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In recent decades, sports activitiesrelated to nature
have become increasingly popular. As more and more
peoplelook for ski resortsin mountai nousregionsor beco-
meinvolved with activities such aswalking and/or moun-
tain climbing at moderate and high altitudes, diseases
related to thisenvironmental stressbecome problemsthat
doctors have to face with an increasing frequency; they
need, therefore, to know these entities better. In addition,
many athletic competitionsare performed at atitudesabove
2,000 m, such asthe Olympic Gamesof 1968 and the World
Cup Soccer Gamesof 1970, whichtook placein Mexico City,
Mexico, a 2,240 m. Expertshave beeninvestigating how to
improveathletic performancein such situations.

“Diseases of dtitude” are primarily caused by hypo-
xiaand areinfluenced by the cold weather and thetime of
exposure. The main syndromes are acute mountain sick-
ness(AMS), high-altitude pulmonary edema(HAPE), and
high-altitude cerebral edema (HACE). Potential noxious
effectsof thehypobaric hypoxiainclude conditionssuch as
coronary heart disease, pulmonary diseases, hemoglobino-
pathies and pregnancy.

Acute responses to hypobaric hypoxia

Cardiopulmonary effects —systemic blood pressure:
In normotensiveindividuals, the results of the studiesre-
garding theresponse of blood pressure (BP) toinitial expo-
sureto hypaobaric hypoxiahave been distinct. Someinves-
tigatorshavefound anincreasein BP*5, othersaslight re-
duction &7, and others no change at all 8°. Thetendency
observedin most of the studies, however, isanincreasein
blood pressure level s on thefirst day of exposureto asig-
nificant altitude and, later, adecline of the valuesto those
found at sealevel, mainly in regard to the systolic blood
pressure(SBP) 2.

Studieseval uating the behavior of pressurein normo-
tensiveindividual s during exercise, after acute exposureto
hypobaric hypoxia, haveal so shown discrepancies. Balke™
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observed anincrease of 5to 10mmHginthe SBPand are-
duction of 5SmmHgindiastolic BPin 6 individualsduring
exerciseonabicycleat asimulated atitudeof 4,200m, when
compared with that found at sealevel. Malconian et al **
foundal0%reductioninthemean BPat maximal effort,ina
simulated altitude of 8,848m, corresponding to the summit
of Mount Everest, compared with the valuesfound at sea
level. D' Este et al 2 performed asubmaximal test on 10 nor-
motensiveindividualsafter acute exposureto 2,500mand
did not find significant differencesin the pressureresponse
compared withtheresultsof thetest at sealevel. Palatini et
al Bfound asignificant increaseinthe SBPat rest but not at
themaximal effort, in 5 enduranceathl etes, who underwent
aprolonged submaximal test on bicycles, 12 hours after
exposureto 3,322m.

In regard to investigationsin hypertensive patients,
D’Este et a 2 did not observe any changein BP at rest, but
SBPsignificantly increased tothesubmaximal level during
exercise, but not at themaximal effort. Savonitto et a * stu-
diedtheeffectsof acuteexposureat 3,460montheresponse
of BPtodynamicandisometricexercisesin 11 menwithlight
to moderate systemic hypertension. The results observed
were light increasesin the SBP at rest but no significant
changesoccurred during theexercise. Inthehandgriptest,
BP and heart rate (HR) were not influenced by the acute
exposureto the hypaobaric hypoxia.

We understand that the diversity of the methodol o-
giesof thedifferent experimentshasrendered the compari-
son of theresultsdifficult.

Thesmall number of hypertensiveindividual sstudied
under these conditions and the wide variety of responses
among them do not allow usto excludethe possibility that
nontreated hypertensive individuals, when exercising at
moderate and el evated altitudes, may have pressurelevels
hazardously elevated.

Cardiovascular autonomic modulation— Sympathetic
nervousactivity increaseswiththeincreaseinatitude, but it
relates better to the ventilatory response to chronic hy-
pobaric hypoxiathanto the severity of thehypoxiaitsalf .

