow-twitch motor units, but high force muscle activity
will result from the sequential activation of first slow
then fast-twitch nerve cells. More specifically, Komi and
Viitasalo?® suggest that the contribution of fast-twitch
motor units begins when force output reaches 60% of an
individual’s maximal volitional contraction (MVC).
Thus, for contractions below this level, recruitment
strategies may be employed exclusively to the low-
threshold motor units. Tension requirements above 60%
MVC, on the other hand, will be met by applying com-
bined recruitment and frequency schemes to the entire
available motor unit pool (this scheme is presented
graphically in Figure 2-4).

This model of motor unit activation offers a logical
interpretation of the dynamic control of muscle force
output. It is not, however, the solitary explanation, and
may only partially explain the diverse mechanisms
controlling motor outflow. For example, 20 years ago
Milner-Brown, Stein, and Lee?*° introduced the notion of
motor-unit synchronization, wherein individuals demon-
strated a propensity to group discharges from different
motor units. Most of the subjects falling into this category

Threshold

Tension

FIGURE 2-4.
strategies.

[llustration of recruitment

” (A

FR FF
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were either weight lifters or were involved in manual jobs
requiring the exertion of large, briefly applied forces.
Ostensibly, synchronization is an efficient strategy by
which one can develop high forces through the combined
output of various motor-unit pools.

Although motor-unit synchronization offers an
alternative explanation to the control of motor outflow, it
does not necessarily conflict with Henneman’s premise.
It is quite possible that the clustering of motor units
follows a similar progression along the threshold hierar-
chy, wherein low-threshold units are grouped first and
high-threshold units enter the cluster in response to
greater force demands. In this sense, synchronization is
not an alternative strategy, but rather a different method
of employing the size principle. Instead of recruiting
individual motor units in a specified sequence, the
nervous system can engage groups of motor units simul-
taneously to achieve high force levels more efficiently.
This concept is supported by De Luca,!® whose notion of
a “common drive” suggests that individual motor units
are not individually controlled but that motoneuron
pools are controlled as a whole.

In essence, the synchronized output of a set of
clustered slow-twitch motor units may equal the force
generated by single fast-twitch motor units. It follows,
then, that the combined force output of synchronized
motor-unit pools may exceed the sum force generated by
sequentially activated individual motor units. The result
is not only an extension of the potential range of muscle
force output, but a more finite degree of control over the
development and disposition of muscle force.

It is worth repeating that Henneman’s size principle
has been largely unchallenged during the past four
decades. There is evidence, however, suggesting that
additional recruitment schemes exist, not necessarily as
replacements for the size principle but perhaps as
coexisting strategies for the control of motor neurons.
Person,** for example, examined the activity of moto-
neuron pools during submaximal isometric contractions
when individuals were either in a “fixed body” position or
in a “free posture.” The author reports that while subjects
were “fixed” the recruitment of motor units followed an
orderly sequence, as described by Henneman. Under
“free posture” conditions, on the other hand, subjects
demonstrated significant variability in the recruitment
and deactivation of motor units.

This variability in the pattern of muscle activation is
apparently related to the nature of the neuromuscular
activity. Person argues that under normal movement
conditions, the recruitment of motor units and their
differential control are coordinated by the combination
of afferent and supraspinal structures. In other words, the
process of neuromuscular coordination is generated from
higher levels in the central nervous system (CNS) from
which a choice of inputs to independent motoneurons or
motoneuron pools can be made. Consequently, the CNS

may be capable of selective recruitment resulting in
movement-specific motor-unit firing patterns.

The method by which selective recruitment occurs
has been partially explained by Burke et al.,” who
postulated that during voluntary contractions a neural
switching mechanism can redirect the excitation of
motor units toward high-threshold neurons, while
simultaneously depressing slow-twitch units. Basmajian!
also discusses the selective inhibition of superfluous
motor pathways, resulting in the excitation of only those
motor-unit pools that will yield the appropriate muscle
activity for specific tasks. Both of these authors support
Person’s notion of high-level control mechanisms.
Belanger and McComas,® however, in addressing Burke’s
hypothesis, failed to detect evidence of selective control
of motor units under conditions of isometric ankle
plantar and dorsiflexion. So the evidence associated with
selective recruitment is not altogether certain.

The lack of consistency in the various findings may
relate to the nature of the experimental task rather than
the absolute presence or absence of recruitment
selectivity. Much of the work focusing on motor-unit
recruitment involves simple tasks performed under
highly regulated conditions. It is quite possible that
under these circumstances the innervation of motor units
follows a tightly regulated linear pattern, as described by
Henneman. Person’s investigation, on the other hand,
compared a simplistic condition in which coordinated
muscle activity for postural control was not required, to
one that involved the dual task of having to perform
muscular contractions while simultaneously maintaining
posture and equilibrium. In this case, the difference in
task complexity might explain the varied findings. The
implication, although somewhat speculative, is that the
CNS has the ability to vary the strategy by which motor
units are recruited, adhering to a regulatory pattern
under more simple movement conditions and switching
to a more adaptable combination of linear recruitment,
synchronization, and selective recruitment as movement
complexity increases (Fig. 2-5).

The Extent of Motor-Unit Activation

The nature of the movement may also influence the
extent to which motor units can be recruited. To pose
this as a question, one may ask under what conditions can
motor units be maximally recruited? It is often suggested,
for instance, that moderate-level prolonged contractions
will involve the complete recruitment of available motor
units. This assumption, however, is flawed in its logic and
is not supported scientifically.

In essence, the activation of motor units is influenced
by three principle factors. The first involves the force
levels inherent in the muscular contractions. Second is
the contraction rate, or velocity of shortening. Third is
the type of contraction itself, that is, whether the muscle

11
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Task Characteristics

Simple Task

P Complex Task

FIGURE 2-5. Change in recruitment

Recruitment Strategy

Simple Linear = Synchronization -—— Complex Selective

strategy with task complexity.

is developing tension isometrically, concentrically, or
eccentrically.

As discussed previously in relating Henneman’s size
principle, the contribution or innervation of high-
threshold, fast-twitch motor units is associated with
increased force levels. Prolonged contractions that
involve moderate loads may not possess the characteris-
tic force requirements that would elicit a response from
fast-twitch motor units, and there is little scientific
evidence to suggest that such muscular activity would
involve the activation of high-threshold units. To the
contrary, there is ample evidence to indicate a direct
relationship between the type of motor-unit activity
witnessed during a contraction and the velocity, force,
and shortening characteristic of that contraction.

Moritani and Muro,* for example, have demonstrated
a linear relationship between EMG amplitudes, mean
power frequencies, and the level of muscular contraction.
This suggests that higher-threshold motor units are
activated only when enhanced levels of force production
are attempted.

Motor-unit recruitment associated with various force
levels has also been investigated by Hannerz.”?! Motor
units recruited at 15% MVC fired at a rate of 10 per sec.
At 60% MVC, the rate increased to 20 per sec, and at
90% MVC, firing rate reached 35 per sec. These findings
represent the gradual change from slow-twitch to fast-
twitch motor units as the level of contraction rises.
Hannerz also discovered an interesting alteration in
firing behavior when comparing isometric and isotonic
contractions. During a 20% static contraction, low-
frequency motor units fired continuously. When the level
of muscular work was increased to 25 %, new motor units
were recruited. During a low-level twitch contraction
involving a higher velocity of shortening, only the new
motor units were activated, indicating a direct relation-
ship between the speed of the muscle contraction and the
recruitment of high-threshold motor units.

Further comparisons between the two contraction
types were performed by Grimby and Hannerz!? in 1977.
Using wire electrodes, the authors distinguished between
two types of motor units. The first was labeled continuously

firing long interval motor units (CLMUs) and could dis-
charge at long intervals. During maximum sustained
efforts, CLMUs fired at 30 to 50 ms intervals. With
twitch contractions, the intervals decreased, reducing to
10 msec during maximum twitches. Alternating movements
were characterized by intervals of 15 to 20 msec.

The second motor unit type isolated by Grimby and
Hannerz was an intermattently firing short interval motor
unit ISMUs). These units were inactive during weak or
moderately sustained efforts and fired only occasionally
during maximal isometric contractions. During rapid
alternating movements, however, these motor units fired
in high-frequency bursts with intervals between 20 and
40 ms. Both CLMUs and ISMUs were then recorded
simultaneously. Prolonged sustained contractions
involved only CLMUs, but during rapid accelerations
both fired. These results indicate that there is a clear
difference in the way that motor units are recruited
when one develops tension either isometrically, iso-
tonically, or at different rates of shortening. It is only
in the rapid moving condition that both types of motor
units fired.

Finally, Enoka and Fuglevand'* have demonstrated
that isometric contractions will not involve maximal
motor-unit recruitment. Their subjects were instructed
to produce a maximal volitional contraction on top of
which was introduced an electrical stimulus. The authors
discovered that muscle force output increased with added
stimulation. Arguably, the MVC could not have involved
maximal motor-unit recruitment because under those
conditions no additional stimulus would have increased
force output. The inability of the system to recruit high-
threshold motor units during isometric contractions has
been explained by Tax and colleagues,” who demon-
strated that recruitment thresholds were lower during
isotonic contractions than they were under isometric
conditions.

From the combined scientific evidence then, it can be
argued that the maximal recruitment of motor units
cannot be achieved under conditions of sustained
maximal isometric or prolonged moderate-level isotonic
contractions. Rather, it is only when rapid, forceful
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movements are attempted that motor-unit populations
are fully recruited.

Strength Development

It is noteworthy that exercise physiology chapters
exploring strength development focus primarily on
changes at the muscular level. In context with this
discussion, however, adaptations in strength will be
examined from the neuromuscular level. A change in
strength implies that not only has the muscle improved
its contractile capability, but that the motor drive has
evolved as well. This notion is supported by studies
utilizing an electromyograph (EMG) as an instrument by
which nervous system activity can be explored. Hikkinen
and Komi,' for example, show that EMG amplitude
rises linearly with muscle tension. By itself, this only
shows an immediate change in neural drive to increase
muscle output. But there is evidence depicting a more
lasting change in the integrated EMG (IEMG) over the
course of training programs.!®23:324 These studies
demonstrate training induced changes not only in maximal
tension development, but in maximal IEMG as well.
These results do depict learning at the nervous system
level. The role of the neuromuscular system in learning
becomes more evident in examining the time course of
strength development.

Several authors have demonstrated strength improve-
ment within a relatively short period of time. Ishida,
Moritani, and Itoh,? for example, documented a 31%
increase in maximal volitional contraction in their train-
ing subjects. All but 1% of this change occurred within
the first 4 weeks of training. Moritani and deVries*?
demonstrated an average strength gain of 17% within 7
weeks, and others showed maximal strength increases
within 4 weeks.!®?5 These results are significant not by
virtue of the fact that subjects experienced a gain in
strength but because their strength improvement came
in the absence of muscular hypertrophy. Thus, the
enhanced muscle tension experienced by their subjects
could not be related to increased contractility. Rather, a
change in the pattern of muscle activation was most likely
the impetus for improved strength.

The phenomenon of “neural learning” has also been
demonstrated in studies in which the effects of training
on one limb are seen in the contralateral untrained limb.
Such bilateral transfer was noticed, for example, by Komi
et al.,’” whose subjects experienced a 20% increase in
isometric knee extension strength in their trained limbs
and an 11% increase in MVC in their nontrained limbs.
Moritani and deVries* found similar results in compar-
isons of elbow flexor strength, but remarkably, increases
in MVC on the untrained side were greater than those of
the trained side (21% versus 17%). Once again, these
results can hardly be attributed to muscle hypertrophy. It
is more likely that subjects experienced a reorganization

of the efferent systems that are responsible for the muscle
activity under investigation.

Besides increased strength as an end product of weight
training, changes in the actual patterns of neuromotor
behavior have been documented. In the previously
discussed study by Milner-Brown, Stein, and Lee,*® for
example, 2 out of 10 subjects who exercised their first
dorsal interosseous muscle showed a tendency for the
synchronization of discharges. It is quite possible that
the firing of motor units had become synchronized as a
function of resistance training. Synchronization, there-
fore, may be one means by which the nervous system can
effect a permanent increase in muscle tension without a
concomitant change in muscle mass.

This is not to suggest that muscle hypertrophy bears
no significance to strength development. Strength
training studies have clearly demonstrated muscle mass
changes as a consequence of the strengthening para-
digms. The role of the central nervous system, however,
cannot be overlooked and may in fact be the most critical
determinant of the nature of hypertrophic gains at the
muscle level.

Morphologic Adaptation and Neural Drive

Traditional theory suggests that the types of loads
employed during training dictate the nature of the
muscular response. For instance, light loads and high
repetitions create muscle tone, and heavy loads lifted with
few repetitions induce increases in muscle mass. This very
simplistic view overlooks key factors, such as the recruit-
ment of motor units that would contribute to specific
morphologic adaptation. In addition, it fails to consider
the difference in training responses among slow-twitch
and fast-twitch muscle fibers. On a more scientific level,
one might suggest that any exercise that invokes motor-
unit recruitment throughout the threshold scale would
result in hypertrophy of all of the muscle fibers recruit-
ed. In other words, if all of the motor units are recruited
in the manner described by Henneman, then both slow-
twitch and fast-twitch muscle cells should experience
equal levels of hypertrophy. Although this concept might
address the issue of total muscular development, it does
not distinguish between different characteristics of adap-
tation, such as tone or mass. Furthermore, it has not been
supported scientifically, as evidenced in the findings of
studies involving strength or power training.

One should begin with an operational definition of
strength and power. Power is defined as force applied over
a given distance for a specific period of time. More
simply stated, power is force times velocity. It follows
that exercises involving high, rapidly achieved force
levels would constitute power-training exercises. An
example of such an exercise is weighted jumping.

Strength, on the other hand, is not so easily defined
and, in fact, is somewhat nebulous because of the variety
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of measures used for its assessment. For instance, strength
is often measured as one’s maximal volitional isometric
contraction (MVC) or as a one-repetition maximum
(1 RM). Strength can also be characterized as isokinetic
peak torque. All of these make the exact meaning of
strength unclear because they yield different results. An
interesting interpretation of strength was issued by
Bohannon,’ who claimed that strength was simply “one’s
ability to bring force to bear on the environment.” This is
an attractive definition because it places strength into a
task-specific context. In theory then, any exercise that
improves one’s ability to apply force in a task-specific
context can be considered a strength-developing exercise
(this includes, of course, power-training exercises). To
distinguish between strength and power exercises,
strength-training exercises will be limited to loaded
movements that do not involve high velocities, such as a
leg press done at a relatively slow, consistent pace.

Two strength-training studies warrant mention, not so
much for their demonstration of strength gains, but for
the absence of morphologic adaptation despite the
demonstrated strength gains. Dons and colleagues!! in
1979 examined strength changes in subjects performing
controlled squat exercises over a 7-week interval. In
addition, they monitored the number and size of slow
and fast-twitch fibers before and after training. Subjects
exercising at 80% of their 1 RM experienced a 42%
increase in strength after 7 weeks. Interestingly, there
was no change in the relative number of fast or slow-
twitch fibers, nor did the area of those fibers or the ratio
between fast-twitch and slow-twitch fibers change.

The results of this study mirrored those of Moritani
and deVries*? and serve to reinforce the notion that early
strength gains are most likely the end product of adapta-
tion within the central nervous system. It is possible that
with training beyond 7 weeks the subjects of both studies
would have experienced changes in the area and ratio of
fast-twitch and slow-twitch fibers. Hikkinen et al.?°
addressed this issue by investigating strength and muscle
changes in various groups engaged in “high intensity”
strength-training programs over a 12-month period.
Curiously, none of the subjects demonstrated a change in
fast-twitch or slow-twitch fiber area. Perhaps it is not the
duration of exercise but the nature of the exercise that
contributes most significantly to changes at the muscle
level. Several studies, in fact, support this contention.

Thorstensson et al.,¥! for instance, investigated the
effects of 8 weeks of squat and jump training. Their
subjects demonstrated an increase in FI/ST area ratio
from 1.20 to 1.37 over the training period. Although the
training interval of 8 weeks was similar to those of the
previously mentioned strength studies, clearly the nature
of the activity was different. Likewise, Hikkinen et al.!”
examined the effects of 24 weeks of “explosive” jumping
and noticed an increase in the area of fast-twitch muscle
fibers and a decrease in the area of slow-twitch cells.
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The result was an increase in FT/ST area ratio. Again,
the principle difference between this study and their
1987 work was the nature of the training involved.

Similar results have been reported in isokinetic
training studies. Costill et al.” witnessed a decrease in the
percent of ST area and an increase in the percent of FT
area after 7 weeks of isokinetic training at 180°/sec. More
recently, Bell and colleagues* detected a 5% increase in
FT cross-sectional area and a 10% increase in myosin-
ATPase activity after a course of “high velocity” isokinetic
training.

The findings of these studies clearly suggest that the
type of training in which one engages has a marked
influence on the muscular response. Specifically, it has
been demonstrated that power training results in an
increase in FT/ST area ratio or a selectively greater
increase in the area of fast-twitch muscle fibers. Strength
training, on the other hand, does not seem to affect this
ratio. This is a curious phenomenon. If Henneman’s size
principle holds true, then clearly there ought to be equal
development of both ST and FT fiber populations,
because the recruitment of these fibers progresses
systematically along the motor unit scale. Assuming, for
instance, that power training involves more fast-twitch
muscle fibers than strength training, one might expect
more hypertrophy among the fast-twitch muscle cells in
power trained subjects. Slow-twitch fibers, however,
should also experience some growth, because they are pre-
sumably recruited first. Yet, these do not seem to change.

Two theories may explain this behavior. First, the
neuromuscular system might actually experience a form
of selective recruitment during power-training exercises.
This concept was presented by Schmidtbleicher and
Haralambie?® in a study in which the push-off time of the
upper extremity was studied in low- and high-intensity
training groups. The high-intensity group experienced a
significant reduction in push-off time, but the low-
intensity group did not improve, prompting the authors
to suggest that high-intensity training involved only fast-
twitch motor units, and low-intensity training employed
both ST and FT units. In this case, the selective activa-
tion of type I motor units would lead to the hypertrophy
of only fast-twitch muscle fibers.

Although this theory does provide an explanation for
selective hypertrophy, it is somewhat problematic. The
assumption that only FT motor units, and hence fibers,
would be recruited during an ongoing exercise is not, in
itself, without fault. In light of the fact that fast-twitch mus-
cle cells are easily fatigued, it is arguable that the selective
recruitment of these cells would be impossible, because
they would fatigue rapidly and leave the neuromuscular
system with no force generating mechanism. If they were
selectively recruited and subsequently fatdgued, then the
system would, out of necessity, be forced to employ slow-
twitch units to maintain some level of motor activity. In
that case, ST muscle cells should experience some growth.
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The second explanation behind selective hypertrophy
is not only interesting but is also quite possibly the
driving mechanism behind muscle growth. Studies
comparing strength training to power training, or isotonic
training to isometric training, have yielded a fascinating
result. Referring to the study by Hikkinen and others,"
the authors noted a 24% increase in the rate at which
tension was developed in the power-trained group. This
increase correlated positively with the detected increase
in FT fiber area in that population of subjects. Peak
isometric torque, on the other hand, experienced only a
10% improvement, which was deemed not significant by
the authors.

A study conducted by Duchateau and Hainaut!?
reported similar findings. Subjects who trained isometri-
cally experienced an increase in peak torque, while those
undergoing isotonic training increased their rate of
tension development. Rate of tension development may
actually be the single most significant factor in the
production of strength and power. It may also be the
most significant contributor to the selective hypertrophy
of muscle fibers. Komi* suggests that “the degree of
hypertrophy may follow the effects of the motor input,”
citing rate of tension development as the primary factor.
The mechanism behind the rate of tension development
is clearly elucidated.

The time course of tension development is depicted
in Figure 2-6. On the left is a slowly developing muscle
tension curve with its associated IEMG activity. It can be
seen that peak EMG activity precedes peak muscle
tension. This occurs naturally, as the muscle responds to
the neural drive with a slight delay. To the right is a
tension curve that is increasing at a faster rate. Notice
that the IEMG activity has shifted in time, and like the
tension curve, has a markedly increased slope. This
phenomenon was presented in Komi’s work in 1986,

Muscle
Activity
(EMG)

Muscle
Force

Time
FIGURE 2-6. Increase in slope of neural drive, as seen in
EMG profile, is reflected by an increase in rate of tension
development, producing strength increases.

depicting the change in the rate of tension development
and the shift in IEMG activity that accompanies power
training.

It has been suggested that the characteristic shape of
the EMG profile, and hence the nature of the neural
drive to the muscle, is actually responsible for creating
the hypertrophic muscular response. More simply stated,
if the pattern of neural drive to the muscle follows a
gradual rise to peak, then training in this fashion might
produce a general hypertrophy of ST and FT fibers,
regardless of the level of tension developed. If, however,
neural input rises rapidly, as depicted in an EMG trace
with a high slope, then the musculature might experience
a selective recruitment of FT muscle cells following
training.

Speed Specificity
A quarter century ago, Moffroid and Whipple®! presented
a study examining the effects of exercise speed on
increases in isokinetic torque. The authors noted that
torque increases were specific at and below the speed of
exercise, which touched off a flurry of research activity
leading to one of the more controversial issues involving
strength development. How specifically are strength
gains related to the speed at which exercises are
performed? The answer to this question has been elusive
at best, given the contradictory scientific literature.
Moffroid and Whipple’s study provides evidence that
strength gains do not occur at speeds above those
employed during training and thus are speed specific.
One should note, however, that their training speeds of
6 and 18 revolutions per minute are comparable to
36° and 108°/sec, neither of which could truly be con-
sidered a high velocity. Thus, it is difficult to determine
from this study whether similar training responses would
exist if exercises were performed at higher speeds. This
issue was addressed in a study by Ewing and colleagues,'¢
who trained their subjects at 60° and 240°/sec. When
tested at the slow speed, only the slowly trained group
exhibited torque increases. At the fast speed, on the other
hand, torque improvements were noted only in the fast-
trained group, indicating a speed-specific response.
These results, however, are hardly consistent through-
out the literature. Bell at al.,* for example, trained their
subjects at 180°/sec but found strength improvements at
test speeds ranging from 90°/sec to 240°/sec. Contrary to
Moffroid and Whipple, this study does indicate that
strength gains can transcend training speeds, particularly
when training is slow and testing is fast. Other studies
have presented similar findings after evaluating a variety
of movement speeds. For example, subjects who trained
at either 60°/sec or 180°/sec demonstrated strength gains
at all testing speeds from 60°/sec to 300°/sec, but those
whose training was performed at 300°/sec experienced
gains only at higher angular velocities.?**¢ Evidently,
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speed specificity is related only to high training veloci-
ties, at least as indicated by these works. Still, the issue of
specificity of velocity is somewhat obscured.

Perhaps the most significant work to emerge during
the last decade is the 1993 study presented by Behm and
Sale.? In this investigation subjects trained one limb by
attempting rapid contractions at resistances that prevented
motion entirely (isometric), and the other limb at resist-
ances that allowed movement to occur at a high rate of
speed (300°/sec). At the conclusion of the 16-week training
period, both limbs experienced the same high-velocity-
specific training response. The authors concluded that
the stimulus for a high-velocity training response was the
repeated attempt to produce a high-speed movement,
rather than the actual movement speed. The results of
this study have far-reaching implications.

Because of the difficulty involved in the control of
limb pacing, the majority of the studies examining speed
specificity have employed isokinetic devices. Such
devices allow the experimenter to apply an external
regulatory constraint on movement speed by the
selection of a preset velocity that can not be exceeded by
the performer. It is here that Behm and Sale’s findings
have their greatest impact. During isokinetic exercise or
testing, one is instructed to exert as much force as possi-
ble against the machine, which in turn will constrain the
movement to its preset speed of 60°/sec, for example.
One can well imagine, however, that in the absence of
such constraints, an attempt to move a limb with maximal
force would produce a motion far in excess of 60°/sec. In
essence, the intention on an isokinetic device is to move
as rapidly as possible, but the actual motion occurs at a
slower rate.

This would explain the common finding among
isokinetic studies that training at a slow speed can lead to
increased strength at fast testing velocities. Because the
intention at all training speeds is to move as rapidly as
possible, a carryover in strength from one rate of motion
to another is clearly feasible. Unfortunately, the most
important implication to emerge from Behm and Sale’s
work is lost in isokinetic testing. Strength gains are
specific to the speeds at which training occurs. If one
desires to move quickly with maximum force production,
then one should adopt a training regime that requires
such motion.

RECOMMENDATIONS FOR STRENGTH TRAINING

In 1957, Rasch and Morehouse?” conducted a study that
would eventually become a landmark in strength-training
literature. In this investigation 49, subjects trained their
biceps for a period of 6 weeks. At the end of the training
period the subjects were evaluated for strength under
familiar and unfamiliar positions. The subjects demon-
strated strength gains in the familiar positions, but not
when the position was unfamiliar. These results indicate
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that isolated muscle training does not necessarily lead to
strength gains, but that strength really involves the
acquisition of skill in a movement specific manner.

The mechanism underlying this phenomenon of task-
specific strength changes appears to be related to the
recruitment of motor units. It has been demonstrated, for
example, that in multifunctional muscles the order of
recruitment can be varied continuously by changing the
task and consequently the direction of movement and the
mechanical properties acting on the joints and limbs.*
This results in a “directional programming” of muscle
forces that, when done repeatedly, results in strength
gains specific to that movement and body position.

This theory has been advanced by Loeb,’® who not
only addresses the recruitment of motor units, but
suggests that the physical composition of the neuro-
muscular system is influenced by movement dependency.
Referring once again to the discussion of motor-unit
activation, one can infer that the recruitment of motor
units is influenced by the desired speed of movement and
the force requirements of the task. Loeb, on the other
hand, in following ter har Romeny and colleagues,* sug-
gests that motor units are recruited in a manner that
befits the task at hand. In fact, he goes further to suggest
that motor units are organized into “task groups” that
may comprise a combination of slow-twitch, fast-twitch,
and intermediate units. These motor-unit groupings are
developed as one’s movement repertoire grows.

Indeed, Loeb argues that not only are motor units
grouped according to task, but that the physical orienta-
tion of muscle fibers is also task related, rather than
simply organized according to motor-unit type. For
instance, it is generally accepted that muscle fibers are
bundled into homogeneous groupings so that motor
units of similar type will occupy a common region within
the muscle. Loeb, on the other hand, suggests that the
grouping of motor units is task related, and that fibers
from motor units may actually traverse several areas
within a single muscle. It is also possible, Loeb argues,
that fibers from motor-unit task groups may actually span
different muscles as well. The development of strength,
therefore, may well require the activation of various
motor-unit task groups involving several muscles, with
specifically applied movement patterns.

Strength development, therefore, requires consider-
ably more than the simple repeated contractions of
isolated muscle groups. If we return to the original
premise of this chapter, that the functions of muscle are
to stabilize or move the skeleton, then strength develop-
ment should involve one or both of these functions.
Stabilization and movement, however, are also task
dependent. Thus the activation of motor units or task
groups will also depend on the nature of the movements.
In essence, strength enhancement can be achieved
through the application of various natural resisted
movements that incorporate different speeds and loading
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conditions. In this way the subject will most likely
activate all of the appropriate motor units for those given
tasks, not only developing isolated muscle strength but
coordination and skill as well. A concern for skill, rather
than muscle tone or mass, will lead to more effective
functional strength gains that translate from the gym or
rehabilitation center to the real world.
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Preparticipation Physical
Examination

Gilbert B. Cushner and
Fred D. Cushner

The preparticipation physical examination (PPE) is a
fluid situation depending on the age of the athlete, the
sport involved, and setting of the examination. Just as a
preoperative examination should not be considered a
comprehensive annual physical exam, the PPE should
only identify the athlete at risk for injury, illness, or death
consequent to his or her participation in this specific
sport. Overzealous disqualification is to be avoided.
Secondary objectives that have been proposed include
general health examination, bringing the participant to
the optimal level of performance, size and maturity eval-
uation, and furthering the doctor—patient relationship.’
It is our feeling that although on occasion these will be
touched upon during the PPE, they are not mandatory or
universally accepted. In our society, legislative, legal, and
insurance requirements also have to be considered.

LEGISLATIVE REQUIREMENTS

With the exception of Rhode Island, all states and the
District of Columbia require some screening of athletes
engaged in formal high school athletics. However, 8 of
the 51 do not have an approved universal form. It is of
some concern that 21 out of 51 jurisdictions permit
nurses or physician assistants to do the PPE and in 11 in
51 chiropractors can do the evaluation.??!

LEGAL ISSUES

Legal action has addressed the issues of unjust disqualifi-
cation as well as failure to disqualify. Metzl describes a
patient who unsuccessfully sued for being disqualified
because of structural heart disease.?! Also discussed is the
Hank Gathers case in which a physician was sued for
clearing the athlete who later died of cardiac arrest while
playing basketball.

VALIDITY AND OUTCOMES

Smith and Laskowski?’ reviewed 10 studies involving
26,247 student athletes (Table 3-1): 9.5% were cleared
for sport participation with follow-up recommendations
but only 0.99% were not cleared. An estimated 200,000
student athletes would have to be examined to find the
1,000 at risk, and of these only one that would experience
sudden death.® Is screening financially feasible? Risser?¢
found the cost-benefit ratio to be $4,537 per athlete. He
considered this to be clearly “unfavorable.”

Although not proven to alter significantly mortality or
morbidity, the PPE does identify health issues that need
further evaluation in 10% of those examined. This, the
occasional achieved secondary objective, and legal and
legislative issues justify our continued use of the PPE.

SITE

Most examinations are either single physician office-based
or station type. The assembly line examination, although
the least expensive and most rapid, has largely been dis-
continued. Problems with this type of examination
include lack of individual attention, insufficient history
taking, and lack of continuity of care.?” In addition, the
quality of this examination is questionable and unproven.!

"Table 3-2 compares the pros and cons of office versus
station examination. The office exam will work only if
the examining physician has specific knowledge of sports
medicine, and if the exam is not a rushed last minute
evaluation because of a deadline to have forms submitted.
Many forms are completed based on a physician—patient
encounter within 6 months, but not necessarily with a
sports medicine focus.

