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Foreword

Extreme sports are no longer a gimmick or a niche field. Despite of the inher-
ent risks, extreme sports have evolved tremendously and gained enormous
popularity over the past decades, involving both elite and recreational ath-
letes. The impressive film footage generated by extreme sports participants
including breathtaking stunts (and spectacular crashes or near misses) has
attracted not only sports fans but also major television networks, their audi-
ences and advertising, with its associated financial gain. To the general public
the challenge and associated risks may seem unreasonably high, and yet each
event may be the culmination of hours of training and preparation, similar to
every other professional and more common sports pursuit.

As more and more people are enjoying extreme sports, unfortunately
increased numbers are becoming injured as a result. Future research is pro-
gressing alongside the sports development to allow the sports mechanisms,
injury patterns, and predisposing factors to be better understood. It is the hope
of all researchers and athletes involved to make the sports safer without
detracting from its adventurous nature. Researching extreme sports requires
thorough understanding of the activities, preferably from within, as every
small detail related to the technique and equipment utilized is instrumental to
the global picture.

Dr. Feletti’s passion as a physician and as an extreme sports athlete is
transparent throughout this comprehensive collection, spanning over many
medical subspecialties and fields, which were not previously discussed or
presented in this context. I believe that this will be a great source for the
health-care provider, both for the understanding and when approaching the
extreme sports athlete.

Boulder, Colorado Omer Mei-Dan



Preface

Extreme sports medicine is a rising discipline focused on medical commit-
ment in the field of extreme sports.

Extreme sport does not just mean sport taken to its extreme extent. Extreme
sports are to be strictly defined as sports — physical activity requiring specific
skills — that expose participants to the risk of serious injuries or death in the
case of mismanaged execution.

However, a widely shared definition among scholars does not currently
exist. Risk plays an undeniable key role when defining an extreme sport, but
stating how much risk is required for an activity to be considered “extreme”
may be debatable. The perceived risk may prevail over any actual danger.

Thus, many activities involving high speed, height, or extreme strain are
often generically ascribed to extreme sports independent of their real level of
danger.

Several remarkable features highlight extreme sports compared to tradi-
tional ones:

* People’s drive to overcome their own limits and to break free from their
daily routine.

* The role of environmental and meteorological circumstances since many
extreme performances depend on natural forces and are undertaken to
challenge physical laws; environmental variables are in sharp contrast to
the controlled circumstances of traditional sporting events.

e The importance of high-tech equipment and the implementation of inno-
vative approaches to the specific performance conduct (e.g., particular life
pace management in solo oceanic sailing races).

* A marked influence on the collective imagination and the attraction of
media interest — a strong appeal that is exploited in marketing campaigns
and by the fashion world.

Albeit with some exceptions, extreme sports also share the following
features:

* Their solitary nature, usually being practiced alone or in remote areas.

* A greater attention to aesthetic criteria rather than traditional quantitative
parameters (distance, time, score, etc.) when assessing performance to
such an extent that competition is not at the core of many of these
activities.

vii
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Extreme sports have never been so popular. Today, they are practiced by
millions of people worldwide, and this is a phenomenon that medicine needs
to face.

The fact is that medicine has, so far, only been involved in these sports on
a limited basis, dealing mainly with their sudden onset injuries.

However, overuse injuries and illnesses, specific psycho-physical training,
preparation and rehabilitation programs, and specific diet and supplements
also need to undergo evaluation.

Professionals working in the field must gain the knowledge and skills
needed to intervene in remote and adverse environments.

A multidisciplinary approach involving many medical specialties — phys-
iotherapy, psychology, physiology, and branches of engineering, ergonomics,
physics, and materials science — is necessary.

Research encounters many difficulties. It requires distinct methods. On the
one hand, extreme sports participants may be reluctant to take part in medical
research because of their cultural conditioning. On the other hand, pursuing
these studies is difficult due to the many variables involved, and the assess-
ment parameters adopted in traditional sports may not be adequate for many
extreme ones.

For instance, the injury rate appraisal in terms of hours practiced may not
be completely accurate since many of these sports are intermittent — the time
in the field is not necessarily spent in action.

Consequently, medicine should approach extreme sports in a new, more
meaningful way in terms of research, support, prevention, diagnosis, and
treatment.

This compendium includes the open contribution of the most authoritative
experts in key fields of extreme sports medicine worldwide.

This book is not structured systematically; the authors have been allowed
to discuss their subjects freely. The editor took this approach deliberately due
to the vastness of the theme and the variety of relevant subjects. This pioneer-
ing work conveys the energy of a new scientific field that will definitely con-
tinue to develop and expand into the future.

Ravenna, Italy Francesco Feletti
May 2016

Preface
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The Use of “Accident” and “Incident”

An editorial decision was made to allow authors to use the term “accident”
rather than “incident” as they saw fit throughout the text.

In many industries, government agencies, legal and scientific fields, the
term “accident” is not used, or its use is debated because it could imply that
the event was unavoidable (i.e., a chance occurrence or an “act of God”) and
therefore could not be prevented.

This is the reason why the British Medical Journal (BMJ) banned the term
“accident” in an editorial in 2001 [1] consequently arousing fervent discus-
sion [2].

Howeyver, in some ambits such as in aviation, “accident” and “incident”
are both currently used to mean different feature events with the aim to high-
light such aspects that may practically affect risk management [3].

In particular within this context, both terms refer to events that may be
subjected to preventative measures; however, “accident” is adopted for any
occurrence actually resulting in injuries, material damages, or fatalities, while
“incident” more generically refers to any occurrence that affects or could
affect safety [3].

The term “accident” is still common in scientific medical papers [4], and
it is widely used in medical literature regarding extreme sports in particular.

Extreme sports medicine requires special methods and terminology, and,
as already observed, the choice of the most appropriate terms in the field of
extreme sports injury prevention may be particularly complex [2] due to the
special features of these activities.

Within the sphere of extreme sports medicine, the use of both “accident”
and “incident” may therefore help to distinguish events of different features.
What is more, the use of “accident” could be difficult to replace.

In particular, the term “accident” is often preferred for an event which:

e actually results in unpleasant consequences such as material damages,
injuries, illnesses, or death;

* happens unexpectedly and unintentionally as a consequence of a complex
chain of events which includes environmental and weather conditions,
equipment failures, or human error.

As such, “accident” may be appropriate to refer to injuries which take
place while riding or flying specific extreme sports vehicles or crafts such as

boards, parachutes, wingsuits, mountain bikes, etc.

XV



XVi The Use of “Accident” and “Incident”

Alternatively, the term “incident” more generically refers to an event
which:

e affects or may affect people’s safety, near misses included;

* isnot part of standard performance execution, either a result of intentional
athlete conduct or a repercussion of misjudgment (i.e., as a consequence
of tiredness or of temporary mental impairment caused by extreme envi-
ronments such as e.g., nitrogen narcosis in extreme diving).

Therefore, in the specific setting of extreme sports, the implicit unpredict-
ability of the term ‘“accident” lends itself to the examination of complex
events stemming from the wide range of variables involved, many of which
are difficult to predict such as environmental and weather-related factors.

The use of the term “accident,” however, does not mean that sportsmen are
at the mercy of fate; there is still the possibility of adopting preventive mea-
sures to minimize risks or break down the chain of events and intervene. This
is one of the goals of extreme sports medicine.

For the above-mentioned reasons, the use of “accident” has been accepted
in this compendium, but the authors were free to use the terminology that, in
their opinion, was most suitable to any specific subject.

We think that, regardless of the terminology adopted to refer to injury
events, the possibility of intervening in different ways to prevent extreme
sports injuries is evident in each chapter and in the work as a whole.
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Psychology and the Extreme Sport

Experience

Eric Brymer and Susan Houge Mackenzie

1.1 Introduction

Over the past 40 years, the popularity of extreme
sports has grown exponentially. This phenomenon
coincided with a significant shift in sport and
leisure participation choices; participation rates
in ‘extreme’ or adventure sports far outstripped
the growth rates of many traditional sporting
activities in recent decades [1, 2]. According to
[3], this phenomenon should not be considered ‘a
“flash in the pan™’, but rather a significant shift in
participation choices resulting from people’s
search for enhanced meaning in their lives
through novel outlets. From this perspective,
extreme sports provide an antidote to manicured
existences constrained by artificial regulations
that serve disconnect people from their human
potential.

Academic literature remains fragmented
regarding the psychological experience(s) of
extreme sport participants. This is due in part to a
lack of common terminology and operational def-
initions. Whilst the term extreme sport is well
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known, there is still confusion about what consti-
tutes an ‘extreme sport’. For example, terms such
as ‘whiz sports’, ‘free sports’, ‘adventure sports’,
‘lifestyle sports’, ‘alternative sports’, ‘action
sports’ and ‘aggro sports’ are often used inter-
changeably with extreme sports to describe the
same type of activity. At times the term extreme
sport has been used to refer to nontraditional com-
petitive youth sports, such as skateboarding and
BMX. At other times it has been used to refer to
activities requiring little skill or expert knowl-
edge, such as commercial rafting and bungee
jumping. In some contexts, the term extreme sport
is a synonym for a variety of adventure experi-
ences such as mountaineering, climbing, skiing
and kayaking. Moreover, there is debate concern-
ing whether extreme sports are necessarily solo
activities or if they can include team-oriented pur-
suits such as paintball and white-water rafting.
The ramifications of this conceptual cross-
pollination include the development of imprecise
definitions, models and theories that do not fully
reflect the lived experience of diverse partici-
pants. For example, researchers might extrapo-
late results from a study on bungee jumping to
explain the psychological nature of those who
participate in BASE (buildings, antennae, space,
earth) jumping, thus assuming that BASE jump-
ing and bungee jumping fall at different places
along the same continuum. Similarly, a study of
young skydivers that identifies thrill seeking as a
primary motivation might incorrectly extrapolate
that all skydivers participate to experience thrills.

F. Feletti (ed.), Extreme Sports Medicine, DOI 10.1007/978-3-319-28265-7_1
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In this chapter, we define extreme sports as
independent adventure activities where a
mismanaged mistake or accident is most likely to
result in death [4]. Activities that typify this defi-
nition include BASE jumping, extreme skiing,
waterfall kayaking, big-wave surfing, high-level
mountaineering and ‘free solo’ climbing. BASE
jumping is a parachute sport where participants
jump from solid structures (e.g. bridges, build-
ings, cliffs) that are only a few hundred feet from
the ground [5, 6]. In extreme skiing, participants
ski down sheer cliffs where a fall would most
likely result in an out of control tumble. Extreme
kayakers tackle waterfalls rated as either ‘por-
tages’ or the most difficult to navigate (i.e. grade
six) on the international white-water grading sys-
tem [7]. Big-wave surfers ride waves over 20 feet
tall, a pursuit which has even resulted in deaths of
surfers renowned for their competence [8]. High-
level mountaineering takes place above the death
zone (8000 m) wherein mountaineers’ bodies are
extended to their limits [9]. Free solo climbing
involves climbing without rope protection or
other aids on high rock structures, such as the
Half Dome in Yosemite [9].

1.2  Traditional Perspectives
on the Psychology

of Extreme Sports

Until recently, prevailing assumptions presented
by researchers and theorists presupposed that
people undertaking extreme sports were abnormal
individuals that had a ‘death wish’, were
motivated strictly by the desire for thrills and
risk-taking and/or were ‘wired’ differently to the
general population. Participants were generally
portrayed as selfish young adults, generally
males, ‘fascinated with the individuality, risk and
danger of [extreme] sports’ [10]. Media and
advertising representations have mirrored these
presuppositions [3, 11-13]. The assumption
underlying these portrayals is that participants
are risk seekers, who may be unskilled, with a
desperate desire to connect with the image of
glamour associated with extreme sports.
Researchers and popular press have argued, why

else would someone willingly undertake a leisure
activity where death is a potential outcome?
Proffered explanations suggested that participants
were ‘crazy people’ with ‘deviant’ traits that
predisposed them to deviant risk-taking behav-
iours, due to deep, unfulfilled psychological
needs and/or adrenaline addictions [14-21].
These assumptions have even led some theorists
to assume that extreme sport participation is akin
to drug addiction or other socially deviant
behaviour.

The increase and differentiation in extreme
sport participation also gave rise to psychological
theories and models seeking to explain these
seemingly ‘paradoxical’ pursuits. Some of the
dominant theories that are still used to address
extreme sport motivations include sensation
seeking [22, 23], psychoanalysis [24], type ‘T’
personality [20], reversal theory [25, 26] and
edgework [27]. The following sections briefly
outline and critique these theoretical assumptions.

1.2.1 Sensation Seeking

Sensation-seeking theory explains involvement in
extreme sports through a personality trait that
causes some individuals to seek out higher levels
of novel sensations. Therefore, individuals ‘born
with a general sensation seeking motive’ are more
likely to seek risks, such as those inherent in
extreme sports [28]. Sensation-seeking theory
seeks to explain why some individuals seem to
have an inherent need to continually search for
risky, complex or novel experiences [22, 29].
Zuckerman defined sensation seeking as ‘the
seeking of varied, novel, complex and intense
sensations and experiences, and the willingness to
take physical, social, legal, and financial risks for
the sake of such experiences’ [28]. This theory
postulates that individuals with a sensation-seek-
ing trait require an arousal level that is higher than
nonsensation seekers in order to maintain an opti-
mal level of stimulation [30, 31].

There are four different types of sensation-
seeking behaviour proposed in this theory: thrill
and adventure seeking (TAS), experience seeking
(ES), boredom susceptibility (BS) and
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disinhibition (DIS). Psychological scales have
been developed to measure the extent to which
individuals are positively or negatively inclined
on each of these behaviour types. In order to
holistically measure the sensation-seeking trait,
an individual’s score on each of these scales is
cumulatively summed to give an overall sensa-
tion-seeking score (SSS) [29] The TAS scale
refers to an individual’s need to seek out risky
and exciting sports or other activities and is the
scale most often associated with extreme sports.
The ES scale relates to the seeking of sensations
through the mind or senses and the need for non-
conformity. The DIS scale measures a person’s
need for social stimulation and search for experi-
ences that might produce experiences of disinhi-
bition. The BS scale refers to an individual’s
aversion to monotony and general experience of
restlessness [30].

Numerous studies have been conducted on
sensation seeking and ‘extreme sports’ [32, 33].
However, two factors often cloud the interpreta-
tion of results: diverse definitions of extreme sport
and the a priori assumption that participation is
predicated on risk-taking. Many of the sports in
these studies do not meet the definition of extreme
sports provided herein, and those that do fit this
definition have inconclusive findings.

For example, a study by Goma [34] investi-
gated alpinists (n=27), mountaineers (n=72),
general sportspeople who undertook adventure
sports such as white-water kayaking and caving
but that were not related to mountaineering
(N=221) and individuals not involved in an
adventure sport (n=54). Goma considered alpin-
ists to be extreme sportspeople with regard to
their potential for death during this activity. The
author found no significant difference between
alpinists and either the mountaineer group or the
general sport group terms on any of the sensa-
tion-seeking scales. However, the mountaineer
group scored significantly higher than the general
adventure sport group for both TAS and ES. This
result suggests that extreme sport participants do
not have higher sensation-seeking tendencies
than ‘non-extreme’ adventure participants.
However, the fact that the mountaineering group,
who were not considered to be extreme sport ath-

letes, scored significantly higher in TAS and ES
than the general adventure sport group might
suggest that the concept of sensation seeking, if
at all useful, has a ceiling effect.

Slanger and Rudestam [35] examined sensa-
tion-seeking differences amongst participants in
extreme, high-risk and traditional sports by com-
paring rock climbers, skiers, small-plane pilots
and white-water kayakers with traditional sport
participants (e.g. bowlers and gym-based fitness
participants). In line with the definition in the
current chapter, the proposed difference amongst
groups was whether or not the likely consequence
of an error was death. The study found no signifi-
cant differences amongst the extreme-, high- or
low-risk groups. The authors reasoned that these
findings might reflect a number of factors. One
conjecture was that sensation-seeking theory was
not useful in differentiating between extreme
sports and non-extreme sports. An alternative
interpretation was that the theory is valid, but the
scales may need further refinement to reflect indi-
vidual differences in sensation seeking.

Sensation-seeking explanations might be
useful to explain certain patterns of behaviour or
aspects of high-risk sport participation, but this
theory may not holistically account for the
motivations of extreme athletes. Sensation
seeking may indicate potential interest in ‘high-
risk’ sports, but the trait may not necessarily
predict involvement in an extreme sport. The
mixed results of sensation-seeking research
suggest that participation in extreme sports may
be motivated by a range of factors in addition to,
or separate from, sensation seeking.

1.2.2 Reversal Theory

Reversal theory [25, 36] is a general theoretical
model of motivation and emotion, which posits
the existence of opposing metamotivational
states. Metamotivational states are frames of
mind, or higher-order motivation levels, that
determine how a person interprets their situation
at any given time. A metamotivational state can be
conceptualised as a proverbial pair of
rose-coloured glasses [25]; a person always ‘sees’
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or, more aptly, feels an experience in the context
of their dominant metamotivational lens. Changes
in an individual’s mood, motivations and emo-
tional experiences are instigated via regular alter-
nations, or reversals, between these opposing
metamotivational states. Although there are four
pairs of opposing metamotivational states, the
majority of reversal theory research in extreme
sports has focused on the telic/paratelic states.
These states are considered highly relevant to
extreme sports as they provide an explanation as
to why people interpret intense emotional arousal
in very different ways, such as feeling excitement
versus anxiety in the same external situation.

The telic state is primarily serious, goal-
oriented and arousal avoidant, whereas the para-
telic state is characterised as spontaneous, playful
and arousal seeking [37]. In the telic state, current
activity is seen as a means to an important end
beyond the present moment, and thoughts are ori-
ented towards planning for the future [38].
Excessive arousal results in feelings of anxiety or
fear, whereas low arousal is relaxing and pleasant.
In the paratelic state, arousal levels are experi-
enced in direct opposition to the telic state pattern.
In this playful state, activities are pursued as ends
within themselves, and attentional focus is
absorbed in the process-oriented goals of the
activity. High arousal is experienced as excite-
ment, whereas low arousal is boring.

Reversals between the telic and paratelic
states are contingent upon the presence or
absence of ‘protective frames’ [39]. As the name
implies, a ‘protective frame’ provides feelings
of protection from the presence of danger (e.g.
due to confidence in oneself, others or equip-
ment). When the protective frame is active (in
the paratelic state), heightened arousal and chal-
lenge are experienced as exciting; when the pro-
tective frame is lacking (in the telic state),
heightened arousal is experienced as anxiety.
Although reversal theory is more state than trait
based, individuals are thought to have dominant
states that they tend to reverse into more often
than others. For example, individuals who
spend more time in serious, telic states are ‘telic
dominant’, whereas individuals who tend to
operate in playful, paratelic states are ‘paratelic
dominant’.

Investigations of paratelic dominance amongst
athletes have supported the validity of this model.
Studies by Kerr et al. [26] generally support the
hypothesis that participants who regularly
participate in sports deemed risky are arousal
seekers (i.e. paratelic dominant). For example,
significantly lower levels of arousal avoidance
were found amongst surfers, sailboarders,
motorcycle racers and parachutists in comparison
to marathon runners, weight trainers or the gen-
eral public [26]. Shoham et al. [40] also docu-
mented low arousal avoidance (i.e. paratelic
dominance) amongst skydivers, rock and
mountain climbers and deep-sea divers (n=72).
However, these studies did not explicitly
differentiate between extreme- and high-risk
sports, and as a result, extrapolating findings to
participants in typical extreme sports might not
be appropriate. Further, one issue that cannot be
addressed by these studies is whether participants
entered their sports with this disposition or
whether they learned to enjoy high arousal as a
result of participation. Thus, the issue of initial
participation motives remains.

Recent research in reversal theory has further
expanded this somewhat narrow view of extreme
sport participation. For example, Kerr and Houge
Mackenzie’s [41] in-depth qualitative study of
adventure sport experts highlighted the multifac-
eted nature of participant motivations. Experts
identified diverse motives that included goal
achievement, connection to the natural environ-
ment, social motives and pleasurable kinaesthetic
sensations (from moving through water or air), in
addition to more widely discussed motives, such
as escape from boredom, risk-taking, pushing
personal boundaries and overcoming fear. The
authors concluded that motivations extended
beyond excitement or thrill-seeking explanations
and identified the need for more comprehensive
models of participation motives.

1.2.3 Edgework

Edgework describes social factors that stimulate
the desire for voluntary risk-taking and the sensa-
tions and feelings resulting from these experi-
ences [42]. It also highlights diverse motives for
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voluntary risk-taking, such as opportunities to
feel physical mastery, personal control, self-suffi-
ciency and efficacy, which are often lacking in
modern societies. The term edgework derives
from an individual’s desire to explore the edge or
limits of their own control across a range of con-
texts [43]. Some individuals ‘experience intense
highs’ and perceive heightened control over their
lives, immediately after surviving events that push
the edge of their psychological and physical lim-
its. Edgework activities are those that involve a
‘clearly observable threat to one’s physical or
mental well-being or one’s sense of an ordered
existence’ [44]. The edge represents a slim bound-
ary between opposing states such as life and
death, chaos and order and consciousness and
unconsciousness [42].

Research in edgework has demonstrated that
negotiating various ‘edges’ (e.g. edge of com-
petency/control) was a primary motivation in
adventure activities and that edgeworkers
attempted to identify their ‘performance limits’
by pushing physical and mental limits [44].
Continuous edgework inherently required con-
tinual rebalancing of challenges and skills in
order to maintain this ‘edge’[44, 45]. Edgework
experiences were characterised by feelings of
self-actualisation, altered sensory perceptions,
feeling of ‘oneness’ with key objects, ‘hyperre-
ality’ and the inability to fully articulate the
experience [44]. Lois’ [43] longitudinal study
of volunteer search and rescue agents (aged
22-55 years) concluded that individuals pass
through four stages during a serious rescue:
preparation, performance, going over the edge
and extending the edge. The extrapolation of
these findings could be that extreme athletes are
edgeworkers undergoing the same stages. In
contrast, Celsi et al. [5] found that extreme
sport participants did not feel they were push-
ing the edge of their control. Rather, they
expressed a preference to stop the activity
or postpone it for another day if they felt that
the limits of their control were being overex-
tended. Although edgework identifies key soci-
ological factors that may drive participation,
and emphasises positive participation outcomes,
it may overlook additional relevant psychologi-
cal motivations and benefits.

