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2 contraintes

• Conditions climatiques et lutte contre le froid  

• Implications Cardio-vasculaires spécifiques (%CMV et %VO2max)
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SUMMARY AND CONCLUSION
Cold injury is a concern during athletic training and competi-
tion. Our analysis indicates that the risk of cold injuries
during the Winter Olympics is probably quite small due to
the absence of extreme (−20°C), the high metabolic rates ath-
letes produce during their events (>600 W), and the duration
of many of the events (∼3 min). Hypothermia is more likely
to occur during the 10 K open-water swim during the Summer
Olympics, if water temperatures approach 16°C. The risk of
cold injuries during training and non-Olympic competitions
could be higher than during Olympic competition.
Employment of formal risk management processes such as
those recommended by the American College of Sports
Medicine14 can effectively mitigate those risks during competi-
tion and training.
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Figure 2 Wind Chill Temperature
Index in Fahrenheit and Celsius.
Frostbite times are for exposed facial
skin. Top chart is from the US National
Weather Service; bottom chart is from
the Meteorological Society of Canada/
Environment Canada.
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Physiopathologie
• Homme = Homéotherme (vs poïkilothermes) 

• Variations importantes de température 
centrale non supportées


• décès <27° ou >43°


T h e r m o r é g u l a t i o n = 
mécanismes permettant à 
l’Homme de maintenir une 
température centrale proche 
de 37 °C 



Mécanismes de thermorégulation au froid



Lutte contre le froid : Diminuer la thermolyse



Lutte contre le froid : Diminuer la thermolyse
1. Vasomotricité   

• Veinoconstriction superficielle cutanée et 
sous-cutanée


• Vasoconstriction des anastomoses artério-
veineuses 


• Vasodilatation des territoires profonds peau et 
tissu sous-cutanés


2. Autres mécanismes 

• Acclimatation ++, Thyroïde


• Entraînement physique / pré conditionnement


• Alternances vasodilatation / vasoconstriction 


3. Equipement vestimentaire  

• Mains et tête ++, multicouches



Lutte contre le froid : augmenter la thermogenèse



Lutte contre le froid : augmenter la thermogenèse

• métabolisme (chimique)


• Contractions 
musculaires


• frissons


• exercices volontaires


• Radiation solaire 
(Attention Nuit)
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Contraintes CV en motoneige
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output in proportion to the metabolic demand ( ):
.
Vo 2  for 

every 1 L/min increase in oxygen uptake, there is an obli-
gate requirement for a 5 to 6 L/min increase in cardiac out-
put4,11 as a function of the Fick equation. This increase is 
independent of age, sex, or fitness.4,12,13

Both dynamic and static exercise result in an increase in 
myocardial oxygen demand: heart rate, wall tension (before 
and after the contraction, which determines preload and 
afterload), and contractile state of the LV14. During high-
intensity dynamic exercise, there is a large increase in heart 
rate and an increase in stroke volume that is achieved by both 
an increase in end-diastolic volume (Frank-Starling mecha-
nism)15 and a decrease in end-systolic volume (increased 
contractile state); for athletes, the most important factor 
is the increase in end-diastolic volume.16 In high-intensity 
static exercise, a smaller increase occurs in heart rate, and 
little change occurs in end-diastolic and end-systolic vol-
umes of the LV; however, arterial pressure and contractile 
state of the ventricle are increased. Thus, dynamic exercise 
primarily causes a volume load on the LV, whereas static 
exercise causes a pressure load. Virtually all sports require a 
combination of both types of effort, although when both are 
high, such as in rowing sports, the rise in blood pressure may 

be dramatic,17 and the cardiac adaptation is among the most 
prominent of all sports18.

Classification of Sports
On the basis of these considerations, the following matrix 
was developed (Figure). This Figure has been modified only 
slightly from the initial derivation published in the 36th 
Bethesda Conference, mostly to emphasize a more graded 
increase in effort/cardiovascular load between categories as 
opposed to a hard, discrete distinction.

Each sport is categorized by the level of intensity (low, 
medium, high) of dynamic or static exercise generally 
required to perform that sport during competition. It also 
recognizes those sports that pose a significant risk because 
of bodily collision, either because of the probability of hard 
impact between competitors or between a competitor and 
an object, projectile, or the ground, as well as the degree 
of risk to the athlete or others if a sudden syncopal event 
occurs. Thus, in terms of their dynamic and static demands, 
sports can be classified as IIIC (high static, high dynamic), 
IIB (moderate static, moderate dynamic), IA (low static, 
low dynamic), and so forth. For example, an athlete with a 
cardiovascular abnormality that would preclude a sport that 

Figure. Classification of sports. This classification is based on peak static and dynamic components achieved during competition; 
however, higher values may be reached during training. The increasing dynamic component is defined in terms of the estimated 
percentage of maximal oxygen uptake (Vo 2max

.
)  achieved and results in an increasing cardiac output. The increasing static component 

is related to the estimated percentage of maximal voluntary contraction reached and results in an increasing blood pressure load. 
The lowest total cardiovascular demands (cardiac output and blood pressure) are shown in the palest color, with increasing dynamic 
load depicted by increasing blue intensity and increasing static load by increasing red intensity. Note the graded transition between 
categories, which should be individualized on the basis of player position and style of play. *Danger of bodily collision (see Table for more 
detail on collision risk). †Increased risk if syncope occurs. Modified from Mitchell et al3 with permission. Copyright © 2005, Journal of the 
American College of Cardiology.
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Impact CV de l’exposition au froid