In the best of all worlds, the exam would be performed
by a kindly “Marcus Welby” type physician with the
expertise of a sports medicine specialist. Unfortunately,
this usually isn’t the case. The advantages of having the
exam performed by a nonspecialist can include better
physician—athlete interaction, family and past history
awareness, and guaranteed continuity of care. This is,
of course, balanced by incomplete knowledge, lack of
consistency, and the incomplete nature of the exam.

STATION EXAM

The set-up for the station exam as done at Mayo Clinic?’
is shown in Table 3-3. Advantages of this system are the
ability to use specialized personnel, time and cost effec-
tiveness, the large number of participants that can be
evaluated, and adaptability. Disadvantages are a noisy
environment, no preexisting physician—patient relation-
ships, and no guarantee of continual care (Fig. 3-1). One
study comparing the two approaches has been reported
by DuRant.’ He found that the station approach yielded
significantly higher abnormalities, particularly in the
musculoskeletal area.
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Summary of Published Studies on Sports Preparticipation Physical Examination in Students*

-
® Duration  Athletes
"_',‘ of Study Examined CEU Group NC Group
: Reference Method (yr) (no.) No. % No. % Comment
-
Goldberg et al,'* 1980  Station 1 701 95 13.6 9 1.3 MSK #1 abnormality
Linder et al,* 1981 Station 2 1,268 64 5.0 2 0.2 Male students only
MSK #1 abnormality
Tennant et al,** 1981  Assembly line 4 2,719 217 8.0 32 1.2 Male students only
MSK #4 abnormality
Thompson et al,’! 1982 Station 1 2,670 256 9.6 31 1.2 MSK#l1 abnormality
Risser et al,27 1985 Station 2 2,114 75 3.1t 0.37 MSK #1 abnormality
DuRant et al,'® 1985 Single physician 1 (?)* 170 4 24 0 0.0 MSK #1 abnormality
Station 1()F 752 48 6.4 3 04 MSK #1 abnormality
Magnes et al,** 1992 Station 4 10,540 1,070 10.2 47 04 HTN #1 abnormality
MSK #6 abnormality
in NC group
MSK #3 abnormality
in CFU group
Rifat et al,?2 1995 Single physician 7 2,574 325 126 66 2.6 MSK #1 abnormality’
Current study Station 3 2,739 327 11.9 53 1.9 MSK #1 abnormality
in NC group
MSK #2 abnormality
in CFU group
Total 26,247 2,481 9.5 249 0.9
*CFU = cleared for participation in sports but follow-up recommended; HTN = hypertension; MSK = musculoskeletal; NC = not cleared for
participation in sports.
This study did not distinguish between CFU and NC groups initially; numbers are from available data.
*Duration of study not specified in methods.
SMSK #1 when abnormal historical and examination findings were combined.
TIMING history is without question the most important part of

The exam should be approximately 6 weeks prior to the
start of the particular sport season, allowing time for
further evaluation and possible correction of defects.!!

FREQUENCY

A yearly examination is required in some jurisdictions,
and some even require exams before each sport (pity the
triple letter man!). A more reasonable approach is to have
comprehensive exams at middle school, high school, and
college entrance, with an interval exam yearly focusing
on injuries, new illnesses, and so forth.

HISTORY

"To paraphrase Sir William Osler, “Listen to the patient,
they’re telling you what is wrong with them.” The

the PPE. Up to 75% of all orthopedic and medical prob-
lems are detected on history review.!?

Both parents and athletes should review the history
form (Fig. 3-2). Carek et al.’ have found significant
discrepancies when the forms are completed separately,
particularly in the cardiovascular and musculoskeletal
areas. A focused history as proposed by Fields and
Delaney’ seems to be a logical approach to obtaining an
appropriate history. This approach covers the basic areas
that need exploration, including cardiovascular risks,
musculoskeletal injuries, and neurological history. Also
included are the recently emphasized areas of exercise-
induced asthma, heat injury, and general medical review.

Cardiovascular Risks

1. Has anyone in the athlete’s family died of heart disease
or sudden death before age 50?



TABLE 3-2

TABLE 3-3
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Potential Advantages and Disadvantages of
Office-Based and Station Screening PPEs

Office-Based PPE

Station Screening PPE

Advantages

Established
physician-patient
relationship

Privacy (HIPAA)

Disadvantages

Busy offices

No primary care
physician

Cost

Lack of health insurance

No established

relationship with
coaches

Monograph, 1992.

From American Academy of Family Physicians, American Academy of
Pediatrics, American Medical Society for Sports Medicine, American
Orthopaedic Society for Sports Medicine, American Osteopathic
Academy for Sports Medicine: Preparticipation Physical Evaluation

Advantages
Low cost
Specialized personnel

Availability of coaches/
athletic staff

Efficiency

Standardization

Disadvantages

Privacy concerns

(HIPAA)
Continuity of care

Follow-up can be difficult

. Has the athlete ever experienced chest pain, shortness

of breath, dizziness, syncothe, or palpitations with

exercise?

high cholesterol?

. Is there a history of heart murmur, hypertension, or

Stations for Administering the Sports Preparticipation

Physical Examination

Suggested
Station Function No. of Staff
1 Check-in, height, weight 2
2 Vision assessment 1
3 Blood pressure 1
4 Cardiopulmonary, HEENT, 2t
skin, genitalia, hernia (male)
5 Neuromusculoskeletal 1 or 2t
6 Review, disposition assignment, yAl
dietary and psychology
follow-up
*HEENT = head, eyes, ears, nose, and throat.
Physicians.

Question #1 probes for a family history that might
suggest hypertrophic cardiomyopathy, an autosomal
dominant disorder that has been consistently the leading
cause of cardiovascular sudden death in athletes account-
ing for up to one third of cases.!® Question #2 screens not
only for hypertrophic cardiomyopathy but possible
coronary artery malformation, arrhythmias, and cardio-
vascular risk factors.

Exercise-Induced Asthma

4. Does the patient have wheezing or coughing spells
after exercise?

Exercise asthma is not uncommon, with 11% of
Olympic hopefuls at the Colorado Springs Training
Center found to suffer from this in 1984.%° Because this
is a readily treatable disease, early diagnosis is warranted.

Musculoskeletal Injury

5. Has the athlete ever broken a bone, injured a joint, or
worn a cast?

This is the most common cause of disqualification,
and obviously must be explored. The most common
involved joint is the knee, followed by the ankle.!%?+26
Joint injury tends to repeat itself. Robey?® noted a 71%
injury rate in football players injured in the previous
season compared with a 43% injury rate in players with-
out a previous injury. A positive response to this question
will enable the examiner to more carefully evaluate this
area and pursue further rehabilitation if necessary.

Neurological Injury

6. Has the athlete ever had a concussion (been

knocked out)?

The athlete with recurrent concussions falls into a
specified category with clearance requiring a thorough
evaluation and referral.

Heat-Related lliness
7. Has the athlete ever suffered a heat-related illness?

Athletes who have suffered a bout of heat-related
illnesses are at increased risk for recurrence.?® Although
not necessarily grounds for disqualification, it would be
prudent to observe these athletes more carefully when
their sport is performed in a hot, humid environment.

General Health Survey

8. Does the athlete have any chronic illnesses requiring
regular medical follow-up?
9. Does the athlete take any medications?
10. Is there a history of allergy to medicine or bee stings?
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Waiting area
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Coach

History completed

Nurse~Trainer

Vital signs
Height
Weight
Visual acuity

!

Physician

Orthopedic examination

Physician

Medical examination
an
Review of examination

FIGURE 3-1. Typical station layout for screening examinations.

11. Does the athlete have only one of any paired organs?
(eyes, ears, kidney, testicles, ovaries)

12. When was the last tetanus shot?

13. (Females) When was the athlete’s last menstrual period?

Positive responses obviously require the examiner to
further evaluate these areas, obtaining further studies and
examinations to fully define the problem.

PHYSICAL EXAMINATION

The areas of the physical examination of greatest
diagnostic utility are musculoskeletal, cardiovascular, and
blood pressure.

Musculoskeletal Concerns

A history of injury should elicit a detailed evaluation of
the joint involved (the knee and ankle are most common).
An example of a screening musculoskeletal exam is shown
in Table 3-4. This examination would evaluate range of
motion and joint strength.

Registration

Blood Pressure

Unrecognized hypertension has been found in most
studies of adolescent athletes; 1.5% to 6% of athletes
have had significant elevations.!? Upper limits of normal
are 125/75 for athletes younger than 10 years and 135/85
for athletes older than 10 years.!? Moderate or severe
hypertension will limit safe athletic participation, but
those with mild elevation can safely play.” There is no
documented increased evidence of sudden death in
hypertensive athletes.

Cardiovascular Concerns

Although occasionally a significant arrhythmia may be
detected on cardiac examination, the main purpose of the
exam is to detect significant murmurs, particularly those
suggestive of hypertrophic cardiomyopathy, the leading
cause of cardiac sudden death.!® This cardiac disease is
characterized by an asymmetrically hypertrophied but
not dilated left ventricle occurring with an incidence of
1 in 500 persons in the general population.!’
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A B C
Cieveland Clinic Foundation
Date of Exam / / Contact: Coach [
School Official PREPARTIC|PATION School Nurse OJ
Exam Doctor SPORTS EXAM Family Doctor [J

Family Dentist [J
THIS IS NOT A SUBSTITUTE FOR A REGULAR PHYSICAL EXAM PERFORMED BY YOUR FAMILY DOCTOR

Name Grade Age Birthdate / /
School Sport Sex

Parents Address Phone

Family Doctor Address Phone

HISTORY: Answer No or Yes with details and dates. Use reverse side if necessary.

. Have you ever sustained an injury which prevented you from playing sports for more than one day
and have you had any injuries such as (circle): skull fracture - brain surgery
concussion - knocked out, neck pain/injury - arm/finger numbness, back pain/injury - leg/toe
numbness, heatstroke/fainting - exhaustion, broken bone - fracture, joint dislocation - out of place,
deep bruise - muscle pull, ligament sprains, tender kneecap/shin, trick knee - catching/locking,

Il. Do you have a history of and/or take medicine (specify) for any medical problems such as (circle):
asthma - allergy - wheezing - short of breath, heart murmur/palpitation - rheumatic fever - high blood
high blood pressure, diabetes - high/low sugar, fainting - seizure, yellow jaundice - hepatitis,
severe influenza/cold - mononucleosis - weakness, anemia - bruise easily - bleeding - sickle cell,
loss of eyesight, hearing, testicle, kidney, etc., hernia - rupture - bulging, skin disease - boils - rash,
or other?

lll.  Are you allergic to any medicine such as (circle) penicillin, iodine, novocaine or other?

IV.  Any family history of medically unexplained or cardiac caused sudden death under age 50?

V. LMP
BP__/ P Ht Wit Gross Vision: R______ L , Pupils R L LAB:UA
EXAM:
1. Upper Extr: AC jts 4. Heart:
Symm 5. Lungs:
ROM 6. Skin:
2. Spine: Neck 7. Abdo: Spleen
FwdBend___ Liver
Curve 8. GU: Hernia
3. Lower Extr: Gait ___ Testicles
1-Hop 9. Dental
Duck 10. Other
Symm
ROM
IMPRESSION:
[0 Satisfactory Exam
[0 Recommend further evaluation/rehabilitation regarding:
Contact your: School Nurse — Coach — Family Doctor — Family Dentist
CLEARANCE:
A — Cleared for: Collision — Contact — Noncontact sports
B — Cleared for: Collision — Contact — Noncontact sports after completing eval/rehab
C — NOT cleared for: Collision — Contact — Noncontact sports due to:

2285570 Rev. 9/90

FIGURE 3-2.
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Example of a Screening Musculoskeletal Examination

SECTION |

Athletic Activity
(Instructions)

Observations

TABLE 3-4

1.

Stand facing examiner

. Look at celling, floor,

over both shoulders,
touch ears to shoulder

(examiner resists at 90°)

. Full external rotation

of arms

. Flex and extend elbows

7. Arms at sides, elbows

at 90° flexed; pronate
and supinate wrists

heels

AC joints; general
habitus

Cervical spine motion

3. Shrug shoulders Trapezius strength
(examiner resists)
4. Abduct shoulders 90° Deltoid strength

Shoulder motion

Elbow motion

Elbow and wrist
motion

8. Spread fingers; make Hand and finger motion
fist and deformities
9. Tighten (contract) Symmetry and knee
quadriceps; relax effusion, ankle
quadriceps effusion
10. “Duck walk” four steps  Hip, knee, and ankle
(away from examiner) motion
11. Back to examiner Shoulder symmetry;
scoliosis
12. Knees straight, Scoliosis, hip motion,
touch toes hamstring tightness
13. Raise up on toes, Calf symmetry, leg

strength

From McKeag DB: Preparticipation screening of the potential athlete.
Clin Sport Med 8(3): 373, 1989.

The murmur of hypertrophic cardiomyopathy is a
systolic ejection murmur heard best at the left sternal
border and that is accentuated by maneuvers that reduce
blood flow to the left side of the heart, such as changing
from a lying to a standing position.* Causes of sudden
cardiac death compiled by Maron'® are listed in Table 3-5.
Most sudden deaths in the United States occur while
athletes are playing football or basketball. The male-
female ratio of 9:1 reflects the sex distribution of athletes
playing those sports.

When a murmur is not present, there are usually no
tell-tale physical findings to identify the athletes with
these other abnormal states. Exceptions might be the
physical characteristics of Marfan syndrome (tall, high,
arched palate, pectis excavartum, long fingers and toes),
which is associated with aortic abnormalities that account
for 3% of sudden deaths.

GENERAL PRINCIPLES OF SPORTS MEDICINE

MISCELLANEOUS EXAMINATIONS

Certain sports require more specific examinations. Ear,
nose, and throat examination is necessary in swimmers and
divers to rule out chronic ear problems. Skin screenings
may be meaningful in wrestlers, who often have chronic
skin infections. Pulmonary examination to rule out wheez-
ing and an abdominal exam to rule out splinomeglia can
quickly be accomplished. Needless to say, areas of abnor-
mality found on the history should be explored.

LABORATORY TESTS

Routine laboratory testing plays no role in the PPE.
Hemoglobin and urine screenings have not been found
to identify those athletes who need to be disqualified.’”
Laboratory testing is necessary when the history suggests
certain illnesses such as anemia or diabetes.

An important question to be answered is whether the
use of electrocardiograms and/or echocardiograms as
screening tools would decrease the incidence of cardiac
sudden death. In a retrospective study, only 3% of trained
athletes who died suddenly of heart disease were suspected
of having cardiovascular abnormalities in their PPE
history, and physical exam and none were disqualified.?’

The Italian government has mandated 12-lead elec-
trocardiograms as part of the PPE. Although this pro-
gram has permitted the identification of many athletes
with previously undiagnosed hpertrophic cardiomyopa-
thy,!” similar studies in smaller population have had less
productive results.®131” Portable echocardiograms have
been used to screen high school athletes in the field.>

As stated by Maron,!® in a large population the value
of preparticipation screening with noninvasive testing is
limited by the large numbers of false positive and false
negative results (the echocardiogram will not show the
classic findings of hypertrophic cardiomyopathy in
patients younger than 14).

CLEARANCE

At the conclusion of the PPE, the examiner must decide
on one of four courses of action:

1. The athlete is cleared for the sport requested.

2. The athlete is cleared for the sport requested but
abnormalities were found that need further evaluation.

3. The athlete is not cleared, pending evaluation of a
medical problem needing further study.

4. The athlete is not cleared.

The athlete, family, and coach should be notified of
the decision. Tables 3-6 and 3-7 are useful tools in deci-
sion making. The latter classifies sports as to degree of
contact and exertion. The former shows useful tests and
examinations for evaluation of the athlete.

When cardiac disease is diagnosed, further input can be
obtained from the recommendations of the Twenty-sixth



TABLE 3-5

TABLE 3-6

Causes of Sudden Death in 387 Young Athletes*

Cause No. of Athletes Percent
Hypertrophic cardiomyopathy 102 26.4
Commotio cordis 77 19.9
Coronary-artery anomalies 53 13.7
Left ventricular hypertrophy of indeterminate 29 7.5
causation'
Myocarditis 20 5.2
Ruptured aortic aneurysm (Marfan syndrome) 12 3.1
Arrhythmogenic right ventricular cardiomyopathy 11 2.8
Tunneled (bridged) coronary artery* 11 2.8
Aortic-valve stenosis 10 2.6
Atherosclerotic coronary artery disease 10 2.6
Dilated cardiomyopathy 9 23
Mpyxomatous mitral-valve degeneration 9 2.3
Asthma (or other pulmonary condition) 8 2.1
Heat stroke 6 1.6
Drug abuse 4 1.0
Other cardiovascular cause 4 1.0
Long-QT syndrome?$ 3 0.8
Cardiac sarcoidosis 3 0.8
Trauma involving structural cardiac injury 3 0.8
Ruptured cerebral artery 3 0.8

*Data are from the registry of the Minneapolis Heart Institute Foundation.

fFindings at autopsy were suggestive of hypertrophic cardiomyopathy but were insufficient to be diagnostic.
*Tunneled coronary artery was deemed the cause in the absence of any other cardiac abnormality.

SThe long-QT syndrome was documented on clinical evaluation.

Components of the Orthopedic Screening Portion of the Sports Preparticipation
Physical Examination*

Test Maneuver Focus of Observation

Spread fingers, make a fist Hand and finger motion or deformity
Tighten quadriceps Symmetry, effusion, patellar tracking
Duck walk 4 steps Hip, knee, and ankle ROM

Stand with back to examiner Shoulder asymmetry, scoliosis

Touch toes and keep knees straight Scoliosis, hip ROM, tight hamstrings
Raise toes and heels Calf asymmetry, leg strength

Stand and look forward Shoulder asymmetry, general habitus
Look at ceiling, floor, other sites Cervical ROM

Shrug shoulders against resistance Trapezius strength

Abduct shoulders against resistance Deltoid strength

Perform full-shoulder external rotation Shoulder ROM

Flex and extend elbows Elbow ROM

Flex and extend wrists Wrist ROM

*ROM = range of motion.
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Classification of Competitive Sports hy Degree of Contact and Exertion
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"
® Noncontact
H Limited Moderately
2 Contact/Collision Contact/Impact Strenuous Strenuous Nonstrenuous
=
Boxing Baseball Aerobic dancing Badminton Archery
Field hockey Basketball Crew Curling Golf
Football Bicycling Fencing Table tennis Riflery
Ice hockey Diving Field
Lacrosse Field Discus
Martial arts High jump Javelin
Rodeo Pole vault Shot put
Soccer Gymnastics Running
Wrestling Horseback riding Swimming
Skating Tennis
Ice Track
Roller Weight lifting
Skiing
Cross-country
Downhill
Water
Softball
Squash, handball
Volleyball

Bethesda Conference. Their guidelines for athletic eligi-
bility or disqualification are predicated on the premise
that strenuous training and competition with the
risk of sudden death should be discouraged in susceptible
athletes.'®

CONCLUSIONS

In spite of probably no cost-effectiveness and a low degree
of disqualification, the PPE will continue to exist with eth-
ical, legal, and insurance justification. Goals for the future
include improving techniques for the identification of
those most at risk for significant injury and sudden death.
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On-Field Emergencies

Richard A. Marder

The recent tragic deaths of several high-profile athletes
from heatstroke, coupled with alleged concomitant use of
ephedrine, provide only too vivid a reminder of the
paramount importance of having a medical team poised
to deliver effective emergency treatment. Of added
significance is that the initial treatment may positively or
negatively affect the final outcome. Although serious
accidents are most likely in contact sports such as
football, every team physician must be prepared to deal
with a catastrophic occurrence.***2

“Sudden death” head and neck injuries with and with-
out cardiopulmonary arrest, heatstroke, blunt chest and
abdominal trauma, open fractures, and limb-threatening
dislocations are among the serious injuries the medical
staff must be able to handle. Up-to-date knowledge of
emergency treatment, proper and functioning resuscita-
tive equipment, and ancillary emergency services are vital
components of medical preparedness. In addition, the
successful management of on-field emergencies requires
a well-organized preinjury plan developed and executed
by the medical staff.

PRINCIPLES

Prior to the start of the season, the team physicians and
trainers identify potential emergencies for their sport and
establish or review treatment protocols. New equipment
and treatments are discussed. For example, a new helmet
recently introduced by Riddell (Riddell Corporation,
Elyria, Ohio) was designed with increased side and facial
protection and greater shell offset to decrease the
incidence of cerebral trauma. In addition, the cost of
automatic external defibrillators (AEDs) has dropped
under $2,000, making them more affordable. Preseason
is the time to determine whether or not such additions to
the medical armamentarium are to be made.

Athletes on the team with a particular injury or illness
risk are identified ahead of time, and responses to specific

on-field emergencies are coordinated with the selected
emergency medical personnel. Potential hospital services
also are arranged at this time.

The medical team must be capable of providing emer-
gent care to the athlete in cardiopulmonary arrest. The
ability to provide basic life support (BLS) procedures is
an absolute necessity, and two or more members of the
medical staff must be trained to do so; ideally, at least one
member of the medical team will be certified in advanced
cardiac life support (ACLS) techniques.

Basic Life Support

The foremost goal of basic life support is to provide
oxygen to the brain and heart until definitive medical
treatment can restore normal cardiac and pulmonary
functions. Cardiopulmonary resuscitation (CPR) consists
of three components—airway, breathing, and circulation
(the “ABC”)—and can be performed without any
equipment.!?

Advanced Life Support

Advanced life support improves on the organ perfusion
accomplished during basic life support by securing
adequate ventilation and maintaining cardiac output
and blood pressure through correction of cardiac
arrhythmias.!! Essential components of therapy include
early defibrillation of those athletes with ventricular
tachycardia or fibrillation, tracheal intubation and
ventilation with oxygen, intravenous fluid replacement,
and appropriate resuscitative medications as indicated.
The ability to defibrillate the heart in ventricular tachy-
cardia or fibrillation within minutes of cardiac arrest
greatly improves the odds of survival.®” In advance of an
emergency, the medical staff should divide and assume
the component responsibilities of ACLS: leader of the
resuscitation effort; airway, ventilation, and intubation;
cardiac compression; cardiac monitoring/defibrillation;
and intravenous access and administration.

EMERGENCY PERSONNEL, EQUIPMENT,
AND TRANSPORTATION

Before the season begins, the medical staff will decide
what emergency equipment to maintain during games
and practices and will need to contract with an ambulance
or emergency medical service to provide on-field coverage
and transport of the seriously injured athlete to a hospi-
tal or medical center. If the selected hospital facility is not
a Level I center, the medical team should make arrange-
ments to have appropriate specialists readily available by
call.! At each away game, the visiting team physicians and
trainers should meet with their counterparts from the
home team to review standard emergency procedures,
including the level of training of emergency medical
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personnel, location and method of obtaining the assis-
tance of such personnel during the game, and evacuation
of the seriously injured player requiring hospital services.

Providers of emergency medical services differ markedly
in their levels of training.'>** An Emergency Medical
Technician-Ambulance (EMT-A) is trained in basic life
support only and has skills in routine splinting, use of oxy-
gen, and transport. More highly trained EMTs have expe-
rience in defibrillator use, tracheal airways, and central
lines. Whenever possible, especially in high-risk sports,
emergency personnel trained in ACLS, such as an EMT-P
(Paramedic), should be utilized. The medical staff, through
a prearranged signal, must be able to immediately call the
emergency medical services personnel onto the field or
court. Familiarity of the medical staff with the abilities and
equipment of the emergency services personnel, in con-
junction with a preemergency plan for resuscitation and
transport, can optimize treatment of the injured athlete.

Equipment for dealing with on-field injuries varies by
sport and medical staff preferences. Although no standards
exist, by reviewing the potendal injuries to each organ
system, each medical staff can develop a checklist of useful
equipment (see box, Emergency Medical Equipment and
Medications). This is in addition to the usual medications
and equipment available for nonemergencies.’® Experience
and advances in therapy will result in season-to-season
modifications. Depending on individual circumstances, the
medical staff may decide to maintain their own equipment
for advanced life support (cardiac defibrillator, oropharyn-
geal and endotracheal airway tubes, intravenous set-ups,
cardiac medications, etc.) or have these items provisioned
by the emergency medical service. Certain equipment
should be carried “on-person” by one of the medical staff,
including a pocketknife, scissors, a penlight, and a padded
tongue blade. All other equipment must be immediately
available on the sidelines.

INJURY PATTERNS

As observed from the sidelines, injuries that occur during
sporting events can be categorized according to one of
the following presentations: 1) athletes down from con-
tact and not moving, 2) athletes down from contact and
moving, 3) athletes down without contact, and 4) athletes
injured but moving to the sidelines under their own
power (Fig. 4-1). Examination begins with an assessment
of the level of consciousness, the airway, breathing,
and circulatory status. Subsequently, a secondary survey
is performed to evaluate potential neurologic, chest,
abdominal, and extremity injuries.

ATHLETE DOWN FROM CONTACT AND NOT MOVING

A sense of urgency is quickly detected as fellow players
frantically motion to the sidelines for help. The previ-
ously designated medical staff who will provide the initial

Emergency Medical Equipment and
Medications

For resuscitation:

Airway: oropharyngeal and nasopharyngeal
airways, endotracheal tubes, laryngoscope,
14-gauge catheter for cricothyrotomy

Other: bolt cutters in sports with obstructing
face mask

Breathing: supplemental oxygen, mask with oxygen
inlet, bag-valve mask, epinephrine kit, albuterol
inhalers, aminophylline

Circulation: cardiac monitor/defibrillator,
intravenous catheters, tubing, and solutions
(crystalloid), cardiac drugs (epinephrine,
atropine, lidocaine, etc.)

Other: PASG if hospital transit time excessive

For transport:

Spine board, rigid cervical collar, sandbags,
ambulance bed or stretcher, blankets

Diagnostic equipment: stethoscope,
sphygmomanometer, penlight, combination
oto-opthalmascope, thermometer, reflex hammer

For fracture care:

Splints (air, plaster, prefabricated), Thomas
(per Dorland’s) or Hare femoral traction splints,
knee immobilizers, cast padding, finger splints, ace
and bias bandages, slings, clavicle loops, shoulder
immobilizers, crutches, and cervical collars
(rigid and soft)

Other:

Minor surgical and suture sets, scalpels, eye
patches, fluroscein, irrigation sets, alcohol,
betadine, lidocaine, ethyl chloride spray, tongue
blades, adhesive tape, sterile gloves, needles,
syringes, sponge pads, drapes, bandages, etc.

assessment runs to the player without delay. This may be
the team trainer(s) alone or with the team physician,
depending on preference. A number of possibilities must
be considered: concussion and other cerebral trauma,
fracture or dislocation of the spine, blunt chest trauma,
and cardiopulmonary arrest. The medical team must be
prepared to initiate resuscitation on the field. On reaching
the player, the injury plan goes into action.

Assessment

Without moving the player, the designated medical staff
member kneels, lightly touches the player with a hand,
and asks, “Are you okay?” or “Where are you hurt.” Even
in a prone position, it is usually possible to determine if
there is spontaneous breathing by either observing chest
expansion or feeling air movement during exhalation.
Three possible scenarios exist: the player is a) unconscious
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Down without contact
Sudden death
Seizure
Heatstroke
Drug or alcohol reaction
Anaphylaxis

Down from contact, not moving
Cardiopulmonary arrest
Cerebral trauma
Fracture-dislocation, cervical spine

Down from contact, moving
Musculoskeletal injury
Chest trauma
Abdominal injury

Injured, moving off field
Musculoskeletal injury

FIGURE 4-1. Basic injury patterns.

and not breathing, b) unconscious but breathing, or
c) conscious and breathing.

Player Unconscious and Not Breathing

Upon determining that a player is unconscious and is not
breathing, the on-field examiner raises his or her hand in a
prearranged signal to the other sidelines medical staff, who
will start onto the field with the emergency medical equip-
ment. If one of the medical staff is not ACLS trained, the
emergency medical crew should be signaled to come onto
the field. Using the universal algorithm for adult emer-
gency cardiac care, CPR is started (Fig. 4-2). At this point,
the predetermined leader for CPR assumes control. The
player must be positioned supine using techniques to pro-
tect the cervical spine, which must be presumed injured.
While a physician or trainer applies gentle longitudinal
traction to the head to maintain the head and neck in line
with the body, at least three other staff members, posi-
tioned at the shoulders, hips, and legs, logroll the athlete
into the supine position onto a rigid, long spine board.* If
there is no spontaneous breathing, CPR must be initiated.
If not already present, the emergency medical services per-
sonnel should be notified by signal to assist on the field.

Airway and Breathing. The faceguard blocks access to
the airway. Without removing the helmet, a window in
the face mask can be cut using a bolt cutter, or when pres-
ent, the helmet anchoring plastic loops can be detached
by a knife. Newer helmets have a special t-nut anchoring
the faceguard to the helmet which allows for quick
release in an emergency. In general, it is preferred to

GENERAL PRINCIPLES OF SPORTS MEDICINE

leave the helmet on because it facilitates better control of
the head and neck. If it is deemed necessary to remove
the helmet, the neck and head should be stabilized by a
rescuer inserting his or her hands under the helmet from
below. If the helmet is removed, placement of a rigid
cervical collar with adjunctive immobilization using
towel rolls, sandbags, and/or forehead taping to the spine
board is performed at this time. A rigid collar, by itself,
is unable to control motion of the occipital-cervical
junction or the upper two cervical segments.

The most common cause of airway obstruction in the
unconscious patient is the tongue. Opening the airway
using the jaw-thrust maneuver protects the cervical
spine. This method (Fig. 4-3) relies on forward dis-
placement of the mandibular angles by the resuscitator
with minimal backward tilt of the head.?” Using the
chin-lift, head-tilt method, however, may improve the
effectiveness of opening the airway and should be used if
needed to ensure adequate ventilation (Fig. 4-4).” If pres-
ent, remove the mouthguard and clear vomitus or foreign
material from the airway using the index finger to sweep
in a hooking motion along the base of the tongue. An
oral (oropharyngeal) airway can be inserted.