1.2.4 Additional Approaches

Other theories that have been presented to explain
extreme sport participation include type ‘T’
personality theory and psychoanalysis. In the
former theory, ‘T’ personalities search out risk,
whereas ‘t” personalities avoid risk [46]. In this
context, the big ‘T’ signifies thrills, and people
with big ‘T° personalities seek thrills, risks,
arousal and novel sensations. One of the main
distinctions in this theory is the recognition of
both constructive (e.g. creativity, invention) and
destructive (e.g. destruction, crime) outcomes of
type ‘T’ personality. However, little research has
been done on this theory, and as such, it remains
an untested unidimensional theory.

Psychoanalytic theory has been used to
explain participation in extreme sports through
the death wish and other assumptions of patho-
logical desires [2]. For example, Hunt [24]
extrapolated findings from a study on a deep-sea
diver experiences to explain participation in ‘risk
sports’ in general. Hunt [24, 47-50] reasoned that
pathological concerns in everyday life that mani-
fest as aggressive fantasies, lack of power and
concerns about masculinity and bisexuality might
lead a person into dangerous sports: ‘the more
risky and violent the sport, the more likely do
issues of bisexuality, masculinity, aggression,
and sadomasochism appear to influence an indi-
vidual’s sport participation’ [49]. Despite these
conjectures, Hunt [49] concluded that individuals
react differently to childhood patterns and that
her findings might only apply to some individu-
als, rather than all extreme sport athletes.
Interestingly, she also found connection amongst
extreme sport participation, rich intelligence and
the desire for creativity and meaning. The
limitations of this research include: exclusive
focus on men with no mention of female
participants or motives and a focus on pathological
explanations.

In summary, risk- or thrill-seeking explana-
tions have considerable limitations in presenting
a holistic psychological picture of extreme sport
athletes. Perhaps as Farley [46] noted:

too much energy is spent trying to pathologize

those that are not like us. I sometimes think psy-
chologists see too much pathology out there ... To
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the contrary, these are people who are pushing the
envelope and that’s their life. They would not want
the life of someone who never pushes the enve-
lope. To them, that is an unlived life. [S1]

1.3  Beyond Risk and Thrill
Milovanovic [52] suggested that risk-focused
explanations of extreme sport participation were
overly simplistic and based on naive non-
participant viewpoints, as opposed to the experi-
ences of participants themselves. In addition,
risk-focused accounts of participation are often
driven by theories based on deficit models of
behaviour. These theories may rely on prior
judgements or assumptions that are unsupported
by the participant reports [4, 5, 53-59].

For instance, Celsi et al. [5] cited numerous
examples of well-respected extreme sportspeople
who participated well within their personal capa-
bilities; these participants preferred to defer their
activity to a later date if they felt the limits of
their control were being overextended. Pain and
Pain [2] observed that extreme athletes expend
considerable time and effort honing high-level
skills, conducting extensive planning and devel-
oping a deep understanding of their particular
activity. These athletes deliberately study all
potential variables, such as the environment, their
equipment and the weather.

Interestingly, statistical comparisons amongst
the death rates of motorcyclists, BASE jumpers
and climbers show that BASE jumping is far less
likely to result in serious injury than motorcycle
riding [6, 60]. Perhaps, as Storry [60] recognised,
the tendency to focus on ‘risk’ or ‘thrill” motiva-
tions misses the point entirely. Extreme sports are
not necessarily synonymous with risk, and par-
ticipation may not be focused on risk-taking. On
the contrary, research suggests that extreme
sport participants are careful, well trained, well
prepared and self-aware and prefer to remain
in control. This conclusion is supported by Pain
and Pain:

Despite the public’s perception, extreme sports

demand perpetual care, high degrees of training

and preparation, and, above all, discipline and
control. Most of those involved are well aware of

their strengths and limitations in the face of clear
dangers. Findings of extensive research in climbers
suggest that the individuals do not want to put their
lives in danger by going beyond personal capabili-
ties. [2]

A myopic focus on the desire for risk also
makes it difficult to explain why a person chooses
skiing or BASE jumping above surfing or moun-
taineering. These are purposeful choices often
made years in advance of participation [5]. If risk-
taking were the sole aim of these activities, it is
questionable whether participants would spend
years preparing to ensure relative ‘safety’ before
undertaking their chosen pursuit [61]. For instance,
there are examples where participants have take
approximately 6 years to plan one BASE jump
[62] and 14 years to plan one expedition [63].
Therefore, it is likely that participants strictly
motivated by risk or prone to impulsivity would
opt for alternative, more immediately rewarding
means of pursuing risk and experiencing thrills.

In summary, researchers following the tradi-
tional theory-driven perspectives on extreme
sports have generally assumed that participation
is motivated by risk and thrills. Participants are
often portrayed as self-deceivers searching for
thrills and uncertainty. However, evidence reveals
that these assumptions may be largely inaccurate.
The traditional risk focus may in fact be a func-
tion of our modern aversions to risk or obsessive
desires to be liberated from risk. The notion of
‘risk” has always been a part of life; it is only rela-
tively recently that the lack of certainty and need
to control our surroundings have been boxed as a
construct and labelled as something deviant. The
extreme sport experience might be a function of
many factors that have been overlooked due to
this societal aversion to risk. Furthermore, risk-
focused explanations of extreme sports concen-
trate exclusively on potential negative outcomes.
The problems with this approach are (1) literature
reveals characteristics and statistics that do not fit
with traditional assumptions of risk motivations
[5, 6, 60]; (2) the focus on risk has largely
obscured other aspects of the extreme sport expe-
rience [41, 55, 56, 59]; and (3) traditional theory-
driven perspectives often do not match the lived
experiences of participants [56, 59]. Thus, holistic
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investigations of extreme sport participation may
lead to some more diverse theories and under-
standings of this phenomenon.

Towards Positive
Psychological Explanations
of Extreme Sport
Participation

1.4

The following sections outline more positive
psychological explanations of extreme sport
participation that stem from an investigation of
the lived experience of participants. In this
section, we demonstrate, through reference to
published literature and new research data, that
the extreme sport experience has many positive
psychological explanations that do not require a
risk-focused presupposition.

1.4.1 Peak Experience and Flow

Peak experiences and flow have similar and over-
lapping characteristics [64]. Peak experiences
focuses on the realisation of intense joy, whereas

flow is an intrinsically rewarding experience
characterised by optimal experience and complete
immersion in the task at hand. Despite their
differences, these two constructs describe positive
subjective experiences and provide a basis for
extreme sport motivation. Csikszentmihalyi [65,
66] described flow as an experience so enjoyable
that people wanted to repeat it for its own sake,
regardless of external rewards. Flow states have
been documented in a wide range of activities
including extreme sports, conducting surgery and
flower arranging. For example, the ‘deep flow’ or
‘deep play’ of climbing is ‘an outstanding exam-
ple of a particular class of flow activities’ [67].
Terms used to describe flow experiences include
‘being in the zone’ [68] and ‘fun’ [67, 69-71].
Early studies of flow in rock climbing illustrate a
range of motivations and positive experiences
aside from risk or thrill seeking (Table 1.1).
Initial flow models have since been refined to
include nine flow dimensions: challenge-skill
balance, merging of action and awareness, clear
goals, unambiguous feedback, concentration on
the task at hand, paradox of control, loss of self-
consciousness, transformation of time and auto-
telic experience [70].

Table 1.1 Deep-flow experiences in rock climbing in comparison to normative life experiences (Copyright © 1975 by

Jossey-Bass Inc.) [66, 67]

Normative life

Rock climbing life

Informational noise: distraction and confusion of attention

One-pointedness of mind

Nebulosity of limits, demands, motivation, decisions,
feedbacks

Clarity and manageability of limits, demands,
decisions, feedbacks

Severing of action and awareness

Merging of action and awareness

Hidden, unpredictable dangers: unmanageable fears

Obvious danger subject to evaluation and control

Anxiety, worry, confusion

Happiness, health, vision

Slavery to the clock, life lived in spurts

Time out of time: timelessness

Carrot-and-stick preoccupation with exotelic, extrinsic
material and social reward, orientation towards ends

Process orientation; concern for autotelic, intrinsic
rewards; conquest of the useless

Dualism of mind and body

Integration of mind and body

Lack of self-understanding, false self-consciousness, wars

between the selves

Understanding of the true self, self-integration

Miscommunication with others; masks, statuses and roles in

an inegalitarian order; false independence or misplaced
dependency

Direct and immediate communication with others
in an egalitarian order, true and welcomed
dependency on others

Confusion about man’s place in nature or the universe,
isolation from the natural order, destruction of the earth

Sense of man’s place in the universe, oneness with
nature, congruence of psychological and
environmental ecology

Superficiality of concerns, thinness of meaning in the flatland

Dimension of depth ‘up there’; encounter with
ultimate concerns
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Table 1.2 Maslow’s Characterisations

Meaning

19 peak experience Experience/object unification

Total harmony

characteristics [74] .
Total attention

Complete absorption in the experience

Nature of the object in itself

Feeling of insignificance

Rich perception

Lost in the experience

Awe, reverence of the experience

The most blissful moment, ecstasy

Unity of the world

Feeling the world is unified

Abstract perception

Transcend the present situation

Fusion of dichotomies

The person and the experience merge

Feeling godlike

Fullest potential/total control

Nonclassifying perception

A new kind of viewing

Ego transcendence

They are the activity

Self-justifying moment

The experience as an end in itself

No consciousness of time and space

Lack of spatio-temporal consciousness

Experience is intrinsically perfect

Everything is perfect, beautiful, lasting

Awareness of the absolute

The ultimate truth is experienced

Effortlessness

No conscious deliberation in executing skills

Loss of fear

Momentary loss of psychological defences

Unique being of the individual

Experiences the totality of one’s unique self

Fusion of the individual

Feeling integrated or together

Maslow [72] considered peak experiences to
be almost mystical in nature and epitomised them
as ‘a “little death” and a rebirth in various senses’
[72]. Panzarella (1980) [73] maintained that peak
experiences were more likely to occur in people
who are considered to be self-actualised. In a
study with veteran skydivers, Lipscombe (1999)
[74] found that all participants reported at least
eight of Maslow’s [72] 19 peak experience char-
acteristics (Table 1.2). These eight characteristics
were total attention, rich perception, awe or rever-
ence of the experience, fusion of dichotomies,
fusion of the individual, experience or object uni-
fication, ego transcendence and intrinsically per-
fect experience. Lipscombe [74] argued that as
few as three of these original characteristics may
be required for a peak experience to occur. These
results suggest that veteran skydivers’ peak expe-
riences may not rely on perceptions of risk or
thrill but rather result from feelings of ‘acute well-
being, peace, calm and stillness, detachment,
uniqueness, freedom, floating, flying and weight-
lessness, ecstasy, being in the present, immersed
in the moment, immortality, unity, altered percep-
tions of time and space, self-validation, and
awareness of other’.

Research on extreme sport experiences mir-
rors many of the concepts identified in flow and
peak experience research. For example, Brymer
and Schweitzer [57, 58] found that extreme sport
athletes described time slowing down and deep,
meaningful experiences epitomised by feelings
of freedom. Brymer and others [55, 75, 76] also
describe how extreme sports change the way
individuals experience the natural environment
through feelings of connection and integration.
Recent flow research further supports the notion
that extreme sport participants are intrinsically
motivated by flow dimensions and suggests that
researchers should reconsider traditional charac-
teristics of ‘flow’ amongst extreme and adventure
athletes. Studies indicate that, rather than a sin-
gular state of flow, adventure participants may
experience a range of flow states with varying felt
arousal levels, perceived challenge and skill lev-
els and phases, depending on their attentional
focus and goals [77, 78]. Participants in these
studies reported experiencing both felic flow (a
serious, outcome-oriented state) and paratelic
flow (a playful, process-oriented state). Although
these flow states were equally enjoyable, they
were described as qualitatively distinct experi-
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ences. For example, in situations of high chal-
lenge, such as those present for extreme sport
activities, participants most often described telic
flow. In this state, participants sought to lower
their arousal levels and enjoyment resulted from
goal attainment, rather than sensations of excite-
ment or thrills. In contrast, paratelic flow repre-
sents a more traditional model of extreme sport
participation wherein heightened challenge and
high arousal are experienced as enjoyable and
thrilling. In these studies, participants reported
telic flow more frequently than paratelic flow, an
indication that they were generally motivated by
flow dimensions rather than sensation seeking or
immediate excitement.

The theories of peak experience and flow
appear to encompass much of the extreme sport
experience. However, additional factors have
emerged that may further expand our
understanding of this phenomenon in the future.
Extreme sport athletes describe characteristics
that do not seem to clearly fit existing constructs.
For example, Brymer (2009) [53] reported that
participants experience lasting transformations.
This longer-term effect contrasts with Maslow’s
definition of fleeting peak experiences [74, 79].
Participants also report expectations that flow or
peak experiences will accompany extreme sports
each time they are repeated. This finding also
contrasts with Maslow’s postulate that peak
experiences are very rare, or once-in-a-lifetime,
occurrences [72]. As such, the extreme sport
experience might relate more to human
experiences characterised as extraordinary and
transcendent experiences.

Conclusion

In summary, extreme sport experiences appear
to facilitate positive psychological experi-
ences and lead to altered states of conscious-
ness such as changes in perception of time and
heighten sensory awareness. These findings
contradict traditional theories of extreme sport
participation. Recent literature suggests that
extreme sport experiences are often extraordi-
nary, transcendent and transforming. For
extreme sport participants, the opportunity
to transcend the everyday experience may

provide more motivation and inspiration
than experiencing short-term thrills through
risk-taking.
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Nutrition for Extreme Sports

Mayur K. Ranchordas, Sean Hudson,
and Steve W. Thompson

2.1  Introduction
It has been well established that sound nutrition
can accelerate recovery, enhance adaptations to
training and improve performance. Competing in
extreme sports places stress on the body, and con-
ducting activities in extreme environments can
exacerbate the physiological stress on the com-
petitor. Fortunately, scientific research in this
area is growing, and we now have a range of
nutritional strategies that can help the athlete
competing in extreme sports in various ways.
The physiological and metabolic requirements
of different extreme sports vary greatly; thus pro-
viding specific nutritional recommendations is
problematic. For instance, certain extreme sports
such as cliff diving and climbing have very dif-
ferent nutritional needs compared to ultra-
endurance long-distance events such as adventure
racing, mountaineering and ultra-distance run-
ning. Nevertheless, the aim of this chapter is to
provide both generic nutritional guidelines and
specific recommendations for special
circumstances.
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2.2 General Nutritional
Recommendations
2.2.1 Energy

Optimal dietary intake is essential for successful
performance. Macronutrients consist of carbohy-
drates, proteins and fats and contribute to the
majority of nutrients ingested. The manipulation
of these both in terms of amounts and timing can
provide athletes with a platform to aid perfor-
mance dependent on the type of sport. Energy
consumption must equal energy expenditure in
order to achieve energy balance if the desired
goal is weight maintenance. A negative or posi-
tive energy balance might be advantageous in
certain situations where weight loss or muscle
hypertrophy is required. General daily energy
intake requirements are lower for females (1600—
3700 kcal) than males (2900-5900 kcal); how-
ever this may vary due to athlete situation.

2,2.2 Carbohydrate

Carbohydrate (CHO) has four main roles in the
body. The first is to act as a main energy source
during high-intensity exercise in which glycogen
(the stored form of carbohydrate) is broken down
into glucose (glycogenolysis). Glucose is then
used to create ATP through the process of gly-
colysis (oxidised to form water and carbon diox-
ide) [1]. CHO also helps to preserve important
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tissue proteins that are essential for muscular
maintenance, repair and growth, provide an unin-
terrupted supply of fuel to the central nervous
system as the brain metabolises blood glucose [2]
and act as a metabolic primer for fat oxidation.
The readily available carbohydrate sources are
fairly limited (i.e. 1500-2000 kcal) and become a
restrictive factor in the performance of prolonged
sessions (>90 min) of submaximal or intermittent
high-intensity exercise [2]. Thus adequate intake
of carbohydrates prior, during and after exercise
is essential for extreme sports lasting longer than
90 min. It should be noted that carbohydrate
guidelines will differ depending on intensities
and duration of activity undertaken.

2.2.2.1 Intensity

As intensity increases, so does the release of glu-
cose from the liver to the active muscles.
Stimulation in muscle glycogen utilisation also
occurs as the energy increases. This can be deter-
mined via performing gas analysis and referring
to the respiratory exchange ratio. If the RER rises
above 1.0, then CHO becomes the primary source
of energy production. Therefore, the higher the
intensity, the more CHO will be needed to main-
tain that desired workload. Thus the extreme
sports that have short sharp bursts will have a
greater reliance upon carbohydrate for fuel.

2.2.2.2 Duration

As exercise duration increases, muscle glycogen
decreases, causing fat catabolism to begin to
Table 2.1 CHO guidelines for extreme sports

Intensity/duration

Low to moderate intensity and duration (<1 h)

Endurance athletes (1-3 h of moderate to high intensity)
Extreme conditions (3+ h of moderate to high intensity)

Pre-exercise meal
During moderate- to high-intensity exercise (>1 h)
Rapid postexercise recovery

Adapted from Burke et al. [6]
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furnish an increasing percentage of total energy.
Therefore, a greater amount of CHO may be
required prior to exercise if competing for long
durations. Also, simple CHO such as glucose can
be ingested during exercise to maintain supply of
glycogen to the muscles. The type and timing of
CHO are also very important. More specifically,
CHO can be determined by their complexity
(mono-, di- or polysaccharides) and by their gly-
caemic index (GI). Despite a lot of conflicting
research, it is thought that lower GI foods are
more advantageous prior to exercise as they lead
to an increase in free fatty acids, better mainte-
nance and slower release of plasma glycogen,
resulting in more sustained carbohydrate avail-
ability during exercise [3]. It is also agreed that
during and directly after exercise, high GI and
simple CHOs are advantageous (glucose and
sucrose) as they are broken down quicker via gly-
colysis and promote faster muscle glycogen
recovery [2, 4].

The American College of Sports Medicine
(ACSM) [5] recommends 6-10 g/kg body weight
of CHO per day (ACSM, 2009). However, this
may fluctuate dependent on the sport undertaken
as specified in Table 2.1.

2.2.3 Protein

Protein (PRO) is made up of a combination of
amino acids (AA). Some PRO can be synthesised
within the body such as alanine, serine and

Recommended CHO intake
5-7 g/kg/day

Extreme sports

BMX

Rock climbing
Snowboarding/skiing
Windsurfing

Surfing

7-10 g/kg/day
10-12+g/kg/day

Mountaineering

Ice climbing
Cross-country skiing
Ironman triathlons
1-4 g/kg 1-4 h prior

0.5-1.0 g/kg/h

1 g/kg immediately after

exercise and repeated 2 h later
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glutamic acid. However, there are many essential
AA that we are unable to synthesise such as leu-
cine, lysine and tryptophan. Therefore, it is
important that adequate ingestion of protein from
the daily diet is undertaken to maintain protein
synthesis and adequate recovery.

PRO is used primarily to promote muscle fibre
repair, regeneration and growth [7]. They can
however also be utilised as an energy source if
CHO and fat sources have reduced significantly.
For most sports, this is not a desired outcome as
it may lead to a decrease in AA available for
recovery and regeneration [8]. Dependent on the
discipline of extreme sport, the recommended
daily intake and intake for recovery differ greatly.
The ACSM [5] have recommended 1.2-1.7 g/kg/
day and that this is done via dietary intake. For
endurance athletes, 1.7 g/kg may not be needed if
adequate fuel is ingested through CHO and fat.
But for any sport that requires strength and power
(e.g. BMX, snowboard freestyle or free running),
more than 1.7 g/kg/day could be advantageous
[5]. However, it has been suggested that there is
no harm in ingesting more protein than this. For
example, for some sports that require large
energy intakes (~6400 kcal), as much as 2.5-
3.2 g/kg of PRO may be necessary [7].

In order to utilise the dietary requirements,
again, the timing of ingestion of protein is essen-
tial. Studies have shown that ingestion of protein
immediately before exercise promotes a greater
net protein balance than ingestion postexercise
following resistance exercise (providing adequate
CHO has been ingested) [5, 9]. It has also been
reported that net protein uptake is increased when
a combination of PRO and CHO is ingested
oppose to either of them on their own [7]. Protein
ingested after training is still advantageous and
should be in a simple form such as whey as it is
rapidly digestible.

2.24 Fat

Fat (lipids) is a necessary component of a normal
diet for any athlete. Large amounts of fat can be
stored in adipose tissue and thus can be readily
available for prolonged exercise. Lipids also
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protect vital organs such as the heart, brain, liver
and kidneys. They are an essential source of fat-
soluble vitamins such as A, D, E and K and are
important constituents of cell membranes.
Cholesterol, which is a type of lipid, is a precur-
sor for important hormones such as testosterone.

In accordance with the ACSM [5] guideline,
fat consumption should range from 20 to 35 % of
total energy intake across all intensities and dura-
tions. This should include approximately 10 %
saturated, 10 % polyunsaturated and 10 % mono-
unsaturated as well as including sources of essen-
tial fatty acids. Saturated fats should be avoided.
For certain extreme sports such as mountaineer-
ing and extreme expedition-type events where
competitors must carry their own food supplies,
foods high in fat may be advantageous as they
provide 9 kcal/g as opposed to carbohydrate and
protein which provide 4 kcal/g. In these situa-
tions, where large energy expenditure is preva-
lent, foods high in fat can help maintain energy
balance to an extent.

2.3 Weight Management

The principles of weight management remain
the same regardless of the sport. Therefore this
section will focus on general methods for weight
gain or weight loss. Weight change is best done
during the off-season or a period outside of
competition to prevent any potential adverse
effects on performance. For extreme sports such
as rock climbing and ultra-endurance sports, a
high power to weight ratio is desirable so com-
petitors may want to manipulate body composi-
tion. Similarly, for other sports such as BMX,
canoeing and white-water rafting, competitors
may want to increase muscle mass and reduce
body fat.