Impact CV de l’exposition au froid

• Augmentation de l’inotropisme  et hyperexcitabilité 
cardiaque


• Vasoconstriction et spasme coronaire


• augmentation PA


—> Augmentation du travail cardiaque 


• impact sur la FC : main (tachycardie) ≠ face 
(bradycardie)

Exposition au froid
Fréquence cardiaque

Face = Bradycardie
Main =Tachycardie



Froid et performances CV
• baisse du VO2 max


• baisse de la durée des efforts intenses


• baisse de la FC max (attention au CFM…


• Mécanismes : 
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(175, 195) and 0◦C (195) compared to 20◦C. In contrast, no
differences were observed between 5 and 18◦C air (159).

Cold water effects potentially would impact performance
markedly more than cold air due to the much larger heat
conduction in water (∼25 times greater than air) result-
ing in greater deep body and tissue temperature changes
(247). Cold water exposure is more likely to lead to declines
in deep body and muscle temperatures, cause greater ther-
moregulatory effector responses (shivering and vasocon-
striction) and degrade nerve conduction to a greater extent
than air.

Only a few studies have examined aerobic performance
per se during cold water exposure. Holmer and Bergh (126)
measured maximal aerobic power (VO2max) during swimming
at water temperatures of 18, 26, and 34◦C. In three of the five
participants (the leanest) VO2max was 6% to 18% lower dur-
ing maximal swimming in 18◦C water. As well, the VO2max
during cold-water swimming was compared to running and
was found to be 13% lower than the VO2max attained during
running. Rennie et al. (200) reported a reduced VO2max during
cycle exercise in 20◦C water compared to air. Although other
water temperatures were studied (25-35◦C), data at these other
temperatures were not included in the report. Along with a
reduced VO2max, they also reported a decline in mechanical
efficiency in 20◦C water and suggest this is a possible mech-
anism for the lower VO2max with cooling. However, compar-
isons between water and air are not meaningful; data should
be compared between the 20 and 35◦C water temperature
trials.

There are multiple putative mechanisms proposed for this
reduced aerobic performance in cold environments (Fig. 4).
Each of these will be discussed.

Limitations to aerobic exercise performance
and maximal oxygen uptake in the cold

Temperature

Metabolism

a. Reduced maximal HR
b. Lower cardiac output
c. Reduced muscle blood flow

Central/peripheral circulation

a. Increased lactate
b. Low glucose levels
c. Fasting
d. Increased VO2/reduced economy

a. Lower deep body temperature
b. Decreased muscle temperature
c. Reduced skin temperature

Figure 4 Summary of possible mechanisms that impact maximal oxy-
gen uptake and aerobic performance in a cold environment.

Deep body, muscle, and skin temperatures
It is predicted, through the Q10 effect, that lower internal tem-
peratures will reduce metabolism and muscle force genera-
tion (63) and thus temperature should be a critical component
for physical performance. Bergh and colleagues completed a
series of studies in the 1970s examining the effect of lowered
deep body temperatures on VO2max (13-15). They used cold
water immersion to reduce temperature and then had their par-
ticipants complete combined leg/arm exercise in the air until
reaching exhaustion or VO2max. They also manipulated skin
temperatures by changing the air temperature following cold
exposure. Figure 5 shows the relationship between deep body
temperature and maximal work time/peak oxygen uptake. For
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Figure 5 Changes in maximal work time, heart rate, and maximal
oxygen uptake during combined arm and bicycling exercise as a func-
tion of core temperature (esophageal temperature) and muscle (vastus
lateralis) temperature. Subjects either swam in cold water (13-15◦C)
or pedaled on a cycle ergometer before arm/leg exercise to induce
changes in core and muscle temperatures. Adapted, with permission,
from Ref. (15).
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(175, 195) and 0◦C (195) compared to 20◦C. In contrast, no
differences were observed between 5 and 18◦C air (159).

Cold water effects potentially would impact performance
markedly more than cold air due to the much larger heat
conduction in water (∼25 times greater than air) result-
ing in greater deep body and tissue temperature changes
(247). Cold water exposure is more likely to lead to declines
in deep body and muscle temperatures, cause greater ther-
moregulatory effector responses (shivering and vasocon-
striction) and degrade nerve conduction to a greater extent
than air.

Only a few studies have examined aerobic performance
per se during cold water exposure. Holmer and Bergh (126)
measured maximal aerobic power (VO2max) during swimming
at water temperatures of 18, 26, and 34◦C. In three of the five
participants (the leanest) VO2max was 6% to 18% lower dur-
ing maximal swimming in 18◦C water. As well, the VO2max
during cold-water swimming was compared to running and
was found to be 13% lower than the VO2max attained during
running. Rennie et al. (200) reported a reduced VO2max during
cycle exercise in 20◦C water compared to air. Although other
water temperatures were studied (25-35◦C), data at these other
temperatures were not included in the report. Along with a
reduced VO2max, they also reported a decline in mechanical
efficiency in 20◦C water and suggest this is a possible mech-
anism for the lower VO2max with cooling. However, compar-
isons between water and air are not meaningful; data should
be compared between the 20 and 35◦C water temperature
trials.