Acuteexposureto hypobaric hypoxiaincreasesHR at
rest 2511, |t also increases the component of low frequency
and reducesthat of high frequency inthespectral analysis®e.
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Themaxima HR of theexercise, however, may bemaintained
or undergo reduction 418, Thelast behaviorismorepreve
lent at high altitudes™!, maybe because of thelonger time of
exposure to hypoxiainherent in those conditions. Mal co-
nian et al ** found a25% reductioninthemaximal HR at a
simulated altitudeof 8,848m, inrelationtothat at sealevel.
Savard et a ** observed apartia restoration of theprevious
levelsin individuals who had been at altitudes between
5,250and 8,700m, &fter inhalation of 60%0.,.

Sagawaet al *” examined the baroreflex response of 7
nonacclimatized men at sealevel and at the first hour of
exposureto dtitudesbetween 3,800 and 4,300m, inahypo-
baric chamber. Theresultswerein accordancewithasigni-
ficant reduction (p<0.05) in the sensitivity of the carotid
baroreflex cardiac response.

These results suggest that the acute response to the
hypobarichypoxiarelatemoretoanincreaseinthesympathe-
tic activity. A longer exposureto this environmental con-
dition causesareductionintheadrenergic activity ‘6. Chro-
nic hypaobaric hypoxiamay reduce the maximal HR by re-
ducingthedensity and affinity of the beta-adrenergic recep-
tors, asaready demonstrated for thea pha-2 receptors®,

Pulmonary ventilation and saturation of oxygen —
Barometric pressuredecreasesasaltitudeincreases. While
the percentage of oxygen in the air remains constant
(20.93%), thepartia pressure of oxygen decreases™. Thelo-
wer density of theair at high altitudesreducestheresistan-
ceof theairways, andthemaxima inspiratory and expiratory
flowsarehigher than at sealevel ©. Inspiteof this, however,
theefficacy of theventilatory musclesmay bereduced due
to hypoxia, and therefore, bealimiting factor to exercise®.

Pulmonary ventilationincreasesand, inversely, satura-
tionof oxygen (Sa0,) dropswithanincreasein altitude>>?.

Malconian et a # studied 8 healthy men (agerange:
21-31 years) insimulated atitude (hypobaric chamber) du-
ring the sleeping period. SaO, at sealevel was 97+1%, at
4,572m it was 79+3%, at 6,100m it was 62+11%, and at
7,620mitwas52+2%. Duringmaximal exerciseat 8,848mina
cycloergometer, themean Sa0, reached 49% withamean pH
of 81,

Oxygen uptake (VO,)— Severa studiesshow areduc-
tioninV O, at restand/or at certainlevel of exerciseat mode-
rate and high altitudes®#2,

Basu et al ® studied 16 men (agerange: 20-30years) du-
ringtheinitial daysof acclimatizationintheHimalayas, at
altitudesbetween 3,100 and 4,200m. Thevauesof VO, at
rest and during submaximal exercisewithaload of 100W, at
sealevel, were, respectively, 3.25and 20.31mL/kg/min. At
thealtitudeof 3,110 m, thevaluesof VO, at rest and during
the submaximal effort with 100 W dropped significantly
(p<0.001) and continuedtodrop (p<0.01) at 4,177m.

At lower altitudes, 2,500m, Levine et al 2 observed a
12% reduction of the peak VO, in apopulation of 20 old
people, during theacuteexposure; VO, reached normal va-
lues after acclimatization. In another extremity, at the
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simulated altitude of Mount Everest, an 80% drop in the
maximal VO, inrelationto sealevel wasfound*.

Pressure of the pulmonary artery and ventricular
function— DavilaRoman et d # studied theventricular func-