2.3.1 Weight Gain

Weight gain through increasing skeletal muscle
mass (hypertrophy) is often advantageous in
many sporting contexts and activities. To increase
weight, an athlete must achieve a positive energy
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balance with muscle hypertrophy only occurring
when muscle protein synthesis exceeds the rate
of protein breakdown for a prolonged period of
time [10]. The two principal determinants of
skeletal muscle protein synthesis in adults are
physical activity and nutrient availability [11].
Utilising protein ingestion with physical activ-
ity, particularly resistance exercise, promotes an
optimal anabolic environment in the skeletal
muscle compared to either stimulus alone [12].
The addition of protein ingestion following a
bout of resistance exercise has repeatedly been
shown to augment the stimulation of muscle pro-
tein synthesis, which over a period of resistance
training with increased protein consumption can
lead to muscular hypertrophy. The anabolic
effects of nutrition are driven by the transfer and
incorporation of amino acids captured from
dietary protein sources into skeletal muscle pro-
teins. The amino acid leucine has been high-
lighted to be particularly important in stimulating
protein synthesis and appears to have a control-
ling influence over the activation of protein syn-
thesis [13]. As such, rapidly digested leucine-rich
proteins such as whey, in conjunction with resis-
tance exercise, are advised for individuals wish-
ing to increase muscle mass. In terms of protein
quantity, 20-25 g of high-quality protein with at
least 8—10 g of essential amino acids [14] has
been shown to maximally potentiate exercise-
induced rates of muscle protein synthesis in
healthy young adults [15]. In total, athletes are
recommended to consume ~1.3-1.8 gkgl.d,
consumed as four meals while attempting to gain
weight through increasing muscle mass [16]. It
should be noted that these recommendations are
dependent on training status and more protein
should be consumed during periods of high-
frequency/high-intensity training.

2.3.2 WeightLoss

Weight loss is not an uncommon goal for athletes
and is often motivated by factors relating to per-
formance issues. This usually involves weight
loss either to enhance performance or for aes-
thetic reasons. Excess fat is often detrimental to
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performance of physical activities requiring the
transfer of body mass either vertically (such as in
jumping) or horizontally (such as in running).
This is because it adds mass to the body without
providing any additional capacity to produce
force. Excess fat can also be detrimental to per-
formance through increasing the metabolic cost
of physical activity that requires movement of the
total body mass.

Weight loss can occur when a negative energy
balance is created. Thus, weight loss can be
achieved by restricting energy intake, increasing
the volume/intensity of training or, most often, a
combination of both these strategies. It is impor-
tant for athletes and coaches to recognise that
with extreme energy restrictions, losses of both
muscle and fat mass may adversely influence an
athlete’s performance [17]. Therefore, in most
cases, it is important for an athlete to preserve
their fat-free mass during periods of weight loss.
There is a growing body of evidence suggesting
that higher protein intakes during energy restric-
tion can enhance the retention of fat-free mass
[18, 19]. A reduction in dietary fat and carbohy-
drate may allow athletes to achieve higher protein
intakes without the excessive restriction of a par-
ticular macronutrient. Current recommendations
advise athletes aiming to achieve weight loss
without losing fat-free mass to combine a moder-
ate energy deficit (~500 kcal.d™') with the con-
sumption of between ~1.8 and 2.0 g.kg='.d™! of
protein in conjunction with performing resistance
exercise [14].

2.4 Nutritional Issues
and Challenges
2.4.1 Travel

It is not uncommon that extreme sports athletes
may be frequent travellers due to the nature of
their sport and competition; thus they may face
frequent trips that may involve long travel
times that can cause fatigue. Having access to
nutritious balanced meals and adequate fluid
can be challenging; however, ample pre-plan-
ning meal, snack and fluid arrangements can
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Table 2.2 Nutritional strategies for travel

Issue Detail

Infection and illness

(more so if travelling abroad)

Catering

different to expectations

Food and water
hygiene

Eating on the move

are pre-planned
Adapted from Ranchordas et al. [21]

enhance an athlete’s dietary preparation when
travelling [20]). Table 2.2 provides a practical
summary of key dietary strategies that can help
support teams cope with challenging travel
demands.

2.5  Fluid and Electrolyte
Requirements
2.5.1 Sweat Rates and Electrolytes

Exercise is associated with high rates of meta-
bolic heat production, eliciting high rates of
sweat secretion in order to attenuate the rise in
body temperature that would otherwise occur. If
exercise is prolonged, this leads to progressive
hypohydration and a loss of electrolytes, particu-
larly in hot environments where sweat rates may
exceed 2 1/h [22].

Significant hypohydration can occur during
many types of exercise activity and poses a chal-
lenge to both an individual’s performance and
health. Hypohydration can have a negative impact
on exercise outcomes through impairing thermo-
regulation and performance of prolonged aerobic
exercise [23], cognitive function [24] and gastric
emptying and comfort [25]. These performance
impairments can be detected when fluid losses

Travelling poses the risk of infection and
gastrointestinal disturbance when travelling

Different hotels and kitchens have their own
way of preparing meals that may be very

In some countries it is ill advised to drink tap
water, and foods such as fruit, vegetables,
salads and ice cubes could pose a risk

Travel poses uncertain issues such as delay
and availability of food on the move; therefore
the team should ensure that snacks and meals
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Strategy

Using antibacterial hand gels and
washing hands often can minimise
some risk. In addition the use of
probiotics can also be useful in some
instances

Communication with menu plans and
possibly recipes and specific snack
items may be useful

Stick to drinking sealed bottled water
and avoid swallowing water when
brushing teeth; showering and ensuring
food is washed with clean water that is
not contaminated

Communication with travel companies,
hotels and pre-packing food items are
important as problems such as delays
can pose a problem

are as low as 1.8 % of body mass [22]. A body
mass loss of more than 4 % during exercise may
lead to heat exhaustion and heat illness [22].
Even in winter sports environments, where sweat
rates are expected to be lower, fluid loss can be
significant [26]. Nordic skiers competing in
15-30-km races can typically lose 2-3 % of body
mass, and collegiate cross-country skiers lost
1.8 % of body mass after 90 min of ski training
[27]. Thus, strategies to minimise the degree of
hypohydration should be undertaken before, dur-
ing (if possible) and in recovery from exercise
activities.

2.5.2 Measuring Hydration
and Electrolyte Status

Sweat rates and electrolyte losses can vary widely
amongst different individuals and between differ-
ent activities under the same environmental con-
ditions. Therefore, it is difficult to accurately
prescribe fluid and electrolyte intakes without
knowledge of individual sweat rates under the
specific environmental conditions. Hydration sta-
tus can be monitored by employing simple urine
and body mass measurements. Changes in body
mass can reflect sweat losses during exercise
and can be used to calculate individual fluid
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replacement needs for specific exercise activities
and environmental conditions. Urine osmolality
also provides a clear indication of hydration sta-
tus and can be measured quickly and simply
using a portable osmometer. A urine osmolality
of 100-300 mOsmol/kg indicates that an indi-
vidual is well hydrated. Values of over 900 mOs-
mol/kg indicate that an individual is relatively
dehydrated. Portable urine osmometers can be
useful to assess hydration status in the field as
they are small, reliable and convenient and thus
can be a good tool to monitor hydration status
objectively.

Accurately measuring electrolyte losses is a
more challenging, as the composition of sweat is
difficult to measure and the methods such as
sweat patch testing have poor reliability.
Electrolyte losses vary greatly between individu-
als but also vary with changing sweat rates over
time [28]. The major electrolytes lost in sweat are
sodium and chloride. These are the major ions of
the extracellular space; therefore, the replace-
ment of these ions, especially sodium, should be
a priority. The perception of thirst as the signal to
drink is unreliable. This is because a considerable
degree of dehydration, sufficient enough to
impair athletic performance, can occur before the
desire to drink is evident [29]. The sensation of
thirst results increases the secretion of the antidi-
uretic hormone from the posterior pituitary gland,
which acts on the kidneys to reduce urine excre-
tion. However, thirst is quickly alleviated through
drinking fluid before a significant amount of fluid
is absorbed in the gut [22]. Thus, the use of thirst
alone should not be used as indicator of fluid
balance.

2.,5.3 Constituents of Fluid Ingested

Electrolytes play a key role in promoting postex-
ercise rehydration. This was first highlighted by
Costill and Sparks [30], who showed that the
ingestion of a glucose-electrolyte solution after a
relatively severe degree of hypohydration (4 % of
the pre-exercise body mass) resulted in a greater
restoration of plasma volume than water alone. A
higher urine output was also observed in the
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water trial. The ingestion of drinks containing
sodium following exercise promotes rapid fluid
absorption in the small intestine, allows the
plasma sodium concentration to remain elevated
during rehydration and helps maintain thirst
while delaying the stimulation of urine produc-
tion. Drinks containing multiple transportable
carbohydrates such as glucose and fructose can
also aid hydration through enhancing gastric
emptying rates, improving the delivery of fluid
consumption compared to a single carbohydrate
drink (this is covered in more detail in the carbo-
hydrate supplements section) [31]. The addition
of carbohydrate can also make the drink more
palatable, aiding the rehydration process.
Gonzales-Alonso et al. [32] confirmed that a
dilute carbohydrate-electrolyte solution (60 g/l
carbohydrate, 20 mmol.I"! Na+, 3 mmol.I"! K+)
was more effective in promoting postexercise
rehydration than either plain water or a low-
electrolyte diet cola. The difference between the
drinks was primarily the volume of urine pro-
duced. As previously mentioned, individual
sodium content of sweat varies widely, and no
single formulation will meet requirements for all
individuals in all situations. The upper end of the
normal range for sodium concentration (80 mmol.
I71), however, is similar to the sodium concentra-
tion of many commercially produced oral rehy-
dration solutions intended for use in the treatment
of diarrhoea-induced dehydration. In contrast,
the sodium content of most sports drinks is in the
range of 10-30 mmol.I"!. Most commonly con-
sumed soft drinks contain virtually no sodium,
and these drinks are, therefore, unsuitable for
rehydration. The problem with high sodium con-
centrations is that this may exert a negative effect
on taste, resulting in reduced consumption.
Therefore, it is important that a balance between
electrolyte content and palatability is achieved.

2.5.3.1 Before Exercise

Beginning exercise in a hypohydrated state can
have a negative impact on performance of high-
intensity [33] and endurance exercise [34]. Thus,
the main goal of fluid intake before exercise is to
begin in a euhydrated state with normal plasma
electrolyte levels. This can be achieved through
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consuming a balanced diet and drinking adequate
fluid during a period 24 h before exercise event.
Consuming a further 500 ml of fluid around 2 h
before exercise helps promote adequate hydra-
tion and allow time for secretion of excess
ingested water [5]. However, if an individual has
suffered from substantial fluid loss and only has a
short recovery period before a subsequent bout of
exercise, then an aggressive prehydration strat-
egy may be merited to establish euhydration.

Attempting to hyperhydrate before exercise
will greatly increase the risk of having to void
during competition and provides no clear physi-
ological or performance advantage over euhydra-
tion [35, 36]. In addition, hyperhydration can
substantially dilute and lower plasma sodium
[37, 38] before starting exercise and therefore
increase the risk of dilutional hyponatraemia,
especially if fluids are aggressively replaced dur-
ing exercise [39].

2.5.3.2 During Exercise

Extreme sports vary in nature and some in some
sports; there may not be an opportunity to take on
some fluids during exercise, whereas in other
sports this may not be a problem. Nevertheless, if
fluid intake during exercise is possible, then the
main goal is to prevent excessive dehydration
(>1.8 % body mass loss from fluid loss) and
excessive changes in electrolyte balance that
could impair performance.

During exercise, especially in a hot environ-
ment, dehydration can only be avoided by match-
ing sweat loss with fluid consumption. However,
sweat rates during strenuous exercise in the heat
can be as high as 2-3 1/h, and a volume of ingested
fluid of more than about 1 1 feels uncomfortable
in the stomach for most people when exercising.
Therefore, achieving fluid intakes that match
sweat losses during exercise is often not practi-
cal. In these situations, it may be necessary to
rehydrate after exercise, especially if there is a
second bout of exercise later that day or the day
after (e.g. for sports such as adventure racing and
expedition-type activities).

Fluid intake during strenuous exercise lasting
less than 30 min in duration offers no advantage.
Gastric emptying is inhibited at high work rates,
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and insignificant amounts of fluid are absorbed
during exercise of short duration. For most indi-
viduals exercising for 30—60 min in moderate
ambient conditions, an appropriate drink is cool
water. For exercise lasting more than 1 h or exer-
cise in hot and humid conditions, consumption of
a drink containing carbohydrates and electrolytes
is warranted. Fluid ingestion during prolonged
exercise provides an opportunity for exogenous
fuel consumption as well as helping to maintain
plasma volume and preventing dehydration. The
replacement of electrolytes lost in sweat can nor-
mally wait until the postexercise recovery period
as stated previously. Individuals should become
accustomed to consuming fluid at regular inter-
vals (with or without thirst) during training ses-
sions so that they do not experience discomfort
during competition.

2.5.3.3 Postexercise

After exercise the main goal of fluid intake is to
fully replace fluid electrolytes lost during exer-
cise and return to a euhydrated state. As previ-
ously mentioned, this is particularly important
when exercise is prolonged and takes place in a
hot environment or when consuming fluid during
exercise is not possible.

Even when fluids are available during longer
exercise periods, the volume ingested is rarely
sufficient to match the rate of sweat loss, and
some degree of fluid deficit usually accompanies
exercise. Replacement of these losses must be
achieved in the recovery period after exercise
ends before the next bout of exercise is
undertaken.

Fluid intake also comes from food consump-
tion. Some foods, especially plant material, have
high water content. In fact, water in food makes a
major contribution to total body fluid intake.
Water is also produced internally (metabolic
water) from the catabolism of water, fat and pro-
tein. For example, in the complete oxidation of
one molecule of glucose, six molecules of carbon
dioxide and six molecules of water are produced.
Therefore, consuming food with fluid following
exercise is recommended to aid rehydration
while also providing essential electrolyte
replenishment.
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On the completion of exercise, individuals are
encouraged to consume a volume of fluid equiva-
lent to 150 % of sweat loss (i.e. 1.5 1 of fluid con-
sumed during recovery from exercise for every
kilogram of body mass loss during exercise)
within 6 h after exercise. This is to account for
continued fluid loss from sweat and urine follow-
ing the cessation of exercise.

2.6 Special Nutrition
Considerations for Extreme
Sports: Practical

Recommendations

Individuals should attempt to begin all exercise ses-
sions in a euhydrated state. Taking current recom-
mendations into consideration [5, 40], individuals
participating in extreme sports where significant
sweat losses have occurred should ingest a volume
of fluid substantially greater than the volume of
sweat lost. This should equate to around 150 % of
sweat loss over a 6-h period in order to account for
continued sweat and urine losses following the ces-
sation of exercise. This clearly requires knowledge
of sweat loss, and a reasonable estimate can be
obtained from changes in body mass. An effective
rehydration drink intended for consumption after
exercise should be both effective and palatable.

For optimal hydration during prolonged exer-
cise, particularly in hot and humid environments,
the addition of sodium (10-30 mmol.I™") in con-
junction with multiple carbohydrates can aid fluid
uptake, provide an exogenous fuel source and pre-
vent excessive hypohydration. The ideal drink for
fluid replacement is one that tastes good to the indi-
vidual, does not cause gastrointestinal discomfort
when consumed in large volumes, promotes gastric
emptying and fluid absorption to help maintain the
extracellular volume and provides some energy to
the muscle in the form of carbohydrate.

2.6.1 Nutritional Strategies

for Cooling

The rise in core body temperature observed when
exercise is performed in hot environmental con-
ditions is associated with reduced motor output
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during self-paced exercise [41, 42], as well as the
termination of exercise during time to exhaustion
protocols [43, 44]. The central nervous system is
thought to reduce motor output following eleva-
tions in core temperature and terminate exercise
once critically high internal temperatures are
attained, in an attempt to limit the development
of catastrophic heat illness [45].

The subjective perception of effort is an
important consideration. If the exercise feels
hard, the duration will often be cut short and
adherence is likely to be poor. It is well recog-
nised that the subjective rating of perceived exer-
tion is higher when exercise is performed in
warm environments than in cool environments
[46] and is also increased by even moderate lev-
els of hypohydration.

Total body water can have a critical influence
on thermoregulation and exercise performance in
the heat. Total body water usually remains rela-
tively constant [47]; however, physical exercise
and heat exposure will increase water flux to sup-
port thermoregulation [48]. In a hot environment,
sweat evaporation is the primary avenue for dis-
sipating body heat absorbed from the environ-
ment or produced by the exercising muscle.
Therefore, the most notable effect of exercise in a
hot climate is increased fluid loss.

Hypohydration increases heat storage by
reducing skin blood flow and sweating rate
responses for a given core temperature.
Hypohydration lowers both intracellular and
extracellular fluid volumes. It also results in
plasma hypertonicity, with the potential effect
being greater in warm environments.

Pre-exercise cooling is a strategy for improv-
ing prolonged exercise performance in the heat.
This is based on evidence that reducing initial
core temperature allows for a greater heat storage
capacity during exercise, in turn prolonging the
onset of hyperthermia-induced fatigue [49]. The
ingestion of cold fluid or ice slurries has been
suggested as nutritional strategies that could be
used for internal cooling. Indeed, ingesting cold
water (4 °C) versus warm water (37 °C) before
and during exercise in hot environments pro-
longed cycling time to exhaustion by 23+6 %
[50]. The pre-exercise ingestion of ice slurry
(=1 °C) has been shown to be even more effective
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compared to cold water (4 °C) at lowering rectal
temperature and extended the ensuing running
time to exhaustion by 19+6 % [51]. The inges-
tion of substantial volumes (6.5-7.5 g.kg™! body
mass) of ice slurry in 30 min prior to exercise has
repeatedly been shown to improve endurance
capacity and performance during exercise [51—
54] and appears to be the most effective nutri-
tional strategy for cooling.

2.7 Supplements

and Ergogenic Aids

The use of sports foods and dietary supplements
amongst athletes is widespread; however, many
products are not effective and lack evidence for
improving soccer performance. Moreover, many
supplements have been found to be contaminated
and could increase the risk of a positive doping
test; thus athletes who are subjected to anti-
doping testing should ensure that dietary supple-
ments are batch tested for contamination before
use. This section provides an overview of certain
supplements that may be beneficial for extreme
sports.

2.7.1 Creatine

Creatine supplementation increases intramuscu-
lar phosphocreatine stores and appears to enhance
performance in activities that primarily involve
repeated short bouts of high-intensity exercise
that require energy from the ATP-PC energy sys-
tem. Therefore, the rationale for using creatine
supplementation to enhance performance in
extreme sports such as downhill mountain bik-
ing, skateboarding, BMX and other extreme
activities with short sharp bursts has merit con-
sidering that these activities consist of move-
ments that predominately use the ATP-PC energy
system over prolonged durations. The majority of
the early research that has examined the effec-
tiveness of creatine supplementation suggests
using a loading phase of 5 g of creatine 4 times
per day for the initial 5 days followed by a main-
tenance dose of 5 g/day to maximise phosphocre-
atine stores and enhance performance [55].
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Creatine loading may not be necessary if quick
loading is not essential, and in this case a dose of
5 g either once daily or twice daily is adequate.
Creatine seems to be more effective when taken
with high GI carbohydrates as the increase in
blood glucose and subsequently insulin plays a
role in the absorption of creatine within the mus-
cle so competitors are encouraged to take the 5-g
dose of creatine with approximately 40 g of high
GI carbohydrate [56].

2.7.2 Beta-Alanine

Supplementing the diet with beta-alanine may
have an ergogenic effect on high-intensity exer-
cise, particularly exercise capacity, in activities
lasting between 1 and 4 min [57, 58]. Thus
extreme sports that fall within this range such
as skateboarding, BMX, downhill mountain
biking and surfing may benefit from beta-ala-
nine supplementation. The rate of carnosine
synthesis in the human skeletal muscle is lim-
ited by the availability of beta-alanine from the
diet [59]. Although several potential roles have
been ascribed to carnosine in the skeletal mus-
cle, its main role has been identified as an intra-
muscular pH buffer due to its molecular
structure [60, 61].

High-intensity exercise can lead to an accu-
mulation of hydrogen ions (H+) in the skeletal
muscle, causing a reduction in the intramuscular
pH. Under normal resting conditions, intramus-
cular pH is around 7.0. However, during high-
intensity exercise, muscle pH may fall to as low
as 6.0 [62]. This can result in reduced muscle
function and force generation, contributing to
fatigue.

Carnosine molecules contain an imidazole
ring that allows it to lend itself as an intracellular
buffer through directly accepting and buffering
H+ ions [63]. With a pKa of 6.83 and its high
concentration in the muscle, specifically fast-
twitch fibres [59], carnosine can act as a powerful
immediate H+ buffering agent [64]. A higher
muscle buffer value may benefit prolonged high-
intensity exercise performance by allowing for a
higher accumulation of H+ in the muscle before
reaching a limiting muscle pH.
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Supplementing the diet with 6.4 g of f-alanine
per day for 4 weeks has been shown to increase
carnosine concentrations in the skeletal muscle
by ~60 % [60] and by ~80 % when supplement-
ing for 10 weeks with the same quantity [58].
Stellingwerff and colleagues [65] suggested that
for a desired increase (~50 %) in muscle carno-
sine, a total of ~230 g of beta-alanine must be
taken within a daily consumption range of 1.6—
6.4 g.d"!. Higher doses are not advised due to the
potential for symptoms of paresthesia [59].
Additionally, once muscle carnosine is aug-
mented, the washout period is very slow at ~2 %
per week [65].

2.7.3 Dietary Nitrates

Over recent years, the use of dietary nitrates has
become popular in sport, and there are now sup-
plements such as concentrated beetroot shots,
nitrate-containing gels and bars available that are
purported to enhance performance. Various stud-
ies have found that approximately 8.4 mmol of
dietary nitrate can improve tolerance to endur-
ance exercise, reduce the oxygen cost of exercise
and increase time to exhaustion which can be
beneficial for extreme sports that have a large
endurance exercise component such as ultra-
endurance exercise [66, 67]. The type of supple-
ment used in these studies has been mainly
concentrated beetroot shots which are commer-
cially available. One study has investigated the
effects of dietary nitrate supplementation in
hypoxic conditions. Kelly and co-workers [68]
investigated the effects of 140 ml of concentrated
beetroot juice that contained approximately
8.4 mmol of nitrate and a placebo ingested for
3 days prior to a cycling performance test in 12
healthy participants during normoxia (20.9 %
02) and hypoxia (13.1 % O2). It was found that
in hypoxia, nitrate supplementation enhanced
VO?2 kinetics during moderate-intensity exercise
and improved severe-intensity exercise tolerance.
These findings suggest that nitrate supplementa-
tion may have important benefits for individuals
exercising in conditions at high altitude; thus
competitors in extreme sports such as high-
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altitude climbing and expedition-type events
should consider the wuse of nitrate
supplementation.