Ventilation is started with two initial breaths, followed
by a rate of 10 to 12 breaths/min, using either mouth to
mouth, mouth to sealed mask, or a bag-valve to mask
device.!®!! Evidence indicates that the risk of HIV or
HBV cross-infection is minimal with mouth to mouth
breathing.?® In vitro studies have shown that mouth to
mask ventilation may deliver greater tidal volumes than
do bag-valve to mask devices.!” Nevertheless, bag-valve
devices are commonly employed.

Inability to ventilate may be due to an aspirated tooth,
blood, or chewing gum, as well as laryngeal edema or
fracture. Laryngeal fracture is suggested by subcutaneous
emphysema of the anterior neck. If laryngeal fracture
is suspected and the player is not breathing, careful
orotracheal intubation or emergency tracheostomy is
necessary.'”*? To relieve intraluminal obstruction, perform
up to five manual upper abdominal thrusts (Heimlich
maneuver).!3 If this is unsuccessful, laryngoscopy can be
used to remove the object or cricothyrotomy done to
perform bypass ventilation.?!

Circulation. After the airway is opened and two initial
breaths have been given, determine whether or not
cardiac arrest has occurred by noting the presence or
absence of the carotid pulse. If the athlete is pulseless,
cardiac compression is started using sternal compres-
sion at a rate of 80 to 100 compressions/min with a
compression-to-ventilation ratio of 5:1.10:11

Cardiac monitoring is the next priority. Attachment of
the cardiac monitor/defibrillator unit allows rhythm
monitoring through “quick-look” paddles. Rhythm
recognition is an essential component of ACLS training.
Inability of the rescuer to analyze cardiac rhythms
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Assess responsiveness

r

Responsive
* Observe
« Treat as indicated

-

Not responsive

* Activate EMS

« Call for defibritlator

» Assess breathing (open
the airway, look, listen,
and feel)

v

v L 4

FIGURE 4-2. Universal algo-

Breathing
* Place in rescue
position if no trauma

Not breathing
» Give 2 slow breaths
» Assess circulation

rithm for adult emergency Pulse
cardiac care (ECC). (From

Emergency Cardiac Care . Oxygen
Committee and Subcommittees, CIv

American Heart Association:
Guidelines for cardiopulmonary
resuscitation and emergency

« Vital signs

» Cardiac monitor

* No pulse
« History Start CPR
* Physical
. ?’2(alm'gaégré Ventricular
-lea fibrillation/tachycardia

cardiac care, lll: Adult advan- *

ced cardiac life support, JAMA

Suspected cause J

268:2199-2241, 1992; with
permission.)

(VF/VT) present on
monitor/defibrillator?

No I Yes
> Hypotension/shock/ « Intubate VENT
acute pulmonary edema « Confirm tube
placement

» Confirm ventilations

+ Determine rhythm
P Acute Ml and cause
| > Py ,’
Arrhythmia | Electrical activity? |
‘ Yes | No
\ 4 \ 4 v
Too slow Too fast Puiseless electrical activity Asystole

FIGURE 4-3. Jaw-thrust maneuver for opening airway in
player with suspected cervical spine injury. (From American
Heart Association: Basic Life Support for Healthcare Providers,
Dallas, American Heart Association, 1994; with permission.)

does not, however, preclude defibrillation. Automatic
external defibrillators (AEDs) detect ventricular
tachycardia and fibrillation, discharging automatically
(Fig. 4-5). The success of AEDs compares favorably with
trained personnel using manual defibrillators.’

Prior to defibrillation, manual cervical stabilization
must be replaced (if not already done) by a hard cervical
collar supplemented by additional immobilization. Once
ventricular tachycardia or fibrillation has been detected,
defibrillation is carried out using up to three sequentially
stacked shocks of increasing energy (Fig. 4-6). Early
defibrillation takes precedence over endotracheal intuba-
tion and intravenous therapy due to the responsive-
ness of ventricular tachycardia and fibrillation to early
shocking.!!

The presence of electrical activity without a pulse
(electromechanical disassociation) is most often due to
hypovolemia. Other causes include tension pneumotho-
rax and cardiac tamponade. Relieving hypoxemia and
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FIGURE 4-4. Head-tilt, chin-lift method of opening airway.
(From American Heart Association: Basic Life Support for
Healthcare Providers. Dallas, American Heart Association, 1994,
with permission.)

hypovolemia may reverse this condition. Therefore,
endotracheal intubation and rapid intravenous fluid
replacement are indicated. If spontaneous circulation
does not return following these measures, epinephrine
1 mg is administered intravenously and repeated every
3 to 5 minutes.!! Atropine is used for bradycardia.

If ventricular tachycardia or fibrillation persists or
recurs after initial attempts at defibrillation, endotracheal
intubation and intravenous access are necessary.!!
Epinephrine is administered and defibrillation repeated
with an energy of 360 J. Intravenous bolus followed
by drip infusion of an antiarrhythmic drug (lidocaine

i PATIENT IS UNCONSCIOUS,
NOT BREATHING, WITHOUT A PULSE:

FIGURE 4-5. Automatic external defibrillator.

GENERAL PRINCIPLES OF SPORTS MEDICINE

and/or bretylium) is indicated for persistent ventricular
tachycardia or fibrillation in conjunction with repeated
defibrillation attempts following drug administration
(see Fig. 4-6).

Following cardioversion, the athlete may be responsive
and breathing spontaneously. The athlete is transported
to the hospital, receiving supplemental oxygen and intra-
venous fluids. A lidocaine or bretylium infusion is
continued or started when the cause of cardiac arrest is
ventricular tachycardia or fibrillation.

Player Unconscious But Breathing

Assume the player has sustained a severe head and/or
neck injury. If in the prone position, the player is logrolled
to the supine position for further evaluation, while
medical personnel manually maintain the head and neck
in line to the body using gentle, longitudinal traction.

Airway and Breathing. Secure an open airway with the
neck in a neutral position; if present, remove the mouth-
guard. The jaw-thrust maneuver can be used for
improved airway patency. Be alert to the potential for
respiratory arrest, depression, or aspiration.

Circulation. The adequacy of circulation (systolic blood
pressure) is first estimated by the ability to palpate the
radial (80 mm Hg or >), femoral (70 mm Hg or >), and
carotid (60 mm Hg or >) pulses. Note the pulse rate and
quality. An absent or thready radial pulse, extremity
coolness, or delayed capillary refill (>2 seconds) suggests
hypovolemic shock. Measure the blood pressure using a
sphygmomanometer. The combination of elevated blood
pressure and bradycardia suggests increasing intracranial
pressure, whereas spinal shock accompanying cervical
fracture or dislocation is more likely to produce a
decrease in both pulse and blood pressure due to the loss
of sympathetic tone.?

Neurologic. The neurologic exam is directed at deter-
mining the level of consciousness and the presence of any
focal neurologic deficits. Continue to monitor breathing
and circulation. Do not reduce the head or neck to align
with the long axis of the body, but manually maintain
their position relative to the body. Rotary dislocation of
C1-C2 and unilateral facet dislocations may produce
asymmetric positioning of the neck. Note any unusual
flexion (decorticate) or extension (decerebrate) posturing
of the extremities. Determine the best eye, verbal, and
motor responses according to the Glasgow Coma Scale
(Table 4-1).2? Coma is defined as the absence of any eye
opening, motor, and sensory responses (Glasgow score
of 3). Measure pupillary diameters and response to
light. Differences in diameter greater than 1 mm and
asymmetry of reactivity to light are abnormal.’®
Lateralized extremity motor weakness is difficult to
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Glasgow Coma Scale

Eye Opening

Spontaneous
To voice

To pain
None

TABLE 4-1
—_— N W B

Motor Response

Obeys commands
Purposeful movement
Withdraws to pain
Flexion posturing
Extension posturing
None

— N W R O\

Verbal Response
Oriented

Confused

Inappropriate words
Incomprehensible sounds
None

Possible Score 3-15

— DN W R W

detect in the unresponsive patient. Subtle differences in
extremity response to stimuli may be the only finding.
A palpable depressed skull fracture or signs of a basilar
skull fracture (orbital ecchymosis, mastoid ecchymosis,
or cerebrospinal fluid leaking from the ear or nose) may
be evident.

The presence of abnormal posturing, lateralized
weakness, pupillary asymmetry, vomiting, prolonged
unconsciousness, bradycardia, and elevated blood pressure
are symptoms and signs of increasing intracranial pres-
sure and portend imminent cerebral herniation. If any of
these are noted or subsequently develop, immediately
transport the athlete, with the head and neck securely
immobilized, to an alerted neurosurgical team for evalu-
ation and treatment. Adjunct measures to combat rising
intracranial pressure may be performed en route so as not
to delay transport. These include endotracheal intuba-
tion for hyperventilation to reduce pCO, to between
25 to 30 mm and intravenous Mannitol (50 to 100 g).2°
If the player regains consciousness while being attended,
proceed with the screening neurologic examination.
Inquire about the presence of neck pain or headache as
well as numbness, tingling, or weakness of the extre-
mities. Perform a mental status check to determine
orientation and if there is amnesia, either post-traumatic
or retrograde. Test extraocular movement. Palpate the
cervical spine for any tenderness or hematoma and
step-off of the lower cervical and upper thoracic spinous
processes. Prolonged unconsciousness (>3 to 5 min),
retrograde amnesia, focal neurologic deficit, abnormal
cervical finding, complaints of neck pain, numbness,
tingling, and/or extremity weakness are indications for

GENERAL PRINCIPLES OF SPORTS MEDICINE

immediate hospital transfer, while maintaining spinal
immobilization.

If the cervical and screening neurologic exams are
negative, the player is allowed to perform active range of
motion of the neck. If no pain or limitation of cervical
motion is noted, the player, with assistance, can walk off
the field. After suffering a concussion, the player may
experience headache, confusion, blurred vision, amnesia,
and unsteadiness. The player who has sustained only a
mild concussion may usually return to the same game
after resolution of all symptoms and signs.?%3637
However, cognizant of the significant number of sports
fatalities from cerebral trauma and the difficulty of
performing close and frequent observation along the
sidelines, the team physician may prefer to have a player
hospitalized for evaluation and further observation.

Player Conscious and Breathing But Not Moving

Injury may range from having the “wind knocked out” of
a player from a blow to the upper abdomen causing
temporary paralysis of the diaphragm, to a fracture or
dislocation of the cervical spine with quadriplegia and
potential respiratory arrest. The trainer and/or physician,
as they arrive, should kneel by the player, touching the
player to provide reassurance. Even if the player com-
plains of abdominal pain, for example, proceed with the
standard protocol (the ABCs) for evaluating the injured
player. Manually immobilize the head and neck whether
the player is supine or prone while the assessment is
started. Determine the player’ level of consciousness and
then assess the airway and breathing status.

Airway and Breathing. Without moving the player, the
trainer and/or team physician observe respiratory rate and
pattern. If dyspnea, stridor, wheezing, or a respiratory rate
above 30 breaths/min are noted, ventilatory support is
needed. Before proceeding, the player needs to be
logrolled to the supine position onto the spine board,
protecting the cervical spine as described earlier. If
the player is helmeted, the face mask will need to be cut
away to provide airway access. Remove the mouthguard. If
respirations are abnormal, check the chest for asymmetrical
chest wall motion, palpate for crepitus and tenderness over
the sternum and ribs, and auscultate the chest, listening for
diminished breath sounds. Stridor, hoarseness, and/or
subcutaneous emphysema of the anterior neck should alert
the examiner to the possibility of laryngeal fracture.

If a flail chest (paradoxical wall motion due to multiple
rib fractures) is noted, initial management consists of
direct pressure manually or with a sandbag over the flail
segment, which can improve the efficiency of ventilation.
Intubation and mechanical ventilation may be necessary.
If a tension pneumothorax develops (progressive respira-
tory distress, tracheal shift, and shock with distended
neck veins), immediate decompression of the affected
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lung by inserting a 14-gauge needle in the second inter-
costal space in line with the midclavicle is necessary.
Simple pneumothorax although causing tachypnea and
pain usually does not require on-field decompression.

Control of the airway is a dilemma in the player with
suspected laryngeal fracture. Although milder injury may
be manageable without the need for airway intervention,
there is a risk of complete airway loss. Careful orotracheal
intubation has been used to ventilate successfully in some
cases, but emergency tracheostomy is recommended for
severe laryngotracheal separation.!”:*?

Circulation. Palpate the radial pulse, noting its quality
and rate. Use a sphygmomanometer to follow blood
pressure. If shock is present, start treatment as described
previously while continuing with the neurologic exami-
nation. Compression may be needed to control external
hemorrhage.

Neurologic. Ask if the player has any head, neck, or back
pain. Determine whether the player has active movement
of each extremity and note if sensation is present or
absent. If neck or back pain is present or the player has
abnormal or lost sensation, weakness or loss of active
extremity motion, great caution must be exercised by the
medical team to prevent further injury to the injured
spine. While maintaining manual control of the head and
neck, palpate for any cervical tenderness, soft tissue
swelling, or deformity.

Once there is symptomatic or physical evidence of a
cervical injury, immobilization in preparation for transport
should be performed before proceeding with additional
examination of the player. Securing the player to the
spine board together with continued manual traction to
maintain the neck in a neutral position may prevent
additional cervical trauma. Although respiratory failure
occurs quickly in cervical lesions above C4 due to paral-
ysis of the diaphragm, even in lower-level injury airway
and breathing need to be monitored due to the potential
for respiratory insufficiency. Without unduly delaying
transport, an adequate peripheral neurologic examina-
tion is done to establish a baseline. The player who is less
than fully responsive must be checked with a compre-
hensive cranial examination as discussed previously.

A stretcher or ambulance bed should be used for
transport. A neurosurgical and orthopedic spine team
should be on alert at the receiving hospital. One of the
team physicians should accompany the injured player.

In the fully responsive player with a negative screen-
ing examination, active cervical spine motion can be
assessed. Again, any limitation of motion or pain requires
continued protected immobilization and transport for
further evaluation. In this case, if no limitation of motion
or pain is experienced during active motion, the player
can walk off the field without immobilization and undergo
more detailed examination on the sidelines.

Secondary Survey. If present, the abdominal or extremity
injury is now addressed by the examiners.

ATHLETE DOWN FROM CONTACT AND MOVING

"The player writhing on the field or court after a collision is
likely to have sustained a musculoskeletal, chest, or abdo-
minal injury. The athlete may be clutching the injured area
or deformity of an extremity may be readily apparent.

Assessment

The trainer kneels and establishes verbal contact with the
player. The level of responsiveness is quickly established.

Airway, Breathing, and Circulation

Remove the mouthguard, if present. Observe the player’s
breathing rate and pattern; check the adequacy of circu-
lation by palpating the peripheral pulse. If respiratory or
circulatory distress is present, initiate CPR as described
previously. If vital signs are stable, proceed to the neuro-
logic and secondary survey.

Neurologic

Start by reviewing the level of responsiveness of the ath-
lete. Inquire as to head or neck pain, presence of any
numbness, tingling, or weakness of the extremities.
Palpate the neck. If no neurologic abnormalities are pres-
ent, proceed to the area of complaint.

ATHLETE DOWN ON THE FIELD WITHOUT CONTACT

A number of potentially life threatening conditions present
in this manner, including “sudden death,” anaphylaxis from
an insect bite or drug reaction, seizure, heatstroke, and
nonemergent, noncontact musculoskeletal injuries of the
lower extremity (e.g., ACL tear, ankle sprain).

Assessment

As in the preceding examples, the trainer approaches the
player, kneels, and, without moving the player, deter-
mines responsiveness to the question, “Are you okay?” or
“Where are you hurt?” If the player is not breathing, the
trainer signals to the sidelines for help from the other
medical staff. In this situation, where the athlete has been
seen to collapse without contact, the likelihood of cervi-
cal injury is minimal. Therefore, the player can quickly
be turned supine to secure a patent airway and prepare
for resuscitation.

Airway and Breathing

The patient experiencing “sudden death,” may be semi-
conscious, and agonal respirations may be noted. Using
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the chin-lift, head-tilt method, open the airway. Remove
the mouthguard and any foreign matter. Give two initial
breaths and begin ventilation.

Circulation

Without a palpable carotid pulse, sternal compressions
are initiated as described previously. The rapidity with
which the cardiac monitor/defibrillator is attached in the
player presenting in this manner cannot be overempha-
sized. As Maron et al. have reported, hypertrophic car-
diac myopathy is the most common condition associated
with “sudden death” in the athlete.?? A potential
sequence of arrhythmia occurrence is ventricular tachy-
cardia, progressing to ventricular fibrillation, and finally
to asystole if untreated.!® Defibrillation is performed as
described previously.

ATHLETE INJURED BUT MOVING OFF THE FIELD
UNDER HIS OR HER OWN POWER

Most of these injuries are nonemergent, consisting of a
variety of musculoskeletal conditions such as shoulder
and finger dislocations, ankle and knee injuries, and acute
muscle strains. However, a number of potentially serious
injuries, including transient quadriparesis,’! acute
brachial plexus traction injuries,’ pneumothorax, or aspi-
ration of a foreign body may also present in this fashion.

OTHER SPECIFIC EMERGENCIES

Anaphylaxis

Antibody (IgE) mediated systemic reactions can result
from exposure of a sensitized individual to pollens, insect
stings, or drugs. Shock due to decreased peripheral
resistance, and pulmonary distress due to bronchospasm
and/or laryngeal edema, may develop quickly. Local
erythema and edema from a bite or sting and generalized
urticaria and pruritis may be present. There may be no
known history or previous episodes.

Management. The first line of treatment is epinephrine,
oxygen, and fluid replacement.’* Epinephrine in a dose of
3 to 5 cc (1:1000 dilution) is administered subcutaneously
and repeated as necessary. Prefilled syringe kits (e.g.,
Ana-Kit, EpiPen) facilitate emergent use. If shock is
severe and the player markedly dyspneic, epinephrine can
be used intravenously (3 to 5 ml of a 1:10,000 dilution) or
delivered through an endotracheal tube.?**

The airway must be ensured. Laryngeal stridor dictates
immediate need for ventilation by intubation or cricothy-
rotomy. Wheezing and dyspnea from bronchospasm
not responsive to initial epinephrine and supplemental
oxygen is managed with a beta-agonist inhaler
(albuterol), followed by intravenous aminophylline
(250 to 500 mg over 20 to 40 minutes) if necessary.®3*

GENERAL PRINCIPLES OF SPORTS MEDICINE

Rapid fluid resuscitation using crystalloid is started
and the patient is transported to the hospital for observa-
tion and further treatment as necessary.

Heat lliness

A number of heat-related disorders can affect the athlete,
the most serious of which is heatstroke.”” Heatstroke
results from a derangement of the normal sweating
response which maintains the core body temperature. If
fluid lost from sweating is not replaced, the hypovolemia
that develops may result in cerebral mediated cessation of
sweating to preserve circulatory volume. This in turn
causes a rapid rise in internal body temperature.

Clinically, heatstroke can present with lightheaded-
ness, nausea, confusion, uncoordination, or most dramat-
ically, loss of consciousness with collapse. Characteristic
are the findings of hot and dry skin, indicating shutdown
of the normal sweating response associated with tachy-
cardia. Body temperature is markedly elevated and, due
to unreliability of oral temperature readings, is best
followed with rectal temperatures.

Management. If the player is not breathing, CPR is
started. Further treatment is directed at immediate
lowering of body temperature to prevent permanent
damage to the brain, kidneys, and liver. Rapid cooling
with ice packs, immersion in cold water, and rapid intra-
venous fluid replacement should be started immediately,
with transport to the hospital for further treatment.

Abdominal Injury

Intraabdominal injuries may occur in contact sports.
A direct blow to the abdomen or flank can cause injury to
the abdominal wall itself (e.g., rectus abdominis
contusion) or to an underlying organ, usually the spleen,
liver, and kidney. Abdominal wall injuries are associated
with localized pain and tenderness, especially with active
muscle contraction, but may be difficult to differentiate
from intraabdominal injury in certain cases. Character-
istically, intraabdominal injuries exhibit diffuse abdominal
pain and tenderness, signs of peritoneal irritation, and
shock from bleeding.

If the abdominal injury consists of solid organ bleed-
ing, and especially with retroperitoneal (kidney) injury,
early clinical findings may be minimal, and diagnosis may
depend on a high index of suspicion.!* When assessed on
the field immediately after injury, pain and abdominal
tenderness may be the only significant clinical findings
in the patient with a serious abdominal injury. Bleeding,
either intracapsular of the organ involved or even
intraperitoneal, may not initially result in signs of
peritoneal (pain with body motion, referred and rebound
tenderness, guarding, loss of bowel sounds) or diaphrag-
matic (referred shoulder pain) irritation. Additionally,



CHAPTER 4 ON-FIELD EMERGENCIES

blood loss of 15% or less total volume may produce only
slight tachycardia (Class I shock),* which may be difficult
to determine in the acutely injured athlete. Renal injury
may go undetected until gross hematuria is subsequently
noted by the player after the game.

Management. Obviously, nothing should be given orally
to the player with a suspected intraabdominal injury.
If shock is developing (tachycardia and hypotension) or if
there are abdominal symptoms and signs such as nausea,
vomiting, referred shoulder pain, guarding, rebound
tenderness, or diminished bowel sounds, then start resus-
citation and prepare for immediate transport to the
hospital. If there are no neck complaints, turn the head
and neck to the side in case of vomiting to prevent
aspiration. Keep the airway clear as necessary. Record the
pulse rate and quality and determine the blood pressure
with a sphygmomanometer. Without delaying transport,
insert a 16-gauge catheter and start intravenous therapy
with a crystalloid fluid challenge, maintaining the systolic
blood pressure above 90 mm Hg. Cover the player
with warm blankets, elevate the lower extremities, and
transport. For shock not responding to rapid infusion of
2 to 3 L of intravenous crystalloid solution, a pressurized
antishock garment (PASG) may be used to stabilize the
player en route to the hospital, although its use remains
controversial.?}

If the player has localized abdominal pain in the
absence of other symptoms and signs, the medical staff
must decide whether to monitor the player on the
sidelines or in the hospital setting. The importance of
serial examinations and immediate transport because of a
change in status cannot be overstated.

Knee Dislocation

Dislocation of the tibiofemoral joint is infrequent but is
associated with a high incidence of vascular injury that
can lead to amputation above the knee if circulation
cannot be restored."” Disruption of the popliteal artery is
most likely with posterior dislocations (tibia displaced
posteriorly), whereas intimal injury with in situ thrombo-
sis is noted more often with anterior dislocation due to
stretching of the artery (Fig. 4-7). It is important to
remember that vascular injury can occur in the dislocated
knee with spontaneous reduction, potentially lulling the
examiner into a false sense of security. Whereas an
unreduced dislocation will be readily apparent (Fig. 4-8),
a probable dislocation (dislocation with spontaneous
reduction) requires careful examination. Probable dislo-
cation should be suspected when one of the following is
noted: greater than 30° of genu recurvatum (knee hyper-
extension), more than 1 cm of anterior—posterior tibial
excursion on knee laxity exam (indicating probable
anterior and posterior cruciate ligament rupture), and
rapid hemarthrosis or soft tissue swelling.*

FIGURE 4-7. Arteriogram demonstrating in situ thrombosis of
popliteal artery following knee dislocation.

Management. Attention is first directed at determining
adequacy of distal circulation and noting any impairment
of distal motor and sensory function due to associated per-
oneal nerve injury. Check the dorsum of the first webspace
to detect subtle peroneal nerve injury. If gross deformity is
present and pedal pulses are absent, reduction should be
attempted on the field. Longitudinal traction is usually
sufficient to effect reduction of both anterior and posteri-
or dislocations. For anterior dislocations, longitudinal
traction may be combined with gentle lifting of the femur
anteriorly. Hyperextension of the knee should be avoided
to prevent further injury to the popliteal structures.
Infrequently, a posterior dislocation may be irreducible.

After reduction, the knee may be stable in 5° to 10° of
flexion with an immobilizer or posterior splint. If not,
maintain longitudinal traction during transport. Repeat
the distal neurovascular examination. The return of
pedal pulses does not eliminate the need for imme-
diate transport of the player to the hospital for vascular
study with arteriography. Limited ligamentous surgery
can be performed at the time of vascular repair, if needed,
or delayed safely until 7 to 10 days after the injury, at
which time delayed primary ligamentous repairs and/or
reconstructions can be performed with the expectation of
improved extremity perfusion and diminished soft tissue
swelling.!?
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FIGURE 4-8. Lateral radiograph of an unreduced posterior
knee dislocation.

Extremity Fractures

After routine assessment of the overall physical condition
of the athlete (ABCs), the first priority is to determine the
status of distal pulses and peripheral neurologic function.
Adjacent joint injury may be present, especially in fractures
of the tibia and femur.*® Bleeding from long bone fractures
can be significant, leading to shock, especially in the
already dehydrated athlete. Pelvic and femoral shaft frac-
tures can result in blood loss of 2 L or more. Bleeding
from fractures of the elbow, forearm, thigh, and leg rarely
can lead to acute compartment syndromes.

Management. If pulses are absent and marked deformity
exists, longitudinal traction is applied to improve
alignment of the distal extremity without necessarily
attempting to reduce the fracture. Otherwise, the frac-
tured extremity is not manipulated but is splinted in its
position. A diligent examination of the skin about the
fracture site is necessary to recognize the potential open
fracture. In open fractures, no attempt is made to replace
exposed bone within the soft tissue envelope. Open
fracture-dislocations and open dislocatons of the ankle,
subtalar, knee, and elbow joints, however, are best treated
by early reduction.? The open wound is covered using
sterile gauze soaked with povidone-iodine solution secured
with a gently compressive, sterile gauze bandage roll.

GENERAL PRINCIPLES OF SPORTS MEDICINE

FIGURE 4-9. Commercial traction splint (A) for immobilization
of femur fractures showing traction applied to the foot through
the ankle hitch counterbalanced by padded ring at the ischial
tuberosity of the pelvis (B).

The fracture should be splinted, with the joints immedi-
ately above and below also immobilized. Most fractures
can be splinted with an inflatable air splint or plaster, if
preferred. Femoral shaft fractures are best immobilized
with a commercial traction splint (Fig. 4-9) to maximize
stability en route to the hospital. Observe the player for
any signs of shock. Use blankets to warm the player and, if
indicated, insert a peripheral, large bore intravenous
catheter for crystalloid infusion during transport.
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Return to Play After
Musculoskeletal Injury

V. Franklin Sechriest II and
Stephen G. Silver

INTRODUCTION

One of the goals of sports medicine is to get the injured
athlete back into the game as soon as possible without
putting that individual at risk. After a musculoskeletal
injury, the time for an athlete’s recovery and return to
play cannot be easily defined as these endpoints are
affected by many factors including the athlete’s pre-
injury condition,?!23:30:3852 the type of tissue injured, the
response to treatment, the need for surgical intervention,
the demands of the sporting activity, and the psychologi-
cal impact of the injury.! Additionally, the individual
athlete’s motivation and/or any external pressures for per-
formance must be considered. Overuse syndromes,*>1:>
reinjury,'®*? and even long-term disability!®* may occur
when athletes return to play before adequate recovery.
Although established guidelines are not available for
most of the dilemmas that arise when caring for the
injured athlete, successful return to play can be achieved
by combining the principles of musculoskeletal care with
an organized and multidisciplinary process of evaluation,
treatment, rehabilitation, functional testing, and training
in sport-specific skills. Such a return-to-play process may
greatly assist the team physician in the complex decision
making process of returning an athlete to play after
musculoskeletal injury.

GENERAL PRINCIPLES

After a musculoskeletal injury, an athlete may think he or
she is ready to return to play as soon as the limp or the
swelling subsides. However, a full recovery is not assured
unless joint range of motion (ROM), flexibility, strength,
coordination, general fitness, endurance, and sports-
specific skills are optimized. Musculoskeletal tissue healing
has defined limits that cannot be shortened without
risking the consequence of reinjury or tissue failure.

The phases of tissue healing and recovery are well
established®?23641:6* and include acute response to tissue
damage with localized hemorrhage, inflammation, and
edema; resolution of inflammation and proliferation of
immature repair tissue; remodeling with tissue regenera-
tion and maturation; and restoration of tissue function.
The greater the severity of the injury, the greater the
time required for each of these phases. A treatment
regimen that incorporates the general principles of mus-
culoskeletal care and that follows the rational progression
of these phases not only lessens the chance of reinjury but
also supports that an athlete will be able to perform at his
or her best after return to play.

During the acute phase after any musculoskeletal
injury, use of the RICE formula (rest, ice, compression,
and elevation) to control swelling and pain is most
effective.” Additionally, judicious use of oral anti-
inflammatory medications for pain management may be
considered as an adjunctive therapy.®’¢ The rationale for
use of anti-inflammatory medications is that by control-
ling inflammation, the amount of damage to the injured
tissue will be limited. It should be recognized, however,
that inflammation is the precursor to tissue repair.
Without some initial inflammation, healing cannot
progress, and overuse of anti-inflammatory medicines
may be detrimental.>%* Use of steroids in the treatment of
acute sports injuries remains extremely controver-
sial 314222459 Although corticosteroids are potent inhibitors
of inflammation, they also have a catabolic effect that can
impair tissue healing.%®

With the resolution of inflammation, early ROM
should be initiated. Concurrent use of isometric exercises
to promote strengthening may also be beneficial. Pro-
longed immobilization and/or non-weight bearing must
be avoided because this may delay recovery and adversely
affect normal tissues.>*#37:%2 As the recovery process
continues with tissue healing, remodeling, and matura-
tion, the athlete should progress with rehabilitation
consisting of weight-bearing and dynamic strengthening
exercises (both isotonic and isokinetic) within the limits
of pain.