tionin 14 runnerswho had completed an ultramarathon at
highaltitude (2,350t04,300m'’s), to evaluateif prolonged
exercise, such asinthistypeof race, would damagethel eft
ventricle(LV). Until then, therewerereportsof damageto
theLV after strenuous exercise. Beforetherace, the echo-
cardiogramswerenormal; SBP of thepulmonary artery had
amean valueof 28mmHg and thedosagesof troponin| was
undetectable. Immediately after themarathon, the echocar-
diograms showed, as expected, global and segmental in-
creaseof theleft ventricular functioninall individualsand,
except for one, the valuesof troponin | were undetectable.
However,in5of them, marked dilation with hypokinesiaof
theright ventricle(RV) wasobserved, aswell asparadoxical
movement of theinterventricular septum, pulmonary hyper-
tension, and bronchospasm. One of theseindividual ssho-
wed adlight elevation of troponin|. At theend of oneday;
thesefindings had already normalized. Therefore, in this
sampleof athletesperforming at high altitudes, inversely to
theexpectation, theventricular damageoccurredinthe RV
and notintheLV. Theincidence and pathogenesisof these
findings still need to be determined. We do not think that
theRV impairment isexclusively secondary tothe ultrama-
rathon.

Malconian et a ™ found el ectrocardiographic altera
tionscompatiblewith pulmonary hypertension (increasein
theamplitudeof thePwaveinD ., D, AVF, right shift of the
QRSaxis, increaseintheratio S/Rinthel eft precordialsand
increaseinthenegativity of theT waveinV_ andV,),from
the simulated atitude of 6,100 m on. Most of the changes
reversedtonormal 12 hoursafter thereturnto sealevel.

Respiratory changes and arrhythmias during sleep —
Athighaltitudesand during deep, somehealthy individuals
have aperiodical respiratory pattern, also called Cheyne-
Stokesrespiration 1”226, Combinedwiththisvariation, there
arecyclic changesinthe cardiac rhythm and HR *°. Cum-
mingsand Lysgaard #’ recorded their own cardiac rhythms
and observed a pronounced respiratory sinus arrhythmia
and bradycardiaduring sleep at 5,033m.

Duringthe Operation Everest 11, simultaneousrecords
of respiration and el ectrocardiogram were performedin 8
individualsduring deep?. Theevaluationswerecarried out
at sealevel and at thefollowing altitudes. 5,490m, 6,100m,
and 7,620m. The resultsfound at high altitudes werethe
following: sinus bradycardia (41+0.5bpm), bradycardia-
tachycardiacyclesrespectively related to the phases of the
periodical respiratory cycle of bradypnea/apnea and ta-
chypnea, sinus arrhythmia, junctional escapes, and ven-
tricular and supraventricular extrasystoles. Similar results
had already been observed in previous studies?.

The mechanisms of these alterations of respiration
and cardiac rhythm areyet to be determined. Administra-
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tion of oxygen or carbon dioxide eliminates apnea but not
the respiratory periodicity during exposure to hypobaric
hypoxia®®. A mechanism of vagal modulation may be
involved %,

Endocrine alterations — Roberts et al % observed an
increaseinglucosecellular uptake, at rest and during sub-
maximal exercise, resulting from exposureto hypobaric hy-
poxia. According to these authors, glucose utilization is
higher initially than after acclimatization, and thisisintensi-
fied by theuseof beta-blockers. McClelland et d , studying
rats, did not find any increasein carbohydrate utilization.

Hypobaric hypoxiaincreases diuresis. During the
Australian Bicentennial Mount Everest Expedition®, 10in-
dividuals were evaluated in regard to the effects of the
exposureto an altitude of 5,400m on the plasmatic concen-
tration of theatrial natriuretic peptide. Resultsshowed re-
ductionintheactivity of plasmatic renin and al dosterone,
increasein the levels of the atrial natriuretic peptide, and
alsoincreaseinthediuresisand natriuresis.

Zaccariaet a * studied the hormonesthat regul ate so-
diumin7 men, oneweek and 21 daysafter being at 5,050m,
before and after exercise and they compared the resultsto
those obtained at sealevel. Plasmatic samplesof renin, al-
dosterone and atrial natriuretic peptide activity were
obtained at the orthostatic position and at the end of a
maximal exercise. Sodiumexcretionandtheurinary volumein
24 hourswerea so eval uated, aswell asthetotal body water
and hematocrit. They found a constant suppression of the
plasmatic renin activity and of the aldosterone levels, the
opposite of thefindingsat sealevel, concluding that these
hormoneswere not stimulated by strenuousexercise. They
also observed an increase of the atrial natriuretic peptide
during acuteexposure, but not during chronic exposure.

We consider the above-discussed endocrine altera-
tionsnot yet well clarified, requiring further studies.