2.7.4 Caffeine

Caffeine has been studied extensively over the
last two decades, and numerous studies have
demonstrated that caffeine can enhance endur-
ance performance [69, 70]. The use of caffeine
for performance has several benefits including
the mobilisation of fatty acids to enhance fuel
use, changes to muscle contractility, stimulation
of the central nervous system and stimulation of
the release and activity of adrenaline [71].

For extreme sports that are characterised by
very long distances where athletes often choose
to go without sleep for a period of greater than
24 h while competing in events such as expedi-
tions, caffeine can be used by competitors to help
them stay awake and enhance performance.
When taken in low to moderate doses (3—6 mg.
kg™), caffeine is effective for enhancing endur-
ance performance [69, 70], and it has been dem-
onstrated that caffeine can enhance vigilance
during bouts of extended exhaustive exercise, as
well as periods of sustained sleep deprivation
[72-74]. It should be noted that the scientific lit-
erature does not support the theory of caffeine-
induced diuresis during exercise or detrimental
effects on fluid balance that would negatively
affect performance; therefore, caffeine use should
be considered by extreme sports athletes.

2.7.5 Carbohydrate Supplements

Sports drinks, gels and bars are a convenient and
portable source of carbohydrate that can be con-
sumed during exercise. The carbohydrate content
in these products is typically derived from glu-
cose and dextrose, and numerous studies have
found that sports drinks, gels and bars can pro-
long endurance performance [75-77]. More
recently, however, there have been developments
regarding the type of carbohydrate and its effects
on endurance performance. Currell and
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Jeukendrup [78] found that sports drinks contain-
ing glucose and fructose in a ratio of 2:1 led to an
8 % improvement in cycling time-trial perfor-
mance compared to ingestion of glucose alone.
These findings have since been replicated and
furthered in several other studies [31, 79, 80]
which have demonstrated that sports drinks and
gels containing multiple transportable carbohy-
drates (i.e. glucose and fructose), when ingested
at high rates, can be beneficial during endurance
sports in which the duration of exercise is 3 h or
more. For extreme sports lasting longer than 2 h,
it may be beneficial for competitors to take on
sports drinks, gels and bars that contain multiple
transportable carbohydrates in the form of glu-
cose and fructose. Supplements that provide
60-90 g.h™! of multiple transportable carbohy-
drates should be consumed during prolonged
exercise. Competitors should practise feeding
strategies during training to ensure that these car-
bohydrate doses are well tolerated. Moreover,
due to individual preferences, certain competitors
may prefer taking carbohydrate supplements in
the form of a gel or bar as opposed to a drink.

2.7.6 Contamination
of Supplements

The sports food and dietary supplement market is
saturated with various purportedly ergogenic aids
to enhance strength, speed, endurance and recov-
ery. However, few are substantiated by convinc-
ing scientific evidence. Some supplements
reviewed in this chapter such as carbohydrates
and caffeine can enhance performance in extreme
sports. However, it should be recognised that
nutritional supplements can be a source of con-
tamination and, hence, a positive doping test.
Various studies have shown that commercially
available dietary supplements and ergogenic aids
available over the Internet or over the counter are
contaminated with substances banned on the
WADA list of prohibited substances [81, 82]. Itis
important that extreme sports athletes take sup-
plements that are evidence based and free from
contamination; thus it is a good practice to seek
sports nutrition advice from a qualified profes-
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sional, especially if the athlete is subjected to
drug testing. Moreover, there are laboratories that
offer the facility to test dietary supplements for
contaminants that are in the WADA list of pro-
hibited substances; therefore, athletes should use
this facility to ensure that supplements are safe.

Conclusion

The nutritional requirements for extreme
sports vary greatly depending on the type of
sport, the environmental conditions and the
duration of the activity. Typically, for extreme
sports that are longer in duration such as
mountaineering, adventure racing, ultra-
endurance activities and expedition-type
events, the energy demands are much greater,
and thus competitors should plan their dietary
needs in advance. An inadequate diet and poor
fuelling strategies can impair performance
and increase the risk of injury and illness dur-
ing events. Appropriate hydration strategies
need to be planned in advance if taking part in
extreme environments, and bespoke cooling
strategies such as ice slurry ingestion can be
used in the heat. Supplements such as caf-
feine, carbohydrate and dietary nitrates can be
used to enhance performance although com-
petitors should check safety and ensure they
are batch tested and safe products.
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Endocrine Responses to Extreme

Sports

Pawel Jozkow and Marek Medras

3.1 Effects of Regular Exercise

on Endocrine Functions

Directly or indirectly, physical activity influences
functions of all endocrine glands. However,
effects of exercise vary greatly depending on,
e.g., type, duration, and intensity of exercise,
genetic variants, race, gender, age, body
composition, nutritional status, diet, day/season
variations, training history, or performance level
of an athlete.

Short-time exercise of any kind is associated
with significant changes in the hypothalamo-
pituitary-adrenal (HPA) axis. Catecholamines
(secreted by the adrenal medulla) and cortisol
play the key roles here. Concentrations of
catecholamines (adrenalin and noradrenalin)
may rise severalfold immediately after the
beginning of an exercise. They return to basal
levels (or lower) 5-10 min after the end of an
exercise. Changes of catecholamine levels differ
depending on the intensity and the duration of
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exercise. It is suggested that the reactivity of the
adrenal medulla is diminished with aging [1-3].

The secretion of cortisol from the adrenal cor-
tex is stimulated by the pituitary hormone — adre-
nocorticotropin (ACTH). There is no consensus
on the intensity of exercise that is able to activate
ACTH secretion. The threshold may be between
30 and 80 % VO,,,,. Cortisol concentration rises
due to endurance rather than power training.
Long-distance running or canoeing have higher
potency to induce increases in salivary/plasma
cortisol than short-time or interval exercise.
Similarly, anaerobic exercise changes cortisol
stronger than aerobic exercise. The response of
the HPA axis to exercise is less pronounced in
well-trained individuals [4-6].

Regular training does not influence basal con-
centrations of ACTH or cortisol. However some
data from epidemiological studies indicate that
physical activity may be associated with hair cor-
tisol concentration [7].

Generally, overtraining is characterized by
reduced ACTH and cortisol responses to stimula-
tion. In overreaching and overtraining syn-
dromes, specific patterns of ACTH and cortisol
reactions are observed [8, 9].

Among many beneficial effects of regular
exercise, one must underline its effects on glu-
cose metabolism. 10-15 min of exercise exceed-
ing 40 % VO, is able to reduce insulin secretion
by 40 %. Physical training enhances insulin sen-
sitivity by increasing expression of insulin recep-
tors in muscles and stimulating glucose
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utilization. Longer exercise (e.g., 120 min at the
intensity of 30-50 % VO,,..x) is associated with
increased secretion of glucagon and increased
hepatic gluconeogenesis. Although the influence
of exercise on glucose transport to muscle cells
lasts up to 120-240 min, insulin sensitivity
remains increased for about 48-h postexercise.
Expression and activity of GLUT4 (glucose
transporter 4) in skeletal muscle is enhanced by
endurance training (especially regular) [10—12].

Physical exercise is the strongest physiological
stimulus for secretion of growth hormone (GH).
Exercise that exceeds 30 % VO,.x may lead to
tenfold increases in plasma GH concentration.
The rise of GH is usually observed within
10-15 min from the start, and it may reach its
peak 25-30 min from the beginning of an
exercise. GH concentration may stay elevated for
more than an hour afterward. IGF-1 follows a
similar pattern showing a rise after 10 min of
exercise and reaching its peak before 20-40 min
from the start of a workout. The greatest response
is noted for intensities above the lactate threshold.
Exercise of moderate intensity, short intervals
between consecutive bouts, and activation of
large muscles are associated with stronger
response of GH/IGF-1 axis. On the other hand,
low temperature, high-fat meal, or obesity may
attenuate GH response to exercise.

The reactivity of the GH/IGF-1 axis differs
among races; gender differences are of minor
importance here. Younger age is associated with
greater GH response to exercise. Long-term
training has no impact on basal concentrations of
GH in both younger and older individuals. Some
authors suggested that lower level of fitness
correlated with less pronounced GH response;
however, it was undermined by others [13—18].

Short-term training (days, weeks) of athletes
and non-athletes, men and women, resulted in
decreased concentrations of IGF-1. Some authors
suggested that lower levels of IGF-1 may indicate
overtraining. Training of a longer duration
(months) either rises or does not change basal
concentrations of IGF-1. However there were
published results suggesting the presence of a
positive correlation between VO, and plasma
IGF-1 [13, 18, 19].
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Only exercise of intensity over 50 % VOyn.x
induces noticeable fluctuations in the components
of the pituitary-thyroid axis. The impact of a
short-time exercise on thyroid hormones is
usually modest and short lived. Reports on
changes in concentrations of the thyroxin (T4),
triiodothyronine (T3), and free fractions of T4
and T3 (FT4, FT3) brought ambiguous results
[20-22].

Many authors observed reduced levels of
gonadotropins after intense exercise; however,
there were also reports in which gonadotropins
did not change or increased. Similarly, some
investigators observed 10-25 % rise in
testosterone concentration after exercise, but
others noted decreased testosterone concentration
that remained lower for 13 h after, e.g., resistance
exercise. Long-term influence of physical training
on androgen concentration is insignificant [13,
23-25].

3.2 Endocrine Responses

in Ultra-endurance Sports

The studies on the reactivity of the HPA axis to
endurance exercise/training are unequivocal. It
seems that HPA axis in Afro-Americans is more
sensitive to training than in people of European
origin.

For example, intensive, 4-day march (164 km)
did not affect basal or postexercise concentration
of ACTH in males. However in ultramarathon
runners, supraphysiological concentrations of
ACTH were observed. Results of some other
studies also suggested that this type of training
may increase the level of ACTH. In men, repeated
50-km skiing during 2 days (Finlandia Ski Race)
increased cortisol concentration 2.2- and 2.6-fold
after the races. Covering a distance of 42 km in
kayak changed cortisol concentration more than
if the distance was 19 km [26-29].

Triathlon can be treated as a flagship of ultra-
endurance sports. It combines swimming,
cycling, and running in one event. Among five
types of triathlon, the Iron distance is the most
demanding one. Participants have to complete
3.9-km swim, 180.2-km bike ride, and 42.2-km
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run. American authors reported significant
changes in steroid hormone concentrations in 57
athletes (38 men), taking part in the Hawaii
Ironman Triathlon. They have found that this
type of exercise induces a clear increase of estra-
diol (58 %) and a similar decrease of testosterone
in men (58 %). In women insignificant increases
of estradiol and testosterone were noted [30].
Observations similar to the above were also made
in marathon and ultramarathon male runners. On
the other hand, there were no significant changes
of the hypothalamo-pituitary-gonadal axis in
men marching for 4 days (185 km) with the load
of 10 kg [27].

According to some authors, marathon runners
may have decreased FT3 and increased rT3
(reverse T3) with no change in T3 levels.
According to others, marathon running is not
associated with any significant changes in the
pituitary-thyroid axis [31].

In men who run on skies for 2 days (100 km),
LH and testosterone decreased, and there was no
change of FSH. Similar observation was made in
participants of a several week-long cycling race
or soldiers taking part in military training camps.
The comparison of the effects of endurance
training in professional cyclists, elite triathlonists,
recreational marathon runners, and controls
leading a sedentary lifestyle showed only modest
differences among studied groups. The only
significant one was higher concentration of
testosterone in cyclists in the preseason period
[29]. Japanese authors studied semen and
endocrine parameters in members of the
Masherbrum expedition in 1999. Three subjects
stayed above 5100 m for more than 3 weeks and
above 6700 m for 4-5 days. Specimens were
collected before the departure and 1, 3, and
24 months after the return from the expedition.
There were no changes of semen volume during
the study period. Within the first 3 months, a
decreased sperm count and decreased testosterone
concentration were noted. There were no
persistent alterations of the studied parameters
after 2 years from the expedition [32].

Ultra-endurance exercise may turn especially
dangerous for women. A characteristic threat is
the female athlete triad. The syndrome means the
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presence of disordered eating, menstrual distur-
bances/infertility, and osteopenia/osteoporosis. It
is estimated that 15-62 % of young sportswomen
suffer from some kind of eating disorders. The
diagnosis is frequently made in disciplines such
as gymnastics, ice-skating or running (anorexia
athletica is the extreme form of the problem). The
percentage of the body fat mass in female ath-
letes is usually 50 % of that found in non-active
women. If the fat mass drops below 22 %, it may
lead to menstrual irregularities or even amenor-
rhea. The risk of menstrual disturbances is ten
times higher in sportswomen than in general pop-
ulation. They are found in up to 48-66 % of
sportswomen. The female triad syndrome may
have year-long health consequences. Regular,
intense exercise changes pulsatile secretion of
GnRH and reduces frequency and amplitude of
LH bursts. It is often associated with lower estra-
diol, increased sex hormone-binding globulin
(SHBG) and luteal phase defects. Not fully
explained are disturbances of melatonin, thyreo-
tropin, and prolactin. Amenorrhea in young girls
has detrimental effects on bone structure and
function in adulthood. Decreased concentration
of estradiol reduces the peak bone mass which is
achieved before the age of 30. BMD of female
athletes with amenorrhea is 22-29 % lower than
in age-matched regularly menstruating controls.
The risk of bone fractures remains elevated in the
fourth and fifth decades of life [33, 34].

3.3 Endocrine Responses
to Extreme Psychological

Stress

Threat and perceived loss of control are capable
to elicit psychological stress. Elite sport is
associated with psychological stress, though one
cannot exclude such a burden in recreational
competition either.

Stress activates two main body systems. The
immediate response is conveyed by the
sympathetic adrenal system. It involves release of
adrenalin and noradrenalin. The visible signs of
sympathetic stimulation are, e.g, increased heart
rate, constriction of peripheral blood vessels,
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increased blood pressure, sweating, trembling,
and dilation of pupils.

The hypothalamo-pituitary-adrenal (HPA)
axis plays the key role in the slower hormonal
response to stress stimuli. It starts with the
secretion of corticotropin-releasing hormone
(CRH) from the periventricular nuclei of the
hypothalamus. CRH in turn increases secretion
of adrenocorticotropin (ACTH). The release of
ACTH from the pituitary stimulates secretion of
the hormones of the adrenal cortex and medulla.
Another hormone that modulates stress reactions
is vasopressin (antidiuretic hormone, ADH). It is
synthesized in the hypothalamus, and then it is
stored in the posterior part of the pituitary. ADH
together with CRH increases secretion of ACTH.

Many other hormones are involved in the
abovementioned  processes.  Stress-induced
release of neuropeptide Y (NPY) may stimulate
production of CRH. Subjects under stressful
conditions experience disturbances of central
melatonin, dopamine, and serotonin systems.
Circadian rhythms in melatonin secretion may be
altered. Serotonin concentration may be reduced
and dopamine increased. Stress may be associated
with decreased production of thyroid-stimulating
hormone (TSH).

CRH stimulates production of beta-endorphins
by the hypothalamus. Beta-endorphins increase
secretion of prolactin and somatostatin. Thus the
concentration of growth hormone is reduced.
Increased release of CRH interferes with the
function the hypothalamo-pituitary-gonadal axis
through suppression of the gonadotropin-
releasing hormone. There are marked differences
in the reactivity of the hypothalamo-pituitary-
adrenal axis to stress in men and women [35, 36].

Parachute jumps/skydiving often serve as
examples of psychologically stressful situations.
Hormonal changes may appear as an anticipatory
coping response. Under stressful conditions,
significant increases of plasma and urinary
catecholamines are observed. On the other hand,
acceleration forces during the jump may alter
blood flow and lead to two- or threefold increase
in catecholamines and plasma cortisol.

Investigations performed in flight rescuers
showed that physical effort is associated with

P. Jozkow and M. Medras

increased excretion of adrenalin and noradrenalin
in urine, but psychological stress correlates with
increased excretion of adrenalin only. In another
evaluation of F-15 pilots undertaking a long-
distance flight mission, a postflight rise of urine
adrenaline and noradrenaline was noted [37].

In a case-control study performed in young
volunteers (aged 22-36 years), it has been found
that stress on the day of a skydive is associated
with increased concentrations of cortisol (plasma
and salivary), prolactin, and growth hormone and
no increase of plasma testosterone. Salivary
testosterone was lower in skydivers as compared
with controls throughout the day of the jump.
After landing, higher concentrations of LH were
noted. Plasma testosterone and cortisol in
parachutists were not different to controls [38].

The reaction of GH-IGF-1 axis to
psychological stressors is not clear. Generally it
is assumed that GH concentration increases in
acute stressful situations (skydiving); however, it
is not confirmed in all studies. In longer
observations of subjects exposed to stress, GH
concentration is normal or reduced [39, 40].

The plasma level of prolactin tends to rise due
to stress-related anxiety. It was proved for a range
of high-risk behaviors including parachute
jumping.

Contrary to expectations, experienced
skydivers do not habituate to stress associated
with jumping. In several experiments, they
presented similar reactivity of sympathetic
adrenal axis as novices. It was also confirmed for
the response of the HPA axis. In a study performed
in 13 experienced and 11 first-time divers, the
cortisol profiles were no different when evaluated
at pre-jump, post-jump, and 1-h post-jump [41].

Breath-hold diving may be associated with a
significant psychological stress to participants.
Diving practices include staying underwater for
several minutes, while the world records go
beyond 10 min of apnea and the depths exceed
200 m. Fatalities and serious health complications
in breath-hold divers are not rare. For example,
exercises of apnea divers comprise up to 20 h of
apnea-related training per week. Apnea-induced
hypoxia has been suggested to change serum lev-
els of erythropoietin (EPO). In one experiment ten
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volunteers performed 15 maximal duration apneas
(divided in three series separated by 2 min and pre-
ceded by 1 min of hyperventilation). After serial
apneas EPO concentration increased by 24 % [42].

Our group evaluated serum gonadotropins and
androgens in divers: before diving, immediately
post, and 60 min after diving. We noted that
neither gonadotropins nor total testosterone, free
testosterone, calculated free testosterone, or
bioavailable testosterone concentrations change
significantly due to such practices [43].

On the other hand, authors investigating
109/72 subjects during the US Army survival
course observed profound alterations of the thy-
roid, the adrenals, and the gonads due to acute
military stress. During the captivity experience,
cortisol increased and testosterone declined.
Reductions in free and total thyroxine/triiodothy-
ronine and an increase of TSH were noted [44].

In yet another study, subjects exposed to
underwater navigation stress were observed
(Combat Diver Qualification Course). Lower
baseline concentrations of DHEA and DHEA-S
were negatively predictive for stress symptoms of
dissociation during the task [45].
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Infectious Diseases and Extreme

Sports

Ricardo Pereira Igreja

4.1 Introduction

Recent outbreaks of infectious diseases in com-
petitive sports have stimulated considerable
interest in the role of infections in the health of
athletes. Sports provide an excellent opportunity
for the transmission of communicable diseases to
athletes, athletic staff, and social contacts, propa-
gating the outbreak into the community.
Furthermore, the increasing popularity of inter-
national sporting events is likely to expose ath-
letes to indigenous diseases for which they have
little, if any, natural immunity [1].

Adventure travel has led to an increasing risk
for contact with pathogens uncommon in indus-
trialized countries. Extreme sport athletes may be
atincreased risk because they often travel through
poorer, rural areas of tropical and subtropical
regions to reach their destinations. In addition,
competitions can take place in extreme locations
like jungles, mountains, or deserts. Risk from a
specific infectious agent depends on the region of
the world traveled, contact with food or water,
and whether traveling in rural or urban area [2].

Common sources of exposure include con-
taminated lakes, rivers, caves, and canyons.
Athletes may be exposed to insect vectors.
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African ticks were responsible for an outbreak of
African tick-bite fever in participants of an Eco-
challenge [3].

Besides the lack of immediate medical care
that can complicate and worsen the severity of
these diseases, these illnesses may be unfamiliar
to practitioners in the travelers’ home countries,
and symptoms may go unrecognized. Physicians
caring for extreme sport competitors must take a
careful travel and exposure history and have a
high index of suspicion for unusual diseases.

Infectious Diseases
and Extreme Sports

4.2

The following discusses infections that may be
more likely to occur in the extreme sport athlete.
Epidemiology, presentation, and prophylaxis are
discussed for each of these diseases. Infections
that were solely food borne were excluded.

4.2.1 Malaria

Malaria continues to be a major global health
problem, with over 40 % of the world’s
population—more than 3.3 billion people—at
risk for malaria to varying degrees in countries
with ongoing transmission (transmission still
occurs in 99 countries). In addition, with modern,
rapid means of travel, large numbers of people
from nonmalarious areas are being infected,
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which may seriously affect them after they have
returned home. Plasmodium falciparum is com-
mon in the tropics and causes the most serious
form of the disease. The risk of severe malaria is
increased if treatment of an uncomplicated attack
of malaria is delayed. As infections with this para-
site can be fatal, recognizing and promptly treat-
ing uncomplicated malaria is therefore of vital
importance. The presentation of uncomplicated P.
falciparum malaria is highly variable and mimics
that of many other diseases. Although fever is
common, it may be absent in some cases. The
fever is typically irregular initially and commonly
associated with chills. The patient commonly
complains of fever, headache, aches, and pains
elsewhere in the body and occasionally abdomi-
nal pain and diarrhea. On physical examination,
fever may be the only sign. In some patients, the
liver and spleen are palpable. This clinical presen-
tation is usually indistinguishable clinically from
those of influenza and a variety of other common
causes of fever. Unless the condition is diagnosed
and treated promptly, a patient with P. falciparum
malaria may deteriorate rapidly [4].