Basic scientific and clinical investigations have shown
that musculoskeletal tissues respond to repetitive use and
load by increasing matrix synthesis and in many instances
by changing the composition, organization, and mechan-
ical properties of their matrices.!” The effects of motion
and loading on healing tissues have been studied less
extensively, but the available evidence indicates that
repair and remodeling tissues respond favorably and may
be more sensitive to cyclic loading and motion than
mature healthy tissues.!!? Of course, early motion and
loading of injured tissues is not without risk. Excessive or
premature loading and motion of repair tissue can inhibit
or stop healing. Although the optimal methods for
facilitating healing by early and controlled motion and
loading have not been defined, experimental studies and
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newer clinical investigations document significant
benefits in the treatment of musculoskeletal injuries.'**’

Throughout the recovery and rehabilitation period,
it is critical to look beyond the injury, toward keeping
the rest of the body as fit as possible. It is important to
recognize the systemic effects of deconditioning that may
otherwise result from time out of sports participation.*
Early and continued emphasis must be placed on mainte-
nance of aerobic status, muscle mass, and bone density.
Designing a treatment program in which the athlete can
stay physically fit while recovering can improve his or her
outlook, both physiologically and psychologically.!’
Whether through alternative sports, cross-training, or
water exercise, the patient can preserve the integrity of
the injured extremity, keep the noninjured muscles
active, and maintain cardiovascular fitness.

The endpoint for tissue healing may or may not imply
sports readiness. Return to play requires not only healing
the injury, but also a functional recovery and, ultimately,
recovery of sports-specific skills. Adequate healing
implies the relief of pain, the absence of swelling/
effusion, weight bearing without difficulty, and, when
dealing with skeletal injury, evidence of radiographic
union. Adequate functional recovery implies a return of
stability, full flexibility, full range of motion, and muscle
strength that is ideally to within 80% to 100% of the
contralateral extremity.** A functional assessment using
objective measurement tools such as the goniometer and
dynamometer will validate the athlete’s subjective sense
of recovery.?® Finally, adequate recovery of quickness,
agility, coordination, and mechanics must be assured
before return to play is considered. For most athletes,
this will include general abilities such as running, cutting,
and/or jumping. In this final phase of recovery, athletes
perform higher-level functional tests and drills that
incorporate sport-specific movement patterns on the
field or court such as blocking, throwing, rebounding,
and backpedaling. This is a transition time from the side-
line back to the field of play. Athletes should demonstrate
relatively pain-free and normal skill performance in their
sport with minimal post-activity swelling. The athlete
must be monitored closely with special attention given to
pre-activity warm-up and post-practice condition (i.e.,
presence of pain, swelling). The athlete should rehearse
his or her skill level in multiple practice sessions before
returning to competition. Use of protective taping or
bracing to prevent reinjury may offer some benefit and

may be a logical consideration based on the individual
case, 25315361

ESTABLISHING A RETURN-TO-PLAY PROCESS

Before an injury ever occurs, it is prudent to have an
existing strategy for returning the athlete to play that is
understood and accepted by the athletes and the
organization of which they are a part. The team physician

should take responsibility for developing and coordinat-
ing this basic process of player evaluation, medical and/or
surgical care coordination, functional and sport-specific
rehabilitation, and information documentation and com-
munication. Above all else, the process must protect the
athlete’s health and safety and should be in compliance
with existing local, school, and/or governing body safety
regulations.>* When a musculoskeletal injury does
occur, the fundamentals of this process for return to play
may be promptly communicated to the player, family, allied
health professionals, coaches, athletic trainers, and other
individuals relevant to the athlete’s care. The basic process
can then be customized according to the individual’s
injury and circumstances.

Because the injured athlete’s care may be provided
by a number of different medical specialists, surgeons,
therapists, athletic trainers, and others, three concepts
are crucial to a successful and smooth return-to-play
process. First, a clear chain of command regarding the
decision making process for the injured athlete must be
in place. The team physician is at the top of this chain of
command and is ultimately responsible for decisions
regarding treatment, rehabilitation, and return to play.
Second, channels of communication among the physi-
cian, athlete, trainers, therapists, and coaches should be
established to enhance care through a common under-
standing of the athlete’s condition, treatment regimen,
activity restrictions, and rehab expectations. If necessary,
a system for release of privileged information regarding
an athlete’s medical condition and return to play should
be in place. Confidentiality of the patient/athlete must
always be protected, and release of any information by
the physician requires the athlete’s expressed consent in
accordance with the Health Insurance Portability and
Accountability Act.!” Third, a uniform system of docu-
mentation of diagnosis, treatment, and the athlete’s
response to treatment must be maintained. Adequate
record keeping is essential to the success of any manage-
ment program and plays a significant role in the present
medical and legal environment.

EVALUATING THE INJURED ATHLETE

The successful return of an athlete to play after muscu-
loskeletal injury depends largely on the early, accurate,
and ongoing evaluation of his or her injury. The
evaluation process is used in all phases of athletic injury
management. Evaluation of the injured athlete may occur
on the field, in the training room, in the office, or in the
rehab setting. Another common setting for evaluation of
the injured athlete is during the preseason examination
(PSE), when the dilemma regarding an athlete’s return
may arise before play even begins. Because prevention of
sports-related injury is the ideal, it is important to have a
comprehensive system of injury surveillance, part of
which is the PSE. The goal of the PSE is not to disqualify
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athletes but to ensure that their participation in sports
does not unnecessarily increase their risk of injury.* The
examination should be conducted many weeks prior to
the beginning of the season and at the beginning of each
new level of competiion. A well-designed PSE may
prevent some of the musculoskeletal injuries associated
with sports participation by identifying the presence
of preexisting conditions that have not yet been fully
rehabilitated.?$37

During the athletic season, strategies for prevention
of injury include regular inspection of the athlete’s
protective equipment, emphasis on pre-activity stretch-
ing and warm-up,” attention to potentially hazardous
field/surface playing conditions, and a constant surveil-
lance for any performance dysfunction on the field
such as a limp, poor technique, or loss of condition.
Recognizing that the majority of athletic injuries occur
during practice sessions, making an effort to observe
practice workouts will enhance the physician’s ability to
make timely and appropriate medical decisions and safety
interventions.

When an injury is suspected, prompt medical evalua-
tion is appropriate. A thorough evaluation includes
identifying and grading the injury as well as assessing its
potential impact on the athlete’s overall health status.
In addidon to making an evaluation of the injured
extremity, it is important for the physician to evaluate the
potential for a prolonged period out of practice or
competition that might put the athlete at risk for physical
deconditioning. Psychological impact should also be
assessed. Significant adverse psychological responses to
injury and time out of competition may have adverse
effects on the athlete’s recovery as well as reinjury
patterns.}*¥-966 Thus, a comprehensive approach to
the evaluation process may involve not only physicians
and physiotherapists, but also consultation with sports
psychologists.

Based on the results of the evaluation process, the
team physician may develop a plan and organize a
network to carry out the treatment and rehabilitation of
the injured athlete. Early evaluation of the injury and
ongoing evaluation of the efficacy of treatment promote
the safe and timely return to play.

TREATING AND REHABILITATING
THE INJURED ATHLETE

Treatment should be initiated as early as possible. An
explanation of the injury and care plan must be commu-
nicated to the athlete to obtain his or her consent to
receive treatment. At the outset of treatment, a general
timetable should be established. Short-term and
long-term goals should be set for the athlete. During
treatment and rehabilitation, if the short-term goals are
not met, the athlete may need to undergo reevaluation
and/or the treatment plan may need to be revised.

GENERAL PRINCIPLES OF SPORTS MEDICINE

As stated previously, the key principles of treating any
musculoskeletal injury are early control of inflammation,
minimizing the period of immobilization, and early
active motion utilizing flexibility, strengthening, and
endurance exercise programs. Passive physical treatments
such as heat, ice, and manual therapy, as well as anti-
inflammatory medications and psychological interven-
tions, are used as adjunctive therapies.?** Coexisting
and/or underlying medical conditions (i.e., managing a
stress fracture in an athlete with an eating disorder,
amenorrhea, and osteoporosis) should be addressed and
treated at the same time as the acute injury.

Comprehensive treatment must include an appropri-
ate rehabilitation regimen. For the injured athlete, a
rehabilitation network consisting of a team of experts in
sports medicine, physical therapy, and athletic training is
invaluable. This network should develop an individual-
ized plan designed to restore function of an injured
extremity, restore overall musculoskeletal health and
general fitness, and provide sport-specific assessment and
training.”* Additionally, the rehabilitation plan should
include reinjury prevention training.’®

The athlete’s compliance with the rehabilitation plan
must be monitored and encouraged. A key component to
promoting compliance is providing a realistic estimate of
the length of disability with milestones for recovery.
Achievement is especially good for increasing an athlete’s
self-confidence and motivation to continue with rehabili-
tation. During rehabilitation, outlining a number of goals
(i.e., full ROM, walking without assistance) helps to keep
the athlete focused on progress. These intermediate
goals provide direction for the day-to-day efforts of the
injured athlete. Therapists can also help to provide short-
term goals in the form of daily exercises that should be
performed by the athlete. These markers are the stepping
stones that pave the way to achieving the ultimate goal of
return to play. This approach can help combat any
feelings of self-doubt that can arise when an athlete
focuses purely on the long process of rehabilitation and
return to play.!” Continued monitoring of an athlete’s
rehabilitation is necessary to ensure efficacy of treatment,
monitor progress, allow for ongoing tailoring of the
regimen, and keep the injured athlete on the proper path
to recovery.

RETURNING THE INJURED ATHLETE TO PLAY

Safely returning the injured athlete to sporting activity
after injury is the desired result of the return-to-play
process of evaluation, treatment, and rehabilitation.
Although decisions regarding the athlete’s return to play
will always depend on the individual and the specific
circumstances, definite criteria must be met. Tissue
healing and restoration of functional capacity of the
extremity must be confirmed. The ability to play safely
with restoration of sport-specific skills must be assured.
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The presence of or risk for chronic injury must be
determined, documented, and discussed with the athlete
in terms of the risk for ongoing and/or permanent
disability. The psychological state of the athlete and his
or her state of mental preparedness must be understood
and optimized. Finally, any decision to return an athlete
to play must be in compliance with all applicable local,
state, and/or governing body regulations.*

CONCLUSION

After a musculoskeletal injury, a successful return-to-play
process depends largely on the early, accurate, organized,
and ongoing evaluation of an athlete’s injury and
response to treatment and rehabilitation. The decision
on whether or when an athlete should return to play
is best determined by the team physician in active con-
sultation with the medical, surgical, and rehabilitation
specialists involved in the return-to-play process.
Unfortunately, scientific recommendations and published
guidelines are not available for most of the return-to-play
dilemmas. Individual decisions regarding when to return
an injured athlete will depend on the specific facts and
circumstances presented to the team physician and the
network of consultants.

The return-to-play decision may be thought of as risk
management. A physician making a decision for an
injured athlete must therefore use the best available
information and communicate the inherent limitations of
this decision making process to the athlete and all parties
involved. Ultimately, the team physician must guide the
athlete to understand and accept the risks of reinjury,
additional injury, or even permanent impairment. Ideally,
these risks are minimized by following a comprehensive
return-to-play process designed to fully rehabilitate the
athlete and to optimize his or her physical and mental
condition.
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Cardiopulmonary
Conditions

Nino Marino and Peter Bruno

THE HEART AND ITS FUNCTION

As the central organ of the cardiovascular system, the
heart acts as a continuously self-regulating pump. This
pump’s function is crucial to the supply of blood to every
organ of the body. The vessels of the arterial system
deliver oxygenated blood with other nutrients through-
out the body. Clearing of blood depleted of its oxygen is
mediated via the vessels of the venous system.

Of vital importance, especially in sports-related activ-
ity, is the heat transport or cooling function of the blood
via the blood vessels to maintain a core body temperature
within a precise and critical range. It is not far-fetched
to consider the skin surface and mucosa of the body as
“radiators.” Without the blood’s cooling function, the
athlete’s body would likely fail during exercise as enzyme
systems and other proteins were denatured or “cooked”
by undissipated heat.

Finally, the cardiovascular system performs a vital
messenger function as it carries important hormones in
the blood that act as distant mediators of metabolic
processes.

We traditionally have measured the parameters of the
heart’s pump function by, among others, terms such as
stroke volumte, ejection fraction, cardiac output, and cardiac
index. The following is a short glossary of terminology.

B Stroke volume is a measure of the quantity of blood, in
cubic centimeters, that is ejected from the ventricles of
the heart with each contraction.

B FEjection fraction is a measure of that quantity of dias-
tolic blood volume that is pumped from the ventricles
during systole or contraction. This measure is
expressed as a percentage.

B Cardiac output is a measure, usually in liters per
minute, of the volume of blood circulated by the
heart.

B Cuardiac index is a measure of the cardiac output divided
by the subject’s body surface area in square meters.

B Myocardial oxygen consumption (MVO,) is the amount of
oxygen consumed by the heart per contraction.

The foregoing are perhaps the most important and
widely used measures of cardiac function.

THE HEART IN EXERCISE

The cardiovascular systems adapt to increasing loads of
activity by first displaying an anticipatory response,
which will be initiated by the central nervous system.
Higher cortical brain centers will stimulate a cate-
cholamine surge before the actual activity begins. This
surge of neural hormones (epinephrine and norepineph-
rine) acts on the heart. By causing the sinoatrial node to
depolarize more rapidly, the impulse for heart muscle
contraction will become more frequent. In the highly
trained athlete, heart rate may go from a low of 30 to
35 beats per minute to more than 200 beats per minute
via catecholamine mediation. This increase in heart rate
(and contractile force of the heart) is mediated by the
sympathetic nervous system, which signals for the pump-
ing of catecholamines.?

Whereas sympathetic discharge is increased, there is
an inhibition of parasympathetic discharge. The heart
begins to free itself of parasympathetic restraints and
prepares itself for higher performance.

PERIPHERAL VASCULAR RESPONSES

To understand the heart in exercise, we must view it as
the central organ of an exquisitely adaptable vascular
system. With the anticipation of exercise, higher cortical
stimulation is accompanied by stimulus from other brain
centers, such as the diencephalon and vasomotor areas of
the medulla. The result of this stimulation is a constric-
tion of resistance and capacitance (arteries and veins)
vessels. This mechanism allows blood to flow “downhill”
to the right atrium. As a result, the more active heart will
be adequately supplied by sufficient venous return.

Although the previously mentioned mechanisms may
predominate just before exercise begins, other factors
come into play during exercise. Contraction of muscles
and intensifying neural discharge will increase cardiac
output. Muscle contractions serve to “milk” veins to
increase venous return to the right heart, further priming
the heart.

Local vascular changes enhance delivery of oxygen
and metabolic substrates to muscles. There are local
vasodilator responses mediated by hypoxemia and, in
some vessels, enabled by substances such as nitric oxide
generated by the vascular endothelium.

The increasing sympathetic discharge that continues
into the active phase of exercise serves to redistribute
blood throughout the body. Vasoconstriction in the
splanchnic organs (liver, spleen) and skin surface shunts
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blood volume to exercising muscles. It is in this manner
that blood pressure increases and cardiac output can be
made to match muscular demands. Local muscle vascular
dilations facilitate increased blood delivery to the muscles
involved in any particular athletic endeavor.

Whether or not there is a true anticipatory phase in a
particular situation, as the exercise phase is undertaken a
steady state in cardiac output soon develops. There may
be small variations and adjustments in preload, afterload,
and mean arterial pressure. For a relatively fixed exercise
task, a very efficient interplay of peripheral variables
appears to adjust delivery of blood to the left ventricle.
Stroke volume is not fixed but will vary to accommodate
for changes in heart rate. With a slight increase in heart
rate or stroke volume, metabolic needs of mild exercise
can be met. As the exercise advances beyond moderate,
increase in heart rate added to stroke volume increase
will supply the fivefold or greater increase in cardiac
output required.

Larger stroke volumes are observed in subjects per-
forming supine exercise. In erect exercise, stroke volume
increases that measure more than double the resting
volumes can be observed.

Several neurogenic adjustment mechanisms that may
alter cardiac output originate not only from central
neurologic impulses but also from sympathetic afferents
from working muscle. These impulses will result in

THE SYSTEMS

increases in heart rate, contractility, and peripheral
vascular tone (Table 6-1).

Volume Status in Exercise

In the early phase of exercise, there is an alteration in
intravascular volume that allows for flow of plasma from
capillaries into the interstices of muscles involved.
Lymphatic drainage generally returns plasma back to the
intravascular space, and intravascular fluid loss remains
at 10% to 45% early on.

It is almost intuitive that as the period of vigorous
athletic activity increases, the steady state becomes less
“steady.” Heart rate tends to increase to compensate for
any further drop in intravascular volume and central
venous pressure. Stroke volume and arterial pressure
continue to fall gradually. The body continues, with
heart-rate increase, to try to maintain a constant cardiac
output.

Temperature Regulation

As mentioned previously, vasoconstriction in vessels of
the skin during exercise serves to shunt blood to working
muscles. With prolonged intense activity and generation
of heat, the body begins to be less able to dispose of this
heat. Thermoregulatory centers in the brain respond by

Summary of Integrated Chemical, Neural, and Hormonal Adjustments Before and During Exercise

Condition Activator

Response

TABLE 6-1

Preexercise “anticipatory”
response

Exercise

Activation of motor cortex and higher
areas of brain causes increase in
sympathetic outflow and reciprocal
inhibition of parasympathetic
activity.

Continued sympathetic cholinergic
outflow; alterations in local metabolic
conditions resulting from hypoxia,

{ pH, T PCO,, T ADP, T Mg?, T Ca?,

and T temperature.

Continued sympathetic adrenergic
outflow in conjunction with
epinephrine and norepinephrine from
the adrenal medullae.

Acceleration of heart rate; increased

myocardial contractility; vasodilation in
skeletal and heart muscle (cholinergic
fibers); vasoconstriction in other areas,
especially skin, gut, spleen, liver, and
kidneys (adrenergic fibers); increase in
arterial blood pressure

Further dilation of muscle vasculature.

Concomitant constriction of vasculature

in inactive tissues to maintain adequate
perfusion pressure throughout arterial
system.

Venous vessels stiffen to reduce their

capacity. This venoconstriction facilitates
venous return and maintains the central
blood volume.

From McArdle WD, Katch FI, Katch VL: Exercise Physiology: Energy, Nutrition, and Human Performance. Philadelphia, Lea and Febiger, 1981. Reprinted

by permission of the publisher.
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dilating the skin vessels. The “radiator” function of the
skin performs well but at a certain cost. Blood volume
shunted to skin vessels diminishes mean circulatory
pressure and central venous pressure.!” The heart’s
stroke volume diminishes, and heart rate increases.
An unchanging cardiac output under these circum-
stances supplies skin vessels at the expense of blood flow
to working muscles. It is this mechanism that helps to
explain the time course of the drift phase and eventual
fatigue.

TRAINING AND THE HEART

Endurance training seems to make the cardiovascular
system more efficient. After prolonged (several months)
endurance activity, the athlete’s heart becomes slow at
rest and during exercise. This bradycardia may become
diagnostic and include benign forms of heart block.
Athletes who endurance train the leg muscles enjoy a
greater bradycardic response than those who do upper
body training. There may be a change in autonomic
balance emanating from conditioned musculature. After
long-term endurance training, intravascular blood
volume is higher.

With an increase in oxygen extraction at the muscle
level, cardiac output may not need to be so high to main-
tain a certain level of performance. The acclimatization
response also will see that metabolic heat is dissipated

efficiently (Table 6-2).

Physiologic Adjustments During Heat Acclimatization

Acclimatization

Response Effect

TABLE 6-2

Improved cutaneous

blood

Transports metabolic heat
flow from deep tissues to

the body’s shell

Appropriate circulation to
skin and muscles to meet
demands of metabolism
and thermoregulation;
greater stability in blood
pressure during exercise

Effective distribution
of cardiac output

Lowered threshold for
start of sweating

Evaporative cooling begins
early in exercise
More effective

distribution of sweat
over skin surface

Optimum use of effective
surface for evaporative
cooling

Increased sweat output ~ Maximizes evaporative

cooling
Lowered salt concen-
tration of sweat

Dilute sweat preserves
electrolytes in extracellular

fluid

With the improvement of oxygen extraction at the
cellular level of muscle fibers, exercise of up to 50% of
maximal oxygen consumption (VO, max) does not
induce a rise in heart rate. It is speculated that increased
vagal tone resulting from training explains these observa-
tions. If exercise becomes more intense in the aerobically
conditioned athlete, sympathetic discharge is relatively
reduced.

In the trained athlete, stroke volume is increased. This
increase probably occurs as a secondary function of
bradycardia (longer filling time). It does not seem that
there are primary myocardial charges that increase stroke
volume. Stroke volume is a secondary or dependent vari-
able. Whereas ejection fraction may remain constant,
maximal cardiac output in the trained athlete will reflect
an increase in end-diastolic volume. It is likely that the
Frank-Starling mechanism may be operative in maximal
exercise. This mechanism is operative as preload (venous
return) increases with high-intensity activity.

Diastolic properties of left ventricular function
become more important in athletes as they age. We are
becoming more aware of concepts such as active and
passive filling characteristics of the ventricles. Abnormal
diastolic properties of the left ventricle can cause the
heart to fail during increasing activity. In the aging heart,
it is often the diastolic filling properties that will be
altered. An understanding of these alterations is helping
us better understand the inexorable decline in cardiac
performance observed in aging athletes.

CARDIOVASCULAR SCREENING OF THE ATHLETE

Perhaps because the athlete is considered to be the one
who carries the standard of which we all would like to
become, his or her sudden unexpected death is a heavy
blow to us. Although less dramatic, his or her long-term
health and the effect that participation in certain sports
could have on the athlete should also be our concern.
At the outset, it is imperative that the highest level of
importance be rendered to the good of the athlete. As a
principal decision maker regarding participation screen-
ing, it is vital that pressures that might be brought by
team organizations, scholastic or otherwise, be resisted if
they place the athlete at risk.!? A sample cardiac screen-
ing questionnaire including questions proposed by the
American Heart Association is shown in Figure 6-1.

Although preexercise cardiovascular screening for
sedentary men aged 40 or older has been a general rule,
the presentation of acute myocardial infarction, espe-
cially in men aged 35 or younger, prompts us to advise
taking a detailed cardiovascular history to include sug-
gestive risk factors such as family and smoking history.
In this age group, a careful cardiac examination to search
for abnormal murmurs and heart sounds should be fol-
lowed by an electrocardiogram (ECG) and screening
stress test.
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Have you ever become dizzy or passed out during or after exercise?
Have you ever had chest pain during or after exercise?
Do you get tired more quickly than your friends do during or
after exercise?
Have you ever had racing of your heart or skipped beats?
Have you had high blood pressure or high cholesterol?
Have you ever been told you have a heart murmur?
Has any family member or relative died of heart problems or
sudden death before the age of 50?
Have you had a severe viral infection such as mononucleosis within
the last month?
Has a physician ever denied or restricted your participation in
sports for any heart problems?
Have any of your relatives ever had any of the following
conditions?
Hypertrophic cardiomyopathy
Dilated cardiomyopathy
Marfan’s syndrome
Long QT syndrome
Significant heart arrhythmia
FIGURE 6-1. Cardiac preparticipation questionnaire.
(Adapted from Seto CK: Clin Sports Med 22:23-35, 2003. With
permission.)

Should the results of cardiovascular examination, ECG,
or stress test prove to be equivocal or abnormal, one should
refer the patient to a cardiologist for additional evaluation
or exercise prescription. The task for the cardiologist is not
totally clear. In some series, most highly trained young
athletes have audible murmurs. Furthermore, many of our
testing modalities may be too sensitive.

In the young athlete, the cardiovascular abnormalities
that threaten health are overwhelmingly congenital;
however, many times more middle-aged athletes die each
year while exercising because of acquired coronary heart
disease. Nevertheless, although in numbers exercise-
related death in the young is rare, we are compelled to do
all that we can to identify those at great risk. The task is
difficult because we are not certain of the prevalence of
certain congenital cardiac abnormalities in the general
population. We do not have reliable statistics regarding
mortality rates for participating athletes who carry
congenital cardiovascular abnormalities.

The revised eligibility recommendations for competi-
tive athletes with cardiovascular abnormalities set forth at
the 26th Bethesda Conference held January 6, 1994, are
an indispensable guide to screening the competitive ath-
lete. We frequently consider its recommendation when
evaluating athletes who may have cardiac abnormalities.

Congenital Cardiac Abnormalities

In screening for the presence of significant cardiac
abnormalities, care must be taken to establish whether
the subject has ever experienced cardiac symptoms.
Although not yet carrying a cardiac diagnosis, he or she
may have experienced syncope or chest pain that could
represent the first warning of grave events to follow.

THE SYSTEMS

Careful questioning about sudden death and cardiac
disease in the subject’s kin is vital.

The following sections provide a brief review of the
most important cardiac abnormalities to consider in a
preexercise screening.

Hypertrophic Cardiomyopathy. With the growth of
echocardiography, we have become increasingly aware of
this congenital heart muscle disease that Maron con-
firmed to be a major cause of sudden cardiac death in the
young athlete.” With echocardiography, we are able to
identify those subjects with this disordered heart muscle
morphology, although the obstructive nature of this dis-
ease had been described during cardiac catherizations
before the widespread use of echocardiography.

The primary screening of hypertrophic cardiomyopathy
(HCM) can be difficult because the subject may have
never complained of suggestive symptoms. Such symp-
toms could include unexplained chest pain, dizziness,
palpitations, frank syncope, or, more frequently, exer-
tional dyspnea. It is probable that he or she never has
undergone more than a cursory heart examination. If
such an examination had been conducted, the subject
might either not have had an audible murmur or had a
murmur dismissed as “functional.” It is common for
HCM to produce a murmur of varying intensity from
examination to examination. During screening, a chang-
ing murmur should raise the suspicion of HCM.

The gradient developing within the left ventricle in
HCM is dynamic and has to do with acceleration of
blood through an ever-narrowing left ventricular outflow
tract. Certain maneuvers can change the outflow gradi-
ent and alter its resultant murmur. By having the subject
perform a Valsalva maneuver (straining against a closed
glottis or blowing against the thumb placed in the
mouth), the systolic outflow murmur’s intensity will
increase. The increase in systolic murmur loudness
results from the reduction of preload on the left ventricle,
making its internal diameter smaller, which accelerates
the blood being ejected, drawing the mitral valve leaflets
into the path of the blood by a Venturi effect (Fig. 6-2).

Extensive study of HCM also has elucidated its impor-
tant diastolic abnormalities. In many subjects, these dias-
tolic abnormalities appear to predominate in symptom
generation. Inadequate and slowed diastolic filling is the
most important abnormal mechanism to obtain, espe-
cially when the subject has tachycardia (Fig. 6-3). These
diastolic abnormalities may result from the characteristic
disordered morphology of myofibrils found on myocar-
dial biopsy specimen. Called mzyofibrillar disarray, it is
considered histologically characteristic of HCM. Of
note, although evidence for a left ventricular outflow
gradient may be absent in as many as half of subjects with
HCM, diastolic abnormalities are common to all suffer-
ers of HCM. It has been postulated that these diastolic
abnormalities may further result from a disorder of
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FIGURE 6-2. Long axis view of a heart with hypertrophic
obstructive cardiomyopathy. Note the markedly thickened
interventricular septum (S).

calcium metabolism in the myocardial cells of the left
ventricle and sometimes the right ventricle. Small coro-
nary vessel and conduction abnormalities may contribute
to symptom generation in HCM.

DNA testing is increasingly being used with some
success in screening of subjects suspected of having
HCM. Unfortunately, we are learning that HCMs are a
whole spectrum of diseases with multiple genetic deter-
minants. There are those who believe that certain other
types of testing, such as electrophysiologic testing, may
be able to stratify those with HCM according to risk. We
someday may be able to screen and prescribe with greater
confidence. The more widely followed approach pro-
hibits participation in most competitive sports for those
who carry the diagnosis of HCM.

Coronary Artery Disease. A second relatively important
cause of sudden cardiac death in young athletes is
coronary artery disease. In one study by Corrado et al.®
23% of deaths in young athletes appeared to result from
coronary artery disease. Most appeared to have lesions
of the proximal left anterior descending coronary artery.
We should be suspicious of coronary artery disease
in subjects aged 10 to 29 years. In younger patients,
Kawasaki disease, an acquired childhood febrile disorder,
may leave coronary lesions in as many as 25% of subjects.
Congenital anomalies of the coronary arteries can
cause sudden death in young subjects. Diagnosis of an
aberrant coronary artery should be suspected in the
subject who complains of anginal pain on exertion or
exercise-induced syncope. Patients who present with
such symptoms should undergo echocardiographic eval-
uation of their coronary ostia, thallium or echo stress
testing, and coronary angiography, if necessary.
Complaints of chest pain related to position, respira-
tion, or palpation are common in the young athlete and

- ¥ - ¥

FIGURE 6-3. Doppler tracing hypertrophic obstructive
cardiomyopathy below mitral valve in diastole reveals abnormal
relaxation in a patient with hypertrophic obstructive cardiomy-
opathy. Note the prolonged deceleration time (DT). HCM,
hypertrophic obstructive cardiomyopathy; E, passive left ven-
tricular filling phase; A, filling wave during left atrial contraction.
(From Oh JK, Seward JB, Tajik JA: The Echo Manual. Boston,
Little Brown, 1994. Reproduced with permission.)

rarely suggest coronary artery disease. They often can be
managed with explanation and reassurance. Conversely,
exertion-related chest pain, sometimes accompanied by
near-syncope or syncope, must be given careful scrutiny.

Complex Congenital Disorders. When considering
sudden death from the time of birth, congenital valvular
cardiac abnormalities play a large role. The young athlete
arriving for screening will have been diagnosed with
many of the severe complex malformations that would
limit his or her activity. Also because of the subject’s
symptoms, the diagnosis is less likely to be missed.

When chest pain or syncope are the subject’s com-
plaints, there often will be no gross and obvious congenital
cardiac abnormality detected, and the possibility of
abnormal coronary arteries must be entertained. About
50% of young sufferers of sudden cardiac death will have
reported previous prodromal symptoms.

Marfan Syndrome. Marfan syndrome, a congenital
disease with the aorta as its most important target organ,
has been implicated in the sudden cardiac death of some
star athletes. Recently, there has been more awareness of
this disorder, especially because it appears to present in
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tall, slender athletes. There have been high-profile
sudden deaths of volleyball players and basketball players
who seemed apparently well until their deaths.

Marfan syndrome is believed to be a fibrillin disorder
that weakens the walls of the major vessels and may lead
to aortic rupture. Some affected subjects may have very
long, spidery fingers and lax joints. There apparently are
many grades of the clinical expression of this disease.
Some subjects might have aortas so dilated that on
reaching a certain diameter, prophylactic replacement
of the aortic root must be undertaken. This course might
be recommended after close regular follow-up evalua-
tion, even if the young subject is asymptomatic (Fig. 6-4).