Endothelial and blood alterations — Endothelin 1:
Exposuretoacontinuousincreasein dtitudeprogressively
increasesplasmaticendothelin 1 (ET-1) %33, whichisapep-
tide synthesized by endothelial cells, with potent vaso-
constrictive and mitogenic action upon thevascular smoo-
thmuscles.

Morganti et al * observed changesin the plasmatic
dosagesof ET-1 (from 1.8£0.1pg/mL, at sealevel, t0 2.7+
0.2mg/mL, at 4,240m), concomitantly withreductionsof the
Sa0, (from 98.6+0.2%, at sealevel, 1080.8+0.4%, atthat alti-
tude). In astudy of 6 men climbing the Monte Rosain the
Alps (4,559m), those authors also found increasesin the
pulmonary SBP(from19+1t026+1.9mmHg), directly rlated
totheincrease of plasmatic ET-1.

Increasein the plasmatic ET-1 has been observed in
casesof HAPE (high-altitude pulmonary edema), including
in the bronchoalveolar lavage, and it is part of one of the
hypotheses about the pathogenesis of HAPE .

Erythropoietin — A few hoursafter exposureto hypo-
baric hypoxia, the secretion of renal erythropoietinincrea-
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ses3%, Asit stimulatesthe synthesis of red blood cells, in
approximately oneweek it significantly increasesthe con-
centration of hemoglobin and, therefore, the capacity of
transporting O, intheblood*. Therefore, eventhough ery-
thropoietinlevelsincrease at the acute phase of exposureto
higher altitudes, itseffectswill befelt during acclimatization.

Vascular endothelial growth factor — Asano et at ¥
studied 8 swimmerstraining at 1,886m. After 10 days of
training, they observed transient reduction inthelevel s of
thevascular endothelial growth factor (VEGF) intheserum,
followed by asignificantincrease, reaching apeak at the 19"
day. Theinitia values were obtained one month after the
return to alow altitude. We do not know, however, if the
reduction of VEGF occurredinthefirst daysof exposureto
altitude.

Acclimatization

Hypobaric hypoxiatriggers adaptive physiol ogical
mechanisms destined to satisfy the energetic needs of the
cells. Acclimatization happenswhen after daysof exposure
toacertaindtitude, usually aperiod of 2to 3weeks, thereis
achronic adaptation to environmental conditions®=°,

The physiological mechanismsarethefollowing: 1)
increasein the pulmonary ventilation ®; 2) reductioninthe
HR previously increased in the acute response 2% 3) de-
creasein the plasmatic volume®#; 4) reduction of theaccu-
mul ation of lactateintheblood during submaximal exercise
inrelation to the more el evated levels of acute response®;
5) improvement of the cardiorespiratory capacity for exerci-
se, alsorelated to theinitial exposureto the hypobaric hy-
poxia®#; 6) increasein the secretion of renal erythropoie-
tin, inthe hemogl obin massand inthe hematocrit 34363742,

Thetime necessary for each of these responses vari-
es. Someof them arefully manifested within daysof arrival
at acertainatitude, whileothersmay require2to 3weeks®.
Inregardto extremealtitudes, such asthoseabove 8,000m,
however, aperiod of 77 days seemsto be more adequate®.

Unliketheacclimatization period, thereturntothebio-
logical conditionsat sealevel ismuch lessknown. Beidle-
man et al * studied the effects of acclimatization on 6 men
who, after 16 daysat 4,300m, stayed for 8 daysat sealevel,
returning then to the previousaltitude, but at thistimeina
hypobaric chamber. Even though the performance of the
submaximal exercisewasnot maintained after thereturnto
thealtitude, severa responsesof acclimatization wereretai-
ned. These responses lasted longer than necessary for
acclimatization, except for theHR; thisfact may beexplai-
ned by the rapid changes of the autonomous nervous sys-
tem. Someindividuals, whosework isathletic competition
or recreational activitiesinvolving intermittent journeys
into high altitudes, may benefit from the responsesto pre-
viousacclimatization.