All travelers to areas with malaria risk are
advised to use personal protective measures to pre-
vent bites from Anopheles mosquitoes. Because of
the nocturnal feeding habits of Anopheles mosqui-
toes, malaria transmission occurs primarily
between dusk and dawn. Mosquito repellents con-
taining DEET (N,N-diethyl-3-methylbenzamide)
are especially useful for protection during outdoor
activities. They should be applied to exposed skin
surfaces and repeated after 4-6 h. Repellents
should not be sprayed on the face nor applied to
lips or eyelids, and the dosage should not be
exceeded, especially for small children. Icaridin
(picaridin) and P-menthane-3,8-diol (lemon euca-
lyptus oil) may be used as a second-line alternative
repellent. If travelers are also wearing sunscreen,
sunscreen should be applied first and insect repel-
lent second. Combining DEET and permethrin-
impregnated clothing enhances protection against
biting arthropods. Insecticide-treated (permethrin)
mosquito nets have been proven effective and are
advised for all travelers visiting disease-endemic
areas where they are at risk from biting arthropods
while sleeping [5].
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The decision as to whether chemoprophylaxis
is necessary depends on the areas to be visited
and the risk that the traveler has of being exposed
to mosquitoes and of developing malaria. The
greater the traveler’s risk of contracting malaria
and developing complications, the greater the
need for chemoprophylaxis. When deciding on
the need for chemoprophylaxis, it must be
remembered that all medicines have adverse
effects and that the risk of developing a serious
adverse effect must be weighed against the risk of
developing malaria. Doxycycline, chloroquine,
atovaquone-proguanil, or mefloquine can be used
prophylactically. Mefloquine does lower the sei-
zure threshold, and its side effects could poten-
tially be confused with decompression or narcosis
events. It should also be noted that some sub-
aqua centers do not permit those taking meflo-
quine to dive. Mefloquine might therefore be
better avoided for those undertaking diving holi-
days, but there is no contraindication to its use in
occasional divers who have taken and tolerated
the drug before, or those able to start taking it
early to ensure that no adverse events occur.
Dizziness is one of the side effects that have
occurred in  chemoprophylaxis  studies.
Doxycycline may cause photosensitivity which is
mostly mild and transient. The prescriber should
warn against excessive sun exposure (and advise
on the correct use of a broad spectrum sunscreen)
[6]. No chemoprophylaxis is 100 % effective.
However, disease in those taking chemoprophy-
laxis is likely to be milder or less rapidly progres-
sive even if the parasites exhibit a degree of drug
resistance. Chemoprophylaxis needs to be used
in addition to, and not instead of, personal protec-
tion measures. The most reliable way of prevent-
ing malaria is to avoid mosquito bites.

4.2.2 Myiasis

Myiasis is the infestation of live humans and ver-
tebrate animals by fly larvae. The risk of a
traveler’s acquiring a screwworm infestation has
been considered negligible, but with the increas-
ing popularity of adventure sports and wildlife
travel, this risk may need to be reassessed. One
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case was reported in a Finnish man, who was par-
ticipating in an international adventure sports
race in Pard (a jungle area in Brazilian Amazon),
and tripped at night over a loose rock while he
was riding a bicycle [7].

Myiasis occurs in tropical and subtropical
areas. People typically get the infection when
they travel to tropical areas in Africa and South
America. People traveling with untreated and
open wounds are more at risk for getting
myiasis.

Even physicians unfamiliar with this condi-
tion can easily diagnose cases in which maggots
are visible. On the other hand, furuncular, migra-
tory, and cavitary cases and pseudomyiasis pose
a diagnostic challenge, especially to those doc-
tors unacquainted with myiasis and its possibili-
ties [8]. Fly larvae need to be surgically removed.

Preventing possible exposure is key advice for
patients traveling in endemic areas. In regions of
endemicity, sleeping nude, outdoors, and on the
floor should be avoided. Appropriate precautions
will help avoid infestations. The use of screens
and mosquito nets is essential to prevent flies
from reaching the skin. Some fly species infesta-
tion may be thwarted by the application of insect
repellents containing DEET. Drying clothes in
bright sunlight and ironing them are effective
methods of destroying occult eggs laid in cloth-
ing. Other general precautions include wearing
long-sleeved clothing and covering wounds [8].

4.2.3 Schistosomiasis

Human schistosomiasis is a major health issue in
many parts of Africa, Asia, and Latin America. It
is estimated that 200 million people, in 76 coun-
tries, are infected with one of the schistosome
species that cause the disease [9]. Most infections
worldwide are attributable to three species:
Schistosoma mansoni, S. haematobium, and S.
Jjaponicum. Infection in humans comes from
water contact, and transmission occurs via the
penetration of larval cercariae in contaminated
freshwater.

Schistosomiasis in travelers is well estab-
lished, including outbreaks among athletes after
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freshwater exposure, mainly prolonged exposure,
such as rafting or kayak competition [10, 11].

Many of the travelers, who have never been
exposed to the disease, can develop its acute
form. Acute schistosomiasis is a transient
hypersensitivity syndrome that is caused by the
juvenile forms of Schistosoma species. The
clinical manifestations of this syndrome appear
2-8 weeks after exposure, and the common
manifestations are fever, urticaria, malaise,
cough, myalgia, and gastrointestinal complaints
[12]. As asymptomatic schistosomiasis in trav-
elers is also common (43 % in one series) [11],
all travelers exposed to freshwater in endemic
areas should be encouraged to undergo screen-
ing tests.

No vaccine is available. No drugs for pre-
venting infection are available. Preventive mea-
sures are primarily avoiding wading, swimming,
or other contact with freshwater in disease-
endemic countries. Untreated piped water com-
ing directly from freshwater sources may
contain cercariae, but filtering with fine mesh
filters, heating bathing water to 122 °F (50 °C)
for 5 min, or allowing water to stand for >24 h
before exposure can eliminate risk for infection.
Swimming in adequately chlorinated swimming
pools is virtually always safe, even in disease-
endemic countries. Vigorous towel drying after
accidental exposure to water has been suggested
as a way to remove cercariae before they can
penetrate, but this may only prevent some infec-
tions and should not be recommended as a pre-
ventive measure. Topical applications of insect
repellents such as DEET can block penetrating
cercariae, but the effect depends on the repellent
formulation, may be short lived, and cannot reli-
ably prevent infection [13].

4.2.4 Rickettsiosis

Tickborne rickettsial diseases (TBRD) are clini-
cally similar yet epidemiologically and etiologi-
cally distinct illnesses. TBRD continue to cause
severe illness and death in otherwise healthy
adults and children, despite the availability of
low cost, effective antimicrobial therapy [14].
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Tickborne diseases potentially pose a threat to
athletes who participate in outdoor activities. In
France, 13 cases of R. africae infection were
diagnosed in competitors returning from an
adventure race in South Africa [3].

The greatest challenge to clinicians is the dif-
ficult diagnostic dilemma posed by these infec-
tions early in their clinical course, when antibiotic
therapy is most effective. Early signs and symp-
toms of these illnesses are notoriously nonspe-
cific or mimic benign viral illnesses, making
diagnosis difficult [14].

No licensed vaccines for TBRD exist.
Avoiding tick bites and promptly removing
attached ticks remain the best disease prevention
strategies. Protective clothing, including a hat,
long-sleeved shirts, pants, socks, and closed-toe
shoes are helpful in preventing ticks from reach-
ing the skin and attaching. Wearing light-colored
clothing is preferred because crawling ticks can
be seen easily. Prevention is best accomplished
by applying a deet-containing repellent before
outdoor activities. Products containing perme-
thrin can be used to treat outer clothing (e.g.,
shirts and pants) and should not be applied to
skin.

If an attached tick is found, it should be
removed by grasping with tweezers or fine-tipped
forceps close to the skin and gently pulling with
constant pressure. Folk remedies—including
gasoline, kerosene, petroleum jelly, fingernail
polish, or lit matches—should never be used to
extract ticks. Removing the tick with bare hands
should be avoided because fluids containing
infectious organisms might be present in the
tick’s body and at the wound site. Ticks that have
been removed should not be crushed between the
fingers to prevent contamination, and hands
should be washed to avoid potential conjunctival
inoculation. The bite wound should then be disin-
fected [14].

4.2.5 Leptospirosis
Leptospirosis is a worldwide public health prob-

lem, but it is a greater problem in humid tropical
and subtropical areas, where most developing
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countries are found, than in temperate climates.
The disease is associated with exposure to water
or soil that has been contaminated by a variety of
wild and domestic animals, which serve as reser-
voirs for leptospires and transmit infection by
shedding the organisms in their urine. Humans
are usually infected through abraded skin or
mucous membrane contact with water contami-
nated by the urine of animal reservoirs, and less
frequently by direct contact with animals or their
urine [15].

Increased interest in participation in water
sports has led to an increase in the frequency that
leptospirosis has been reported in association
with a variety of recreational sport activities.
Outbreaks of leptospirosis have been associated
with caving, canoeing, kayaking, rafting, triath-
lons, and multisport races in distinct places such
as Thailand, Costa Rica, Martinique, Malaysia,
the Philippines, and USA (Wisconsin, Illinois,
and Florida) [15, 16]. At least 68 cases of lepto-
spirosis occurred in association with the multi-
sport Eco-Challenge event in Borneo, in which
on univariate analysis, statistically significant
risk factors for illness included kayaking, swim-
ming in the Segama River, swallowing water
from the Segama River, and spelunking[17].

Clinicians should have a high index of suspi-
cion for leptospirosis in patients who experience
acute febrile illness after recreational exposure to
natural bodies of fresh water. The diagnosis of
leptospirosis should be considered in any patient
presenting with an abrupt onset of fever, chills,
conjunctival suffusion, headache, myalgia, and
jaundice. The incubation period is usually 5-14
days, with a range of 2-30 days. Its symptoms
may mimic those of a number of other unrelated
infections such as influenza, meningitis, hepati-
tis, or dengue and viral hemorrhagic fevers. For
this reason, it is important to distinguish leptospi-
rosis from dengue and viral hemorrhagic fevers
in patients acquiring infections in countries
where these diseases are endemic [5].

The first steps of prevention in athletes should
be to avoid swimming in rivers, swallowing lake
or river water, and prevent dermal cuts [15].
Transmission can be prevented by wearing
protective clothing (boots, gloves, spectacles,
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masks), covering skin lesions with waterproof
dressings, washing or showering after exposure
to urine or contaminated soil or water, and wash-
ing and cleaning wounds [18]. Such preventive
measures are important but may not be feasible
or sufficient for athletes who are likely to have
water immersion, so they should consider doxy-
cycline prophylaxis, balancing the risk of
unwanted side effects against that of acquiring
leptospirosis. Usual leptospirosis prophylaxis
(200 mg of doxycycline once a week) for cavers
may be insufficient. Although unproven, cavers
should consider augmenting daily or weekly pro-
phylaxis by adding 200 mg of doxycycline at a
time for any high-risk exposures—such as
immersions, swallowing river water, or contacts
with bat or rat urine [19]. When occupational,
recreational, or social circumstances put people
at risk, those concerned should be made aware of
the symptoms of leptospirosis and, if an illness
compatible with leptospirosis develops, should
seek medical help without delay and inform the
health-care provider about the exposure [18].

4.2.6 Rabies

Rabies is a zoonotic disease caused by ribonu-
cleic acid (RNA) viruses in the family
Rhabdoviridae, genus Lyssavirus. Rabies is
transmitted by infected animal bites or scratches
or by contamination of abrasions, open wounds,
or mucous membranes by infectious material
(almost always saliva). The main transmitter of
this virus to humans in urban areas is the domes-
tic dog. In countries where urban rabies has
been controlled by the authorities, great atten-
tion has been given to sylvatic rabies, where the
virus has been isolated in several animal species
(raccoons, skunks, and foxes and various spe-
cies of bats and nonhuman primates), in addi-
tion to proven cases of human rabies by contact
with these animals. Exposures to bats deserve
special assessment because bats can pose a
greater risk for infecting humans under certain
circumstances that might be considered incon-
sequential from a human perspective (i.e., a
minor bite or lesion).
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Globally, rabies is the tenth leading cause of
death due to infection in humans. The threat of
rabies exists in most parts of the world.
Predominantly, it affects poor people in develop-
ing countries, and its true incidence may be
underestimated. In the year 2005, there were
reports estimating that nearly 60,000 human
fatalities occur each year mostly in Asia and
Africa. A WHO-sponsored multicentric study
estimated that at least 20,000 deaths occurred
annually in India alone [20].

International travelers to areas where canine
rabies remains enzootic are at risk for exposure to
rabies from domestic and feral dogs. Dog bites in
off-road cyclists were reported [21].

After entering the central nervous system, the
virus causes an acute, progressive encephalomy-
elitis that is almost always fatal. The incubation
period in humans usually ranges from 1 to 3
months after exposure but can range from days to
years. Rabies should be included in the differen-
tial diagnosis of any unexplained acute, rapidly
progressive encephalitis, especially in the pres-
ence of autonomic instability, dysphagia, hydro-
phobia, paresis, or paresthesia [5].

Rabies can be prevented by avoidance of viral
exposure and initiation of prompt medical inter-
vention when exposure does occur. In general,
people know that dogs and cats can transmit
rabies, but they are unaware that bats, foxes,
monkeys, and other wild animals are also trans-
mitters of the disease. So, they do not seek medi-
cal care after being bitten by these animals and
thus are at serious risk of being victims of rabies
[22]. Preexposure vaccination should be consid-
ered for persons whose activities bring them into
frequent contact with the rabies virus or poten-
tially rabid bats, raccoons, skunks, cats, dogs, or
other at-risk species. Although cavers seldom
have direct contact with bats, they are included in
a frequent-risk category by the current CDC rec-
ommendations for preexposure vaccination
because of the potential for bite, nonbite, or aero-
sol exposure to the rabies virus [23].

After any potentially rabid animal exposure,
immediate washing and flushing of the wound
with soap and water is imperative and is probably
the most effective procedure in the prevention of
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rabies. Prompt wound care and the administra-
tion of rabies immune globulin and vaccine are
highly effective in preventing human rabies fol-
lowing exposure.

Conclusion
Infections may occur during outdoor activities
and to reduce the risk of illness while practic-
ing extreme sports, knowledge of potential
risks before engaging in these activities is
important. General recommendations are pro-
phylactic medications; vaccine should be
updated; athletes should resist the temptation
to approach animals and to maintain mini-
mum distances from them at all times; and
advice regarding other protective measures.
As outdoor activities become increasingly
popular, health-care providers will be forced to
recognize the unique niche that wilderness med-
ical care occupies in this patient population, and
it will become important for them to understand
the nature of illness experienced by outdoor
enthusiasts in their specific area of patient care.
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Ocular Problems in Extreme Sports

High-Altitude Trekking and Surfing

Martina M. Bosch, Pascal B. Knecht,
and Stephanie Watson

5.1 High-Altitude Trekking

Traveling to high altitudes for recreational rea-
sons is becoming increasingly popular among
healthy lowlanders. Besides increasing exposure
to irradiation, trekkers experience changes in the
body due to hypobaric hypoxic conditions
depending on the altitudes they travel to.

Solar energy can cause a variety of damage to
the human body. Depending on the wavelength,
light can affect different structures of the eye.
Fortunately, ultraviolet light (UV-C, ca. 200—
290 nm wavelength) from the sun is completely
absorbed in the upper atmosphere and is thus not
considered a hazard to the eye, even at very high
altitudes. UV-A (320-380 nm wavelength) and
UV-B (290-320 nm wavelength) and visible light
(380 to ca. 700 nm wavelength), on the other hand,
do reach the eye at different mountaineering alti-
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tudes, and depending on which structure absorbs
the energy, different trauma may be inflicted.

As a consequence of inflicted hypoxia to
unacclimatized individuals with a consecutive
decrease in oxygen saturation (SpO2), high-
altitude climbing may lead to a complex of alti-
tude-related illness (AI), which also includes
acute mountain sickness (AMS), high-altitude
retinopathy (HAR), the potentially fatal high-
altitude cerebral edema (HACE), and high-
altitude pulmonary edema (HAPE) [1-3].
Independent risk factors for the development of
Al are considered to be the maximum altitude
climbed, individual susceptibility, and ascent rate
[4, 5].

5.2  Hypoxia

5.2.1 Anterior Segment Changes

Not many pathological changes to the anterior
segment of the eye have been linked to hypoxic
exposure. Despite evidence of corneal swelling at
high altitudes which is promoted by low SpO2,
visual acuity in healthy corneas has not been
shown to be adversely affected [6]. Also, contact
lens wear, which per se induces hypoxic changes
to the cornea, has shown to induce higher levels of
manifested stresses without seriously affecting
visual acuity and thus not precluding normal wear
of soft contact lenses at high altitudes [7].
Hypobaric hypoxia at very high altitude leads to
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small but statistically significant changes in IOP
that are modulated by systemic oxygen saturation.
Climbs to very high altitudes seem to be safe with
regard to intraocular pressure changes [8].

5.2.1.1 Refractive Changes in Trekkers
Following Refractive Surgery
to the Cornea

Besides AMS, corneal changes during high-altitude
climbs may also be a dangerous hazard owing to a
potential significant decrease in visual acuity in
trekkers who have had prior corneal refractive sur-
gery. The documented experience of Dr. Beck
Weathers, a Mount Everest climber who had under-
gone radial keratotomy prior to ascent and incurred
severe vision loss during the climb, is such an
example. There is a myriad of different approaches
to surgery for patients with the goal to become
spectacle-free. In earlier days, radial cuts into the
cornea were performed; this technique has been
widely abandoned, and excimer and femtosecond
lasers are currently employed for laser in situ ker-
atomileusis (LASIK), laser epithelial keratomileu-
sis (LASEK), photorefractive keratectomy (PRK),
femtosecond lenticule extraction (FLEX), and
small incision lenticule extraction (SmILE) proce-
dures. These procedures are still evolving in order
to correct refractive errors without damaging the
architecture of the cornea too extensively.

Previous research has demonstrated that sur-
face hypoxia can induce a prominent hyperopic
shift in people who have undergone radial kera-
totomy [9, 10] but does not seem to influence the
refractive stability of PRK. Case series have been
published where a myopic shift appears to occur
in climbers who have undergone LASIK and sub-
sequently exposed to hypoxia [11, 12]. These
changes were reported to disappear after arrival
back at sea level. The amount of hyperopic or
myopic shift seems to diminish with increased
postoperative time [9]. The effect of altitude
exposure on patients after different refractive sur-
gery techniques remains unpredictable and repre-
sents a potential hazard to high-altitude trekkers.

Treatment Affected trekkers might consider
bringing along spectacles with the anticipated
change in refractive error after refractive surgery
to increase visual acuity during the climb.

Prevention Waiting at least 6 months after
refractive surgery may be wise prior to attempt-
ing a climb to high altitudes.

5.2.2 Posterior Segment Changes

Different pathological posterior segment changes
have been documented during high-altitude
trekking.

5.2.2.1 High-Altitude Retinopathy

High-altitude retinal hemorrhages (HARH)
(Fig. 5.1) often go unnoticed by the affected trekker
and can usually be seen ca. 3500 m above sea level
[13, 14]. The estimated incidence of HARH is
reported to vary from 0 % [15] to 79 % [16].
Climbers who sustain longer and more extensive
systemic hypoxia during the expedition present with
more HARH [16, 17]. HARH may be seen more

Fig. 5.1 High-altitude retinopathy. This fundus photo-
graph shows the retina of a high-altitude climber at
6870 m, who participated in the Muztagh Ata study in
2005. Shown are (A) peripapillary hemorrhages, (B, C)
retinal hemorrhages at the temporal retinal vessels, (D) a
white-centered hemorrhage (Roth spot) within the macu-
lar region, and (A) early signs of optic disk swelling
(Schnetzler et al. 2006)
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often in young and physically fit mountaineers—
especially in those who undergo strenuous exercise
at high altitudes [18-20]. To date, there are no cor-
relations between the incidence of HARH and intake
of medication such as diuretics, nonsteroidal anti-
inflammatory drugs, or steroids.

Signs of high-altitude retinopathy (HAR)
include retinal hemorrhages (HARH), engorge-
ment and tortuosity of retinal vessels, optic disk
hyperemia and swelling, cotton wool spots, and
even vitreous hemorrhage [15, 17, 21-23]. Both
central retinal vein occlusion [24] and branch
retinal vein occlusion with macular edema [19]
inducing loss of visual acuity have been reported
in association with altitude retinopathy. A subset
of climbers show white-centered hemorrhages
[17,25], also known as Roth spots [26]. This spe-
cific type of bleeding observed at sea level occurs
in patients with capillary fragility due to systemic
infections, hypertension, diabetes [27], anemia,
and leukemia [28]. High-altitude climbers with
Roth spots often present with larger retinal hem-
orrhages compared to climbers without white-
centered hemorrhages [16]. As mentioned earlier,
retinal hemorrhages during high-altitude trek-
king are usually not symptomatic. However,
depending on the location of the hemorrhage,
there is a rare possibility that visual acuity will be
markedly impaired, such as in foveal bleeding,
especially if bilateral. If the latter occurs, aided
descent would be necessary, as reabsorption of
the blood may take days to weeks, depending on
the severity of the hemorrhage.

Treatment Similar to retinal hemorrhages
occurring at sea level for different reasons, high-
altitude retinal hemorrhages usually disappear
within days or a few weeks without sequelae.
Thus, the usual treatment protocol is to watch and
wait for their resolution. Other HAR entities such
as vein occlusions also require follow-up and may
eventually need specific ophthalmic treatment.

Prevention Adequate acclimatization will help
to defer altitude illness. To date, no medication
has been reported as successful in preventing
retinal hemorrhages. Since HARH are of tran-
sient nature, there is no good evidence to discour-
age climbers who have experienced prior

43

symptomatic retinal hemorrhages from going
back to high altitude. If visual disturbances,
which have occurred during a sojourn to high
altitudes, do not resolve within a week, the
climber should consult an ophthalmologist within
maximally another week. Since there is no clear
evidence that retinal hemorrhages are warning
signs of impending severe acute mountain sick-
ness or even high-altitude cerebral edema, con-
tinuation of the expedition can be ventured—under
the premise that the climber is never alone during
the further sojourn at high altitudes and only if
visual disturbances due to retinal bleeding are
minimal and do not impede the safety of the
climb [29].

5.2.2.2 Optic Disk Swelling

Optic disk swelling (Fig. 5.2) has been reported to
occur in up to 79 % of mountaineers at altitudes of
4560 m [20] and in up to at least 59 % of moun-
taineers at altitudes of 6800 m above sea level,
increasing in incidence with ascent to higher alti-
tudes and regressing quickly upon descent [30]. A
correlation with low peripheral oxygen saturation
and symptoms of acute mountain sickness has
been reported in 27 climbers, concluding that
optic disk swelling is most likely the result of
hypoxia-induced brain volume increase [30]. This
has been debated by Willman et al. [20], who did
not find a correlation between optic disk swelling
and symptoms of acute mountain sickness in 18
mountaineers. A possible explanation for this dis-
crepancy is the different ascent profiles (rapid vs.
slow) and the different heights reached in the two
studies (4559 m and 6800 m).