Competitive sports for those with Marfan syndrome
are believed to increase the shear stress on the ascending
aorta resulting from the augmented hemodynamic shear
force that results from increased cardiac contractility
during exercise.

Myocarditis. Myocarditis, or inflammatory disease of
the heart muscle, is a potential cause of sudden death in
young athletes and in older athletes. Whereas myocardi-
tis might be implicated in infant deaths, severe pump
impairment and arrhythmia generation sometimes strike
adult athletes with this disorder. The patient may or may
not be aware of a recent bout of gastroenteritis or
“flu” symptoms. The disease may present with recent
dyspnea on exertion. The athlete might complain only
of unexplained palpitation or lightheadedness. These
latter symptoms might represent potentially dangerous
ventricular or atrial arrhythmia. On examination, the
findings could be minimal, but a pericardial rub
suggesting coexistent pericarditis or a displaced apex
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FIGURE 6-4. Two dimensional long axis view of a typically
dilated aortic root (AQ) in a patient with Marfan syndrome.
RV, right ventricle; LV, left ventricle; AV, aortic valve. (From

Oh JK, Seward JB, Tajik JA: The Echo Manual. Boston, Little
Brown, 1994. Reproduced with permission.)

THE SYSTEMS

heartbeat should prompt the prohibition of exertion.
An echocardiogram would reveal reduced ejection
fraction and perhaps a pericardial effusion. The most
important viral agent responsible for myocarditis is
Coxsackie B virus.

Dilated Cardiomyopathy. Dilated cardiomyopathy may
be the final result of myocarditis, although there are
some cardiomyopathies that may be familial. The diag-
nosis is relatively straightforward with echocardiography
and careful history, although the etiology may be unclear.
Systolic left ventricular function may be severely
impaired. With exertion, this patient might experience
an arrhythmia death.

Right Ventricular Dysplasia. In some sudden death
series, particularly in one representing sudden death in
northern Italy, right ventricular dysplasia, a congenital
cardiomyopathy, predominates as an etiology. On
echocardiography, this patient, who may have a only
right bundle branch block pattern on ECG, will have a
thinned right ventricular wall. The patient may have syn-
cope and death on exertion. This subject would require
extensive electrophysiologic testing, perhaps combined
with repeated stress testing to stratify his or her sudden
death risk. Increasingly, magnetic resonance imaging
(MRI) has become the preferred diagnostic modality for
arrhythmogenic right ventricular dysplasia (ARVD),
although this imaging method is relatively expensive and
not always widely available.

Commotio Cordis. Commotio cordis is the event after
which a young athlete will fall to the ground uncon-
scious after a blow to the precordium. Maron,'* in a
recent study, described the disturbing scenario. A young
athlete, perhaps playing sandlot baseball, will sustain a
blow to the precordium and collapse immediately or
briefly thereafter. Most notable is how little force will
appear to have been delivered, but the subject will
collapse and die. The subject appears remarkably resist-
ant to resuscitation attempts. It does not appear that the
integrity of the chest wall or mediastinal structures are
compromised. Instead, it is postulated that a force is
transmitted to the heart during its electrically vulnerable
period, which apparently triggers a lethal ventricular
arrhythmia.!* Work is ongoing in attempting to protect
young athletes from these tragedies by redesigning chest
padding and the missiles that the athlete might
encounter during sporting events.

Mitral Valve Prolapse. Mitral valve prolapse is a rare
cause of sudden death in young athletes. Nevertheless,
there are some series in sudden death in young adults
that implicate this etiology. This malformation of the
mitral valve forces the leaflet farther into the left atrium
in systole and is more often present in women. It may be
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symptomatic.*!? It may generate atrial or, more impor-
tantly, ventricular arrhythmias that could lead to sudden
death.’ Careful history taking may reveal a family history
of this disease. Physical examination may reveal a midsys-
tolic click or a late systolic blowing murmur. Sometimes
mild or severe mitral regurgitation will be present.
Echocardiography is perhaps the most sensitive test for
the establishment of the diagnosis (Fig. 6-5). In the sub-
ject who wishes to exercise vigorously, stress testing and
Holter monitoring is in order. Abstention from stimu-
lants, such as caffeine and tobacco, is recommended.
Some patients will become more symptomatic, requiring
the use of beta-blocker medications. Good hydration of
these patients is an important rule to follow. Perhaps
lengthening of the mitral apparatus relative to the left
ventricular dimension may worsen mitral valve prolapse.
Hydration, increasing intravascular volume and preload,
may tighten up on this apparatus and reduce ventricular
irritability and any mitral regurgitation.

Other Cardiac Anomalies. Careful history taking and
physical examination will screen many of the remaining
major anomalies. As with mitral prolapse, congenital aor-
tic valvular disease has not been incriminated as among
the important causes of sudden death in the athlete.
Congenital aortic valvular disease in the relatively
asymptomatic patient will most often be detected by
careful auscultation. Although congenital (or acquired)
aortic stenosis may be mimicked by coarctation of the
aorta, an aortic abnormality will be the rule-out. The
subject should be scheduled for an echocardiogram to
clarify the issue. Significant aortic regurgitation also may
produce a loud systolic murmur and a diastolic “blow.”
The important issue is that the athlete be screened and
scheduled for additional testing to more clearly identify
the problem.
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FIGURE 6-5. Note the thickened appearing mitral valve (MV)
prolapsing posterior mitral leaflet (large arrow) in this subject
with mitral valve prolapse. RV, right ventricle; VS, ventricular
septum. (From Oh JK, Seward JB, Tajik JA: The Echo Manual.
Boston, Little Brown, 1994. Reproduced with permission.)

The same is true for most other congenital or
acquired cardiac abnormalities. Although the examiner
may have difficulty deciding whether the systolic murmur
heard is aortic stenosis or pulmonic stenosis, he or she
will know that the issue deserves additional investigation.
An echocardiogram, ECG, and cardiology consultation
will be needed before clearing the subject for competitive
athletic activity. In congenital aortic stenosis, peak
instantaneous Doppler gradients are of value, whereas in
acquired aortic stenosis mean gradients are measured.!?

After a careful history is taken and a careful cardiac
examination is performed (at rest and after exercise), the
need for noninvasive testing may arise if the diagnosis is
in doubt. The basic tests should include an ECG, an
echocardiogram, and a stress test. Additionally, ambula-
tory rhythm monitoring (Holter monitoring), chest
radiograph, and, in rare cases, coronary angiography or
arrhythmia testing in an electrophysiology laboratory
may be required.

Although the absolute number of sudden cardiac
deaths in young athletes is few, one can only imagine the
effect general screening with echocardiography would
have on this number. Most epidemiologists and public
health authorities agree that general echocardiographic
screening of athletes would be a huge expenditure. The
hope is that the cost of these studies will come down, and
a more general application of cardiac sonography in the
screening of athletes could be the positive result.

DIAGNOSTIC TESTING MODALITIES
The Electrocardiogram
The resting ECG, although not part of the standard

screening examination for the athlete, can be a vital tool.
In those athletes who were victims of sudden death,
review of any ECGs in their history would have pointed
to the need for additional examinations.!> Most patients
with hyperthropic cardiomyopathy could be readily
screened by a standard 12-lead ECG. As mass ECG
testing would not be cost-effective, reserving these traces
for any subject with dizziness, syncope, or chest pain
on exertion could reduce sudden athletic death by as
much as 50%.

Typically, the ECG of the patient with hypertrophic
cardiomyopathy would show high voltage resulting from
characteristic wall thickening. Often, there also are abnor-
mal q waves and t waves. The abnormal q waves and t
waves are sometimes referred to as pseudo infarct patterns.
Not uncommonly, the ECG might vary considerably.

Other important abnormalities, including those of
rhythm disorders, might be detected by the 12-lead
ECG. In the athlete complaining of rapid heart action,
irregular heartbeat, dizziness, or shortness of breath, an
ECG could be diagnostic. Ventricular premature beats
can signal more serious sustained ventricular arrhythmias.
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A short PR interval could warn of Wolft-Parkinson-
White syndrome, which sometimes can cause life threat-
ening atrial arrhythmias.

Atrioventricular block, from generally benign first-
degree atrioventricular block and Type 1 second-degree
(Wenkeback) atrioventricular block to more important
second-degree and complete heart block and congenital
long QT interval, can be revealed by ECG techniques.

To further investigate ventricular and atrial arrhyth-
mias and their daily frequencies, 24-hour ambulatory
ECG monitoring is useful. The newest models of these
devices are very light and can be worn during vigorous
athletic activity. We are now able to monitor the athlete
with arrhythmias while he or she is performing most
sports at high intensity. In the event that the athlete
suffers from arrhythmias that require medical therapy,
ambulatory monitoring will enable us to monitor the
effectiveness of the andarrhythmic therapy as he or
she performs exercise at various intensities to measure
effectiveness of arrhythmia suppression.

Cardiac Stress Testing

Cardiac stress testing is used frequently to screen patients
in populations in which there is a high incidence of
coronary disease, particularly in men aged more than
35 years. Its reliability is greatest in this group when
stress ECG is used. Greater sensitivity is afforded by the
use of echocardiography and nuclear isotope techniques
that attempt to add information about left ventricular
wall motion to each test. The subject’s tendency to
develop arrhythmias with increasing workloads is
addressed by an ECG-graded stress test.

The standard ECG stress test can be performed
by using any one of several well-known protocols
(Bruce, Naughton) or custom protocols that address the
particular needs of a testing population. Tests could be
modified to most closely reproduce the loads the athlete
would encounter when engaging in his or her sport.
Information about the subject’s fitness or aerobic capac-
ity can be obtained by calculating the subject’s double
product. This value can be obtained by multiplying the
peak systolic blood pressure times peak heart rate.

In preparation for the test, the subject is asked to fast.
Before testing, ECG electrodes are attached to the chest.
The subject is requested to exercise to exhaustion. Blood
pressure and ECG are monitored periodically through-
out the test. Currently, some exciting work is being
performed with an echocardiographic technique called
tissue Doppler imaging. This ultrasound method beams
Doppler signal at the heart muscle to measure its relax-
ation properties. This technique promises to help us
discriminate between the appropriately hypertrophied
heart of certain athletes and the pathologically thickened
ventricular walls of hypertensives and subjects with
cardiomyopathies.

THE SYSTEMS

The stress test is stopped only if the subject requests
to stop or shows dangerous arrhythmias or ECG
changes. An inappropriate drop in blood pressure, heart
rate, pallor, or diaphoresis may also prompt cessation of
the test. When echocardiography or radionuclide studies
are part of the test, the images are reviewed to render more
information about myocardial perfusion and dynamics.

There are treadmill-based tests and bicycle-ergometer
tests. Both techniques have their proponents. Treadmill
testing has the advantage of more easily achieving higher
peak heart rates, although echocardiographic image
acquisition is delayed momentarily. We have not found
this to be a problem. Bicycle stress testing has the advan-
tage of image acquisition without delay, but the subject
must be coached (and familiar with cycling) to best use
this technique and achieve the desired end point.

The use of Doppler wave techniques during
echo-stress testing can add useful information and is an
interesting investigational tool that helps better elucidate
mechanics during exercise.

Echocardiography

The use of ultra-high-frequency sound waves to render
an ultrasound picture of cardiac structures has become
an indispensable tool in the evaluation and screening of
the athlete’s heart. Without echocardiography, we would
still have to rely on invasive or nuclear techniques to
screen and measure the heart and major vessels.
Echocardiography enjoys the combined unique advan-
tages of sensitivity, technique, safety, repeatability, and
portability. A major and ever-growing part of what we
know about cardiac morphology and function in the
healthy and at-risk athlete is because of echocardiography
and Doppler echocardiography.

In the diagnosis of hypertrophic cardiomyopathy,
Marfan syndrome, right ventricular dysplasia, mitral
valve prolapse, congenital abnormalities of the heart
valves and great vessels, myocarditis, and pericarditis,
echocardiography is an essential diagnostic tool. We also
are able to evaluate wall thickness, systolic thickening,
diastolic properties, and changes in these parameters
over time and how these vary with type and intensity of
sport in the training athlete.

Hemodynamics are evaluated by Doppler techniques
that project a beam of ultra-high-frequency sound waves
into flowing blood. Erythrocytes act as Doppler beam
reflectors that inform us of the direction and speed of the
blood flow being interrogated. With these methods, we can
readily determine whether there is a dynamic intraventric-
ular or left ventricular outflow tract obstruction in the
subject being screened. Doppler echocardiography also is
useful in noninvasively determining cardiac output in vary-
ing loading conditons during exercise. With this testing
modality we can detect and evaluate intracardiac shunts and
stenosis and regurgitation of any of the cardiac valves.
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FIGURE 6-6. Dynamic left ventricular outflow tract (LVOT)
gradients recorded from the cardiac apex with continuous wave
Doppler. During the Valsalva maneuver and after inhalation of
amyl nitrate, outflow velocities increase, suggesting dynamic
increase in obstruction under different loading conditions.
(From Oh JK, Seward JB, Tajik JA: The Echo Manual. Boston,
Little Brown, 1994. Reproduced with permission.)

Figure 6-6 represents a Doppler study revealing a
typical dynamic obstructive left ventricular outflow tract
obstruction that worsens with provocation by Valsalva
maneuver and by the inhalation of amyl nitrate, which
dramatically decreases afterload.

Despite the powerful noninvasive techniques we now
can use readily, sometimes more invasive techniques are
the tests of last resort to be used in evaluating cardiac
abnormalities in the athlete, from the “semiinvasive”
modality called transesophageal echocardiography
(TEE) to the clearly invasive cardiac catherization and
electrophysiologic studies. With TEE, complex congen-
ital abnormalities, aberrant coronary arteries, and cardiac
and aortic trauma are evaluated. In catherization tests,
coronary arteries and assessing conduction velocities in
the heart clarify causes of supraventricular arrhythmias
and heart block. Ventricular stimulation techniques
attempt to induce potentially lethal sustained ventricular
arrhythmias in a controlled setting. These tests appear to
be useful in stratifying athletes with ventricular arrhyth-
mias as high or low risk for life threatening cardiac
events.

GENERAL EXERCISE CLASSIFICATION

We generally have categorized exercise into the large
general groups of static and dynamic. As Mitchell has
described,® static exercise includes athletic activity that
involves a large mass of muscle with little movement
through space of bones and joints. Dynamic exercise

produces movement of joints and changing muscle
lengths, often performed rhythmically.

Many studies have elucidated the hemodynamic
changes that occur during each type of exercise. Dynamic
exercise increases cardiac output and oxygen consumption
without greatly increasing systolic and mean arterial
blood pressure. Total peripheral resistance is reduced.
Static exercise increases systolic, diastolic, and mean arte-
rial pressure while heart rate and cardiac output remain
unchanged. Oxygen consumption is increased only
mildly. Clinically, jogging would be considered dynamic,
whereas isometric weight exercises would be considered
static because static exercise places a pressure load on
the heart; the walls of the heart thicken, whereas the
chamber dimension does not significantly increase.
Echocardiography assessments of these hearts are
characteristic.

As dynamic exercise generates a volume load on the
heart, the ventricular chamber will enlarge without
dramatic wall thickening or hypertrophy. Nature’s
correlates of these circumstances yield a concentrically
hypertrophied left ventricular wall in pressure-load
lesions. An obvious example would be the left ventricular
hypertrophy of severe aortic stenosis. Where the volume
to be ejected by the heart increases (as in mitral regurgi-
tation), the left ventricular chamber becomes enlarged
with proportionately little wall thickening. As opposed to
the pressure-loaded heart that has concentric hypertro-
phy, the volume-loaded heart with eccentric hypertrophy
is associated with a high maximal oxygen uptake during
exercise. If we consider the determinants of myocardial
oxygen consumption, we can understand how exercise
can increase it. Heart rate, myocardial wall tension, and
contractility are these determinants. The product of
these three determinants yields maximal oxygen con-
sumption in exercise.

Certain cardiac abnormalities cannot safely sustain the
load that certain sport-related activities can place on the
heart. Certain sports such as cycling share a high
dynamic and static character. Other sports may involve a
mostly static sports load on the heart. All the high-static
sports should be contraindicated for the subject with
heart abnormalities intolerant of static loads.

In subjects with some degree of aortic stenosis, for
example, dynamic exercise would be contraindicated.
Such exercise depends on an increase in heart rate to
maintain cardiac output. An increase in heart rate
increases the gradient across the stenotic valve, thus
unacceptably increasing myocardial oxygen demand and
decreasing perfusion of the brain and other vital organs.

In subjects with hypertrophic cardiomyopathy,
competitive high-intensity athletics generally are to be
prohibited. As there is a very large gray zone in the dis-
ease, especially where the left ventricular thicknesses may
not be dramatically increased, a very exhaustive history
(including family history), physical examination, and
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noninvasive (and perhaps even invasive) work-up is
required. Presently, we do not have a fool-proof method
of stratification of risk in these patients.

Athletes with Marfan syndrome often present the
dual problems of aortic regurgitation, which requires
prescription of exercise according to severity, and dilated
aorta. The potential for aortic dissection is real. Static
exercise and any exercise that would increase myocardial
contractility may pose increased risk to the athlete.

Because the primary care physician may be called on
to generally screen athletes before sport participation,
an understanding of the principles governing cardiac
clearance is essential. Final patient-by-patient recom-
mendations should be undertaken only after an in-depth
history, physical examination, and noninvasive evaluation
in consultation with a cardiologist.

CARDIAC BENEFITS OF EXERCISE

We are well aware that regular exercise benefits all levels
of fitness; there also is evidence to suggest regular exer-
cise may help reduce coronary death. Regular aerobic
exercise has been labeled cardioprotective. Bassler once
postulated that marathon runners who completed a full
marathon were granted a certain immunity to coronary
death,! but this claim has been disputed. Nevertheless,
regular vigorous exercise appears to raise the favorable
component of serum cholesterol, called HDL-C.!!
Perhaps, through increased insulin sensitivity in tissues,
lipase activity and HDL-C levels increase.

More recently, direct rheologic effects of accelerated
blood flow in coronary arteries have been studied. There
is an enhanced efficiency of the natural arterial dilating
system mediated by nitric oxide that results from vigor-
ous exercise. Finally, the development of rich collateral
arterial coronary networks seems to be the result of
graded regular exercise when performed by patients with
known symptomatic coronary artery disease.

Exercise in the athlete, whether amateur, scholastic, or
professional, is beneficial to the cardiovascular system. It
increases fitness and quality of life and perhaps promotes
cardioprotective mechanisms.!’

THE LUNGS AND THEIR FUNCTION

As the heart is the pump of the vascular system, the res-
piratory system is responsible for the delivery of oxygen
contained in the air to the blood and the removal of waste
products such as carbon dioxide back to the air. Any med-
ical condition that alters this delivery will either increase
or decrease the ability of exercising muscles and the athlete
to perform. Changes in the oxygen and carbon dioxide
content of the air and changes in the intraerythrocytic
concentration of 2,3-biphosphoglyceric acid (2,3-BPG)
will cause shifts in the oxygen dissociation curve.

THE SYSTEMS

The respiratory system includes the lungs, the central
nervous system, the chest wall, and pulmonary circula-
tion. When needed, this system can increase ventilation
by more than 12 times its baseline. Therefore, exercise is
usually not limited by pulmonary factors in normal
healthy athletes.

RESPIRATORY SYMPTOMS

Dyspnea

Dyspnea is defined as an abnormally uncomfortable
awareness of breathing. Normally, our pattern of breath-
ing is controlled by mechanisms that can vary ventilation
to meet the demands of physical exertion. In addition,
emotional states such as anxiety and fear can cause a
change in normal ventilatory patterns. When evaluating
the degree of dyspnea in a patient, one must take into
consideration factors such as the overall level of fitness of
the subject and the individual’s perception of how bad the
shortness of breath is.

Dyspnea may be related directly to the amount of
physical exertion or may be sudden and related to specific
underlying conditions, such as pulmonary embolism,
spontaneous pneumothorax, or anxiety. In any athlete
with dyspnea, it is important to look thoroughly for the
cause.

Types of Dyspnea. Orthopnea is defined as dyspnea on
assuming the supine posture. Paroxysmal nocturnal dyspnea
is defined as attacks of dyspnea that usually occur at night
and awaken the patient from sleep. It also is known as
cardiac asthma. Tripopnea describes dyspnea only in the
left or right lateral decubitus position, which usually
occurs in patients with congestive heart failure. Platypnea
describes dyspnea that only occurs in the upright
position, specifically in situations where the abdominal
viscera has no diaphragmatic support because of hernia-
tion when the individual stands. Platypnea would be
managed with an abdominal binder or surgical repair.

The actual mechanism of dyspnea is unknown, and the
differential diagnosis of dyspnea is included in the box,
Causes of Dyspnea.

Hypoxia
Arterial hypoxia is a fall in the oxygen content in the

arterial blood, noted as a fall in the partial pressure of
oxygen or the PaCO,.

Cyanosis

Cyanosis is a dark bluish or purplish coloration of the
skin and mucous membrane resulting from deficient oxy-
genation of the blood in the lungs or from an abnormally
great reduction of the blood in its passage through the
capillaries. It appears when the reduced hemoglobin in
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» CAUSES of Dyspnea

Obstructive disease of airways
e Extrathoracic airway obstruction
e Aspiration of food or a foreign body
(gum, dental prosthesis)
e Angioedema of the glottis or acute allergic
reaction
e Fibrotic stenosis of trachea
e Acute respiratory infections (intermittent)
o Obstruction of intrathoracic airways
e Asthma
e Chronic bronchitis
e Bronchiectasis
e Chronic obstructive pulmonary disease
Diffuse parenchymal lung diseases
e Pneumonia
e Sarcoidosis
e Pneumoconiosis
e Carcinoma
Pulmonary vascular occlusive diseases
e Pulmonary embolism
Diseases of the chest wall
¢ Kyphoscoliosis
e Pectus excavatum
e Spondylitis
Heart disease
o Congestive heart failure
e Mitral stenosis
e Cardiogenic pulmonary edema
Anxiety neurosis
Noncardiogenic pulmonary edema
e Liver disease
e Nephrotic syndrome
e Protein-losing enteropathy
* Narcotic overdose
e Exposure to high altitude
e Neurogenic
Anemia
Obesity

the minute blood vessels is 5 mg or more per 100 mL.
A false cyanosis can be caused by the presence of an
abnormal pigment such as methemoglobin (carbon
monoxide poisoning). It usually is most marked in the
lips, nail beds, ears, and malar eminences.

When hypoxia occurs as a result of a respiratory prob-
lem, the PaCO, level usually rises and displaces the
oxygen dissociation curve to the right, which allows the
percentage saturation of the hemoglobin in the arterial
blood at a given level of alveolar oxygen tension (PaO,)
to decline. Thus, arterial hypoxia and cyanosis are likely
to be more marked in proportion to the degree of depres-
sion of PaO, when such depression results from
pulmonary disease.

Clubhing

Clubbing is the broadening and thickening of the ends of
the fingers. Although in some patients, the cause may be
unknown, it may be inherited or seen with a variety of
diseases. The mechanism of clubbing is unclear, but it
appears to be secondary to humoral substance, which
caused dilatation of the vessels of the fingertip. As part of
the physical examination, the presence of clubbing
should elicit a differential diagnosis. See the box, Causes
of Clubbing.

Clubbing in patients with primary and metastatic lung
cancer, mesothelioma, bronchiectasis, and hepatic cirrhosis
may be associated with hypertrophic osteoarthropathy.
Hypertrophic osteoarthropathy is the subperiosteal for-
mation of new bone in the distal diaphyses of the long
bones of the extremities, which causes pain and symmet-
ric arthritis-like changes in the shoulders, knees, ankles,
wrists, and elbows. It may be confirmed by radiography.

Cough

Coughing is a form of violent exhalation by which irri-
tant particles in the airways can be expelled. Stimulation
of the cough reflexes results in the glottis being kept
closed until a high expiratory pressure has built up, which
suddenly is released. The causes are listed in the box,
Causes of Cough.

Chest Pain

Chest pain or tightness is a common sign of many diseases
and is important in the diagnosis of pulmonary-related
disorders. See the box, Common Causes of Chest Pain.

Ventilatory Function

Ventilation is the process of exchange of air in the lungs
with atmospheric air, which has higher oxygen and lower
carbon dioxide contents. Measurement of ventilatory
function includes total lung capacity (TLC), which is the
volume of gas contained within the lungs after a maximal
expiration, and residual volume (RV), which is the
volume of gas remaining within the lungs at the end of
a maximal expiration. Vital capacity (VC) is the volume

I
» CAUSES of Clubbing

Primary lung carcinoma
Metastatic lung carcinoma
Bronchiectasis

Lung abscess

Cystic fibrosis
Mesothelioma

Regional enteritis
Ulcerative colitis
Cirrhosis
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I
» CAUSES of Cough

Acute
o Upper respiratory infections
e Aspiration
o Asthma
Bronchitis
Bronchogenic carcinoma
Foreign body inhalation
Gastro esophageal reflux (GERD)
o Left ventricular failure/angina
Chronic
e Post-nasal drip/sinusitis
Asthma/exercise-induced asthma
Chronic bronchitis
Cocaine usage
Gastro esophageal reflux (GERD)
Post-infective cough/bronchospasm
Psychogenic
Carcinoma
Interstitial lung disease
Benign tumors of the lung
Drugs (e.g., ACE inhibitors)

of gas that is exhaled from the lungs when going from the
TLC to the RV (Fig. 6-7). Minute ventilation is the tidal
volume X frequency of respiration. A typical example
might be a tidal volume of 500 with a respiratory rate of
12, which would equal 6000 ml air/minute.

Healthy patients are able to augment their minute
ventilation (VE) to exercise loads in large part as a
response to increased carbon dioxide production (VCO,).
In patients with chronic obstructive pulmonary disease,
the PCO, has been up chronically, so it is no longer the
driving force behind increased ventilation. O, becomes
this motivation. Therefore, if we place these individuals
on higher concentrations of O, (greater than about 2
liters per minute via nasal cannula), they will lose their
drive to ventilate and slow down respirations until they
go into respiratory failure.

THE SYSTEMS

]
» COMMON CAUSES of Chest Pain

Asthma

Exercise-induced asthma

Infection

Chest wall injuries

Referred pain from the thoracic spine
Cardiac ischemia

Carcinoma

Interstitial lung disease

Herpes zoster (shingles)

Circulatory Function

Circulatory function depends on cardiac output and
pulmonary vascular resistance. The peripheral vascular
resistance (PVR) typically is obtained in an intensive care
unit using a flow-directed pulmonary arterial catheter
(Swan-Ganz). The normal value for PVR is approxi-
mately 50 to 150 dyn.s/cm’.

A healthy individual at rest inspires 12 to 16 times per
minute, each breath having a TV of approximately
500 ml. A portion of each breath (about 30%) never
reaches the alveoli; this portion is known as the dead space.

The most commonly used measures of gas exchange
are the partial pressures of O, and CO, in the arterial
blood (PaO, and PaCQO,). The alveolar-arterial O,
difference (PAO,—PaQ,), or the A—a gradient, is a useful
calculation. The alveolar and, hence, arterial PO, can be
expected to change depending on the level of alveolar
ventilation, reflected by the arterial PCO,.

Pulse oximetry is a recent practical development in
respiratory care which allows continuous monitoring of
the patient’s state of oxygenation. It is more practical
than arterial puncture, which is required to measure
the PaCO,. Using a probe clipped to a patient’s finger,
it measures the absorption of wavelengths of light by
hemoglobin in arterial blood. Because of differential
absorption of the two wavelengths of light by oxygenated
and nonoxygenated hemoglobin, the percentage of

vC

ERV

RV RV

FIGURE 6-7. Lung volumes, shown by block
diagrams (/eff) and by a spirographic tracing (right).
TLC, total lung capacity; VC, vital capacity; RV, residual
TLC  volume; IC, inspiratory capacity; ERV, expiratory
reserve volume; FRC, functional residual capacity; V,,
tidal volume. (From Weinberger SE: Principles of
Pulmonary Medicine, 2nd ed. Philadelphia, WB
Saunders, 1992.)
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hemoglobin that is saturated with oxygen can be displayed
instantaneously.

Radiologic testing and other diagnostic procedures
have become more state-of-the-art and include many
modalities. See the box, Radiologic and Diagnostic
Procedures Available. In all patients, a simple history and
physical examination is important to make a diagnosis.
A simple posteroanterior chest radiograph may suffice as
an inexpensive diagnostic procedure. The examiner
should always review the films him- or herself because
the examiner has the best knowledge of the clinical state
of his or her patient. Portable films are a necessary evil in
some situations but never as reliable in quality.

Computed tomography (CT) has added amazing
clarity to studies, and magnetic resonance imaging (MRI)
is superior to differentiating pulmonary vessels versus
lymph nodes. However, the added cost of these proce-
dures must be considered. Lung scans are important in
the diagnosis of pulmonary embolisms.

CLINICAL DISEASE STATES

There are three groups of individuals who experience
asthma-like symptoms after exercise.

1. Athletes with chronic asthma, 90% of whom will
experience symptoms after exercise.

2. Athletes with allergic rhinitis or atopic dermatitis who
have a positive exercise challenge.

3. Athletes who do not have underlying allergies or
asthma and only experience symptoms of asthma after
exercise.

Asthma

Asthma is an obstructive disease of airways that is char-
acterized by increased responsiveness of the tracheo-
bronchial tree resulting from a variety of stimuli. The
airways narrow by contraction of their smooth muscle, by

Radiologic and Diagnostic Procedures
Available

Pulmonary imaging

0O Chest radiographs

O Portable chest radiographs

0O Computed tomography

O Magnetic resonance imaging

O Ultrasound

O Ventilation/perfusion (V/Q) lung scan

O Interventional (computed tomography—guided
biopsy)

Diagnostic procedures

0O Skin tests (ppd, candida, RAST, etc.)

O Bronchoscopy/biopsy

a swelling of the mucous membrane, and by edema of the
bronchial wall and an increase in the production of
mucus. Recurrent attacks of difficult breathing, particu-
larly on exhalation caused by an increased resistance to
airflow through the respiratory bronchioles, are typical
of the disease. Status asthmaticus is the persistence of
severe airway obstruction for days or weeks.