There are multiple putative mechanisms proposed for this
reduced aerobic performance in cold environments (Fig. 4).
Each of these will be discussed.

Limitations to aerobic exercise performance
and maximal oxygen uptake in the cold

Temperature

Metabolism

a. Reduced maximal HR
b. Lower cardiac output
c. Reduced muscle blood flow

Central/peripheral circulation

a. Increased lactate
b. Low glucose levels
c. Fasting
d. Increased VO2/reduced economy

a. Lower deep body temperature
b. Decreased muscle temperature
c. Reduced skin temperature

Figure 4 Summary of possible mechanisms that impact maximal oxy-
gen uptake and aerobic performance in a cold environment.

Deep body, muscle, and skin temperatures
It is predicted, through the Q10 effect, that lower internal tem-
peratures will reduce metabolism and muscle force genera-
tion (63) and thus temperature should be a critical component
for physical performance. Bergh and colleagues completed a
series of studies in the 1970s examining the effect of lowered
deep body temperatures on VO2max (13-15). They used cold
water immersion to reduce temperature and then had their par-
ticipants complete combined leg/arm exercise in the air until
reaching exhaustion or VO2max. They also manipulated skin
temperatures by changing the air temperature following cold
exposure. Figure 5 shows the relationship between deep body
temperature and maximal work time/peak oxygen uptake. For
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Figure 5 Changes in maximal work time, heart rate, and maximal
oxygen uptake during combined arm and bicycling exercise as a func-
tion of core temperature (esophageal temperature) and muscle (vastus
lateralis) temperature. Subjects either swam in cold water (13-15◦C)
or pedaled on a cycle ergometer before arm/leg exercise to induce
changes in core and muscle temperatures. Adapted, with permission,
from Ref. (15).
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Cold Stress Effects on Exposure Tolerance and
Exercise Performance
John W. Castellani*1and Michael J. Tipton2

ABSTRACT
Cold weather can have deleterious effects on health, tolerance, and performance. This paper will
review the physiological responses and external factors that impact cold tolerance and physical
performance. Tolerance is defined as the ability to withstand cold stress with minimal changes
in physiological strain. Physiological and pathophysiological responses to short-term (cold shock)
and long-term cold water and air exposure are presented. Factors (habituation, anthropometry,
sex, race, and fitness) that influence cold tolerance are also reviewed. The impact of cold expo-
sure on physical performance, especially aerobic performance, has not been thoroughly studied.
The few studies that have been done suggest that aerobic performance is degraded in cold envi-
ronments. Potential physiological mechanisms (decreases in deep body and muscle temperature,
cardiovascular, and metabolism) are discussed. Likewise, strength and power are also degraded
during cold exposure, primarily through a decline in muscle temperature. The review also dis-
cusses the concept of thermoregulatory fatigue, a reduction in the thermal effector responses of
shivering and vasoconstriction, as a result of multistressor factors, including exhaustive exercise.
Published 2016. Compr Physiol 6:443-469, 2016.

Introduction
People exercise and work in many cold-weather environments
(e.g., low temperature, high winds, and immersion). For the
most part, cold-weather is not a barrier to performing physical
activity. Successful and safe exploration to high altitude, polar
regions, and swimming for hours across the English Chan-
nel are clearly indicative that human beings can perform in
extreme cold (38). Tolerating and performing in cold-weather
environments has typically not received as much academic
interest as other environmental extremes, even though a lack
of tolerance during cold exposure can lead to life-long, life-
altering injuries, and even death.

There are scenarios (immersion, rain, and low ambient
temperature with wind) in which whole-body or local ther-
mal balance cannot be maintained during exercise-cold
stress, contributing to cold-weather injuries, survivability, and
diminished exercise capability and performance. This article
does not deal with the pathophysiological consequences of
cooling (cold injury, hypothermia, and drowning); instead
it focuses on the cold-evoked physiological mechanisms, and
internal and external factors that alter physiological responses,
tolerance, and performance in the cold.

Biophysics of Heat Exchange and
Balance
Changes in deep body temperature are simply caused by
either a positive or negative change in heat storage. If
the body produces more heat than it dissipates, deep body

temperature rises. Conversely, if heat production is less than
that lost to the external environment, then heat storage will be
negative and deep body temperature will fall. We can present
these relationships between production and loss mathemati-
cally as follows (92):

S = M − (+Work) − E ± R ± C ± K

where: S = heat storage, M = metabolic heat production, E =
evaporation, R = radiation, C = convection, and K = conduc-
tion. Positive numbers indicate heat gain and negative values,
heat loss. E, R, C, and K are the heat exchange pathways
(107). All units are in W⋅m−2. When environmental temper-
ature and water vapor pressure are lower than these values at
the skin, it results in a loss of heat from the body.

Physical exercise can increase whole body metabolism
(M) by as much as 15 to 20 times the resting metabolic rate in
healthy young males. But since exercise only uses 9% to 20%
of this increased metabolism to produce useful work (i.e.,
9%-20% efficiency), the balance of the increased metabolism
is given off as heat. Exercise M only contributes to heat gain.