Treatment Since quick regression of optic disk
swelling is seen upon descent and no lasting
sequelae have been reported up till now, the
mainstay of treatment is similar to further alti-
tude illness entities where descending to lower
altitudes is necessary. This option should be con-
sidered if symptoms and signs of AMS or HACE
are detected.

Prevention As for HAR, prudent selection of
adequate climbing profiles with necessary accli-
matization is certainly beneficial to the climber’s
well-being during high-altitude sojourns.
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Fig. 5.2 Optic disk swelling. The left optic disk of
climber 9 (group 1) appears normal at baseline examina-
tion (490 m), 1 month before the expedition (a), and swol-
len at camp 2 (6265 m) (b). Similar changes are seen in

5.3 Trekking-Related Ultraviolet
Exposure
5.3.1 Acute Irradiation

5.3.1.1 Photokeratitis/Ultraviolet
Keratitis

The cornea absorbs most ultraviolet radiation,

which can cumulatively damage the corneal

epithelium, the outermost layer of the cornea.

Unprotected exposure to sun rays at high altitudes,

the right optic disk of climber 5 (group 2) at baseline
examination, 1 month before the expedition (c), and at
camp 3 (6865 m) (d)

often on highly reflective snow fields, most often
leads to direct corneal epithelial injury, also known
as “snow blindness.” The keratitis-effective irradi-
ance seems to depend on altitude, characteristics
of the ozone layer, and the reflectivity of the earth’s
surface at time of exposure [31].

This ultraviolet keratitis is a self-limited
inflammatory disorder of the cornea. Symptoms
include excruciating pain, decreased visual acu-
ity, foreign body sensation, burning, and tearing
with a red eye. These symptoms commence
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about 6-12 h after extensive exposure to UV
rays and will typically resolve within 72 h [32].
Clinically, a superficial punctate keratitis, usu-
ally bilateral, develops primarily. The more
severe the case, the greater the damage sus-
tained to cell adhesion, leading to epithelial
defects which can progress to total abrasion of
the corneal epithelium. Epiphora, conjunctival
chemosis, and blepharospasm, impeding a thor-
ough ophthalmic examination, usually also
occur.

Treatment To our knowledge, no prospective
studies have reported on the treatment of photo-
keratitis. Common treatment modalities include
topical anti-inflammatory drugs, cycloplegics,
preservative-free lubricants, bandage contact
lenses, and systemic analgesics. Long-term dam-
age to the cornea is rare [31].

Prevention The mainstay of handling snow
blindness is prevention by wearing sunglasses
which provide adequate protection, preferably
with side shields, if at risk of exposure to UV
rays.

5.3.2 Chroniclrradiation

Pinguecula, pterygia, cataract, age-related macu-
lar degeneration, and ocular surface squamous
cell neoplasia/carcinoma are discussed in the
paragraph on surfing.

Climatic droplet keratopathy, also known as
spheroidal degeneration or Labrador keratopathy,
has been strongly linked to actinic damage. The
anterior cornea or conjunctiva is primarily
affected. Slit-lamp examination shows a range
from fine, subepithelial opacities without an
effect on visual acuity, to axial corneal scarring
and strongly decreased visual acuity [33].

5.4  Surfing

Surfboard riding, known as surfing, is an increas-
ingly popular extreme water sport. Surfing is a
complex activity as it relies on a surfer’s tactical,

45

cognitive, psychological, technical, biomechani-
cal, and physiological abilities [34].

Surfing originated centuries ago in the South
Pacific where it was a central part of Polynesian
and then Hawaiian culture. Joseph Banks is
thought to have first described surfing in 1779
while on the HMS Endeavour during Captain
James Cook’s third voyage (http://www.
surfingforlife.com/history.html). Modern surfing
as a sport, hobby, and recreation emerged in the
early twentieth century. Since then, it has
increased in popularity, with the number of surf-
ers increasing each year [35], and it is currently
practiced in many countries throughout the
world. The International Surfing Association has
estimated that there are around 23 million surfers
worldwide (http://www.statisticbrain.com/
surfing-statistics/).

A variety of surfboard designs exist; however,
all surfboards have a pointed nose (tip), tail (back
end), one to three fins, and an ankle leash. The
board design used by each surfer will depend on
their experience and wave conditions.
“Shortboards” (around 1.83-2.13 m (6-7 feet)
long) are typically preferred by experienced surf-
ers as they are easy to maneuver, particularly in
large waves, whereas “longboards” (2.44-3.04 m
(8-10 feet) long) provide better stability and are
therefore preferred by beginners and in smaller
waves [36]. The surfboard is typically attached to
the surfer’s ankle via an elasticized cord known
as the “leash,” keeping the board with the
surfer after a fall. The leash is typically 7-8 feet
(2.1-2.4 m) long but can stretch to twice its
length. The length of the leash is generally pro-
portional to the length of the board. To prevent
the surfer from slipping, the board is either
rubbed with sticky wax or has nonskid pads [37].

Acute and chronic conditions have been asso-
ciated with surfing in both adults [35] and chil-
dren [38]. Acute trauma is most common, with
lacerations, contusions, sprains, and fractures
reported [35, 36], including injuries to the eye
and orbit [39]. Environmental exposure, such as
to ultraviolet light and salt water, is mainly
responsible for chronic conditions [35]. Acutely
painful ultraviolet keratitis can also affect the
surfer.
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5.5 Surfing-Related Ocular

Trauma

Surfing-related ocular trauma can impact both
the eye and the orbit. It is thought to occur infre-
quently but has the potential for significant mor-
bidity. Of all eye trauma, sports-related injuries
form a small proportion but have a significant
morbidity [40]. The head and neck are common
sites for surfing-related trauma, though fortu-
nately major ocular or orbital trauma are infre-
quent [41, 42].

5.5.1 Epidemiology
There is limited data available on the worldwide
epidemiology of surfing-related injuries [37].
Most studies conducted have included small num-
bers of patients and have been limited to a set geo-
graphical location [37]. In a cross-sectional survey
of surfers at 8 Victorian beaches in Australia over
12 months, with 646 surfers enrolled (90 % male;
median age, 27 years; median years surfing, 10),
145 surfers reported a significant acute injury in
the 12 months prior to the survey in 2003 (0.26
injuries/surfer/year) [43]. A study of 346 surfers
in Victoria published in 1983 reported an injury
rate of 3.5 moderate and severe injuries per 1,000
surfing days. However, this data may overestimate
the injury rate due to reporting bias as the studies
were survey based [36]. For competitive surfing, a
rate of 13 acute injuries per 1,000 h has been
reported [42].

Overall, most studies have found being hit by
a surfboard to be the most common cause of
surfing-related injury [36, 37, 42—44]. For exam-
ple, Taylor et al. reported striking a surfboard or
another surfer (45 %), “wiping out” (36 %), and
striking the seabed (18 %) as the most common
causes of acute injuries [43]. In another survey
study of the lacerations to the head, 15 % were to
the eyebrow [36]. Three severe injuries were
reported to have occurred in California in the
winter months after the surfers “wiped out” when
trying to ride a large wave or avoid an oncoming
wave [45]. Head and leg injuries have been
reported most commonly with surfing [36, 37],
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except in competitive surfers where knee sprains/
strains occurred most frequently [42].

Data is also lacking on the epidemiology of
ocular and orbital trauma due to surfing. In the
literature, there have been more reports of
surfing-related ocular injuries in males [46], but
this is probably due to the fact that there are many
more male than female surfers. Of all eye trauma,
sports-related injuries form a small proportion
but have a significant morbidity [40] and form a
significant proportion of enucleations [47].

Eye injuries in surfing are mainly due to blunt
trauma from direct high-energy collision with the
tip of the surfboard [48], and the most common
injuries include lacerations and soft-tissue inju-
ries [36, 37]. When the energy is dissipated into
the orbit, burst lacerations occur with disruption
of ocular tissues, global rupture, and orbital frac-
tures [41].

Over time, boards have become smaller and
lighter with a sharp nose, tail, and skeg; leashes
have been elasticized and surfing breaks have
become more crowded [36]. It has been postu-
lated that these factors may have resulted in an
increase in head/face injuries, since shorter and
lighter boards are more likely to be thrown
around in the surf [39, 41], with the elasticized
leash “snapping” the board back toward the
surfer with considerable force and energy [37].

5.5.2 Mechanism and Clinical
Features

Injury typically results from direct trauma by the
surfer’s own surfboard [36, 37, 46]; impact with
rocks or other surfers’ boards are less frequently
responsible [36]. Injury most commonly results
from impact with a sharp part of the surfboard
such as the nose, fin, or tail [36, 45, 46] at high
velocity following a fall [46]. The nose is most
frequently involved as it is small enough to fit into
the bony orbit [37, 46]. Trauma occurs when the
energy from collision with the board is dissipated
into the orbit; this disrupts ocular tissues and can
produce global rupture and orbital fractures [41].

The introduction of leashes in surfing has
been implicated in ocular injury [45]. The leash
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connects the surfer’s ankle to the base of the surf-
board, preventing it from being lost following a
fall. However, after a fall, the leash allows the
surfboard—which can travel at great speed and
have significant mass—to be snapped back at the
surfer with great force and energy transmitted
from the broken wave [37, 46]. The length of the
leash can vary, and although a short leash has
the advantage of keeping the surfboard close to
the surfer, it may also place the surfer at greater
risk [36]. In one series of surfing-related ocular
injuries, all surfers were using short leashes [45].
In another, leashes were found to be responsible
for 9 % of all injuries reported [36]. Notably,
however, leashes can prevent injuries from loose
boards and act as a floatation device in the case of
severe injury [36].

Retained foreign bodies, although less com-
mon, have also been reported with surfing-related
trauma and are thought to occur due to impact at
high velocity [46]. This is similar to other sports
with high-velocity impact, such as water skiing
[46]. Notably, most modern surfboards are con-
structed with a light polyurethane foam core rein-
forced by a rigid fiberglass (silicon dioxide,
various metals, and elements) and resin skin [37,
41]. These are covered by a fabric made by forc-
ing molten glass through a sieve, which is then
spun into threads and woven in sheets [41]. One
study reported the case of an orbital foreign body
due to retained fiberglass following a high-energy
surfing trauma [41], while another reported a for-
eign body pseudotumor (“surfinoma”) in associa-
tion with a retained piece of fiberglass from a
surfboard [48].

5.5.3 Morbidity

Surfing-related eye injuries have a high ocular
morbidity, with many resulting in permanent
visual loss [45, 46]. In one study, retinal special-
ists in three states of the USA (California, Florida,
and Hawaii) reported 11 injuries, with only two
patients regaining their pre-injury vision. Five of
these patients had a final vision of hand move-
ments or worse [46]. The poor outcomes were
due to a high rate of posterior segment trauma
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and globe rupture [46]. Given that young males
entering their productive years are the most com-
monly affected, visual disability can have a sig-
nificant psychosocial impact [46].

5.5.4 Management of Surfing-
Related Ocular Trauma

Surfing-related ocular trauma should be managed
according to principles of trauma management.
This means that general trauma management
should be provided prior to attending to the eye—
control of bleeding, consideration of neck injury,
immobilization of injured areas, and close moni-
toring for life-threatening emergencies, such as a
cervical facture or splenic rupture [39]. Tetanus
status should be determined and prophylaxis
given as appropriate.

Ocular and orbital management will then
depend on the severity of the injury and the par-
ticular ocular, orbital, and/or periorbital structures
involved. Ocular and skin ‘“aquatic” wounds
should be irrigated with balanced salt solution and
normal saline (0.9 % sodium chloride) [49],
respectively, to reduce the risk of infection. If
required, debridement is then performed to
remove foreign bodies and/or devitalized tissue.
As surfing-related trauma occurs in an aquatic
environment, the water may be contaminated with
bacteria and sediment. This should be followed by
primary repair of a globe rupture or skin lacera-
tions as soon as possible. However, if an injury is
not debilitating, a surfer may continue to surf and
delay their presentation for days [39], and second-
ary repair may be needed in some cases. Following
globe rupture, retinal review is required due to the
risk of vision-threatening posterior segment com-
plications [46].

The literature reports cases of bacteria isolated
from surfers wounds, including Staphylococcus
albus, Staphylococcus aureus (coagulase-posi-
tive), Escherichia coli, and beta-hemolytic
Streptococcus pyogenes (group A) [50]. The pos-
sibility of infection should therefore be consid-
ered, skin wounds should be cleaned, and broad
spectrum antibiotic coverage given. If infection
does occur, it may become chronic and be
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associated with soft tissue inflammation [51, 52].
Notably, some surf breaks may be located close
to sewerage outlets. For ocular injury, close mon-
itoring for endophthalmitis is essential.

Following an injury, the surfer should be
strictly advised when they can return to surfing;
surfers are notoriously keen to return to surfing
and may do so before being advised [39].

5.6 Prevention of Surfing-

Related Ocular Trauma

Prevention is a key part of the management of
surfing-related ocular trauma, as injuries can
have a high morbidity despite treatment once
they have occurred [46]. Although board modifi-
cations and safety equipment can prevent inju-
ries, they may alter the performance, look, and
image of the board or surfer [37]; given that surf-
ing is associated with a carefree attitude, the
introduction of such preventative measures can
be difficult [41]. In competitive surfing, manda-
tory use of modified boards and safety equipment
may help their adoption on a wider scale [37].
Research to firmly establish the benefits of safety
measures would also be beneficial [53].

5.6.1 Board Modifications

As the nose of the board, in particular, is respon-
sible for most injuries, blunting or fitting a pro-
tective guard over this part can reduce injury [36,
37, 46], making the nose wider than the average
human orbit—a width of 40 mm and a height of
35 mm [46]. In Australia, standards for nose
shape now exist for surfboard manufacturers
[54], as simple modifications to surfboard design
have the potential to save sight.

Similarly, duller, softer, flexible, or breakable
fins can be used [37, 46]. Despite these measures,
it may not be possible to prevent injury alto-
gether, as the surfboard can still impact the surfer,
especially when tethered via the leash [35].
With the leash unlikely to be removed due to its
benefits [36], longer ankle leashes may reduce
the tendency for boards to snap back due to the
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tension created on the leash when the surfer rises
to the surface [45]. There is also a limit to the
degree of board modification that may be
accepted by the surfer if these affect the perfor-
mance or look of the board [35, 53].

5.6.2 Safety Equipment

Given the limitations on board modification dis-
cussed above, safety equipment such as protec-
tive glasses and helmets play an important role in
the prevention of surfing-related trauma.
However, such equipment is often not used due to
concerns as to their effects on performance and
image [37], as they are not considered consistent
with the “carefree” attitude of a surfer [45].
Traditional protective eyewear has also been
associated with fogging and reduced vision [46].

Protective eyewear designed for other water
sports has been recommended to prevent surfing-
related ocular trauma, as well as protecting the eyes
from UV damage. A variety of eyewear is available
to the surfer [45], which varies significantly in
terms of fit and capacity to protect the eye from
injury.

The importance of protective eyewear for chil-
dren’s sports has been recently recognized by the
American Academy of Pediatrics and the
American Academy of Ophthalmology. In a joint
statement, although surfing is not specifically
mentioned, they recommend protective eyewear
for all children participating in sports with a risk of
injury. For those who are functionally one-eyed
and following eye surgery to trauma, such eyewear
should be mandatory (http://www.aao.org/about/
policy/upload/Protective-Eyewear-for-Young-
Athletes.pdf). It is also possible for surfers who
wear prescription glasses to have their refractive
error incorporated into protective eyewear.

Protective head gear has been recommended
for surfers due to the occurrence of face/head
injuries [37, 41]. Although evidence is lacking as
to their efficacy [41], it is not unreasonable to
assume that they would provide some protection
against a surfboard. Helmets have also been
designed with retractable, shatterproof visors for
eye protection.
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5.6.3 Conclusions

Although overall injuries from surfing are less
common than in other sports [36], injuries to the
eye are common and often serious among surfers,
and effective treatment and preventative strate-
gies can minimize the risk of injury and disease.
Increasing public awareness and demand may
make safer surfboard designs routinely available
to all surfers [46].

5.7  Surfing-Related Ultraviolet

Exposure

Surfing is an outdoor activity that surfers typi-
cally undertake for hours at a time. The surfer is
therefore exposed to potentially significant levels
of UV irradiation, both directly from the sun and
reflected off the water.

5.7.1 The Effects of Ultraviolet Light

Exposure

Ultraviolet light (UV, 260—400 nm) exposure can
have acute and chronic effects on the eye and
periorbital structures. Evidence is strong that the
formation of eyelid malignancies such as basal
cell and squamous cell carcinoma, but also
benign changes such as photokeratitis, climatic
droplet keratopathy, pterygium, and cortical cata-
racts, is associated with UV exposure [55].
However, evidence for the relation of pinguecula,
ocular surface squamous neoplasia (OSSN), ocu-
lar melanoma, and nuclear and posterior subcap-
sular cataracts to UV exposure is weaker. During
surfing, the eye is exposed to direct UV rays from
sunlight and to that reflected from the water’s
surface [22].

5.7.2 Acute UV Exposure

5.7.2.1 Ultraviolet Keratitis

Acutely intense UV exposure, such as that which
can occur after long periods of surfing, can result
in painful keratitis [22], discussed in Chap. 10
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(high-altitude trekking). This condition is painful
but self-limiting, and treatment is directed toward
pain relief.

5.7.3 Chronic UV Exposure

Chronic exposure to ultraviolet light and salt
water can affect the ocular surface; increased
rates of pinguecula, pterygia, and ocular surface
squamous neoplasia are discussed below.
Climatic droplet keratopathy, cataracts, and mel-
anoma have also been associated with UV expo-
sure [55, 56].

5.7.3.1 Pinguecula and Pterygia

A pingueculum appears as a pale, yellow lesion
adjacent to the limbus, on either side of the cor-
nea in the palpebral fissure. Histologically, it is
composed of degenerative collagen. These
lesions are common, usually bilateral and asymp-
tomatic. Pingueculae rarely cause significant
problems and therefore do not typically require
treatment. However, they may occasionally
become inflamed and require therapy with topi-
cal lubricants and/or steroids and can progress to
pterygia.

Pterygia are wing-shaped growths on the cor-
nea. They are thought to arise from pinguecula
and have been reported to occur frequently in
surfers [37]. Histologically, a pannus is seen
invading Bowman’s membrane. This fibrovascu-
lar tissue can potentially interfere with vision
directly, if they grow to involve the pupillary
area, or indirectly by inducing significant corneal
astigmatism [57]. The underlying pathophysio-
logical mechanism is thought to be UV light
exposure [55]. For the surfer, drying by the wind
and exposure to salt water are also thought to
contribute [58].

5.7.3.2 Ocular Surface Squamous
Neoplasia

Exposure to solar UV over a lifetime has been

associated with increased risk of ocular epithelial

dysplasias [59] and has been suggested as a risk

factor for squamous cell carcinoma of the con-

junctiva [60]. Squamous cell carcinoma of the
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conjunctiva is rare, but it has been reported in
association with necrotizing scleritis in an other-
wise healthy 31-year-old white Australian male
surfer [61].

5.7.3.3 Eyelid Carcinoma

Ultraviolet exposure has been directly linked to
eyelid malignancy, with the most common malig-
nant tumors being basal cell carcinoma (BCC)
and squamous cell carcinoma (SCC) [55].

5.7.3.4 Age-Related Macular
Degeneration

Sunlight exposure has also been associated with
age-related macular degeneration (ARMD) [62,
63]. Current evidence implies that ARMD is not
a sequelae of UV exposure but a consequence of
irradiation by components of visible light, espe-
cially the blue light fraction (peak wavelength:
465 nm) [64, 65]. It is possible that surfers and
high-altitude trekkers may be at increased risk for
these conditions due to higher exposure rates
[39]. However, no current studies have estab-
lished if ARMD is more common in surfers or
high-altitude mountaineers.

5.7.3.5 Prevention of UV-Related

Ocular and Periocular

Conditions
UV exposure to the eye and eyelids can be
reduced by wearing sunglasses. Brims on wetsuit
hoods, a visor or hat strapped behind goggles
[39], and use of swimming goggles with a UV
filter [39] can also reduce UV exposure to the
surfer.

5.8 Aquatic Conditions Affecting

Surfers

Surfing is done in salt-or freshwater, where plants,
microbes, and marine animals are present, all of
which can produce allergic reactions, infections,
trauma, and envenomations in the surfer [66],
which may affect the eye or the skin [52, 67, 68].

Acanthamoeba is a protozoan, ubiquitous in
water, air, soil, and dust, which can infect the cor-
nea, the window of the eyes [69]. Infections with
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acanthamoeba can become chronic, in some
cases difficult to treat, resulting in loss of vision
or of the eye itself [69]. Swimming while wear-
ing contact lenses and exposure to contaminated
water are risk factors for infection [70].
Acanthamoeba keratitis has been reported fol-
lowing windsurfing [71]; therefore, surfers are
likely to be at risk of corneal infection with
acanthamoeba.

A variety of surfing-related skin conditions
have been described, many associated with infec-
tion by organisms including bacteria, myco-
plasma, parasites, and yeast [66]. For example,
the phytoplankton dermatoses include diseases
caused by algae, cyanobacteria, and dinoflagel-
lates [66].

The surfer is also at risk of stings from jelly-
fish and stingrays [72], which may produce a skin
reaction known as “seabathers eruption” or rarely
be fatal [35, 52]. Coral reefs can also injure the
surfer.
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6.1  Traumatic Conditions

Extreme athletes exercise at the margin of activ-
ity and as such experience intense physical forces
inflicted by their sporting environment. The skin
represents the first and foremost barrier between
the athlete and this unforgiving environment.

6.1.1 Friction Bullae
Perhaps the most common of the skin conditions
of the extreme athlete is bullae. Friction bullae
result from the rapid cycling of one’s skin over
the athlete’s equipment. Several factors increase
the likelihood that an athlete will develop friction
bullae. Heat, moisture, ill-fitted shoewear, and
abrasive clothing all serve to increase the chance
that an athlete will acquire a blister (Fig. 6.1).
These bullae, which result from splits in the
epidermis at the level of the stratum granulosum,
occur most frequently on the feet and hands, but
can occur at any site wherein the skin becomes
rubbed repeatedly. Once a split in the epidermis
develops, the space fills with fluid and a tense
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blister forms. These bullae can cause discomfort
and may hinder further activity [1].