Asthma may be induced by exercise. Sports vary in their
tendency to induce asthma, with running having the high-
est tendency, cycling a moderate tendency, and gymnastics
and swimming a low tendency. Paradoxically, many suffer-
ers gain relief from their bronchospasm by regular exercise,
and exercise is not seen as negative in the management of
asthma. Many drugs help to control asthma, but team
physicians must be aware that some are on the International
Olympic Committee list of banned substances.

The National Institute of Allergy and Infectious
Disease estimates that 41 million Americans have asthma
and allergies. Asthma is said to be found in 4% to 5% of
the general population in the United States. Half of the
cases occur in patients before age 10 years, and another
one third in those before age 40 years. In children, there is
a 2:1 male preponderance, which equalizes by age 30 years.

Allergy is a state of altered reactivity in the host that
results from interaction between antigen and antibody.
An antigen is an agent that stimulates the production of
an antibody. An allergen is defined as an antigen that has
been shown to initiate an allergic response. The antibody
classically associated with allergy is the IgE immunoglob-
ulin. After inhalation of an allergen, it penetrates the
respiratory epithelium and combines with pairs of IgE
molecules attached to underlying mast cells, thus signal-
ing release of mediators that initate an inflammatory
response. Individuals who readily make IgE antibody are
prone to allergic reactions of the respiratory tract.

Allergic asthma often is associated with a family history
of allergic diseases, such as rhinitis, urticaria, and eczema.
These individuals will have positive skin reactions to
intradermal injections of allergens and a positive response
to the inhalation of the antigen. As many as 40% of
patients with allergic rhinitis will have asthma.

Idiosyncratic asthma refers to those individuals with-
out a history of allergy, negative skin testing results, and
normal levels of IgE.

Environmental and occupational factors may be
potent bronchial irritants, such as ozone and the oxides
of sulfur and nitrogen. Metal salts, wood and vegetable
dusts, pharmaceutical chemicals and plastics, biologic
enzymes, and animal and insect dusts can cause problems.
The house dust mite (Dermatophagoides pteronyssinus) or
fungal spores (e.g., Aspergillus fumigatus) can cause
bronchial hyperactivity. Fumes from paint and household
cleaners may precipitate an acute attack of asthma, as
may some perfumes. A drop in temperature at night can
trigger asthma and may be prevented by heating the
bedroom at night.
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Obesity is on the rise in the United States. The rise in
obesity has been most in middle-aged women, in whom
the prevalence has increased by 65%. Most notably, the
prevalence of asthma among middle-aged women has
increased by 80% of the past 2 decades. This data
suggests a potential link between obesity and asthma.”!?

The most common stimulus for an asthmatic attack is
a respiratory infection. Exercise and emotional stress also
can be stimuli.

The symptoms of dyspnea, cough, and wheezing are
the hallmarks of asthma. One must be careful to differ-
entiate asthma (see boxes on cough and dyspnea).

Every new patient with asthma should be examined.
See the box, Asthma Medical History. The diagnosis is
made by demonstrating reversible airway obstruction,
which is defined as a 15% or more increase in FEV1 after
two puffs of a beta-adrenergic agonist. Once the diagnosis
is confirmed, the course of the illness and the effectiveness
of therapy can be followed by measuring the peak expira-
tory flow rates (PEFR) or the FEV1.

Therapy should be aimed at elimination of the cause
of the attack.

Asthma Medical History

Evaluate the following areas with every new patient
with asthma.

1. Current symptoms
00 Cough, wheeze, dyspnea, chest tightness,
sputum production, exercise-related
symptoms

2. Patterns of symptoms

O Perennial, seasonal, or perennial with
seasonal exacerbation
Continuous or episodic
Onset, duration, and frequency of symptoms
Diurnal variation (with special reference to
nocturnal symptoms)
Relation to exercise

U
|
|

0

Precipitating or aggravating factors (trigger

factors)

O Viral respiratory infections

00 Exposure to known allergens, e.g., dust mite,
pollens, animal dander, molds

00 Exposure to chemicals or other occupational
sensitizers

0O Exposure to irritants, e.g., cigarette smoke,
perfume

O Drugs, e.g., aspirin and beta-blockers

0 Foods

0O Food additives—colorings, metabisulphite,

monosodium glutamate
Changes in weather, exposure to cool air
Exercise

Continued
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Asthma Medical History—cont’d

4. Development of disease

10

11

O Age of onset, age at diagnosis

O Progress of disease with time (better or
worse)

Previous treatments and response
Frequency of symptoms

Frequency of exacerbations

History of accident and emergency room
visits and admissions

History of life threatening attacks and
intensive care unit admissions

O Limitation of physical activity

Ooogod

0

Present management
O Current medication
O Response

O Current action plan

Profile of a typical exacerbation

O Trigger

O Usual time course, especially the amount of
time between the first signs or symptoms
and sudden deterioration

O Usual management

0O Usual outcome

Home environment

O Smoking

O Other factors including clinically relevant
allergens—dust mite, pollens, animal
danders, molds, birds

Impact of the disease

Time off school or work

History of life threatening asthma
Emergency room visits and admissions
Limitation of physical activity

Effect on work, schooling, or physical activity
Effect on growth and development of children
Impact on the family when either a child or
an adult family member is affected

ooooooo

Assessment of the patient’s knowledge and
self-assessment ability

Related atopic disorders

0O Family history of asthma, eczema, allergic
rhinitis

O Personal history of eczema or allergic rhinitis

General health, other medical conditions, and

other prescribed medications. Inquire

specifically about

0O Medications known to aggravate asthma,
e.g., beta-blockers for hypertension or
glaucoma, aspirin, and nonsteroidal
anti-inflammatory drugs

O Sinusitis, nasal polyps
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Drug Treatment. There are five basic drug categories.

. Beta-adrenergic agonists/adrenergic stimulants
. Methylxanthines

. Glucocorticoids

. Mast cell stabilizing agents

. Anticholinergics

| I SN N S R

Adrenergic stimulants include epinephrine and iso-
proterenol, which are not beta-2 selective and have
considerable side effects (palpitations and tremulousness).
They are effective only as an inhalation or parentally.
"The usual dose is 0.3 cc of a 1:1000 solution administered
subcutaneously.

The most commonly used inhalers are metaproterenol
(Alupent, Boehringer Ingelheim Pharmaceuticals,
Ridgefield, CT), albuterol (Proventil, Schering
Corporation, Kenilworth, NJ), salbutamol (Ventolin,
Allen & Hanburys, Research Triangle Park, NC), and
salmeterol (Serevent, Allen & Hanburys, Research
"Triangle Park, NC). With the exception of metaproter-
nol, these inhalers are highly selective for the respiratory
tract and virtually devoid of significant cardiac effects
except in high doses. The major side effect is jitteriness
because of the stimulation of the beta receptors on skele-
tal muscles. They also may cause headaches and insomnia.

Inhalation is the preferred route because fewer side
effects occur. The dose is up to two puffs every 4 hours
while awake. Oral forms also are available; however, the
International Olympic Committee has approved only
inbaled albuterol, terbutaline, metaproterenol, and
bitolterol. There is some debate whether these drugs
improve performance in athletes without bronchospasm.

Methylxanthines (theophyllines) are medium-potency
bronchodilators and are best used in maintenance
therapy. Their dose has to be reduced in elderly patients.
The most common side effects are nervousness, nausea,
vomiting, anorexia, and headache. Because of a need for
blood level monitoring, they have been less popular
recently.

Glucocorticoids are not bronchodilators and have
most benefit in patients with acute illness with severe
airway obstruction that is not resolving. The usual dose
is 6 mg/kg/day of hydrocortisone, and higher doses do
not improve patients’ symptoms.

Inhaled glucocorticoids are sometimes combined with
beta-adrenergic agonist inhalers. The most popular of
these is Advair, a combination of Serevent (salmeterol)
and Flovent (fluticasone). This product is best used in
those athletes who have chronic lung disease and use the
medication on a chronic, not emergent or episodic, basis.
Although albuterol will work immediately, Serevent
(salmeterol) will take 20 minutes to take effect and there-
fore is not for use in emergent asthmatic attacks, rather
for long-term treatment. This inhaler can be left at home
as it is only used twice a day. The Alupent is what should
be carried along for episodic asthmatic attacks. Combivent

is a combination of atrovent (ipratropium bromide) and
albuterol sulfate inhalation aerosol (Boehringer
Ingelheim).

Mast cell stabilizing agents, cromolyn sodium (Intal)
and nedocromil sodium (Tilade), are not bronchodilators.
They inhibit degranulation of mast cells, preventing the
release of the chemical mediators of anaphylaxis. They
are most useful in atopic patients. A therapeutic trial of
two puffs daily for 4 to 6 weeks frequently is necessary.
Nedocromil may cause an unpleasant bitter taste about
10 to 15 minutes after inhalation.

Anticholinergics such as atropine sulfate can cause
bronchodilation, but their side effects limit their useful-
ness. Inhaled anticholinergics such as ipratropium
bromide (Atrovent) are somewhat useful but not as use-
ful as they are in the management of chronic obstructive
pulmonary disease.

Any athlete who is prescribed a new medication
should be asked to report any deterioration in his or her
asthma. Beta-adrenergic blocking agents, either oral or
in eye drop form, aspirin, and other nonsteroidal anti-
inflammatory drugs may cause or worsen asthma and
should be avoided or used cautiously. Nonproprietary
preparations, such as Royal Jelly, are contraindicated in
athletes with asthma.

There is evidence that microaspiration of stomach
acid, or reflux of stomach acid over an inflamed lower
esophagus, can lead to bronchospasm in patients with
asthma. Asthma control may be better in these athletes
if the reflux is managed.” Nearly half of patients with
asthma experience GERD symptoms regularly.® The best
way to manage this is with diet (reduced acidity in the
diet) and proton pump inhibitors (PPIs). These include
Prevacid, Nexium, Aciphex, and Protonix.’

Athletes with asthma should not smoke, and friends and
relatives should be asked to avoid smoking around them.

The need for influenza vaccine in adults should be
assessed. Influenza vaccine is not indicated routinely for
children with asthma.

Emergent Therapy. Aerosolized beta-2 agonists can be
given every 20 minutes by a hand-held nebulizer for
three doses in an emergency situation. This then can be
followed by use of up to every 2 hours until the attack has
stabilized. Aminophylline can be added to the regimen
after the first hour to speed resolution. Salmeterol
(Serevent) takes 30 minutes to work, and it should
not be used in emergencies. In general, there is a corre-
lation with the severity of the episode and the speed of
resolution.

The mortality of asthma is small, less than 5000 deaths
per year, but it is rising, especially in inner cities. The
number of children having asthma 7 to 10 years after
diagnosis is 26% to 78%. Arterial blood gases are essen-
tal in severe asthma. An increase in respiratory rate
results in a decrease in PCO,. An increase of the PCO,
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above 40 mm/Hg may constitute a medical emergency,
and intubation may be necessary. Important indications
for hospital admission of patients with asthma include
cyanosis, exhaustion, difficulty speaking, and pulsus
paradoxus more than 20 mm/Hg. Pulsus paradoxus
is an exaggeration of the normal variation in the pulse
volume with respiration, becoming weaker with inspira-
tion and stronger with expiration. Pulmonary function
testing is an important part of diagnosis, but it should be
performed when the patient is not in the midst of an
acute attack.

Chest radiography usually will show hyperaeration,
but it should be done to rule out concurrent infection or
pneumothorax. Skin prick tests and radioallergosorbent
tests (RAST) may be helpful in confirming the patient’s
atopic status and in establishing certain allergies. They
have no usefulness in testing for food allergies.

Drugs may be implicated in the production of asthma,
especially beta-blocking agents and prostaglandin
inhibitors such as aspirin.

Exercise-Induced Bronchospasm

Exercise-induced bronchospasm (EIB) is a condition in
which vigorous physical activity triggers acute airway
narrowing in people with heightened airway reactivity.
The pathogenesis of EIB is associated closely with fluxes
in heat and water that develop within the tracheo-
bronchial tree during the conditioning (warming and
humidification) of large volumes of air. It is more likely
to occur in cold, dry environments and in the presence of
environmental pollution. Twelve percent to 15% of the
general population are affected by EIB. Seventy percent
to 80% of patients with asthma have it. It occurs at any
age, although 40% of children will have it at some time.
It is distributed equally between male patients and female
patients.

Vigorous exercise induces an initial bronchospasm,
reaching a maximum in 5 to 10 minutes. Pulmonary
function returns to normal in 20 to 60 minutes, which
usually is followed by a refractory period lasting several
hours (30 minutes to 120 minutes). Bronchospasm will
not recur during this period, and an athlete may take
advantage of this in timing his or her play. Warm-up
exercises (either 20 minutes of submaximal exercise or
7 30-second sprints 30 minutes before exercise) are
effective in diminishing EIB.

During the acute attack, the athlete may present with
dyspnea, chest tightness, cough, and fatigue more than
expected for the type of exercise performed. Recovery
may be slow. If the testing is equivocal, an exercise
challenge test using methacholine may be done.
Methacholine is an inhaled bronchoconstrictor.

Criteria for Diagnosis. A history should be taken for the
types and levels of exercise that produce the problem, the
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timing, and the nature of the symptoms. Laboratory cri-
teria for diagnosis and for severity are found in Table 6-3.
The severity of the disease is influenced by the same
factors that affect asthma: the type, intensity, and dura-
tion of the exercise; the environmental conditions; the
level of fitness of the athlete; the intercurrent infections;
and time since the athlete’s last bronchospastic episode.

Exercise Testing for Exercise-Induced Bronchospasm.
Assessment by exercise testing is an integral part of
pulmonary testing in the athlete. When performing the
calculations, it is important to use a reputable laboratory
to ensure that the results may be reproducible and easily
comparable. When establishing a baseline, a 10% change
in some results is enough to make a diagnosis, so that
reproducibility is paramount.

The athlete should be told to sustain vigorous exercise
for at least 5 minutes continuously, and the heart rate
should exceed 70% of his or her maximum rate. Treadmills
and cycle ergometers have had standard exercise programs
developed for testing. It is important to note that for EIB,
treadmill running is more asthmagenic than cycling.

Inexpensively, peak flow meters can be used to assess
pulmonary function. Standardized readings should be
taken immediately before and after exercise and at 1-, 3-,
5-,10-, and 15-minute intervals after exercise. Spirometry
is more sensitive but more expensive (Fig. 6-8). In more
sophisticated laboratories, histamine or methacholine
challenge can be performed. Also, drugs used for therapy
can be assessed running these tests with or without the
various bronchodilators.

Therapy. Patients with EIB will benefit from good
conditioning, which will, however, reduce the severity of
EIB but not prevent it.

Exercising with submaximal exercise will induce EIB.
After waiting 30 minutes, one can restart exercising
during the refractory period. About 50% of people who
get EIB will have no more attacks for 1 to 2 hours after
the first attack. These warm-up times are important for
the athlete with EIB, as is the cool down afterward.
Patients should avoid hyperventilation, try to use slow
nasal breathing when possible, and wear a scarf or mask

Severity of Exercise-Induced Bronchospasm

)

© Category Criterion

w

EI Mild 15-20% fall in FEV1

ﬂ Moderate 20-30% fall in FEV1
Severe > 30% fall in FEV1

From McArdle WD, Katch FI, Katch VL: Exercise Physiology:
Energy, Nutrition, and Human Performance. Philadelphia, Lea
and Febiger, 1981. Reprinted by permission of the publisher.
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FIGURE 6-8. Spirographic tracings of forced expi-
ration, comparing a normal tracing (A) and tracings
in obstructive (B) and parenchymal restrictive (C)
disease. Calculations of FVC, FEV1, and FEF25-75%
are shown only for the normal tracing. Because there
is no absolute starting volume with spirometry, the
curves are positioned artificially to show the relative
starting lung volumes in the different positions. (From
Weinberger SE, Drazen JM: Disturbances of respira-
tory function. In Isselbacher KJ, et al [eds]: Harrison’s
Principles of Internal Medicine, 13th ed. New York,
McGraw-Hill, 1994, p 1152.)

in the winter to warm the air and keep in the humidity.
The cold, dry air is a precipitant of EIB. Exercising in a
warm, more humidified environment will help minimize
symptoms. Also trying to avoid exercise during times of
high pollen counts is helpful. If one has the luxury of
picking a sport, swimming and water sports are among
the least asthmagenic. Baseball and volleyball are rela-
tively easy for patients with EIB. Running is one of the
hardest for these individuals, but long-distance running
is better than sprinting.

Drug therapy remains the mainstay of management.
Most physicians would prescribe an aerosolized selective
beta-2 agonist, such as salbutamol or albuterol, one to
two puffs, 5 to 20 minutes before exercise. This usually
provides effective prophylaxis against the development of
EIB for 2 to 3 hours. Alternatives include an inhaled
cromoglycate (Intal) or nedocromil sodium (Tilade), two
to four inhalations a few minutes before exercise. These
drugs are used in athletes who do not tolerate the side
effects of the inhaled beta-2 agonists, in those who
appear to experience late-phase responses to exercise,
and in those whose EIB is not prevented by beta-2
agonist therapy. Some athletes will need two to four
inhalations of bronchodilators plus the same dose of
cromoglycate (Intal) or nedocromil sodium (Tilade).
Ipratropium bromide (Atrovent), an anticholinergic agent,
may be beneficial, but for most athletes, it is less effective
than the other classes of inhalers.

As in patients with asthma, beta-blockers and sedatives
are contraindicated, and their use can be fatal. Long-
acting bronchodilators such as Serevent should be taken
30 minutes before exercise, preferably 2 hours before.
Athletes should be told to keep their bronchodilators

Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

handy while exercising. If they have an attack, they
should take two to four inhalations. If the attack is severe,
the dose should be repeated 5 to 10 minutes later.
Medical help should be sought if the attack does not
go away.

Inhaled steroids do not prevent EIB if taken before
exercise. If an inhaled steroid is taken regularly, the EIB
will be less severe. Also, less bronchodilator medication
or mast cell stabilizing agents will be needed before exer-
cising. Oral forms of bronchodilators used to manage
asthma may not prevent EIB.

If these management strategies are not successful,
consider the following possibilities.

Poor drug delivery—check technique

Combining beta-2 agonist with four inhalations of
cromoglycate sodium (Intal) or nedocromil sodium
(Tilade)

Poor cardiopulmonary fitness—some patients will
need a graduated exercise program to develop
fitness

Poor asthma control—check peak expiratory flow
rates at home over a 2-week period

Check for another cause of breathlessness on exertion

If symptoms still are occurring during or after exercise,
the athlete should cease activity, rest, and use a short-
acting beta-2 agonist. Inhaled steroids do not prevent
EIB if taken immediately before exercise.

Sinus-Related Symptoms

Sinusitis is a common disorder in athletes. In its acute
state, it is easily recognized. Allergic rhinitis occurs in
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about 15% to 20% of the general population. Viral infec-
tions are common, but about 50% of these infections
result from Hemophilus influenzae and Streprococcus pneu-
moniae. Other bacteria such as Branbamella catarrbalis
and mixed oral anaerobes can cause this problem.

Chronic sinusitis may be a more subtle cause of respi-
ratory difficulty in the athlete. Symptoms may present as
facial pain, headache, toothache, post-nasal drip, cough,
rhinorrhea, nasal obstruction, fever, and epistaxis.

Diagnosis is made on history and physical examination
and supplemented by radiographs of the sinuses, looking
for opacification or fluid levels. CT scan of the sinus also
is a good, albeit more expensive, way to make the diag-
nosis. Cultures of the nasal sinus often will just show
normal flora and are not that helpful in diagnosis or
management.

Management is aimed at hydration of the athlete, ade-
quate humidification of the air, and appropriate antibi-
otic therapy. Decongestants are of some value. The use of
intranasal steroids such as fluticasone propionate
(Flonase, Glaxo Pharmaceuticals, Research Triangle
Park, NC), budesonide (Rhinocort, Astra Pharmaceutical
Products, Westboro, MA), and flunisolide (Nasarel,
Roche Laboratories, Nutley, NJ) is widely advocated in
the acute situation, but there is a latent period of about
24 hours before these are effective.

The presence of polyps or anatomic deformity may be
a reason for medical failure, and surgery may be required
in these patients.

Exercise-Induced Anaphylaxis

Exercise-induced anaphylaxis is characterized by a
sensation of warmth, pruritis, cutaneous erythema,
angio-edema, urticaria (giant, more than 1 cm), upper
respiratory obstruction, and occasionally vascular col-
lapse. Risk factors include previous atopic history, family
atopic history, food ingestion (shellfish, celery, nuts, alco-
hol), weather conditions (heat, high humidity), and drug
ingestion (aspirin, nonsteroidal anti-inflammatory drugs).

Management includes decreasing the intensity of
exercise, avoiding exercising on warm, humid days, and
stopping exercise at the earliest sign of itching. Also,
avoiding meals 4 hours before exercise will help. Drug
therapy includes antihistamines, cromglycate and epi-
nephrine. Pretreatment does not prevent the onset of
exercised-induced anaphylaxis.

Cholinergic Urticaria

Cholinergic urticaria is an exaggerated cholinergic
response to body warming. The athlete will develop
urticarial papules after exposure to heat and humidity and
exercise. Generally, the papules appear first on the wrist
or upper thorax and spread to the limbs. Antihistamines
are used in management.
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Exercise-Induced Angioedema

Exercise-induced angioedema is a nonitchy swelling
occurring in the deep dermis and subcutaneous tissue.
It tends to involve the face and oral region. Attacks may
be life threatening if the airway is involved. Prevention
may be achieved with modification of exercise programs
or with the use of antihistamines (diphenhydramine). In
addition, selective H2-receptor blockers, such as cimeti-
dine (Tagamet, SmithKline Beecham, Philadelphia, PA),
ranitidine (Zantac, Glaxo Pharmaceuticals), famotidine
(Pepcid, Merck & Co., West Point, PA), lansoprazole
(Prevacid, TAP Pharmaceuticals, Deerfield, IL), omepra-
zole (Prilosec, Astra Merck, Wayne, PA), and nizatidine
(Axid, Eli Lilly and Company, Indianapolis, IN), have
been used in the management of this condition.

Chronic Obstructive Pulmonary Disease (COPD)

COPD is defined as progressive airflow limitation that
is not fully reversible. It is characterized by airway
inflammation and mucus hypersecretion.

It has been shown repeatedly that exercise programs,
although not accompanied by measurable improvement
in lung function, result in increased exercise tolerance
and an improved sense of well-being. Arm exercises
are poorly tolerated. If there is any evidence of malnutri-
ton, improvement will yield dividends. The use of
bronchodilators will be helpful for those who have
some evidence of reversible bronchospasm on PFTs.
Cardiopulmonary testing is the best way to correlate
the symptoms of COPD with objective evidence of limi-
tations. Usually, to increase exercise endurance, exercise
must be at least at 60% of VO, max, three times a week.

Allergic Rhinitis

Allergic rhinitis is a common chronic condition, which
can cause significant discomfort in affected patients, but
will also affect performance times in elite athletes. In
addition, sleep disturbances and fatigue can impair
performance. Treatment as outlined earlier in this chap-
ter is important to keep the nasal passages clear and allow
maximum oxygen transport to the lungs and to decrease
susceptibility to upper respiratory infections. This is
especially true of athletes who often are exposed to many
other individuals who may harbor viruses, which will
more easily cause disease when they can enter through
the disturbed mucous membranes of the nasal cavities.

Pulmonary Emholism

Pulmonary embolism is a leading cause of morbidity and
mortality. Any athlete with dyspnea or chest pain and
with a history of recent trauma or surgery to the lower
extremities or history of deep vein thrombophlebitis
should be suspect. Female athletes receiving estrogen
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therapy or birth control pills have a higher incidence of
phlebitis.

Sleep Apnea

Sleep apnea is intermittent obstruction of airflow during
sleep. It is no more common in athletes than in the gen-
eral population, but its diagnosis should be entertained
when an overweight recreational athlete who snores is
having trouble with alertness during the day. There are
easy to use sleep study kits, which patients can take home
to get an easy assessment of their sleep habits.

Severe Acute Respiratory Syndrome (SARS)

SARS is a viral infection caused by a coronavirus called
SARS-associated coronavirus (SARS-CoV), which was
first reported in Asia in February 2003. It was reported
by the World Health Organization to have been seen in
30 countries worldwide. The first outbreak centered
in China and Hong Kong, although large outbreaks
occurred in Toronto, Canada, and Singapore. In general,
SARS begins with a high fever and other symptoms may
include headache, an overall feeling of discomfort, and
body aches. Some people also have mild respiratory
symptoms at the outset. About 10% to 20% of patients
have diarrhea. After 2 to 7 days, SARS patients may
develop a dry cough. Most patients develop pneumonia.?

SARS seems to spread by close person-to-person
contact. It is thought to be transmitted most readily by
respiratory droplets. A recent study showed that SARS
might be deadlier to patients born with a gene found in
10% to 15% of people of southern-Chinese ancestry.
BMC Medical Genetics, an online biomedical-research
journal, first published this. The gene is known as HLA
B-46. Although initial research appeared to indicate a
high fatality rate for this disease, it appears to be in
line with influenza epidemics. Physicians should be
suspect of sudden onset of dyspnea and high fevers in
athletes flying to or from endemic areas. Treatment is
symptomatic.

Hot Tub Lung

The use of hot tubs is growing in popularity in the
United States. Humidifier lung has been previously
described (hypersensitivity pneumonitis associated with a
humidifier caused by various fungi).’

Hot tub lung is an incompletely characterized disease
associated with Mycobacterium avium complex (MAC)
growing in hot tub water.!® Patients present with progres-
sively worsening respiratory symptoms and pulmonary
function along with diffuse x-ray changes consisting pri-
marily of ground-glass opacities (noncaseous granulomas).
Treatment with discontinuation of hot tub use, without
antimycobacterial therapy, seems to lead to prompt

improvement in symptoms, pulmonary function, and
radiographic abnormalities. Hypersensitivity to MAC,
rather than an infection, is the likely underlying mecha-
nism of hot tub lung.
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Head Trauma

Matthew E. Fink

EPIDEMIOLOGY OF SPORTS-RELATED HEAD INJURIES

Sports-related head injuries, except those incurred
during boxing or combat sports, are accidental, and great
efforts are being made to reduce their frequency. Unlike
the more common musculoskeletal injuries associated
with athletic activities, head injuries may first appear
trivial; but there may be a progression of disability or
the start of a lifelong process of neurologic impair-
ment, which, if not recognized early with the appro-
priate interventions, can result in serious disability in
later life.

The magnitude of the problem can be appreciated
best from statistics compiled by the National Football
Head and Neck Injury Registry.!? It is estimated that
there are 250,000 concussions in this country each year
in football alone.” In the years between 1971 and 1984,
there was a documented yearly average of eight deaths
due to head injuries. At the high school level, about
20% of football players sustain a concussion during a
single season, and some suffer two or more. In football,
the risk of sustaining a concussion is four times greater
for the player who has a history of concussion than for a
player who has never sustained a previous concussion.?
In Great Britain, a recent survey of 544 rugby players
found that 56% had suffered at least one head injury
associated with post-traumatic amnesia; this lasted more
than an hour in 58 players, of whom only 38 had been
admitted to the hospital for evaluation and treatment.'
Repeated concussions, best documented in professional
boxers, can cause long-term impairments in cognitive
functions (dementia pugilistica) and have been associated
with pathological changes in the brain on imaging
studies.”!?% Recent epidemiologic studies have also
suggested that head injury with concussion is an inde-
pendent and additive risk factor for the development
of Alzheimer’s disease in later life.'* For all of these
reasons, it is crucial that a standardized program be
instituted for the prevention and treatment of all head

injuries during sports activities to prevent the long-term
consequences.

In the United States, the sports associated with the
highest incidence of head injury are football, horseback
riding, and bicycling, especially in children. In Glasgow,
Scotland, a survey revealed that golf (club injuries),
horseback riding, and rugby were the most common
causes of head injury, reflecting the relative frequency of
different sports in different countries.”” The use of hard-
shell helmets significantly reduces the risk of head injury
during sports activities, and major efforts are underway
to encourage their universal use by both children and
adults.>10:16

CLASSIFICATION AND PATHOLOGY OF HEAD INJURIES
Primary Brain Damage

Concussion, the most common brain injury during
sports, refers to a syndrome of brief loss of consciousness
(LOC) with a variable period of post-traumatic amnesia
(PTA) and confusion. Some injuries do not have a docu-
mented period of unconsciousness, but there is a clear
period of PTA; these episodes should also be defined as
concussion because it is likely that the period of LOC
was too brief to be recognized. Although there has been
controversy regarding the underlying neuropathology of
concussion, animal studies and recent neuroimaging
studies in humans confirm that there are pathological
lesions associated with concussion, specifically axonal
swelling in subcortical white matter.!>!”

The hallmarks of concussion are a period of post-
traumatic confusion and amnesia for recent events. The
severity of the concussion has been graded according to
the duration of LOC and PTA, according to the scheme
of Cantu.’

Grade 1 (mild): No LOC, PTA less than 30 min

Grade 2 (moderate): LOC less than 5 min or PTA more
than 30 min

Grade 3 (severe): LOC for 5 min or PTA for 24 hours
or more

This classification is important in determining when
athletes may return to play after acute injury.

Cerebral contusions, or bruising of the surface of the
brain, can occur as a result of a direct blow to the skull.
Contusions may be focal underneath a skull fracture after
direct impact to the head, or multifocal due to slamming
of the whole brain against the interior of the skull and
rigid dural membranes. Multifocal contusions generally
occur during a rapid deceleration injury, such as occurs
when the athlete falls to the ground and strikes the head
against a hard surface. The most common locations are
the anterior tips of the frontal and temporal lobes and the
occipital poles. Although these lesions may not result
immediately in loss of consciousness or focal neurologic
signs, they can cause significant impairments in cognitive
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functions and personality and create a risk for post-
traumatic epilepsy. Brain contusions in eloquent areas
may cause focal deficits or aphasia. Brain imaging studies
will reveal the extent of these lesions immediately.*

Diffuse axonal injury is caused by a combination of
deceleration and rotational forces that cause shearing of
large areas of white matter from the overlying cerebral
cortex. This results in immediate coma and has a poor
prognosis for recovery. This serious injury may occur in
the absence of any external injuries or skull fractures, and
initial brain imaging studies may appear normal.*

Secondary Brain Damage

Contusions and diffuse axonal injuries may secondarily
cause brain edema; increased intracranial pressure; and
subarachnoid, intracerebral, or subdural hematomas.
A skull fracture across the path of meningeal arteries
may cause an acute epidural hematoma. About half of
all patients who develop coma from epidural and sub-
dural hematomas are initially brought to the hospital
awake and talking but deteriorate 6 to 24 hours later.
Close observation, neuroimaging studies, and emer-
gency neurosurgical consultation is required for any
athlete who shows a decline in alertness after a lucid
period.