*Correspondence to john.w.castellani.civ@mail.mil
1Thermal and Mountain Medicine Division, U.S. Army Research
Institute of Environmental Medicine, Natick, Massachusetts, USA
2Extreme Environments Laboratory, Department of Sport and Exercise
Science, University of Portsmouth, Portsmouth, Hampshire, England,
United Kingdom
Published online, January 2016 (comprehensivephysiology.com)
DOI: 10.1002/cphy.c140081
This article is a U.S. Government work and is in the public domain in
the U.S.A.
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Mécanismes pathologiques  
et complications CV lors de l’effort au froid

Whole body cold exposure
One could speculate that hypertension would result in
exaggerated cardiovascular responses related to acute
cold exposure resulting from the impaired autonomic
cardiovascular control, and characteristic sympathetic
over activity. Hypertension also relates to increased
arterial stiffness [73,75], as well as endothelial dys-
function which contribute to the basal vascular tone,
but possibly also to the cold-related pressor response.
Furthermore, ageing associated with hypertension
may itself contribute to the increased central arterial
stiffness and pressor response [32]. Indeed, Greaney
et al. [76] demonstrated a greater increase in BP, as
well as muscle sympathetic nerve activity (MSNA)
among hypertensive compared with normotensive
controls. Alongside these findings they investigated
baroreflex sensitivity (BRS), which is a dominant
short-term control mechanism for BP and may be
impaired in hypertension [73]. Their study detected
cold-related increase in BRS among hypertensive, but

not normotensive subjects [76] and related their find-
ings to functional buffering of cooling-induced
increases in BP. The results further showed an aggra-
vated increase in skin sympathetic nervous activity
(SSNA) and peripheral cutaneous vasoconstrictor
response to skin cooling among hypertensive com-
pared with normotensive subjects [61]. Interestingly,
differences in cutaneous adrenergic sensitivity did not
contribute to the observed exaggerated vasoconstric-
tion. Hence, the authors suggested this to occur via
greater increases in skin sympathetic outflow coupled
with an increased reliance on non-adrenergic neuro-
transmitters [61]. The previously mentioned studies
have been performed employing whole-body cooling
of large skin areas (water perfusion suit), but exclud-
ing the head.

In contrast, studies employing whole-body cool-
ing that includes facial cooling, and where larger
skin areas are protected with winter clothing, have
detected comparable cardiovascular responses

Figure 1. Effects of cold and exercise and their combination on cardiovascular responses in healthy subjects [13,39]. In addition, poten-
tial mechanisms explaining cardiovascular events [2,4,83] in both healthy and those with hypertension [73], coronary artery disease [80]
and heart failure [91] are presented. Abbreviations: CBF = coronary blood flow, CO = cardiac output, DBP = diastolic blood pressure,
HR = heart rate, MI = myocardial infarction, RAAS = renin-angiotensin system, RPP = rate pressure product, SBP = systolic blood pres-
sure, SCD = sudden cardiac death, SV = stroke volume, SVR = systemic vascular resistance.
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Risque rythmique

• 37 skieurs « ski alpinisme » d’âge moyen


• appariement AP vie quotidienne


• 89% d’ESV (vs 57%), 22% formes complexes vs 
8%) et 94% d’ESSV durant l’effort

European Heart Journal (1994) 15, 507-513

Arrhythmias and ST segment deviation during prolonged
exhaustive exercise (ski marathon) in healthy middle-aged

men
O. J. LUURILA, J. KARJALAINEN, M. VIITASALO AND L. TOIVONEN

Ldakdriasema Koe Oy, Helsinki; Central Military Hospital, Helsinki; and First Department of Medicine,
Helsinki University Central Hospital, Helsinki, Finland

KEY WORDS: Exercise, cross-country skiing, ambulatory electrocardiography, cardiac arrhythmias, middle-aged
men.

To evaluate the occurrence of arrhythmias and silent ischaemia during a prolonged exhaustive exercise in cold climate
conditions, we monitored 37 healthy middle-aged men (age 40-56 years) who were randomly selected from participants
of a ski marathon. Completing the 75-90 km race took 7-12 h. The highest and lowest mean hourly heart rates during
skiing were 150 ±9 (mean ± SD) and 138 ± 11 beats. min ~'. The maximum heart rate was 161 ±9 beats. min ~~', and
occurred in most skiers during the first hour. Ventricular premature complexes (VPCs) were present in 33 of 37 men
(89%) with a median frequency of five beats during skiing (range 0—425). Complex forms occurred in eight men (22%),
and atrial ectopics appeared in 33 of 35 participants (94%). The frequency of the arrhythmias did not increase over the
skiing period At control monitoring during a representative period the highest mean hourly heart rate was
74 ± 12 beats. min~' and VPCs were seen in 21 men (57%) at a median frequency of one beat during the control period
(range 0-338) and complex forms occurred in three men (8%).

Three men had asymptomatic ST segment depression of 0-2-0-3 m V lasting 2-10 min during the first hour of skiing.
One of them had marginal ST segment depression (01 m V) at exercise electrocardiography, but all had normal results
at exercise thallium scintigraphy and echocardiography.