While the diagnosis is often straightforward,
the management and prevention of these lesions
present challenges. Research reveals that a blis-
ter, which is repeatedly lanced and drained three
times in 1 day, heals more rapidly and less likely
develops secondary infection [2]. The clinician
should lance the blister in a focal spot and take
great care to keep the blister roof intact. No com-
mercially available dressing possesses the ideal
coverage of the wound base as well as the ath-
lete’s own skin.

Once lanced, the athlete should apply petro-
leum jelly and cover the area with an adherent
dressing. Only rarely do these blisters become
infected and require topical or oral antibiotics.
Athletes can prevent bullae by essentially

Fig. 6.1 Friction bullae frequently occur on the heel
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decreasing the friction between their skin and the
sporting environment.

Simply wearing synthetic moisture-wicking
clothing keeps the skin relatively dry and cool and
minimizes the production of bullae. Athletes who
are particularly prone to blisters may need to wear
protective gloves or double layer of socks.
Applying petroleum jelly to areas of the skin prior
to athletic activity further minimizes the bullae
production. Athletes must also ensure that their
footwear fits well as ill-fitting equipment produces
loose or tight spots that create friction bullae [1].

6.1.2 Athlete’s Toenail

Extreme athletes’ nails experience enormous
pressure and tension as a result of their activities.
Abrupt and intense forces can completely remove
a finger or toenail. More commonly, athletes
develop nail changes related to chronic, low-
grade pressure, and tugging. The changes related
to these physical forces include longitudinal and
transverse ridging, onycholysis (separation of the
nail plate from the nail bed), discoloration around
the periungual area, and calluses periungually
(Fig. 6.2) [1, 3].

Extreme athletes must employ several
techniques to prevent athlete’s nail. All nails
should be closely cut in a straight-across fashion
that allows an equal distribution of the force

Fig. 6.2 Athlete’s nail demonstrates periungual change
and transverse ridging and hemorrhage

created during the athlete’s physical activity.
Cutting nails in a curved manner places increase
pressure on the middle portion of the nail. As the
sport allows, wearing gloves also helps to reduce
the friction and pressure experienced by finger-
nails. Extreme athletes need to ensure that their
footwear has an adequate toe box [1]. Unique
lacing techniques can also redistribute the physi-
cal forces away from the toenails and onto the
ankle which is better suited to experience the
forces that create long-term nail changes. To
employ this lacing method, the athlete undoes
both laces from the last eyelet; instead of cross-
ing the lace into the opposite side’s eyelet, one
enters the eyelet on the same side such that two
loops are generated. The free lace ends then are
crossed and thread through the opposite loop.
Then the athlete can tie the ends as usual [4].

6.1.3 Talon Noire

The significance of talon noire resides in the fact
that this condition can confuse the clinician to
believe that the athlete has warts or melanoma.
Talon noire, otherwise known as black heel,
occurs most commonly in younger athletes on
the posterior lateral or medial heel (Fig. 6.3) [1].
Caused by friction with subsequent hemorrhage
into the skin, talon noire is asymptomatic and
requires no therapy [5].

Fig. 6.3 This heel illustrates talon noire which can easily
be confused with verruca (warts)
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6.1.4 Piezogenic Pedal Papules

In addition to friction, pressure can also create
havoc in an extreme athlete’s skin. Piezogenic
pedal papules primarily affect the feet of young
women, and while most often not painful, the dis-
comfort associated with the condition can pre-
vent the endeavors on the extreme athlete. The
subcutaneous fat and associated nerves and
microvasculature protrude up into the dermis that
can cause strangulation and subsequent pain [1].
Clinicians may misdiagnose the foot pain and
embark on an extensive musculoskeletal work-up
without having the athlete stand on only the
affected extremity that then readily reveals the
skin colored to yellow papules most often on the
sides of the heel. Multiple therapies exist
including intralesional steroids [6], compression
[7], and acupuncture [8]. Susceptible athletes
sometimes find heel pads prevent piezogenic
pedal papules.

6.1.5 Athlete’s Nodules

A combination of pressure and friction,
particularly along the lower extremities, can
cause a skin condition called athlete’ nodules.
Two mechanisms exist by which athletes can
develop these lesions. First, surfers get “surfer’s
knots or nodules” on their legs as a result of
pressure, friction, and rough board surface (along
with sand) [9]. As surfers paddle out to catch
waves (especially those in colder waters), they
kneel on the board, and the combination of these
factors and forces creates a foreign-body reaction
in the skin. Second, these nodules can develop as
a reaction to constant pressure in one particular
location that most often related to protective
equipment or shoewear. As a result, the dermis
hypertrophies creating a collagenoma.
Regardless of the exact etiology, the
differential diagnosis of these firms, skin colored
to erythematous nodules can be vast. Atypical
mycobacterial and deep fungal skin infections
have this appearance, as do inflammatory
conditions such as granuloma annulare and
rheumatoid nodules. Primary and secondary

malignancies can also share a similar morphology.
While a biopsy will differentiate among these
various cutaneous ailments, linking the lesion to
one’s athletic pursuits facilitates early accurate
diagnosis.

Athlete’s nodules may require excision, while
others respond to intralesional steroids.
Occasionally changing the equipment or footwear
results in clearance. To prevent athlete’s nodules,
extreme athletes can wear padding between their
skin and the offending piece of equipment [10].
In the case of surfer’s knots, surfers may lie prone
on the board to equally distribute forces along the
board. Surfers, in colder waters, may wear a wet
suit to comfortably allow a prone position.

6.1.6 Sunburns and Actinic Damage

Extreme athletes experience an enormously high
level of ultraviolet radiation (UVR). As a result,
these athletes ultimately risk acquiring skin
cancer and actinic damage (wrinkles and
dyspigmentation) (Figs. 6.4 and 6.5).

Several factors result in this intense UVR
exposure. Athletes practice and compete during
the time of peak UVR that is between 10 am and
4 pm. Additionally, they train for long periods of
time and started this training often early in their
life resulting in an immense total lifetime
exposure. Sweating, inherent to most extreme

Fig. 6.4 Long-term, extreme athletes risk developing
basal cell carcinoma. This photo depicts the characteristic
pearly border and telangiectasias
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Fig. 6.5 Extreme athletes’ skin endures enormous
ultraviolet light that ultimately can create malignant
melanoma

sports, enhances the potency of the UVR such
that it takes 40 % less UVR to burn athletes if
they did not sweat [11]. Several extreme sports
exist at very high altitudes. At high altitudes, the
atmosphere has not had a chance to filter a sig-
nificant portion of UVR. For example, the UVR
experienced high in the mountains is comparable
to the UVR affecting an individual at sea level
[12]. Lastly, extreme athletes who compete in
snow and water environments must also contend
with the significant reflection of UVR off the sur-
faces. Wearing hats that shade the face will pro-
vide no protection against UVR reflecting up to
the athletes’ face from the environment.

To prevent sunburns and long-term actinic
damage, athletes must apply water- and sweat-
resistant sunscreen and reapply the lotion or
spray after practicing or competing. They
should take care to apply areas that athletes
often forget which include the ears and any part
created by hairstyles. If possible, athletes
should avoid the peak hours of UVR exposure
and practice early morning or evening. Tightly
woven and dark clothing provides ideal sun-
blocking properties. While athletes tradition-
ally prefer light-colored clothing to keep them
relatively cool, the myriad commercially avail-
able synthetic moisture-wicking clothing
allows the athlete to wear a sporting garment
with both excellent UVR-blocking capabilities
and good cooling qualities [1].

6.1.7 Miliaria Crystallina

Exposure to extraordinary heat and UVR plays a
major role in many extreme sports. One relatively
rare cutaneous condition that may occur more
often in this population is miliaria crystallina. An
affected athlete will develop delicate, crystal-
like, small vesicles on their skin; unsuspecting
clinicians may misdiagnose the lesions as herpes
or another skin infection (Fig. 6.6).

Miliaria crystallina, which results from
superficial obstruction of the eccrine duct,
highlights the fierce heat that challenges the
athlete. Wearing moisture-wicking, dark-colored
synthetic clothing will assuage some of the affect
of the heat [1].

6.1.8 Frostbite

While heat can cause many ailments in an ath-
lete’s skin, cold exposure poses its own chal-
lenges. Prolonged exposure to cold can cause
significant damage to the cutaneous structures.
Wind and moisture can exacerbate the issue. An
extreme athlete with frostbite will initially com-
plain of pain and develop erythema on the toes
and fingers; as the condition progresses, necrosis
ensues. To treat frostbite, clinicians should rap-
idly rewarm the area by dunking in 40 °C water
[13]. This treatment should only occur if no
chance of subsequent exposure to prolonged cold
remains. Rewarming frostbitten skin and subse-
quently refreezing that skin result in maximal tis-
sue damage. Extreme athletes whose environment
includes freezing temperatures must use thermal
clothing and gloves and chemical heating packets
[1,13].

6.1.9 Jellyfish Envenomations

While uncommon overall, extreme athletes risk
encounters with water creatures that can affect
their skin. Water-based extreme athletes may
experience painful jellyfish stings from their long
tentacles. Once the tentacles contact the skin,
nematocysts fire and cause a linear, erythematous,
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Fig. 6.6 The tiny blisters of miliaria crystallina are
extremely fragile and rupture easily

and edematous eruption. Treatment includes
removing the tentacles with tweezers and applying
vinegar solution. Athletes and clinicians should
avoid applying freshwater that can activate the
nematocysts [1]. Extreme athletes who wish to
enter seawater with jellyfish should minimize skin
exposure by wearing wet suits as their sport allows.

6.2  Allergic Skin Reactions

Among the most common cutaneous ailments in
extreme athletes, after traumatic skin events
result from allergies. The main categories of
allergy include allergic contact dermatitis, exer-
cise-induced anaphylaxis, and urticaria.

6.2.1 Allergic Contact Dermatitis

In their sporting pursuits, extreme athletes can
develop allergies to the various pieces of
equipment necessary for their activity. Protective
equipment commonly causes allergic contact
dermatitis. Shin pads may contain urea
formaldehyde and helmets may possess epoxy
resins. Extreme athletes who contact tape
containing formaldehyde resins or analgesic
creams containing eucalyptus can also develop
contact dermatitis [14]. Injured or pruritic athletes
often reach for Benadryl spray which can create
an allergic contact dermatitis.

Fig. 6.7 Eruptions with a linear arrangement strongly
suggest an allergic contact dermatitis

Sensitized athletes will develop well-defined,
erythematous, scaling eruption in a distribution
corresponding to the area of equipment contact
(Fig. 6.7).

Acute dermatitis will demonstrate small blis-
ters (vesicles), whereas subacute dermatitis will
lack vesicles and instead often display more scale
and less erythema.

Allergic contact dermatitis responds well to
topical steroids. Affected areas on the trunk,
extremities, and scalp respond well to potent
(class I) topical steroids. Athletes should use cau-
tion with topical steroids on the face (especially
the eyelids), groin, and axilla. The latter two
areas will experience occlusion, which enhance
the potency of topical steroids. In this instance,
potent topical steroids may more readily cause
side effects that include hypopigmentation, skin
thinning, erosions, and acquisition of telangiecta-
sias. Sensitive areas such as these require no
more than medium-potency topical steroids such
as triamcinolone 0.1 % twice daily; low-potency
topical steroids such as hydrocortisone 2.5 %



58

Table 6.1 Cutaneous allergy in athletes

Sports equipment Offending agent

Analgesic cream Eucalyptus

Athletic tape Formaldehyde resins

Helmets Epoxy resins
Sailing wishbone Thiorams
Shin pads Urea formaldehyde

twice daily most often will be effective. When
athletes need to chronically use topical steroids
for their dermatitis in the groin, axilla, or face,
the clinician should consider using topical
pimecrolimus or tacrolimus. These agents do not
possess the potential to cause the side effects
aforementioned [1].

To help prevent contact dermatitis, susceptible
extreme athletes can use silicone helmets (instead
of those containing epoxy resins). Placing a
moisture-wicking barrier between the protective
pads and the skin not only will provide a barrier
between the pad and the skin but also will wick
away moisture that would otherwise enhance
leaching of the offending allergen from the
equipment. Allergic athletes may use acrylate
tape to help avoid dermatitis (Table 6.1).

6.2.2 Urticaria

Another somewhat common allergic skin reaction
in athletes is the general entity of urticaria.
Extreme athletes risk developing three types of
urticaria: cholinergic, solar, and cold. While each
condition culminates in pruritic, edematous,
well-defined, effervescent papules and plaques,
the etiologies and morphology differ among the
three ailments. Cholinergic urticarias present as
small wheals and result from an increase in an
athlete’s core body temperature; runners seem
particularly prone. Cold urticaria occurs in
athletes participating in winter or cold-water
activities, and solar urticaria abruptly occurs
(within minutes) after exposure to ultraviolet
radiation. The ice cube test confirms the diagno-
sis of cold urticaria. An ice cube is placed on the
athlete’s skin, and after removal and the skin
warms, a welt develops where the ice cube rested.

B.B. Adams

Location of eruption Nonallergenic options

Focal Hot/cold packs
Focal Acrylate tape
Forehead, scalp Silicone

Hands Aluminum

Shins Synthetic padding at

interface

Phototesting confirms the diagnosis of solar
urticarial [1].

The treatment in all cases of urticaria includes
scheduled (not as needed) oral antihistamines.
While the eruption will likely last more than 24 h,
each individual should not. Typical urticaria
lesions resolve in a few hours, only to have
another wheal develop elsewhere on the skin.
Individual lesions that persist longer than 24 h
should prompt biopsy and investigation for urti-
carial vasculitis. Oral histamines also help pre-
vent each type of urticaria in susceptible athlete
who should initiate administration before starting
their activities [1]. Extreme athletes who develop
cold urticaria should minimize exposed skin;
likewise, those athletes who suffer from solar
urticaria should employ sun safety measures
including wearing broadband-blocking (UVA/
UVB) SPF 50 sunscreen that resists water rinsing.

6.2.3 Exercise-Induced Anaphylaxis

Athletes of all types risk developing exercise-
induced anaphylaxis if they possess the
predisposition. For unclear reasons, runners seem
particularly prone to develop the condition [15].
The name of the eruption misleads most clinicians
as most cases of exercise-induced anaphylaxis
create hemodynamic or respiratory collapse.
Pruritus dominates as the most common
symptom. Prolonged headaches may persist for
days after athletic activity [16]. The angioedema
of exercise-induced anaphylaxis affects the palms
and soles (Table 6.2).

Athletes with vascular or respiratory compro-
mise need rapid attention to stabilize. Affected
should take scheduled oral antihistamines.
Susceptible extreme athletes should always partici-
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Table 6.2 Frequency of symptoms in exercise-induced
anaphylaxis

Symptoms Frequency (%)
Angioedema (palm or sole swelling) 72
Chest tightness 33
Dyspnea (shortness of breath) 50
Gastrointestinal distress 25
Pruritus (itching) 92
Urticaria (wheals) 86

pate with at least one other athlete and always carry
an epinephrine pen. Two strategies exist to mini-
mize the activation of exercise-induced anaphy-
laxis. First, avoiding eating immediately before
exercising can mitigate attacks, and second, avoid-
ing extreme temperatures (either excessively cold
or hot) can likewise halt the onset of exercise-
induced anaphylaxis [1, 15]. Lastly susceptible
extreme athletes should never wear jewelry on their
fingers or toes as the angioedema can create stran-
gulation and cutting the jewelry off is necessary.

6.3  Cutaneous Infections

Extreme athletes also must contend with
cutaneous infections that they acquire from the
sporting environment. Bacteria, viruses, and
fungi most commonly cause these infections.

6.3.1 Bacteria
6.3.1.1 Folliculitis, Impetigo,
and Furunculosis

Staphylococcus and, less commonly,
Streptococcus cause the vast majority of the
bacterial infections that occur in extreme athletes.
Traditionally the methicillin-sensitive variety of
Staphylococcus dominated as the primary organ-
ism responsible for bacterial skin infections in
athletes, but increasingly, the methicillin-resistant
Staphylococcus aureus (MRSA) variant causes
the staphylococcal infection [17]. Multiple fac-
tors place the extreme athletes at risk to develop
staphylococcal infections [18-20] (Table 6.3).

The particular location within the skin struc-
ture of the infection determines how the eruption
appears clinically. When these bacteria infect the
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Table 6.3 Risk factors in the development of staphylo-
coccal skin infections

Activity Relative risk of infection
Having adjacent lockers 60

Sharing towels 47

Sharing soap 15

Acquiring turf burns 7.2

Shaving body hair 6.1

superficial portion of the hair follicle, a follicular
pustule with surrounding erythema develops; if
the infection proceeds deeper into the hair folli-
cle, a deeply erythematous papulonodule may
form that represents furunculosis. If the superfi-
cial layers of the epidermis are infected, the ath-
lete will demonstrate impetigo that clinically
manifests as yellow (honey-colored) crust on an
erythematous base [21].

Extreme athletes will acquire these infections
either from the sporting environment or from
direct skin-to-skin contact with other athletes.
Multiple studies have carefully examined the risk
factors involved in epidemics of skin infections in
athletes. Common activities that risk acquiring the
bacteria are sharing equipment, having previously
injured skin, and acquiring turf burns. Researchers
have also demonstrated high prevalence of MRSA
colonization in many of the surfaces in the sport-
ing environment [22]. Athletes themselves may
also carry MRSA or MSSA within their nares.
One study revealed that up to a quarter of colle-
giate football and lacrosse players at one school
had MRSA in their nares during the season [23].

Once a bacterial infection is suspected, clini-
cians should confirm the diagnosis with cultures
and sensitivities. One study noted that athletes
who received empiric antibiotics without sensi-
tivity testing had a 33 times more likely chance of
reoccurrence [24]. Mild cases of folliculitis and
impetigo often only need topical therapy with
mupirocin twice daily for 5-7 days. Athletes with
many lesions may require oral antibiotics.
Impetigo, folliculitis, or furunculosis caused by
MRSA responds to doxycycline, tetracycline,
minocycline, or trimethoprim-sulfamethoxazole.
The bacterial infections caused by MSSA clear
with dicloxacillin or cephalexin. Clinicians also
need to lance and drain furuncles [1, 17].
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Extreme athletes can reduce the chance of
acquiring these infections by decreasing the
amount of exposed skin, not sharing equipment,
and carefully washing after practice and
competitions.  Moisture-wicking,  synthetic
clothing with UPF (sun protection factor grading
of clothes) will provide a barrier of protection for
the athlete. Athletes, with positive nasal
colonization and who suffer recurrent bouts of
MRSA or MSSA skin infections, should use
twice daily mupirocin for 7-10 days [1].

6.3.1.2 Pitted Keratolysis
Corynebacteria or Micrococcus causes pitted
keratolysis, another bacterial skin infection. This
cutaneous disorder occurs on the soles and
mimics the clinical findings of tinea pedis
(athlete’s foot). The characteristic pits on the
soles, especially the weight-bearing portion,
distinguish it from tinea pedis (Fig. 6.8) [25].
Wood’s lamp examination of the infected area
fluoresces coral red. Topical clindamycin or ben-
zoyl peroxide clears the infection. To prevent pit-
ted keratolysis, extreme athletes should wear
moisture-wicking, synthetic socks [21].

6.3.2 Viruses

In addition to bacterial infections, extreme ath-
letes endure multiple attacks on their skin by
various viruses.

6.3.2.1 Herpes Simplex Virus Infection

Extreme athletes develop herpes simplex virus
infections (most commonly HSV-1) either from
close skin contact with another infected athlete or
from reactivation of a previously acquired herpes
simplex infection. Exposure to ultraviolet radia-
tion predictably causes this reactivation [26].
Extreme athletes whose activities involve snow
and mountain are especially at risk. At high alti-
tudes, the atmosphere filters little ultraviolet radia-
tion so that the athlete’s skin endures intense
exposure. Furthermore snow can reflect as much
as 100 % of the ultraviolet radiation so the athlete
experiences a double dose of ultraviolet radiation.

Infected athletes will first experience a burn-
ing or tingling without any obvious skin changes.
The lesions related to reactivation frequently
occur on the lips, while the lesions acquired from
skin-to-skin contact occur most commonly on the
neck, face, and arms. Nonspecific erythema
subsequently develops in the area, and a fully
mature lesion demonstrates grouped vesicles on
an erythematous base (Fig. 6.9) [27].

Until these characteristic findings develop,
herpes simplex virus infections may mimic impe-
tigo, tinea corporis, acne, and dermatitis. Culture
or immunofluorescence confirms the diagnosis.

Two grams of valacyclovir taken twice in 1 day
makes the lesion noninfectious after 5 days.
Extreme athletes should only use their own equip-
ment; they should also carefully apply sunscreen
to their lips before sports participation to prevent

Fig. 6.8 Unlike tinea pedis, pitted keratolysis possesses
craterlike pits on the sole

Fig. 6.9 Grouped vesicles on an erythematous base
characterize herpes simplex virus infection of the skin
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reactivation of herpes simplex virus infection
[28]. Taking prophylactic oral valacyclovir (one
gram daily) successfully decreases the incidence
of herpes simplex virus infection [29].

6.3.2.2 Verruca (Warts)

Extreme athletes often acquire callosities. While
these calluses often confer a protective quality
for the extreme athlete, such thickened areas of
the skin may harbor human papillomavirus (the
cause of verruca). If an athlete develops pain in a
callus, one should consider the possibility of a
concomitant  verruca. Classically, verruca
demonstrates a well-defined, verrucous papule
with black dots (Fig. 6.10).

With a sharp instrument, the clinician can pare
the area to determine the etiology of the thickened
area. A callus will maintain the presence of the
skin markings, whereas a wart will lose the skin
ridges and instead have black dots that represent
capillary hemorrhages; a corn possesses a white
central core [1, 21].

Destructive methods (most frequently involv-
ing liquid nitrogen) remain the mainstay of wart
therapy; however, this approach results in pain
and may thwart an extreme athlete’s ability to
continue the sport for several days. As such, more
conservative measures suit athletes better. A slow
approach to the treatment of warts includes soak-
ing the wart for 10 min, scrubbing the area with a
pumice stone, applying salicylic acid (16 %), and
covering with duct tape. This procedure repeats

nightly until the wart resolves [1]. Recalcitrant
warts may necessitate using topical prescriptions
(for instance, S-fluorouracil or imiquimod) to
replace the over-the-counter salicylic acid.
Athletes must wear shoewear while walking
along pool decks and in locker rooms and show-
ers. When using weight-lifting equipment,
extreme athletes should wear gloves that only
they use; sharing this type of equipment facili-
tates the spread of warts [1].