Post-traumatic epilepsy may occur in patients with
cerebral contusions with or without an underlying skull
fracture. Overall, the incidence is about 5% in patients
with these lesions. If a seizure occurs within the first
week following injury, there is a high risk of recurrent
seizures, and antiepileptic medication is usually required
on a long-term basis.

The “second impact syndrome” is the development of
malignant brain edema after a second concussion occurs
before the injured athlete has fully recovered from
the first.!® This syndrome is most common in young
children but also occurs in teenagers and young adults.’
The mechanism is thought to be persistence of vaso-
motor paralysis in the brain from the first concussion,
resulting in severe vasogenic edema after the second
insult. This potentially fatal disorder is a major reason for
enforcing a period of rest and abstinence from play until
the athlete has fully recovered from the effects of a
concussion.

The “postconcussive syndrome” refers to a constella-
tion of symptoms that may persist for weeks or months
after a concussion—loss of intellectual capacity, poor
recent memory, personality changes, headaches, dizzi-
ness, lack of concentration, and fatigue. In the past, many
of these symptoms were thought to be psychologically
based. However, it is now accepted that these symptoms
represent the subacute and chronic effects of brain
injury and reflect the underlying neuropathology of
concussion.

THE SYSTEMS

EVALUATION AND TREATMENT ON THE FIELD

Following head injury, there may be a scalp wound with
extensive bleeding. Hemorrhage should be controlled
with pressure and players immediately removed from the
field because of the risk of HIV transmission. Using
sterile gloves, the wound should be explored to deter-
mine if there is a fracture. A depressed skull fracture
may cause underlying brain contusion without loss of
consciousness, but could result in a delayed epidural or
subdural hematoma. An athlete with a scalp laceration,
even without LOC, should be immediately moved to a
hospital for neuroimaging studies and observation.

If the athlete is unconscious on the field, the cervical
spine should be immobilized, and before any movement,
the athlete should be examined for chest and abdominal
injuries and limb fractures. The injured player should be
placed in a semiprone position to protect the airway,
and neurologic assessment on the field should be based
on the Glasgow Coma scale (Table 7-1); pupil size and
responses to light; examination of the ears and nose for
blood, cerebrospinal fluid, and hemotympanum; and
tests for perception of pain, tendon reflexes, and plantar
responses. Search for an associated spinal injury should
be paramount in the mind of the examiner. After exami-
nation, the injured athlete should be rapidly transported
to the nearest trauma hospital.

Glasgow Coma Scale

Glasgow Coma Scale Score 3-15

Eye Opening

TABLE 7-1

Spontaneous
"To voice

To pain

—_— N W B

None

Best Verbal Response
Oriented

Confused

Inappropriate

Incomprehensible

L VS I NV |

None

Best Motor Response
Obeys command
Localizes pain
Withdraws from pain
Flexes to pain

Extends to pain

L " IS I SRV e

None
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Fortunately, most players have a brief LOC and are
awake by the time a physician arrives on the field. The
mental status examination should consist of tests for
orientation (time, place, person, situation), concentration
(digits forward and backward, the months of year in
reverse), and memory (names of teams in prior games,
the president, the governor, or the mayor; recent news-
worthy events; 3 words at 0 and 5 minutes; details of
current contest). Neurologic tests should include symmetry
and light reactivity of pupils, coordination tests with
finger-nose-finger and heel-shin tests, heel to toe stand-
ing with eyes open and closed, and standing on one foot.
Challenge tests may include a 40-yard sprint, 5 push-ups,
5 sit-ups, and 5 deep knee bends. If the above activities
cause headaches, dizziness, nausea, unsteadiness, photo-
phobia, blurred or double vision, emotional lability, or
mental status changes, the athlete should be transferred
immediately to a hospital for brain imaging studies
and observation. If there are no other abnormalities on
the examination other than post-traumatic amnesia, the
player should undergo brain imaging studies to look for
a fracture or contusion. If these studies are normal, the
athlete may return home for observation by family
members for any change in neurologic condition, as
instructed by the medical staff. It is useful to provide
instructions on a Head Injury Card similar to the one
described in the box.

RECOMMENDATIONS FOR RETURN TO ATHLETIC
ACTIVITIES

The decision to allow an athlete to return to play is based
on empiric guidelines rather than scientifically based
knowledge. The guidelines are designed to ensure that
the athlete has fully recovered from the head injury
before allowing return to play, recognizing that there is
a cumulative effect from recurrent brain injuries.
According to the criteria developed by Cantu, guidelines
are as follows!67:

1. Grade 1 Concussion (Mild)
B First Concussion: May return to play if asympto-
matic for 1 week
B Second Concussion: Return to play in 2 weeks if
asymptomatic at that time for 1 full week
B Third Concussion: Terminate season; may return to
play next season if asymptomatic
2. Grade 2 Concussion (Moderate)
B First Concussion: Return to play if asymptomatic
for 1 week
B Second Concussion: Minimum of 1 month of no
play; may then return if asymptomatic for 1 week;
consider terminating season
B Third Concussion: Terminate season; may return
next season if asymptomatic

Head Injury Card

This patient has received an injury to the head.
A careful examination has been made, and no
sign of any serious complication has been
found.

It is expected that recovery will be rapid, but in
such cases it is not possible to be quite certain.

If you notice any change of behavior, vomiting,
dizziness, headache, double vision, or excessive
drowsiness, please telephone the hospital
at once.

No alcohol. No analgesics. No driving.

CHECKLIST

From McLatchie G: ABC of sports medicine. Head injury in sport.
Brit Med J 308:1620-1624, 1994.

3. Grade 3 Concussion (Severe)
B First Concussion: Minimum of 1 month of no play;
may then return if asymptomatic for 1 week
B Second Concussion: Terminate season; may return
next season if asymptomatic
B Third Concussion: Terminate season; consider per-
manent retirement from contact sports

PREVENTION OF HEAD INJURIES

In 1904 President Theodore Roosevelt urged the forma-
tion of the National Collegiate Athletic Association after
19 athletes were killed or paralyzed from football
injuries.? Since then, prevention of head injuries in sports
has been a high priority, although this may be impossible
in boxing and other combat sports. Contact sports such
as football, rugby, and basketball have a significant risk
that can be reduced with the use of headgear, and this
has already been well established in motorcycle and
autoracing accidents.

In children younger than 16, accidental injuries are
the leading cause of death, and head injuries from skate-
boarding, bicycling, horseback riding, rollerblading, and
rock-climbing are a major cause of death and disability.
Most states in the United States now require children to
wear helmets while riding bicycles; similar helmets
should be worn for other activities where there is a risk
for head injury.»1%16 Golf club injuries among children
younger than age 16 are common and point to the need
for stronger rules of play on golf courses to ensure that
spectators stand clear of players.

Boxing represents a special situation, since the goal of
professional boxing is to cause a concussion (i.e., a knock-
out). Professional boxers enter the ring voluntarily.
knowing the risks. But we certainly have an obligation to
protect amateur athletes, and we should ensure that head-
gear is always used in amateur competition to prevent
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head injuries. In addition, professional boxers should
have their total number of fights limited if they have
sustained repeated knock-outs or dazed states. In other
combat sports, the use of padded and spring flooring may
protect against serious injuries during falls.
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Gastrointestinal System

Seth A. Cohen and Jerome H. Siegel

Gastrointestinal problems are common among athletes,
especially in those who participate in endurance events
such as long-distance running. Although much is not yet
understood about the effects of exercise on the gastro-
intestinal tract, a large amount of new information has
come to light in the past 15 years. The most common
gastrointestinal complaints reported by athletes include
diarrhea, fecal urgency, abdominal pain, bloating, nausea,
vomiting, heartburn, chest pain, and occult or overt gas-
trointestinal hemorrhage. In this chapter we will review
the pathophysiology, clinical presentation, and treatment
for the various problems affecting the gastrointestinal
tracts of athletes.

GENERAL OVERVIEW

Gastrointestinal symptoms are common among athletes,
but the problems vary widely according to the specific
sport, level of exertion, degree of anxiety, and possibly
gender of the athlete. Most studies reporting these prob-
lems are in general agreement in terms of the spectrum
of gastrointestinal symptomatology. Studies have con-
centrated on endurance athletes—long-distance runners
and triathletes—but specific recreation or competitive
team sports such as football and tennis have not been
studied. All studies report that the incidence of gastroin-
testinal symptoms is proportional to the level of exertion,
and some studies have found more than 80% of
endurance athletes experience frequent or occasional
gastrointestinal symptoms. This high incidence of gas-
trointestinal symptomatology is remarkable even though
it reflects some selection bias. Lower GI symptoms—
watery bowel movements, fecal urgency or incontinence,
cramps, or GI bleeding—are more commonly reported
than upper GI symptoms—nausea, vomiting, belching,
heartburn—which are perceived as more intermittent
and milder.

Most studies of endurance athletes have focused on
men; less information is available concerning women.

Women, however, appear to experience more frequent
GI problems (40% to 70%) than men, and this is exacer-
bated during menses. More information on female
athletes is needed. Younger runners (age less than 35) and
less experienced runners experience a high incidence of
GI symptoms compared to those reported by older
and more experienced runners. Anxiety concerning per-
formance is a well-recognized factor in provoking or
exacerbating GI symptoms among athletes.

Most athletes note a “training effect” on gastrointestinal
symptoms; that is, the symptoms occur more commonly
during the initial training period and diminish as the
athletes “get into shape.” However, exercise exceeding an
athlete’s usual threshold provokes GI symptoms again.
Paradoxically, there are reports that preexisting functional
GI complaints (such as the irritable bowel syndrome)
improve in athletes after they have been in training.

TRAUMA

Contact sports can lead to traumatic injury of the abdom-
inal organs. The most serious injuries include laceration
or rupture of the spleen, laceration of the liver, and con-
tusion or disruption of the pancreas. Typically, affected
individuals will develop signs and symptoms of an acute
abdomen, possibly with vascular collapse. Persons with
these injuries require immediate referral for resuscitation
and surgical evaluation. Further discussion will not be
included here.

GASTROESOPHAGEAL REFLUX

Belching, regurgitation, heartburn, chest pain, or acid
reflux are common, occurring intermittently in about
10% of the general population. Symptoms of reflux are
provoked by vigorous exercise. Of long-distance runners,
20% to 25% experience symptoms. Belching and regur-
gitation are more common than heartburn. Although the
mechanism for belching and regurgitation is not known,
it is probably related to aerophagia, large volumes of
liquids or food contained in the stomach, gastric agita-
tion, and, possibly, increased intragastric pressures
generated during exertion. Esophageal spasm is another
possible cause for chest pain and is often misinterpreted
as heartburn. Abnormal relaxation of the lower esophageal
sphincter does not occur with exercise, so does not
explain reflux symptoms. Athletes are more likely to
develop reflux symptoms if they eat just before exertion.
Some athletes, however, experience heartburn if they
eat after exercise, especially if they imbibe foods that
either relax the lower esophageal sphincter or are acidic
(e.g., alcohol, citrus drinks). Heartburn is also reported
among anxious competitive players of team sports either
before or during games.

Treatment of reflux symptoms is empiric and is based
on clinical judgment. Young people who complain of

73



SECTION Il

only intermittent symptoms can be treated empirically
without undergoing investigation. If, on closer question-
ing, patients report frequent or persistent symptoms or
other abnormalities such as weight loss or dysphagia,
they should be evaluated with endoscopy. Older patients
with new or persistent symptoms should be referred for
evaluation to exclude significant esophagitis or neoplasia.
In middle-aged men and women who are at risk for
coronary artery disease, the complaint of exertional chest
pain should always prompt a consideration of angina.
Acid perfusion of the esophagus can lead to chest pain
and myocardial ischemia. Most patients, and physicians,
cannot accurately distinguish between esophageal pain
and angina. Exclusion of coronary disease should take
priority in patients at risk.

Patients should be counseled not to eat for several
hours prior to exercise. They should also be cautioned
not to “gulp” down fluids when drinking, as this action
increases aerophagia. Simple symptoms of heartburn are
readily treated with antacids. An alginate-based antacid,
such as Gaviscon (SmithKline Beecham), is preferred by
many authorities. Care must be taken with magnesium-
containing antacids, as they can precipitate or exacerbate
diarrhea. On the other hand, while calcium-based
antacids are a good source of this essential element, they
may lead to constipation. Patients with more severe
symptoms can take an antisecretory agent such as a
histamine type 2 receptor antagonist (H-2 blocker)
before exercising, but this approach should not be neces-
sary for most athletes. The optimal treatment for peptic
esophagitis and refractory symptoms of reflux is a proton
pump inhibitor, a new class of gastric antisecretory
medication (Table 8-1).

NAUSEA, CRAMPING, VOMITING

Symptoms of nausea, cramping, and vomiting commonly
occur in athletes who are not in shape, exceed their exer-
tional capacity, or have eaten too soon before exertion.
Of endurance runners, 5% to 10% vomit and retch after
finishing a hard run. Gastric emptying is retarded during
severe exertion, but, clinically, this phenomenon is not
relevant to most athletes. Symptoms are inversely related
to aerobic training capacity and may be exacerbated by
dehydration as the result of prolonged exercise in hot
weather. Treatment consists of rest and oral rehydration.
Rarely, patients with severe dehydration will require
parenteral hydration.

ABDOMINAL PAIN

A “stitch” in the side is frequent among athletes. It is
characterized as a sharp, subcostal pain which may occur
on either side and is exacerbated by breathing and
relieved by rest. The frequency and severity of a stitch
diminishes with aerobic training endurance. Although

THE SYSTEMS

Medicines Available for Peptic Ulcer Disease (PUD)
and Gastroesophageal Reflux Disease (GERD)

H-2 Blockers

Cimetidine (Tagamet) 400 mg BID or 800 mg ghs
Famotidine (Pepcid) 20 mg BID or 40 mg ghs
Nazitidine (Axid) 150 mg BID or 300 mg ghs
Raniditine (Zantac) 150 mg BID or 300 mg ghs
Antacids

TABLE 8-1

Calcium carbonate

Magnesium hydroxide

Aluminum carbonate

Aluminum hydroxide and alginic acid
Proton Pump Inhibitors
Esomeprazole (Nexium) 40 mg qd
Lansoprazole (Prevacid) 30 mg qd
Omeprazole (Prilosec) 20 mg qd
Pantoprazole (Protonix) 40 mg qd
Rabeprazole (Aciphex) 20 mg qd
Cytoprotective Agents

Misoprostol (Cytotec) 100 or 200 mcg QID
Sucralfate (Carafate) 1 gm QID

the cause of a stitch is unknown, speculative causes
include ischemia, a trapped gas bubble in the intestine, or
spasms of the diaphragm. Clinical diagnosis is evident
and no treatment is required. Other types of abdominal
pain that do not meet the criteria for a stitch should be
evaluated systematically as they would be in a nonathlete.
There are rare reports of cecal volvulus, ischemic bowel,
incarcerated or strangulated hernia, colon cancer, or
Crohn’s disease presenting as abdominal pain during
exercise. Evaluation of abdominal pain in the athlete is
the same as in other patients: What is the nature of the
pain? What are the associated symptoms? Over what
period of time does the pain present?

IRRITABLE BOWEL SYNDROME

The irritable bowel syndrome (IBS) is common among
the general population. It is characterized by altered
bowel habits with abdominal pain or bloating in the
absence of organic disease. IBS generally affects younger
people and women more than men. The pathophysiology
remains unknown, but possible explanations include dis-
ordered intestinal and colonic motility, increased
sensitivity to colonic distension, exaggerated gastrocolic
reflexes, carbohydrate intolerance, psychoneurotic dis-
orders, and stress. The physiologic abnormalities and
symptoms of IBS are believed to be common, but only a
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minority of people seek medical evaluation. Those
patients who do seek medical help have significantly
more psychoneurotic disorders. There appears to be an
association between functional abdominal pain and a
history of physical and sexual abuse, but this remains
debatable. Some studies have noted a higher frequency of
IBS among athletes, but exercise ameliorates the symp-
toms. IBS is a clinical diagnosis of exclusion. Treatment
options include dietary restrictions (e.g., excluding lac-
tose products and including high residue foods), fiber
supplementation, antispasmodic agents, and medical and
psychological counseling.

PSYCHOGENIC ABDOMINAL PAIN

Psychogenic abdominal pain is seen among young, anxious
athletes. Although it is a diagnosis of exclusion, it does
have certain characteristics. It can be a sharp, epigastric
pain without radiation or it can be associated with symp-
toms of nausea, vomiting, fever, or altered bowel habits.
It has no relationship to food intake or other physiologic
stimuli but may be associated with stress and anger. On
examination, the abdomen is flat and soft, with normal
bowel sounds and no guarding or peritoneal irritation.
Generally, the history is chronic and repetitive. Acute
presentation of epigastric pain in a young person could
represent, among other causes, gastroenteritis, esophagi-
tis, appendicitis, peptic ulcer disease, pancreatitis, or
bowel obstruction, but these are unusual. The patient’s
history, associated symptoms, physical examination, and
laboratory results along with observation will identify
those people with organic disease. The most important
aspect of treatment is recognition of the nonorganic
cause of the pain to avoid unnecessary and costly testing.

DIARRHEA

Watery bowel movements, cramps, fecal urgency, and
incontinence are the most common and troubling gas-
trointestinal symptoms among athletes who exercise
strenuously. As many as 50% to 60% of marathon runners
experience one or more of these symptoms. The urge
to defecate is the most common reason for endurance
runners to interrupt a race. Interestingly, in a survey of
triathalon athletes, lower gastrointestinal symptoms were
significantly reduced during the swimming and cycling
portions of the event compared to during running. This
observation highlights the fact that running specifically
triggers colonic symptoms.

Although there is no proof that running increases
intestinal transit, it is widely believed that running
increases the frequency of bowel movements. The jarring
of repetitive footfalls during running may stimulate mass
movements in the colon or alter the absorption of fluids
and electrolytes. Alternative hypotheses include the
release of various prokinetic gastrointestinal hormones

or inflammatory mediators such as prostaglandins.
Runners note that the frequency and intensity of lower
gastrointestinal symptoms are proportional to the level of
exertion, their aerobic training capacity, and their level of
anxiety. Symptoms are significantly more common in
women than in men and among younger runners than in
older runners.

Athletes who experience diarrhea and/or fecal urgency
associated with running, and not at other times, do not
require a work-up. Most runners have adopted their own
approach to handling exercise-induced diarrhea. The
majority of runners abstain from eating 3 to 6 hours
before running. Many consciously evacuate their bowels
before running. Others always know where they can find
a toilet on their usual running route. Individual runners
may take fiber supplements to “bulk up” the stool to
prevent a watery bowel movement, and others take an
antimotility agent such as Loperamide or a nonsteroidal
anti-inflammatory agent. The goal of treatment for
exercise-induced diarrhea is to control symptoms to
avoid interrupting the person’s performance.

A patient with an alteration of bowel habits independent
of exercise should be evaluated as any other patient would
be: What is the pattern of bowel movements—a colitis
pattern (urgency, tenesmus, bloody) or a small bowel
pattern (less frequent, large volume, watery)? Is the onset
of the problem acute or chronic? Are blood or fecal
leukocytes present in the stool? Are there any risk factors
for infectious causes of diarrhea? After obtaining a
complete history and physical examination, the work-up
of diarrhea includes a stool sample for fecal leukocytes
and occult blood, a complete blood count, and an ery-
throcyte sedimentation rate (ESR). If fecal leukocytes are
present, this finding suggests colitis, which can be infec-
tious or idiopathic. Stool cultures will diagnose bacterial
etiologies. Pseudomembranous colitis should always be
considered in any patient who has taken antibiotics in the
past several months; a stool specimen for Clostridium dif-
ficile toxin is the best test to establish the diagnosis.
Giardia lamblia, the only parasitic infestation commonly
seen in practice, produces large-volume liquid stools and
weight loss, and can be diagnosed on examination for ova
and parasites. An elevated ESR will help identify patients
who have inflammatory bowel disease. A flexible sigmoi-
doscopy is important in diagnosing colitis, and, often, the
combination of the endoscopic findings and the mucosal
biopsies can be diagnostic of Crohn’s disease, ulcerative
colitis, or pseudomembranous colitis. Treatment consists
of supportive care and specific treatment for the illness

(Table 8-2).

TRAVELER’S DIARRHEA

Athletes who travel to foreign countries to compete are
always at risk for contracting traveler’s diarrhea. This
syndrome occurs predominantly as a result of exposure to
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Etiologies and Treatment of Diarrhea

THE SYSTEMS

Etiology Diagnosis

Treatment

"Toxigenic E. coli Clinical dx, exclusion

Stool culture

TABLE 8-2

Salmonella, Shigella, Yersinia,*
Campylobacter

Stool for toxin
Sigmoidoscopy

Pseudomembranous colitis,
Clostridium difficile

Irritable bowel syndrome Clinical dx, exclusion

Runner’s diarrhea Clinical dx
Inflammatory bowel disease Sigmoidoscopy
Barium radiography

Clinical dx = clinical diagnosis, exclusion = diagnosis of exclusion.
*Yersinia is not sensitive to erythromycin.

Bismuth subsalicylate, loperamide, fluids

Ciprofloxacin 500 mg BID or erythromycin 500 mg
BID x 5 days

Metronidazole 250 mg QID or vancomycin,
125 mg QID x 10 days

Fiber supplements, antispasmodics, antidiarrheals
See text

Sulfasalazine, Mesalamine, glucocorticoids

the different strains of toxigenic Escherichia coli present
in foreign areas. The best measures are preventative:
encouraging travelers to avoid tap water, ice cubes, and
fresh vegetables. It is best to drink bottled water or car-
bonated beverages and eat only thoroughly cooked or
peeled foods. Bismuth subsalicylate (Pepto-Bismol,
Proctor & Gamble) taken four times a day has been
shown to be effective in preventing traveler’s diarrhea,
but such a regimen is impractical. The administration
of prophylactic antibiotics to protect against diarrhea
(e.g., ciprofloxacin or trimethoprim-sulphamethoxazole)
is effective, but the benefit does not justify the incidence
of side effects, and it is not cost effective. A better strategy
is to counsel the travelers in preventive measures and
have them carry an antidiarrheal agent and antibiotics in
case symptoms arise. At the onset of the first liquid bowel
movement, the patient should be instructed to take
loperamide 4 mg once and ciprofloxacin 500 mg by
mouth twice a day for several days. Loperamide 2 mg can
be taken as needed several times a day. If the patient has
persistent fever or blood is present in the stool, the
patient should seek medical consultation.

LACTOSE INTOLERANCE

Lactose (milk sugar) is a disaccharide that requires
enzymatic hydrolysis by lactase before it can be absorbed
in the small intestine. Inherited lactose intolerance
results when lactase is deficient, leading to carbohydrate
malabsorption and osmotic diarrhea. Lactase deficiency
occurs in 50% to 80% of adult African Americans and
Asians and 5% to 15% of Caucasians. Typically, affected
persons develop bloating, abdominal pain, and foul-
smelling watery diarrhea shortly after ingesting milk
products. Similar symptoms can be provoked in all people

by the ingestion of nonabsorbable disaccharides such as
sorbitol or mannitol, which may be found in medicinal
elixirs and sugar-free products. Lactase deficient indi-
viduals should either abstain from lactose or use lactase
supplements to enzymatically split the lactose into
absorbable components.

GASTROINTESTINAL BLEEDING

Gastrointestinal bleeding is uncommon among athletes,
with the exception of long-distance runners. Up to 20%
of marathon runners have occult blood in their stools
after competition when tested by the guaiac reagent.
More sensitive assays for hemoglobin have shown that
almost all long-distance runners experience occult GI
blood loss. A much smaller percentage of patients will
experience overt gastrointestinal bleeding either as hema-
tochezia (bright red blood per rectum) or melena (black,
tarry stool). It is not clear why runners experience gas-
trointestinal bleeding and other athletes do not. Two
major theories are proposed. The first is related to
intestinal ischemia. During marked exercise, splanchnic
blood flow decreases 60% to 80%, and this may provoke
a low-flow ischemia to vulnerable areas of the bowel,
especially if patients become dehydrated and hypovolemic.
The second theory suggests that bleeding is related to the
trauma of repetitive footfalls and consequent jarring
during running. This explanation is similar to that of
runners’ hematuria, which probably results from trauma to
the bladder. Most episodes of bleeding are self-limited.
There are, however, well-reported cases of ischemic colitis
associated with running involving significant bleeding and,
at times, colonic infarction requiring surgical resection.
There is one case report of fatal hemorrhagic gastritis of
unknown etiology that occurred in a marathon runner.
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Evaluation and Treatment

All gastrointestinal bleeding should be interpreted in the
complete clinical setting. Clinical decision making always
begins with a good history and physical examination.
Any athlete may suffer from organic gastrointestinal
disease such as peptic ulcer, inflammatory bowel disease,
or colonic neoplasm. As with any patient with gastroin-
testinal symptoms, if orthostatic hypotension, signs of
peritoneal irritation, melena, or significant or persistent
bleeding are present, the patient should be urgently
referred for evaluation. The amount of blood loss, hemo-
dynamic parameters, physical examination, and labora-
tory assessment dictate whether the patient should be
admitted to the hospital or treated as an out-patient.
Young, fit patients without any remarkable history who
experience minimal blood loss related to strenuous
exercise, particularly endurance events, probably can be
observed without evaluation. Young patients with gross
hematochezia are best evaluated by performing a flexible
sigmoidoscopy. Almost all cases of hematochezia are
benign and self-limited. Ischemic colitis is unusual and is
usually self-limited. Occult blood loss needs to be inter-
preted on the basis of the person’s age and risk factors for
colon cancer. Patients younger than 40 with no family
history of colon cancer probably do not require colonic
evaluation. Older people and those with a family history
of colon cancer should be evaluated with colonoscopy.
Guidelines now recommend that if an average risk
patient has had a normal colonoscopy without any colon
polyps, another examination is not necessary for at least
5 years.

Athletes with iron-deficiency anemia should have
serial fecal occult blood testing after light exercise and
independent of exercise; if occult blood loss is present,
evaluation is indicated. Bloody diarrhea with urgency,
tenesmus, fever, and lower abdominal pain suggests
colitis that is either infectious, idiopathic, or ischemic.
These patients should be referred for evaluation and
treatment.

Bleeding from the stomach or duodenum leads to
melena, the by-product of bacterial degradation of
hemoglobin as it passes through the intestine. Melena
indicates a significant amount of upper GI bleeding, and
the affected person should be referred urgently for
resuscitation and evaluation (i.e., endoscopy).

EATING DISORDERS

Anorexia nervosa and bulimia are prevalent and serious
problems among adolescent women. It is estimated that
5% to 20% of female college students suffer from eating
disorders, and it has been suggested that participation in
competitive athletics may contribute to the development
of eating disorders. Anorexia nervosa is characterized by
a severely distorted body image with pathologic fear of

food and weight gain. Psychologic disturbances that
often accompany anorexia include feelings of inadequacy
and lack of control, perfectionism, interpersonal distrust,
and maturity fears. Bulimia is characterized by episodes
of uncontrolled binge eating, followed by vomiting.
Affected women often have a pathologic fear of not being
able to voluntarily control their eating or control their
weight, have low self-esteem, and experience episodes of
depression. Both disorders can seriously impair a person’s
health, resulting in malnutrition, growth retardation,
electrolyte abnormalities, and even death.

Anorexia and bulimia are most prevalent among well-
educated young women who are achievement oriented.
Thus, it is found frequently among high school and
college female athletes. One study analyzed the tendency
toward eating disorders in three groups of college
women: 1) nonathletes, 2) athletes in sports that do not
emphasize thinness (swimming, track and field, and
volleyball), and 3) athletes in sports that do emphasize
thinness (ballet, cheerleading, gymnastics). The study
found an exceptional preoccupation with weight or a
tendency toward eating disorders in 6% of nonathletes,
10% of all athletes, and 20% of athletes in sports that
emphasize thinness. Anorexia athletica is characterized
by symptoms of early anorexia nervosa prevalent among
young female athletes. The relationship between com-
petitive athletics and eating disorders may not be causal,
however, because specific sports may attract women who
already have eating disorders.

Many athletes occasionally use vomiting as a form of
weight reduction, such as a wrestler who has to “make
weight.” This is not classified as bulimia because these
people do not have a morbid fear of becoming obese,
nor do they experience uncontrolled binging. Persistent
vomiting, however, even when not part of bulimia, can be
harmful, leading to electrolyte abnormalities, myopathies,
muscular weakness and esophageal laceration, bleeding
(Mallory-Weiss syndrome), or perforation. Laxatives and
enemas also are abused by some individuals as a form
of weight control. Such activity is also associated with
electrolyte imbalance such as hypokalemia and contrac-
tion alkalosis, which can lead to weakness, postural
hypotension, and syncope.