Thus, arrhythmias were significantly (P<0001) increased in middle-aged men during exhaustive prolonged exercise
as compared to those observed during a similar period of time of normal daily life. Transient ST segment depression was
found in 8% of skiers at the beginning of the race, although they had not demonstrated coronary artery disease. This,
however may indicate an increased risk during the initial part of the race

It is obvious that the risk of cardiac events is increased at the start of long lasting exhaustive exercise before
adaptation to stress, but prolongation of exercise even in cold climates does not increase the risk of arrhythmia or other
cardiac complications. However, cold climate conditions and symptoms of respiratory infection may increase the risk of
cardiac arrhythmias.

Introduction has been coronary artery disease. High heart rate and
elevation in blood pressure during the race can consid-

Long-distance running and skiing have become very erably load the cardiovascular system. Increases in
popular. An estimated 2 million Americans exercise plasma levels of adrenaline and noradrenaline, lactate
regularly by jogging and thousands participate in mass and free fatty acids and disturbances in electrolyte
marathons round the world; for example over 25 000 balance occur during exercise[13-16] which could con-
yearly run in the New York City Marathon. In Europe, tribute to the risk of cardiac events. Cold weather could
day-long ski marathons attract more than 30 000 par- impose an additional load on the heart1'7'181,
ticipants every winter, and many of the skiers are In the literature, many studies conclude that repetitive
middle-aged men who may have unrecognized ischaemic premature beats can also be found during normal daily
heart disease. activities and especially during exercise with high heart

An increased risk of sudden death during marathon rates in normal individuals without heart disease. How-
running and squash playing has been observed in men ever, no studies on long distance exhaustive skiing in
over 40 years'1 9\ death has been reported during day- cold climate conditions have been reported,
long ski marathons in men with no previously known Previous studies which relate to cardiac events and
heart disease110"121. The most common autopsy finding arrhythmias have examined squash players19'19'20'. In the

present study the electrocardiogram (ECG) of middle-
... . , „ „ , . , * . . . , , aged men was continuously monitored during a ski

Submitted for publication on 17 August 1992 ana in final revised form , _ . , . . . . . .
24 August 1993. marathon. The emphasis was in documenting cardiac
Correspondence. Dr O. J. Luurila, Laakanasema Koe Oy, Laboratory of S t r e S S ' arrhythmias and possible evidence of ischaemia
Clinical Physiology, ooioo Helsinki, Finland. during a prolonged exhaustive exercise in a cold climate.

0195-668X/94/040507+07 $08.00/0 <£, 1994 The European Society of Cardiology

Downloaded from https://academic.oup.com/eurheartj/article-abstract/15/4/507/483707
by INSEAD user
on 04 June 2018



Risque ischémique

• même population


• 8% de courant de lésion sous endocardique 
sur la première heure de course


• Coronaires saines


• Spasmes? Vols coronaires?
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(a)

(b)

Figure 5(a) and (b) ST segment depression during first hour of skiing. The heart rate at the time of maximal ST
depression was 142 beats . min"1 (H.S ) and 132 beats . min"1 (H.A.), lead V6.

(median 2, range 35) than during the first hour of
Finlandia skiing (median 0, range 7).

Asymptomatic ST segment depression of 0-2-0-3 mV
occurred in the first hour of skiing in three men (Fig. 5).
The episodes lasted from 2 to 10 min. Two of these
occurred during skiing at a temperature of — 23 °C and
one at — 8 °C. One of these men had electrocardio-
graphic left ventricular hypertrophy, but the other two
had no detectable pathology. ST segment depression
was not associated with complex VPCs. No risk factor
for coronary heart disease was found in men with ST
deviation or significant arrhythmias during skiing.

After the race, the mean body temperature was
34-7 ±0-6 °C and the blood pressure was 111 ±15/
67 ± 14 mmHg in Finlandia skiing. Corresponding val-
ues in Pirkka skiing were 35-5 ± 0-6 °C and 126 ± 19/
89 ± 12 mmHg. Four men had frost bite on the face,
ears and hands and several had symptoms related to
exhaustion and cold (Table 6).

Five-year follow-up data were available. Men with ST
segment deviation and major arrhythmia during skiing
fared well. All continued endurance training and none
had severe cardiac arrhythmias or serious cardiac com-
plications.

ADDITIONAL EVALUATION

An exercise electrocardiography test was performed in
the three men who had ST segment depression and in

another two who had runs of VPCs. The maximal
working capacity was at least 250 W in all; one man
had a marginal 01 mV slowly ascending ST depression,
and none had chest pain or arrhythmias. Thallium
scintigrams were normal in men who had ST seg-
ment depression; all these subjects also had normal
echocardiography.

Pirkka skiing in colder weather (-23°C) was not
associated with more frequent arrhythmias (median 6,
range 0-425) than Finlandia skiing ( - 8 "C; median 4,
range 0-39). Two instances of ventricular tachycardias
however, occurred, during Pirkka skiing. Complex
forms were found in seven during Pirkka but in only one
during Finlandia skiing. During the first hour of Pirkka
skiing in colder weather more arrhythmias (P<005)
were observed than during the first hour in Finlandia
skiing.