6.3.3 Fungi

Fungal cutaneous infections also commonly
occur in athletes and can affect their skin and
nails.

6.3.3.1 Tinea Versicolor

Extreme athletes who compete in warm and
humid condition often develop tinea versicolor.
This skin ailment, caused by Pityrosporum,
affects the upper layers of the epidermis and can
cause dyspigmentation of the skin. The
hypopigmented variety of tinea versicolor may
resemble vitiligo, pityriasis alba (an eczema-like
condition), hypopigmented seborrheic dermatitis,
or progressive macular hypomelanosis. The
hyperpigmented variety can confuse the clinician
for acanthosis nigricans and confluent and
reticulated papillomatosis of Gougerot and
Carteaud (Fig. 6.11) [21].

Fig. 6.10 Paring
characteristic black dots of the pericapillary hemorrhages

this verruca would reveal the

Fig.6.11 The scale of tinea versicolor may not be readily
apparent until it is scraped with a glass slide
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To confirm the diagnosis, the clinician can
scrape the area with the edge of a glass slide to
get sufficient scale on a separate glass slide.
Addition of potassium hydroxide and examina-
tion under the microscope reveal multiple small
round spores and short admixed hyphae. The
combination of these two features is the so-called
“spaghetti and meatballs” characteristic of tinea
versicolor (Fig. 6.12) [1].

Both topical and oral therapies clear tinea ver-
sicolor. Affected athletes should apply selenium
sulfide 2.5 % lotion or shampoo to the eruption
and wash it off 10-15 min later. They should
repeat this application daily for 1 week; to keep
the eruption in remission, athletes can reapply the
lotion or shampoo once weekly. Oral therapies
with fluconazole can also clear the eruption and
avoid potentially messy topical applications.
These oral medications may cause significant
side effects in athletes with preexisting liver
problems or who take other medications that
affect their liver [1].

6.3.3.2 Tinea Pedis

Extreme athletes who, to perform their sport,
need to wear occlusive footwear risk developing
tinea pedis. Epidemics have occurred in many
athletes [30-33]. Tinea pedis, more commonly
known as athlete’s foot, can appear in three
different morphologic manners. Trichophyton
rubrum causes both interdigital and moccasin-

like tinea pedis, while Trichophyton mentagro-
phytes causes the vesicular variety of athlete’s
foot. The former variants infrequently present
with any symptoms, but the latter inflammatory
infections frequently result in pruritus and irrita-
tion that prompts the infected to seek medical
attention [1, 21].

Extreme athletes often believe that the rela-
tively asymptomatic eruptions of interdigital or
moccasin tinea pedis reflect, simply, dry skin.
This disregard of their foot skin health can result
in superinfection with bacteria. The inflamma-
tory tinea pedis (vesicular type) causes redness,
tiny blisters, and pruritus most frequently on the
instep of the sole (Fig. 6.13).

Athletes and clinicians very often mistake this
infection for an allergy to dyes in their socks or
athletic footwear. Scraping the scale onto a glass
slide to do a potassium hydroxide examination
reveals long branching hyphae that typifies tinea
pedis. Infected athletes need to apply topical
fungicidal agents such as ciclopirox twice daily.
Most clinicians prematurely discontinue this
topical therapy; 8—12 weeks is often necessary
for complete clearance. Occasionally, the athlete
will have concomitant hyperkeratosis (very thick
scaling skin) on the soles. In these cases, topical
application will not sufficiently penetrate the
thickened area. To facilitate the absorption of the
medication, the athlete can first soak the affected
area in lukewarm water for 5-10 min. Severe

Fig.6.12 The scale of tinea versicolor, once scraped and
placed under the microscope, demonstrates short hyphae
and groups of small round spores

Fig.6.13 Extreme athletes with inflammatory (vesicular)
tinea pedis often complain of pruritus
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cases of tinea pedis may require oral antifungal
agents daily for 4-6 weeks.

Recurrence is common, and as such athletes
need to focus on prevention. During their pur-
suits, extreme athletes need to wear synthetic
moisture-wicking socks that keep their feet rela-
tively cool and dry. Novel new products such as
cocona made, in part, from coconut shells repre-
sent a major advance in moisture-wicking tech-
nology. Additionally at-risk athletes should apply
once weekly topical antifungal agents to their
feet to help prevent infection. Lastly, no athlete
should go barefoot on communal surfaces, such
as shower floors, locker room floors, or pool
decks [1].

6.3.3.3 Onychomycosis
The same fungal organisms that create athlete’s
foot can also infect the toenails. The hallmarks of
onychomycosis include thickened, yet brittle,
yellow nails with subungual debris (Fig. 6.14).
Similar findings occur in athletes’ toenail but
rather reflect a noninfectious entity caused by
constant or abrupt trauma to the toenails. To
complicate the accurate diagnosis even further,
dystrophic nails of athlete’s toenail more easily
acquire secondary infection with dermatophyte
[21]. To confirm the diagnosis of onychomycosis,
clinicians should send the subungual debris to the
laboratory = for PAS  examination  [1].
Unfortunately, current oral therapies for
onychomycosis fail to eradicate the organism in

athlete has

Fig. 6.14 This
onychomycosis as a result of their tinea manuum

developed fingernail

about half of the patients; furthermore, reinfec-
tion is very common. Infected athletes should not
use the same nail clippers for affected and unaf-
fected nails. Such indiscriminant use potentiates
the spread from affected to unaffected nails.

Conclusion

Extreme athletes endure severe environments
and their skin bears the brunt of this intensity.
Infections, trauma, and allergies plague the
athlete at every turn. Attention to preventative
techniques helps assuage the damage to the
athlete’s cutaneous barrier. Rapid identifica-
tion and treatment of these dermatologic prob-
lems allows the extreme athlete to continue to
pursue their sport with the least disruption to
their routine.
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Medical Support for Expedition-
Length Adventure Races

Ryan Ernst and David Townes

7.1  Introduction
Expedition-length adventure races have grown in
popularity since the first well-organized events
were held in the early 1980s. Some of the early
major events include New Zealand’s Coast-to-
Coast and Alaska’s Wilderness Classic. Other
well-known events followed including New
Zealand’s Raid Gauloises and the Southern
Traverse and the United States’ Eco-Challenge
and Primal Quest. The growth and development
of the sport have continued with the Adventure
Race National Championships held under the
direction of the United States Adventure Racing
Association (USARA) and the Adventure Race
World Series culminating in the Adventure Race
World Championship [1]. In addition to these
expedition-length races, there are numerous
shorter races held throughout the world.
Expedition-length adventure races are most
often competitive team events that require teams
to perform multiple disciplines including, but not
limited to, trekking, mountain biking, flat and
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white-water rafting/kayaking, ropes work, and
navigation over a course that may cover hundreds
of miles and take up to 10 days or more to com-
plete. Most races require teams to have four or
five members, with at least one member from
each gender, racing together, with each team
member completing each discipline along the
course.

Unique to many of these events, there is no set
course. Rather, teams must pass through a set of
checkpoint and transition areas (TA), where
teams change disciplines, from mountain biking
to trekking, for example. Teams are provided
maps and the Universal Transverse Mercator
(UTM) coordinates for each of the checkpoints
and transition areas through which they must
pass. Between checkpoints and/or TAs, teams
decide the best route for their team depending on
conditions and the strengths and weakness of the
team. A team with strong white-water skills may
opt to take on a rapid while another team may
choose to portage around it. Similarly, a team
with strong trekkers may go over a ridge while
other teams may opt to go around it. Also unique
to these events is the absence of built-in rest peri-
ods as these are not staged events. Once the race
begins, teams are permitted to race around the
clock and thus must strategize if and when to rest.
The winning team is the one to complete the
course with the fastest overall time after any pen-
alties have been allocated. In many of the major
events, prize money is awarded and several of the
top teams race professionally.
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During expedition-length adventure races,
teams are governed by the “rules of travel.” This
set of rules or instructions dictates when and how
teams may progress on the course. Examples
include specifying if and when a team may utilize
a paved road or restricting teams from being on
white water at night in the interest of safety. The
rules of travel also dictate what safety and com-
munication equipment is required. Examples
include mandatory use of appropriate helmets
while riding bicycles or climbing and personal
flotation devices (PFD) while on the water.

Penalties are issued to teams for infractions in
the rules of travel. For example, minor breaches
such as travel on an unapproved section of paved
road might result in an additional hours being
added to the team’s total time at the end of the
race while a major infraction, often related to
safety, such as not wearing a helmet during a
mountain bike section, may result in disqualifica-
tion of that team.

The rules of travel also specify which medica-
tions, including potential performance-enhancing
medications, interventions, and treatments, are
permitted and prohibited. They also include
parameters for the provision of medical care dur-
ing the event including implications for receiving
medical assistance during the event from the
event medical staff. This ranges from additional
hours being added to the team’s total time at the
end of the race to medical withdrawal of the team
from the event.

Expedition length adventure races are unique
among wilderness and endurance events in that
they require performance of multiple disciplines,
have no set course, are not staged, and have no
built-in breaks or rest periods and occur over long
distances and many days in remote and austere
environments.

For the purpose of provision of medical sup-
port, events have been divided into four catego-
ries. In category I events, spectators are in one
location during the course of the event. Examples
include concerts and stadium sporting events. In
category II events, spectators change location dur-
ing the event such as during golf tournaments and
may participate in the event such as Mardi Gras
celebrations. Category III events occur over large
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geographic areas with participants often outnum-
bering spectators such as ultramarathons or long-
distance bicycle rides. Category IV events occur
in rough terrain often in remote locations where
participant location and communication are
uncertain, necessitating SAR and prolonged
transport time to definitive care. Expedition-
length adventure races are category I'V events [2].
The complexity of the required medical support
plan increases with each category of event.
Expedition-length adventure races present signifi-
cant challenges for those charged with provision
of medical support for these events and require a
comprehensive medical support plan unlike that
for any other category of event.

7.2  Medical Support Plan

During expedition-length adventure races, medi-
cal care is commonly delivered at medical sta-
tions positioned at every TA as well as at key
checkpoints along the course (Figs. 7.1 and 7.2).

Many of the critical details about the provi-
sion of medical care for these events are outlined
in the medical support plan.

Development of the medical support plan
must take into consideration many factors includ-
ing the number of participants, the disciplines
required, the location and time of year of the
event, potential endemic disease, availability of
local search and rescue (SAR), emergency medi-
cal services (EMS) and other prehospital capa-
bilities, quality and level of local “definitive”
medical care, limitations of communication, and
the broad range of potential injury and illness
encountered during these events.

The medical support plan should be compre-
hensive based on all of these factors and include
contingency planning when appropriate. This
should all be based on anticipation of need in
both worst- and best-case scenarios. At a mini-
mum, the basic objective of the medical support
plan should include timely access and triage of
patients, on-site care for minor injuries and
illnesses, and stabilization and facilitation of
transport of more seriously ill or injured patients
to a higher level of care.
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Fig. 7.1 “Self-foot care station” in an expedition-length adventure race

Some of the key components of the medical
support plan include personnel, equipment and
supplies, communication and participant track-
ing, logistics and transportation, scope of prac-
tice, and medical assistance penalties and
disqualification.

The components of the medical support plan
are shown in Table 7.1.

7.2.1 Personnel

Appropriate staffing of the on-site medical team
is essential for the provision of optimal medical
support for expedition-length adventure races.
In the majority of events, there is a medical
director and medical team members all of whom
may be volunteers. Team members should have
a collective balance of experience in event med-
icine, wilderness medicine, emergency medi-
cine, and prehospital care including SAR. Those
with experience in previous expedition-length
adventure races may be particularly valuable

members of the team. Staffing of each medical
station should include individuals with appro-
priate training, experience, and skills in three
general areas of expertise: (1) patient assess-
ment, (2) IV placement and fluid and medica-
tion administration, and (3) patient packaging
for evacuation. These skills may be represented
by one individual but more likely multiple indi-
viduals will be necessary to include the appro-
priate scope of skills.

In addition to these three main areas of exper-
tise, additional personnel may be invaluable in
particular settings. For instance, foot care includ-
ing treatment of blisters is a very common chief
complaint during expedition-length adventure
races especially after long sections requiring foot
travel. It is beneficial to have personnel with
expertise in foot care stationed at the TA after
these sections as there will likely be a large num-
ber of participants requiring treatment of foot-
related problems [2—4]. This is less likely to be
the case after mountain biking or boating sec-
tions of the course.
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Fig.7.2 The author examines a participant during the Primal Quest Expedition Length Adventure Race

Table 7.1 Components of the medical support plan

Personnel: Listing of the type and number of
personnel required

Equipment and supplies: Listing of the type and
number of equipment and supplies required

Communication and participant tracking: Outlining
communication and participant tracking guidelines for
use in emergency medical situations

Logistics and transportation: Outlining the location
and transportation of personnel, equipment, and
supplies during the event. This is especially important
for critical personnel and limited resources such as
portable altitude chambers and ambulances

Scope of practice: Including guidelines for on-site
treatment and evacuation of common injuries and
illness. This should include the contact information
and capability of the local SAR, EMS, and hospitals
for each point along the course

Medical assistance penalties and disqualification:
Outlining the penalties for acceptance of medical care
during the event and criteria for medical
disqualification including significant illness or injury
as well as banned substance use

The ideal staffing for a medical station is a
medical team with a diverse and complimentary
skill set, a team attitude, and an ability to work
together in a nontraditional and often demanding
context.

7.2.2 Equipment and Supplies

One of the biggest challenges in provision of
medical support for expedition-length adventure
races is predicting both the type and amount of
medical equipment and supplies that will be nec-
essary. Each medical station should be supplied
with adequate equipment and supplies for the
duration of the event. This should be based on
anticipation of need in both the best- and worst-
case scenarios.

A careful review of the course may help in
predicting anticipated need. It is also useful to
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review previous events. Even with the careful
review and knowledge of previous events, antici-
pation of need may be very challenging as each
expedition-length adventure race is different. A
previously cited example is the 2002 Primal
Quest held in Telluride, Colorado. In pre-race
screening, few athletes reported asthma including
exercise-induced asthma; however, during the
event, there were a large number of participants
who requiring beta-agonist inhalers for wheez-
ing, thought to be secondary to a combination of
poor air quality from forest fires in the area as
well as a viral respiratory illness that spread
among the participants [4]. During the same
event held a year later in South Lake Tahoe,
California, almost no beta-agonist inhalers were
administered; however prednisone was in short
supply due to many of the participants contacting
poison ivy along the course.

A comprehensive list of all the equipment, sup-
plies, and medications should be included in the
medical support plan and a copy available at each
medical station. In general, all medical stations
should be stocked with the same supplies. The
amount of supplies may vary from one medical sta-
tion to the next depending on anticipated need;
however the basic supplies should be the same.
This standardization of equipment is helpful as
medical staff can be informed of what is available
and will not look for items that are not stocked. In
addition creation of standard kits or carts should
allow for familiarity, increased efficiency, and
reduced errors. The amount of each supply may
vary depending on anticipated need. For example,
the stock of foot care supplies should be in greater
amounts at the TA after a long section of the course
requiring foot travel compared with the TA after a
boating section of the course. In addition there may
be specialized pieces of equipment where place-
ment is critical. For example, a portable altitude
chamber should be placed on the course where it is
anticipated that high-altitude illness will occur and
descent may not always be possible.

Equipment and supplies should be stored in
durable, portable containers. Items should be in
the original packaging, placed in clear plastic
bags or storage containers labeled with the con-
tents in the appropriate relevant languages.

7.2.3 Communication and
Participant Tracking

Expedition-length adventure races utilize differ-
ent methods of communicating between race
staff including medical staff and race partici-
pants. Ideally, a primary and secondary system
should be utilized, as no communication system
is consistently reliable in these environments.
Mobile or cellular telephones offer private, rela-
tively low-cost communication but require a net-
work that may not be available in the environments
in which these events take place. Satellite phones
also offer private communication and over a
worldwide network however at significant cost.
Radios have the advantages of reliable communi-
cation in a wide variety of terrain; however they
may require setting up repeaters that require
power and do not offer private communication
which is a disadvantage for medical communica-
tions. It is strongly recommended that two com-
munication systems be utilized such as radios as
a primary system and satellite phones as a sec-
ondary system.

Given the limitations in communications
including inherent unreliability, it is important to
utilize a standard system for teams to quickly and
accurately relate important information about the
situation to the medical and event staff. One sys-
tem that has been used is a three-tier classifica-
tion of medical emergencies. Class 1 emergencies
are minor, requiring no evacuation, and the par-
ticipant will proceed with their team and receive
evaluation and treatment at the nearest medical
station. Examples include a sprained wrist or
sunburn. Class 2 emergencies are not life threat-
ening but require evacuation. An example is a
tibia-fibula fracture. Class 3 emergencies are
potentially life threatening, requiring immediate
evacuation. Examples include a head injury or
respiratory distress. Utilizing this system, a team
can quickly relate the urgency of the situation in
the event communication is not consistent.

When an injury or illness occurs along the
course that requires evacuation, it is critical to be
able to quickly and accurately locate the ill or
injured participant. As previously discussed,
communication can be unreliable, and even when



70

communication is available, participants may not
be able to accurately relate their position.

Global Positioning Systems (GPS) technology
has become the standard for tracking participants in
large expedition-length adventure races. Compared
with alternatives, it provides increased accuracy and
capability for locating and tracking participants and
greatly enhances the ability of event staff including
medical staff to coordinate and execute a rescue and
medical response when necessary.

During some expedition-length adventure
races, teams may carry a small case containing a
GPS tracking unit and a radio or satellite phone.
These devices send a signal every hour giving the
location of the team to event staff. The device has
no display so the team cannot use it to determine
their location. In the event of an emergency, the
team flips a switch on the device that changes the
signal received by event staff to a distress signal,
indicating there is a problem. The team then
relates the nature of the emergency to race staff
utilizing the radio or satellite phone contained in
the device. Utilizing this system, race staff
quickly learns the nature of the emergency and
the exact location of the team.

If such a system is utilized, a secondary sys-
tem should also be in place, as GPS and commu-
nication devices such as radios and satellite
phones may not work in these remote and rugged
environments. The ideal overall tracking system
will require a combination of the multiple modal-
ities. What works best will depend on the loca-
tion, course, terrain, existing infrastructure,
weather, and budget of the particular event.

7.2.4 Logistics and Transportation

Appropriate location of medical stations along
the course and placement of personnel, supplies,
and equipment is essential to ensure effective
medical support for the event. In the majority of
expedition-length adventure races, the main med-
ical stations are located at TA. There may be
great distance between TA, often 25 miles or
more, which is significantly longer than in mara-
thons or ultramarathons, that may have spacing
of medical stations every 1 mile or 5 miles,
respectively. Due to the long distance between
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TA, medical stations are also placed at strategic
locations throughout the course, including cer-
tain checkpoints and utilizing mobile medical
teams, taking into consideration anticipation of
need. Utilizing alternative locations for medical
stations such as checkpoints and mobile teams
may be very useful to provide adequate coverage
for expedition-length adventure races that may
have a 400-mile or longer course.

Each medical station should have a binder
with critical information specific to that station
from the medical support plan. For instance, for
each main medical station along the course, most
of which will be located at TA, it is important to
list all access points in the binder. This should
include maps of road access for emergency vehi-
cles coming to the medical station to pick up a
patient and transport them to the appropriate
facility. In addition, this should include the loca-
tion of the closest landing zone (LZ) for a heli-
copter if evacuation by air becomes necessary. In
addition, the binder should contain the location
of the medical station in language that the local
EMS or SAR personnel can understand. This
may include a description of the location in the
local language and using local terms. For exam-
ple, instead of identifying a medical station as
“Medical Tent #4,” it should also be identified
with local landmarks, such as “Ocean Beach
Trailhead off County Road 33.”

Each medical station should be stocked with
adequate supplies. Certain large or expensive
pieces of equipment, such as portable hyperbaric
chambers, may need to be moved from one medi-
cal station to another during the event. They may
need to be leapfrogged from one medical station
to another as the race progresses. The movement
of critical supplies and equipment should be
planned out ahead of the race. Flexibility should
be built in, as timing of the event and use of the
equipment and supplies may be impossible to
accurately predict.

Transportation for both medical teams and
evacuation of patients is an important consider-
ation, given both the large geographic area typi-
cally covered by an expedition-length adventure
race and the rugged variety of terrain. The medi-
cal support plan should include the specific plan
for evacuation for every portion of the course.
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This includes listing local SAR and EMS if avail-
able as well as the location of the closest facility
and comprehensive facility along with their
capacities and capabilities. For each point along
the course including the medical stations, will
local SAR and EMS respond or will the event be
responsible for locating and transporting ill or
injured participants to a location where care can
be transferred to the local medical system? Some
parts of the course may be accessible by ALS
ambulance; however large sections of the course
may be accessible only by 4-wheel-drive vehicle,
watercraft, and helicopter. It is preferred to utilize
local SAR and EMS including local air medical
resources as they are familiar with the area and
systems and communication standards and treat-
ment guidelines will already be in place.

Establishing accessibility of the local emer-
gency network such as 911 or similar, at each
point along the course, should occur prior to event
operations. If such a network is in place, for each
position along the course, it is important to know
if it can be accessed using cellular/mobile phones
or if satellite phones are required. For both out-of-
area cellular phones and satellite phones, access
should be tested. If such as system is not in place,
it is important to know how to contact local SAR
and EMS. In each case, protocols for notification
and activation of local SAR, EMS, and hospitals
should be disseminated to medical personnel and
contained in the medical support plan in a binder
at all medical stations along the course.

In some events, local EMS and SAR will not
have sufficient capacity or capabilities and the
event will be responsible for evacuation and
transport of patients to local facilities. In these
situations, it may be necessary to utilize event
resources, such as event vehicles or helicopters
normally used for media or event staff transporta-
tion, for patient evacuation and transport. The
ability to provide these additional services will be
very dependent on the pilot’s experience, knowl-
edge of the area, and comfort level. The plan for
this alternative use of the helicopter should be
well established and agreed upon by all parties
prior to the event.

If the event budget will allow, in situations
where local SAR or EMS is insufficient, the event
staffing should include privately hired staffed

advanced life support (ALS) ambulances that are
positioned strategically along the course.

7.2.5 Scope of Practice

A basic objective of the medical support plan for
any expedition-length adventure race is to pro-
vide definitive care for patients with minor injury
and illness and stabilize and facilitate evacuation
of patients with severe injury and illness. The
specifics abo