It is imperative that coaches and physicians who care
for young athletes, particularly women, be aware of
the prevalence and severity of eating disorders. These
disorders are easiest to treat when detected early, before
they become serious. Furthermore, coaches can supply
the ultimate motivation for these young people by not
making inclusion on the team dependent on specific
behavior or minimum weight. Conversely, misguided
coaches who place competitive performance above the
health and well-being of their athletes place additional
stresses on these women, exacerbating the eating
disorders and leading to serious consequences.
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NSAID-RELATED GASTROINTESTINAL PROBLEMS

Nonsteroidal antiinflammatory drug (NSAID) use is
common in the United States, mostly among people with
arthritis, but also among athletes. This class of medica-
tion provides moderate analgesia and good antiinflam-
matory action appropriate for treating bruises, strains,
and sprains. NSAIDs inhibit the production of
prostaglandins that are mediators of inflammation and
pain. There are more than 20 varieties of nonaspirin
containing NSAIDs, several of which are now available
over the counter. Acutely, aspirin and NSAIDs induce
superficial gastric erosions (NSAID gastropathy or ero-
sive gastritis) in most people, which are typically located
in the antrum of the stomach. These erosions are not
clinically significant and cause neither symptoms nor
gastrointestinal bleeding. The gastric mucosa adapt, and
the lesions heal spontaneously. When people take
NSAIDs on a continuous basis for more than 4 to 5 days,
up to 50% of users begin to experience symptoms of
abdominal pain, dyspepsia, heartburn, and nausea. The
presence of symptoms does not correlate well with
significant mucosal abnormalities such as ulcers, and,
conversely, patients with ulcers can be asymptomatic.
Although short-term NSAID use can lead to superficial
gastric erosions, chronic NSAID users (longer than
4 weeks) are at risk for developing significant peptic
ulcers and their complications. Young, healthy patients
who take NSAIDs intermittently have only a slightly
increased risk of ulcer disease.

Concern about the gastrointestinal toxicity of tradi-
tional NSAIDs has led to the development of more
selective medications. Standard NSAIDs inhibit both
cyclooxygenase-1 (COX-1) and cyclooxygenase-2
(COX-2), isoenzymes involved in the production of
prostaglandins. COX-1 is constitutively expressed and
generates prostaglandins involved in the maintenance of
the integrity of the gastrointestinal mucosa and platelet
aggregration, whereas in areas of inflammation COX-2 is
induced and leads to production of prostanoids which
mediate inflammation and pain. Traditional nonselective
NSAIDs are believed to act by disabling COX-2 activity,
and the gastrointestinal toxicity results from inactivation
of COX-1. A new class of NSAIDs that selectively inacti-
vate only COX-2 enzymes theoretically should treat the
pain and inflammation while reducing the incidence of
serious GI toxicity of complicated ulcer disease. Two large
randomized controlled trials have shown that the use of
celecoxib and rofecoxib results in significantly fewer seri-
ous GI events than does the use of nonselective NSAIDs.
It should be noted, however, that the mild symptoms of
gastrointestinal intolerance were similar and patients at
risk for cardiovascular disease lose the protective effect of
the antiplatelet activity of traditional NSAIDs.

Evaluation and treatment of NSAID-associated symp-
toms includes identifying the indication for NSAID use
and the other risk factors for peptic ulcer disease.

THE SYSTEMS

Established risk factors for ulcer disease and their
complications include prior history of ulcers, age greater
than 60, concomitant use of corticosteroids or anti-
coagulants, higher dose NSAID use, coexisting serious
systemic disorder, and probably Helicobacter pylori gastritis.
For patients with self-limited inflammatory conditions,
discontinuing the NSAID is the most effective treatment
for relieving symptoms and healing mucosal disease. In
patients taking NSAIDs simply for analgesia, acetamino-
phen or mild narcotics can be substituted. For people
who have a chronic need for NSAIDs (e.g., osteoarthritis),
treatment options include changing to an alternative
agent (because symptoms can be idiosyncratic to a spe-
cific agent), reducing the agent to the lowest effective
dose, administering NSAIDs with meals, or treating the
person with antiulcer medication (see Table 8-1).
Misoprostol and proton pump inhibitors are the most
promising for the treatment of NSAID-associated ulcers
when ongoing NSAID use is obligatory. A minimal
amount of data is available concerning the treatment of
symptomatic NSAID gastropathy, but antacid use as
needed is the most cost-effective method. High-risk
patients who require ongoing treatment with NSAIDs
should be prescribed a COX-2 inhibitor or anti-ulcer
prophylaxis with a proton pump inhibitor or misoprostol
in addition to the anti-inflammatory agent. Symptomatic
older patients and those at high risk for ulcers or with
persistent symptoms require endoscopic evaluation.

Rarely, chronic NSAID use can lead to small bowel
ulceration, chronic GI blood loss, and stricture forma-
tion. There are also reports of colonic ulceration and
colitis induced by NSAIDs, but, again, these entities are
uncommon.

ELEVATED LIVER CHEMISTRIES

Mild elevations of liver chemistries are commonly
detected incidentally during routine examination with
the use of multichannel analyzers and automated chem-
istry profiles. The most common pattern is the isolated
elevations of alanine aminotransferase (ALT or SGPT)
and aspartate aminotransferase (AST or SGOT) in an
asymptomatic person. The history should focus on any
prior liver disease, episodes of hepatitis, prior abnormal
blood tests, rejection as a blood donor, hemolytic dis-
orders, blood transfusion, intravenous substance use,
alcohol intake, and medication use, including NSAIDs,
anabolic steroids, and acetaminophen. Physical examina-
tion should look for icterus, stigmata of chronic liver
disease, and hepatosplenomegaly. The most common
etiologies for mild elevations of the AST and ALT are
obesity, alcohol use, and NSAID use. Suspected medica-
tions should be discontinued and blood chemistries
should be repeated in 3 to 4 weeks. Abnormal liver
chemistries due to fatty liver require no treatment.
Serologies to exclude hepatitis C and, less commonly,
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hepatitis A and B, may be appropriate in people with an
unremarkable history and physical examination. Chronic
hepatitis C tends to be an indolent disease, but it is
increasingly being diagnosed. The mode of acquisition of
hepatitis C is unknown in 80% to 90% of patients, but a
number of affected patients will progress to chronic liver
disease, so patients should be referred for evaluation.
Anabolic steroids, which are used by some athletes
for muscle growth and strength, can cause a reversible
cholestasis similar to that caused by estrogens. Chronic
anabolic steroid use is associated with peliosis hepatis
(blood lakes in the liver), hepatic adenoma, and malig-
nant neoplasms. The use of these agents is to be discour-
aged, and they are banned in many competitive sports.

HELICOBACTER PYLORI

Helicobacter pylori infection of the stomach was first
described in 1983 in association with chronic active antral
gastritis. H. pylori is now recognized as the most impor-
tant treatable risk factor for peptic ulcer disease, present
in 90% and 60% of duodenal and gastric ulcers, respec-
tively. Infection with H. pylori is common and increases
with age to about a 50% prevalence in the United States
among people 60 years old or older. The vast majority of
these patients, however, are asymptomatic and do not
have ulcers. For patients with ulcer disease and H. pylori,
treatment to eradicate this infection is recommended
to reduce ulcer recurrence (Table 8-3). Treatment of
H. pylori has no proven benefit in patients with nonulcer
dyspepsia and, at this time, is not recommended.

Treatment Regimes for Helicobacter Pylori

Tetracycline (500 mg QID) ...
Metronidazole (250 mg QID)...
Bismuth subsalicylate (2 tabs QID)...
A proton pump inhibitor

also may be added...

Amoxicillin (1 gm BID) or Metronidazole
(500 mg BID) and Clarithromycin (500 mg BID)
and Omeprazole (20 mg BID) or Lansoprazole
(30 mg BID for 10-14 days)

TABLE 8-3

10-14 days
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Genitourinary Injuries

Adam J. Berman,
Stuart H. Popowitz, and
Harris M. Nagler

Participation in team sports and individual exercise for
health and recreation has assumed increasing importance
in our society. Aerobics, running, swimming, bicycling,
racquet sports, and “pick-up” ball games can all produce
significant physiologic stresses on the body by forcing
the body to go from rest to intense physical exercise. In
addition to these physiologic stresses and their effects,
exercise may result in pathologic stress from falls, collisions
with individuals or objects, and sudden changes in stress
applied to joints, tendons, and muscles. The genitouri-
nary tract is one of the many organ systems susceptible
to the effect of these extremes. This chapter will review
the potential effect of these physiologic and pathologic
processes on the kidneys, bladder, and reproductive organs.

SPORTS-RELATED HEMATURIA
Incidence

The most visible sign of injury to the genitourinary tract
of athletes is hematuria, either gross or microscopic.
Gross hematuria in runners, the first reported exercise-
induced urinary abnormality, was noted in 1793 by
Italian physician Bernaedini Ramazziani.”’ Later, Collier
in 1907 and Barach in 1910 reported similar findings in
athletes following both rowing and long-distance
running.®*! Hematuria subsequently has been reported
as a consequence of a variety of sporting activities.
Hematuria in athletes has been well documented in
contact and noncontact sports. Alyea and Parish*
published an in-depth review of urinary findings in a
wide variety of sporting activities. They found that 60%
to 80% of all athletes had red blood cells, albumin, and
casts in their urine after exercise. Surprisingly, there was
no significant difference in the incidence of hematuria in
athletes involved in contact as compared to noncontact

sports; however, gross hematuria was more likely to
occur as a consequence of contact sports. Thus, it appears
gross hematuria is caused by direct trauma. The signifi-
cance of direct trauma in inducing gross hematuria was
supported by Boone et al. in a study of urine samples from
football players. The incidence of hematuria paralleled
the players’ participation in games and was more preva-
lent immediately following game day. Of the 37 players
who participated in this study, 60% had hematuria, 16%
of which was gross.” All hematuria resolved with bed
rest. A similar study by Fletcher reported the results of
urine samples obtained from 15 hockey players immedi-
ately after a game, and 24, 48, and 72 hours thereafter. All
players had some degree of hematuria that resolved within
72 hours.’? Amelar and Solomon studied 103 boxers who
gave urine samples before and after their fights.
Microhematuria was noted in 73% of the boxers after
their bouts. The only significant factor associated with
hematuria was the length of the fight. Surprisingly, the
location and number of blows to the flank had no predic-
tive value. In fights that lasted less than six rounds, 65%
of the fighters had hematuria compared to 89% of the
fighters in bouts lasting beyond six rounds. Gross
hematuria was found only in boxers whose fights lasted
longer than six rounds.’

Hematuria can also result from noncontact sports.
Again, the the presence of hematuria is directly correlated
with the duration and intensity of the activity.
Kachadorian, who exercised male subjects on a treadmill,
originally documented this relationship. As the treadmill
speed increased, so did the number of episodes of micro-
scopic hematuria.® There have also been numerous
reports on the effect of long-distance running on both
microscopic and gross hematuria.®!* Fassett et al.
reported that 69% of athletes completing runs of 9 and
14 km had hematuria.’! Siegel studied 50 physicians with
no preexisting medical or renal disease who ran the
Boston Marathon. Of these doctors, 18% developed
hematuria immediately after the race.®®

Pathophysiology

There are several potential mechanisms by which
sports-related hematuria may occur.The most obvious
mechanism is direct trauma to the kidneys, bladder, or
urethra. However, exercise also results in complex
pathophysiologic effects on renal function that cause
sports hematuria (Fig. 9-1). The kidney at rest receives
approximately 20% of the cardiac output or close to
1200 ml/min. Renal plasma flow is approximately
700 ml/min. Thus, the blood flow to the kidney exceeds
by three- to fivefold that to other metabolically active
organs such as the brain, liver, and heart. When the body
is stressed, the skeletal muscles, heart, and lungs require
increased blood flow. As a result, there is a concomitant
decrease in kidney and splanchnic blood flow. The renal
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FIGURE 9-1. Mechanisms of sports hematuria in the kidney. (Modified from Abarbanel J, et al: Sports

hematuria. J Urol 143:887, 1990.)

plasma flow decreases to approximately 200 ml/min.*
The decrease observed is proportional to the intensity of
the exercise. Poortman demonstrated that moderate
exercise resulted in a 30% reduction in plasma flow,
whereas heavy exercise resulted in a 75% reduction.®*
The decreased flow that accompanies vigorous exercise
causes hypoxic damage to the nephrons, resulting in an
increased permeability of the glomerulus, thereby
allowing blood cells to pass through into the urine.
Vasoconstriction also results from exercise and is a
second pathophysiologic mechanism by which exercise
may result in hematuria. Vasoconstriction resulting from
exercise is more prominent in the efferent arteriole
vasculature. This results in an increased filtration

pressure, thereby producing stasis within the glomerular
capillaries and allowing red blood cells to escape into the
urine.”? These physiologic hypotheses help to explain
why 80% of swimmers, noncontact athletes, had
hematuria compared to 55% of the football players in
Alyea and Parish’s study. Despite football’s traumatic
nature, the amount of exercise and physiologic stress
involved in swimming is more profound.

Hemoglobinuria and Myoglobinuria

Not all exercise-associated hematuria, however, is an
innocuous pathophysiologic response. The differential
diagnosis of exercise-associated hematuria is identical to
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that of nonexercise-associated hematuria (see box,
Causes of Hematuria). The physician must also be aware
of two entities that present with red-colored urine yet fail
to demonstrate red blood cells on urinalysis. The first is
march bemoglobinuria. "This entity occurs 1 to 3 hours
after exercise in an upright position. Marching or running
on hard surfaces results in mechanical trauma to the red
blood cells in the feet. Hemolysis results, releasing
hemoglobin which then binds to haptoglobin. The excess
unbound hemoglobin is cleared into the urine, giving the
urine a reddish appearance.!’-¢*

Exercise myoglobinuria is the second entity causing
red-colored urine without the presence of red blood cells.
Exercise myoglobinuria appears 24 to 48 hours after the
event and is the result of muscle fiber breakdown that
releases myoglobin into the plasma. Myoglobin is readily
cleared into the urine, resulting in the red discoloration.”’

I
» CAUSES of Hematuria

Kidney
Acute renal failure
Cystic disease
Glomerulonephritis
Hemorrhagic disorders: Hemophilia
Hydronephrosis
Infectious diseases: Tuberculosis
Ischemia
Neoplasm
Pyelonephritis
Renal calculus
Renal infarct
Trauma
Vascular diseases
Ureter
Neoplasm
Strictures
Trauma
Ureteral calculus
Bladder
Bladder calculus
Cystitis
Neoplasm
Trauma
Prostate
Benign prostatic hypertrophy
Neoplasm
Prostatitis
Urethra
Foreign body
Neoplasm
Stricture
Trauma
Urethral calculus
Urethritis: Sexually transmitted disease

THE SYSTEMS

The important complications of sports hematuria that
demand medical attention include anemia and renal
failure. Anemia has been noted in athletes who are
involved in daily exercise.!® Renal dysfunction may result
from prolonged strenuous exercise in the heat. The
resultant dehydration will further decrease the renal
blood flow, which is already diminished in response to
the exercise. This lowers the perfusion pressure below
the critical threshold of the kidney, producing renal
ischemia. Additionally, exercise results in muscle injury
causing rhabdomyolysis and myoglobinuria, either of
which can cause renal dysfunction by obstructing the
renal tubules. Hemoglobinuria from intravascular
hemolysis (march hemoglobinuria) may also contribute
to renal dysfunction by causing tubular necrosis.’®
Adequate fluid replacement to maintain urine output is
critical to prevent acute renal failure.

There are also concerns about hematuria as a result of
exercise-enhancing supplements. The use of diet supple-
ments to aid in athletic performance has gained a great
deal of attention recently.”” One such substance with
great potential to effect the genitourinary system is crea-
tine phosphate. During the initial stages of exercise,
phosphocreatine is broken down in skeletal muscle to
form creatine and ATP. This source of ATP provides
energy during the first 10-20 seconds of maximal anaer-
obic exertion. This initial expenditure of phosphocrea-
tine is quickly replenished once aerobic activity is
activated. At this point a great deal of ATP and phos-
phocreatine can be generated. Athletes generally take
20 grams of creatine per day for one week, followed by
2 grams per day, with maximal benefit seen in high-energy
repetitive workouts.®

Creatine phosphate supplementation has been
reported to be associated with renal dysfunction. Urinary
and serum creatinine levels do increase by up to 20% in
some studies.** Concerns about hematuria secondary to
nephritis are generally unfounded. Small studies have
shown that this rise in urinary and serum creatinine does
not impair renal function.®® Only one case report exists in
which a healthy athlete had an adverse renal effect from
creatine supplementation. This individual had biopsy-
proven interstitial nephritis after consuming 20 grams
per day of oral creatine for 4 weeks, followed by complete
resolution after discontinuation of the substance.”® The
current ACSM guidelines are that athletes with renal
disease should avoid creatine, and healthy individuals
must stay well hydrated while taking the supplements.®

Management

Management of “physiologic” sports hematuria begins
with recognition of this condition. A careful history is of
paramount importance in rendering the appropriate
diagnosis. Any history of contact injury requires further
diagnostic intervention in the setting of gross hematuria
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(see the following paragraph). In the absence of the
potential for contact injury, the anxious athlete should be
reassured of the benign nature of this process. In the
acute setting, dehydration should be corrected. The
initial consultation should consist of a proper history and
physical, a urinalysis, and a urine culture. The urinalysis
should be repeated 48 to 72 hours after the insult.
A normal urinalysis will essentially exclude significant
renal and urologic disease. If the hematuria fails to resolve,
further investigation is warranted. Sports hematuria
should never be assumed to be the cause of hematuria in
an athlete, rather it is a diagnosis of exclusion. Radiologic
evaluation and cystoscopy are reserved for persistent
hematuria. Additional investigation for intrinsic renal
causes is indicated if the patient continues to exhibit
hematuria or a change in renal function.

No clear guidelines exist for the resumption of activity
after an episode of gross hematuria. Some authors advo-
cate bedrest until the hematuria has completely resolved.
Most authors recommend that the athlete should not
exercise until the gross hematuria has resolved; activity
may resume if only microscopic hematuria persists. If all
athletes adhered to the dictum that bedrest was required
until hematuria resolved completely, numerous athletes,
including possibly the entire starting lineup of your local
football, lacrosse, or swim team, would be sidelined.
It appears that as long as gross hematuria becomes
microscopic hematuria within 24 to 72 hours, activity
may be resumed without adverse sequelae.!

RENAL INJURIES

The growing participation in sports has resulted in the
increased frequency and diagnosis of sports-related
injuries. Abdominal and genitourologic trauma literature
report that 5% to 10% of all trauma is related to sporting
activities.|01119:30:49,53,6166 Ghores-related injuries to the
genitourinary system may be the result of blunt or pene-
trating forces to the chest, abdomen, pelvis, perineum, or
external genitalia. Genitourinary injury should be
suspected when gross anatomical pathology is apparent.
The severity of the hematuria, however, has not proven
to be indicative of the severity of the injury. In the
absence of visible signs or symptoms, the recognition and
subsequent treatment requires a fundamental knowledge
of the mechanism of injury, the anatomy and pathophys-
iology of the organs involved, and the appropriate
diagnostic tests and treatment.

The kidney and its vasculature are well protected in
the retroperitoneum surrounded by the abdominal wall,
abdominal viscera, ribs, and back musculature (Fig. 9-2).
A significant blow to the abdomen or flank is normally
necessary to cause visible injury. Organs adjacent to the
kidney may also be injured when trauma is sufficient to
injure the kidney. The left kidney, proximal ureter, and
adrenal gland are surrounded by Gerota’s fascia. Adjacent

structures include the spleen, diaphragm, tail of the
pancreas, posterolateral chest wall, lower three ribs, and
descending colon. The right kidney, proximal ureter, and
adrenal gland within Gerota’s fascia are displaced approx-
imately 1 to 2 cm below the left kidney by the liver and
are in close proximity to the duodenum.

The kidney is the most common urologic organ
injured from both blunt and penetrating trauma, and in
certain sports such as skiing may be the most commonly
injured thoracoabdominal organ.’ The exact incidence
of renal trauma due to sports injuries has not been well
defined. The trauma literature for children and adults
report an incidence of renal injuries due to sports of
between 10% and 33%. A review of all urologic trauma
in the Pacific Northwest by Krieger et al. found
184 urologic injuries, of which 154 injuries included the
kidney. Of these renal injuries, 20% were directly sports
related.* Similarly, researchers at the University of
San Diego found that of 14,763 patients enrolled in the
trauma registry, 3% had a diagnosis of renal or testis
injury and 92% of these were renal in origin. In this
study, only 4% of injuries sustained during team sports
were renal injuries.’® Bergqvist reported on all abdominal
trauma over a 30-year period in Sweden and found that
29% of the injuries involved the kidney.!! Renal trauma
in children is related to sports activities in 10% to
25% of the cases.!%*5361 Virtually every sporting
activity has been associated with renal trauma and its
consequences. 101L15,19,30,3542:47,53,66.71

Renal injuries are classified as minor (Grade I and II)
or major (Grade III-V) based on the severity of damage
to the parenchyma, collecting system, and vasculature.
Minor injuries include contusions and perirenal
hematomas (Grade I), and parenchymal lacerations
confined to the cortex (Grade II) (Fig. 9-3). The kidneys
are quite mobile within Gerota’s fascia, and a direct blow
to the flank or abdomen can cause parenchymal lacera-
tions or contusions by compression of the kidney against
the surrounding musculature or vertebral bodies.* The
result of these contusions or lacerations is local extrava-
sation of blood beneath the renal capsule. These injuries
are not usually serious and complete recovery is expected.
Infection of the hematoma is a rare late complication.

Major injuries, which are rarely seen in sporting
events, include deep parenchymal disrupton (Grade III)
with extension into the collecting system (Grade IV), a
vascular injury, or a shattered kidney (Grade V) (Fig. 9-4).
These injuries are usually caused by associated fractures
of the lower ribs or transverse processes. A severe lacera-
tion may extend into the collecting system or cause the
renal capsule to rupture with subsequent development of
a perirenal hematoma. The most violent injuries cause
either avulsion or thrombosis of the renal artery and/or
vein. Because the kidney is quite mobile, deceleration
injuries result in the stretching of the renal vessels,
producing a tear in the renal vein or intimal tears in the
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Contusion

A

Perirenal hematoma

B

Small laceration

Cc

FIGURE 9-3. Classification of minor renal injuries. A, Contusion; B, Perirenal hematoma; C, Small parenchymal lacera-
tion less than 1 cm in length that does not extend into the collecting system.

artery with subsequent spasm and thrombosis.?® Injuries
of this magnitude usually require exploration and an
attempt to salvage the kidney, depending on the status of
the patient and the associated injuries. Unfortunately,
these injuries may be overlooked because they may not
be associated with hematuria.

It is important to realize that abnormal organs are more
susceptible to injury. Thus renal cancer, ureteropelvic
junction obstructions, renal cysts, horseshoe kidneys, and
duplex or ectopic kidneys will usually require less trauma
to cause significant injury.” The incidence of renal
abnormalities in children is reported to range between
1% and 23 %,’* making children more likely to experience
renal injury after apparently minor trauma. Furthermore,
as discussed by Kuzmarov, children have less perirenal
fat, weaker abdominal musculature, and proportionately
larger kidneys relative to abdominal size when compared
to an adult. Therefore, children deserve special attention,
as they are more prone to renal injury after blunt trauma
than adults. The child may also still have fetal lobulations
that are more susceptible to parenchymal laceration.’!
This point was highlighted by Sparnon and Ford’s article
on bicycle handlebar injuries. In this report no child
showed signs or symptoms immediately following the
trauma. Subsequently, five children presented with severe
renal lacerations requiring three nephrectomies.”!

Evaluaton begins with a history, detailed physical
exam, and appropriate laboratory studies. Because the
kidneys are so well protected by the ribs and surrounding
musculature, the magnitude of force required to injure
the kidney may also result in injuries to other organs.

Associated injuries are observed in 60% to 80% of
patients with blunt renal injuries and 90% of penetrating
injuries.?® Fractures of the extremities, injuries to the
head, and lacerations of the liver and spleen are the most
common concurrent injuries.

The most common presenting sign in renal injury is
gross or microscopic hematuria. A minor renal injury
may present without hematuria if the collecting system is
not involved. However, it cannot be emphasized enough
that the absence of hematuria does not exclude the
possibility of a severe renal injury. A major injury such as
an avulsed ureter or a lacerated or thrombosed renal
vessel may also present without gross or microscopic
hematuria. Dixon and McAninch reported that 19% to
36% of renal pedicle injuries have normal urinalyses.?®
The diagnosis of renal injury thus requires a high index
of suspicion. Even without significant signs or symptoms,
any injury to the lower chest, abdomen, or flank warrants
attention to the genitourinary tract.

The signs or symptoms that may be associated with
renal injury include a palpable mass, muscle tenderness or
spasm, rib fractures, flank pain, or colic. Severe injuries
may have similar findings; however, these patients are
often in clinical shock and become surgical emergencies.

The initial diagnostic study in a stable patient should
be a CT scan or excretory urography with tomograms.
An abdominal film may show loss of renal contour or
psoas shadow, a fractured rib or transverse process, bowel
displacement, or elevation of the hemidiaphragm.
Intravenous pyelography (IVP) will detect most major
renal injuries, including diminution or nonvisualization

8
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Cortical laceration
greater than 1 cm
A system

B

Shattered kidney
D

of a portion of or the entire renal unit, pelvicalyceal
displacement, cortical mass defects, or extravasation of con-
trast, but may not provide adequate staging information
when expectant treatment is planned for high-risk
patients. In fact, as many as 33% to 60% of IVPs may not
be adequate to exclude a major renal injury.’® In these
cases, a CT scan of the abdomen and pelvis is warranted.
Additionally, because patients with urologic trauma
frequently have associated injuries, a CT scan is usually
the first test of choice. The CT scan is more accurate in

Deep laceration
into collecting

THE SYSTEMS

Region of anterior superior
segmental artery blocked
causing infarct/
tissue death

Region of
anterior
inferior

segmental
artery
blocked

Thrombus

Thrombosis of
segmental artery

Cc

FIGURE 9-4. Classification of
major renal injuries. A, Cortical
lacerations greater than 1 cm;
B, Deep parenchymal lacera-
tions extending into the collecting
system; C, Thrombosis of a seg-
mental renal artery; D, Multiple
lacerations (i.e., a shattered
kidney); E, Renal pedicle avulsion.

Avulsion of renal pedicle

E

differentiating between minor and major renal injury
(Figs. 9-5 and 9-6). Renal nuclear scans are of limited
value, but may be used in patients with contrast allergies
when there is concern about renal perfusion.
Angiography is utilized only when there is evidence
of a vascular injury severe enough to require surgical
intervention in an otherwise stable patient.

The majority of sports-related trauma to the kidneys
results in minor injuries such as contusions and small
lacerations, which can be treated conservatively with
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FIGURE 9-5. A CT scan demonstrating a large subcapsular
hematoma.

bedrest and supportive therapy. The athlete with a
parenchymal laceration should abstain from contact sports
for 6 weeks with a repeat IVP at 3 months. Of patients
with blunt trauma and minor injuries, 97% can be
managed in this manner.?® Surgical intervention is rarely
required for sports-related trauma and is reserved for a
major laceration, fracture, vasculature, or pedicle injury
(Fig. 9-7). All patients with severe renal trauma should be
followed at 3-month intervals with a urinalysis and an IVP
for at least 1 year. Athletes with severe renal trauma should
not return to contact sports for 6 to12 months, if at all.??

URETERAL INJURIES

Ureteral injuries secondary to external trauma are exceed-
ingly rare, accounting for less than 1% of all urologic

FIGURE 9-6. A 20-year-old male with right flank pain while
playing football. The CT scan demonstrates a fracture of the
posterior medial parenchyma of the kidney.

trauma.’® The right ureter lies behind the duodenum
proximally and the mesentery, terminal ileum, and
appendix distally. The right colic, ileocolic, and gonadal
vessels cross the ureter anteriorly. The left ureter
lies behind the sigmoid colon, and the gonadal, left colic,
and sigmoid colon vessels. The ureter, with its narrow
caliber and retroperitoneal location, is surrounded by
fat and muscle and is well protected from injury (see
Fig. 9-2).

Ureteral trauma is most often the result of penetrating
injury, rarely occurring from blunt trauma. Due to asso-
ciated abdominal injuries and mechanism of the injury,
diagnosing a ureteral injury is usually not an immediate
concern. Signs and symptoms of ureteral injury are not
specific but instead are common to abdominal, renal, and
bladder injuries. An IVP is the study of choice for
documenting ureteral injuries, followed by retrograde
pyelography if the IVP is indeterminate. Abdominal
exploration is often required due to the associated injuries.
When ureteral injuries are diagnosed, they may be treated
with urinary diversion via percutaneous nephrostomy or
with endoscopic placement of a nephroureteral stent.
Alternatively, if the ureteral damage is noted during
exploration for other injuries, the ureter can be
reconstructed over a ureteral stent. Nephrectomy is
rarely necessary (Fig. 9-7).

BLADDER INJURIES

The incidence of bladder injury is also extremely
uncommon in sports. The bladder is a pelvic organ
behind the pubic symphysis. In children, the bladder
assumes an abdominal position and, thus, is more
susceptible to injury. The bladder is protected anteriorly
and laterally by the pubic arch, supported inferiorly by
the pelvic diaphragm and superiorly by the peritoneum
and intraperitoneal structures. The superior surface of
the bladder is in close contact with the uterus and ileum
in the female and with the ileum and portions of the
colon in the male. The base of the bladder is separated
from the rectum by the uterus and vagina in the female
and by the seminal vesicles, vas deferens, and ureter in
the male (Figs. 9-84 and B).

There is approximately a 5% to 10% incidence of
bladder injury in the trauma literature.!®1119:4249.7%
Bladder rupture is rarely an isolated injury, and associated
injuries are found in 94% to 97% of the cases.”* Blunt
trauma accounts for up to 80% of all bladder injuries,
with the remainder due to penetrating injuries. Although
up to 80% of patients with blunt injuries to the bladder
will have an associated pelvic fracture, only 10% to 16%
of patients with pelvic fractures will have an associated
bladder injury.?%7*

Bladder injuries are classified as contusions, extra-
peritoneal ruptures, intraperitoneal ruptures, or a combi-
nation of both extra- and intraperitoneal ruptures.
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FIGURE 9-7. Renal trauma algorithm for sports-related injuries. (Adapted from McAninch J: Smith’s General Urology, 14th ed.
Appleton and Lange, 1995, p 315.)
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FIGURE 9-8. A, Anatomic relations of the male bladder, prostate, penis, urethra, and scrotum.
B, Anatomic relations of the female bladder, urethra, uterus, ovaries, and vagina.

Extraperitoneal rupture is twice as common as intraperi-
toneal ruptur