Table 6 Symptoms during skiing

Chest pain
Cough
Sore throat
Frost bites
Vomiting
Shivering from cold
Severe tiredness
No symptoms

3
3
1
4
1
3
7

15
n=37
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Hypothermie
• Ondes J 

d’OSBORN

• T centrale < 35°


• <35° HTA sévère


• < 33° perte de la 
thermorégulation


• <33° arythmie 


• < 31° perte de connaissance 


• < 25° bradycardie extrême
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Quelle population pose 
problème ?

SUDDEN DEATH IN THE YOUNG
COMPETITIVE ATHLETE: THE APPARENT PART
OF THE ICEBERG

A young competitive athlete is traditionally defined
as any person 10 to 35 years old who participates
in an organized sports program (team or individual
sport) that requires regular competition and
training.11,19,30–32 SCD occurring among young
competitive athletes has always attracted major
media attention, with emblematic examples in
footballers33 or, more recently, cyclists.34 To
date, the large majority of data on sports-related
SCD have focused on the burden among young
competitive athletes and the extent to which inten-
sive physical activity may be actually harmful. The
focus on healthy young athletes is highly under-
standable given the substantial social and
emotional impact of sudden and unexpected
deaths in this population.

However, there are some noteworthy facts in
this regard. Sudden death in competitive athletes
is a very low-frequency event.35,36 Furthermore,
several studies published on this subject included
not only sudden deaths owing to cardiovascular
causes, but also trauma9 or even suicide.37 Other
studies included SCD occurring in circumstances
unassociated with sport.9 Overall, although an ac-
curate estimation of the incidence of sports-
related SCD among young competitive athletes
is challenging, it is estimated to be fewer than 10
per million per year in a recent metaanalysis.36 In
contrast, considering the burden of sports partici-
pation in the general population, focusing on

competitive athletes alone could lead to a rather
biased perspective on sports-related SCD.

SUDDEN CARDIAC DEATH AMONG
RECREATIONAL SPORTS PARTICIPANTS: THE
MAJORITY OF SPORTS-RELATED SUDDEN
CARDIAC DEATH

Sports-related SCD accounts for a small but sig-
nificant proportion of all SCD, with recent studies
consistently reporting around 5% of overall SCD
occurring during sporting activity.38,39 Because
the incidence of SCD is around 300,000 cases
per year in Europe40,41 and North America,42,43 it
may be estimated that sports-related SCD likely
accounts for 15,000 cases annually in North
America and in Europe. This estimation underlines
the important magnitude of this entity. Literature
on sports-related SCD, during recreational sports
activities in the community, remains relatively
sparse. The emphasis on young competitive ath-
letes as opposed to recreational sports partici-
pants is discordant with the relative magnitudes
of the respective problems, which was recently
highlighted by a population-based registry.30

Overall, among all sports-related SCD, only 6%
occurred in young competitive athletes, as
compared with 94% among recreational sports
participants (Fig. 2).30 This is intuitive given the
large pool of recreational sports participants as
compared with competitive athletes. Thus, there
is a crucial need to focus attention on this large
at-risk population of subjects.

Fig. 2. Distribution by age of sports-related sudden cardiac death in young competitive athlete (red) and general
population (blue). SD, sudden death. (From Marijon E, Tafflet M, Celermajer DS, et al. Sports-related sudden
death in the general population. Circulation 2011;124(6):672–81.)

Sudden Cardiac Death During Sports 561
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3 situations assez différentes 

1. le « Sportif » sans antécédents


2. le Sédentaire ou équivalent sans 
antécédents


3. le « Cardiaque »
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1. Evaluation du risque +++ 

• Recherche des FDRCV 


• Evaluation du risque CV individuel


• Discuter score calcique coronaire en cas 
de risque intermédiaire


• Symptômes sous estimés (sd de 
l’échauffement, baisse de performances…)
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• Recherche des conditions/antécédents à risque

Preparticipation History
A good history screens for illnesses that increase risk of

cold injury or can be worsened by cold exposures. Attention
should also be given to patient education, preparedness, and
expected environmental conditions. The average ambient
temperature and daily range, average wind velocities, pre-
cipitation probability, immersion potential, and altitude will
determine the baseline risk for cold injury. In addition, defining
anticipated exertion level, duration of exposure, wilderness
experience, and previous cold injury allows for further risk
quantification and targeted education to decrease risk.

Example history questions include the following25:

1. Have you been diagnosed with frostbite, hypothermia, or
cold-related injuries in the past?

2. If you have had previous cold injury or frostbite, do you
develop symptoms or have problems with repeat exposure
to cold?

3. Do you smoke or use nicotine products?
4. What medications are you using (paying special attention

to central nervous system depressant and vasoconstrictive
medications)?

5. Do you have heart disease, angina, or a family history of
heart disease?

6. Do you cough, wheeze, or have difficulty breathing during
or after exercise?

• Have you ever used an inhaler or taken an asthma
medication?

• Do your symptoms get worse in the cold?
7. Do you have diabetes or thyroid problems?

• How well is the condition managed?
8. Do you have normal sensation in your hands and feet?
9. Do you have Raynaud syndrome?

• How do you manage the symptoms?

10. Do you have any chronic skin conditions such as psori-
asis or eczema?

Preparticipation Physical Examination
The physical examination for a patient athlete before

cold exposure should not differ greatly from the normal
preparticipation physical examination.25 The examination
should include a general assessment of age, gender, and per-
cent body fat (if suspected low) as these factors affect cold
tolerance. Specific attention to cardiovascular, peripheral cir-
culation, respiratory, thyroid, skin, and neurological exami-
nations is important to define abnormalities that may
predispose to cold injury. Consider cardiac stress testing for
individuals at elevated risk for cardiovascular disease.

Clearance: Risk Factor Modification/
Recommendations

The preparticipation examination provides the perfect
opportunity to educate patients on specific risk factors and
prevention of cold injuries. For all cold injuries, the best
treatment is prevention. Preparation for environmental ex-
posures is extremely important.

Proper layering of clothing can help maintain adequate
core temperature and decrease heat loss in cold weather. The
innermost layer, which is in direct contact with the skin,
should not retain moisture, but rather wick moisture away
from the body to maintain an insulating air layer next to the
skin and transfer water to outer layers of clothing.4 The
exception to this is wool, which can retain heat even when
wet. The middle layer or layers are primarily for insulation
and should be made of a material such as fleece or wool. The
outer layer must allow moisture transfer, allow ventilation,
and protect against wind and rain.4 Layering allows the

TABLE. Preexisting Medical Conditions That May Increase Risk of Cold Injury or Worsen Secondary to Cold Exposure2,4,5

Increased Risk for Cold Injury Conditions Worsened
by Cold ExposureDecreased Heat Production Increased Heat Loss Impaired Thermoregulation Other

Low energy Environmental factors Peripheral nervous system Infection Asthma
Fatigue Rain Neuropathies Renal failure Coronary artery disease
Low caloric intake Windchill Central nervous system Previous cold injury Congestive heart failure
Inactivity Sweat Multiple sclerosis Raynaud disease

Endocrine conditions Time Parkinson disease Chronic Obstructive Pulmonary
Disease

Hypopituitarism Temperature Medications
Hypoadrenalism Low body fat Drug and alcohol abuse
Hypothyroidism Female gender Tobacco use
Hypoglycemia Age Vascular
Diabetes Skin changes Raynaud syndrome

Age Psoriasis Diabetes
Children Dermatitis Peripheral artery disease
Age .60 yrs Sunburn Inadequate clothing

Hyperhidrosis Constrictive
Tight boots

Adapted from Table 3 in ACSM position stand on prevention of cold injuries during exercise.4 Adaptations are themselves works protected by copyright. So in order to publish this
adaptation, authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.
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CARE OF THE WILDERNESS ATHLETE

Medical Evaluation for Exposure Extremes: Cold

Jessie R. Fudge, MD,* Brad L. Bennett, PhD,† Juris P. Simanis, MD, MPH, MSPH,‡
and William O. Roberts, MD, MS§

Abstract: Risk of injury in cold environments is related to a combi-
nation of athlete preparedness, preexisting medical conditions, and the
body’s physiologic response to environmental factors, including ambient
temperature, windchill, and wetness. The goal of this section is to
decrease the risk of hypothermia, frostbite, and nonfreezing cold injuries
as well as to prevent worsening of preexisting conditions in cold environ-
ments using a preparticipation screening history, examination, and coun-
seling. Cold weather exercise can be done safely with education, proper
preparation, and appropriate response to changing weather conditions.

Key Words: hypothermia, frostbite, injury prevention, exercise, cold

(Clin J Sport Med 2015;25:432–436)

INTRODUCTION
Cold exposure puts wilderness and outdoor athletes at risk

for hypothermia, frostbite, and nonfreezing cold injuries. Cold
weather exposure during outdoor activities does not cause
adverse effects on health and physical performance in most
people. However, individual tolerances to cold will vary based on
the duration of exposure, ambient temperature, and preexisting
risk factors unique to the individual.1,2 The incidence of hypo-
thermia and frostbite in athletes during winter months is low.
Frostbite and hypothermia account for only 3% to 5% of all
injuries in mountaineers and 20% of all injuries in Nordic skiers.3

Hypothermia is defined as a drop in core temperature
below 358C (,958F).1,4 Symptoms of hypothermia correlate
with core body temperature most of the time, but symptoms
can be variable at a given core body temperature. Impaired
thermoregulation can lead to hypothermia at warmer than
expected temperatures1,2 [Zahren et al 2014 In Press
(W&EM Dec 2014)]. Frostbite occurs when the skin and
deeper tissue temperature drops below 20.58C (31.18F).4,5

It is most common on exposed skin, hands, and feet due to
peripheral vasoconstriction and lower tissue temperatures.
Contact frostbite can also occur when the skin is in contact
with liquids, such as gasoline, alcohol, and stove fuel, that can
cool well below the skin freezing temperature and evaporate
rapidly increasing the rate of heat transfer.4

Nonfreezing injuries include trench foot, chilblains, and
cold urticaria. Trench foot typically occurs when feet are
exposed to cold and wet environments in the temperature range
of 0 to 158C (598F) for prolonged periods of time without the
ability to warm and dry the skin.4–6 This medical condition is
characterized by skin irritation, rash formation, and foot ulcer-
ations.4–6 Chilblains is a superficial skin injury also occurring in
cold wet environments. After 1 to 5 hours in cold conditions,
susceptible patients develop tender erythematous papules that
typically resolve in 2 to 3 weeks.4,6,7 Cold urticaria is an allergic
response to cold resulting in erythematous pruritic hives
within minutes of exposure to cold.4,6,8 Severe allergic reactions
to cold can progress to anaphylaxis in rare cases.4,6,9,10 In
addition, exercising in cold weather conditions can worsen pre-
existing respiratory and cardiovascular conditions.4 Nearly all
cold-related injuries can be prevented with education, prepara-
tion, and appropriate response to changing weather conditions.

METHODS
A PubMed search was initiated to identify articles with

the key words wilderness preparticipation examination and
cold injuries. Articles were assessed as to their relevance to
cold injuries and outdoor experience.

Goals of the Preparticipation Physical
Evaluation and Safe Participation

The goal of the preparticipation examination is to
decrease the risk of hypothermia, frostbite, and nonfreezing
cold injuries and to prevent worsening of preexisting
conditions in cold environments. This section is designed to
modify risk through athlete and medical provider education
regarding behaviors, medical conditions, and environmental
conditions that increase risk of cold-related injury. Wilderness
adventurers and athletes have the responsibility to dress for
the cold as well as recognize and respond quickly to a change
in weather or personal condition that increases risk.

Physiologic Response to Cold
The human body attempts to maintain a core body

temperature near 378C (98.68F). Heat exchange occurs
through convection, radiation, conduction, and evaporation.11

Heat exchange from the skin to the environment is influenced
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• Sur le plan CV 

• iatrogénie 
(vasoconstricteurs) 

• HTA 

• Tabac 

• Artérite 

• Coronaropathie
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2. Dépister 

• ECG de repos < 35 ans


• Epreuve d’effort adaptée


• ischémie et TDR


• mais aussi niveau de performance! (METs)
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3. Quand réaliser le test 
d’effort?  

Recommandations du sportif en 
compétition transposable ?
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(Figure 2 ). Recommendations on eligibility for competitive sports
should primarily be based on:

• Presence of exercise-induced myocardial ischaemia
• Exercise induced arrhythmia
• Evidence of myocardial dysfunction
• Type and level of sport competition
• Fitness level of the individual patient-athlete
• Profile of cardiovascular risk factors3

According to the results of diagnostic testing, we recommend to
stratify athletes-patients with proven CAD as follows:

Low probability for exercise-induced adverse cardiac events, if all of
the following apply:

• Absence of critical coronary stenoses (i.e. <70%) of major coron-
ary arteries or <50% of left main stem on coronary angiography

• Ejection fraction >_50% on echocardiography, CMR or angiography
(and no wall motion abnormalities)

• Normal, age-adjusted exercise capacity
• Absence of inducible ischaemia on maximal exercise testing
• Absence of major ventricular tachyarrhythmias (i.e. non-sustained

ventricular tachycardia (NSVT),27 polymorphic or very frequent
ventricular extra beats (VEBs), at rest and during maximal stress
testing)

High probability for exercise-induced adverse cardiac events, if at
least one of the following applies:

• Presence of at least one critical coronary stenosis of a major cor-
onary artery (>70%) or left main stem (>50%) on coronary
angiography

• Ejection fraction <50% on echocardiography (or other tests)
• Exercise-induced ischaemia, >0.1 mV ST depression (horizontal or
• down-sloping at 80 ms after the J point) in two chest leads or ST

elevation >0.1 mV (in a non-Q-wave lead and excluding aortic
valve replacement) or new left bundle branch block at low exer-
cise intensity or immediately post-exercise28

Asymptoma!c
pa!ent / athlete

Symptoma!c
pa!ent / athlete

No History of CAD
(see sec!on 1.1)

History of CAD
(see sec!on 1.2)

Ex-test

Risk for CAD

pathologicalnormal
Low risk for 

events
<70% stenosis, 

EF>50%, 
Normal Ex-capacity, 

no arrhythmia, 
no ischemia

highlow

High risk 
for events

Eligible for any exercise 
intensity/sport

Coronary

angiography

CT

Restric!ons  for intense 
exercise/sports may 

apply.

borderline

pathologicalnormal

treat according to guidelines

Stress ECHO/ 
CMR / SPECT

Sign. CAD

Non-sign. CAD

PCI

No compe!!ve 
sports

Figure 2 Clinical evaluation and recommendations of eligibility in athletes with coronary artery disease or risk of coronary artery disease.

4 M. Borjesson et al.
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4. Autres examens au cas par 
cas 

✴ Holter ECG


✴ Holter TA


✴ EE métabolique


✴ Test au methergin
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5. L’éducation du sportif/patient 

1. Eviction des facteurs favorisants d’AV 

• déshydratation


• échauffement 


• iatrogénie , TABAC (spasme coronaire)


• hyperexcitants cardiaques


• aspect technique de la motoneige


• Conditions météo exceptionnelles


2. Formation du/des participants 

• gestes de 1er secours?


• DAE si patients à risque


• « 10 règles d’or » du CCS



Des CI au stage?

• https://ffm.ffmoto.org/media/
document/code-medical-24112018



Une question sans avenir ?…



• Merci