Diseases of altitude

Even though acute mountain sickness (AMYS), high-
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atitude pulmonary edema(HAPE) and high-altitude cere-
bra edema(HACE) aredistinct disorders, they relateto each
other. They usually occur inyoung and healthy peopleasa
result of poor acclimatization. The more severe forms of
HAPE and HA CE are not necessarily preceded by MASZ,

Acute mountain sickness (AMS) — AMSisthemost
common of al. Itisusually self-limited and rarely leadsto
death. Symptomsappear between 4 and 8 hoursafter arrival
at the atitude *, and the most characteristic onesare the
following: headache, nausea, insomnia, anorexia, and
dyspnea'’ %3, Despitetheindividual toleranceto hypoba-
ric hypoxia, the best way to prevent AMSisto ascend
dowly 19263844 One should also avoid strenuous efforts at
theinitial phase of acclimatization, provideagood hydra-
tioningesting at | east 3 litersof water per day, and eat light
mealsin which carbohydrates predominate %, Inall 3
situations, the best treatment is the descent 19264445,

Controlled studieshave shown that acetazolamidere-
ducestheincidence and severity of MAS 4647 Being an
inhibitor of carbonicanhydrase, it facilitatestheexcretion of
urinary bicarbonate, promoting reduction of therespiratory
alkalosis and, therefore, increasing the respiratory drive
with reduction of the nocturnal hypoxemia®#3847 Doses
used vary from 125 to 250mg every 12 hoursor 500mgin
tabletswith prolonged rel ease every 24 hours. Drugintake
should start one day before ascent and continue until 2
daysafter reaching themaximal height or canbemaintained
for longer periods, if therisk of AMSishigh®%3847 The
sideeffectscanincludeincreaseindiuresis, epigastralgia,
and parestheg a19,26,46,47_

High-altitude pulmonary edema (HAPE)-HAPEisa
noncardiogenic pulmonary edema. It is accompanied by
pulmonary hypertension, an increase in the pulmonary
capillary permesbility and hypoxemia*. HAPE typically
occursinyoung and healthy mountaineersandisprecipita-
ted by rapid ascentsat altitudesabove 2,500-3,000m 450,
Thereisanindividual susceptibility and it tendsto recur
45484951 HAPE clinically manifests2to 5 daysafter acuteex-
posureto hypobaric hypoxia, 78% of the casesappear until
the 10" day %45, with the following symptoms; abnormal
dyspneaoneffortand, later, evenat rest, cyanosis, dry cou-
gh that evolves to a mucous-sanguinolent cough, and
tachycardia 3. Teleradiography shows diffuse alveolar
imagesunevenly distributed 34, Thealveolar fluidisrich
inproteinsand inflammatory mediators3345253,

HAPE isasevereand potentially fatal condition and
immediate descent ismandatory 9%, If thisisimpossibleor
concomitantly with the descent, the therapeutical scheme
recommendedistoinhaleoxygenand use 10-20mgof nifedi-
pineby sublingual viaplus20mg of s ow-releasenifedipine,
which should be repeated every 6 hours6385354,

Inadouble-blind study, the prophylactic useof nifedi-
pine reduced theincidence of recurrent pulmonary edema
in mountaineers during ascent at 4,559m . Thiscalcium
channel antagoni st decreasesthe pulmonary artery pressu-
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reandincreases Sa0,. A blocking action of theinflammato-
ry response to hypoxiawas al so described .

Inhalation of nitric oxidehasbeenrecently triedinthe
treatment of HAPE, because of itssel ectivevasodilating ac-
tion upon the pulmonary vascular network *. Anand et al %
treated random patients with moderate to high intensity
HAPEwith50%0O.,, nitricoxidea 15ppm, amixtureof O, and
nitric oxide, and environmental air. They discovered that
both O, and nitric oxidereducethepressureinthe pulmonary
artery and al so the pulmonary perfusion-ventilation disor-
der, andimproveoxygenation. Theresultsshowed an addi-
tiveeffect with amoresignificantimprovement of the pul -
monary hemodynamicsand of thegasexchanges, when O,
and nitric oxidearesimultaneously used.

Pathophysiology of HAPE remains partially unk-
nown. Accumulation of fluid with ahigh content of protein
inthealveolar spaceresultsfrom anincreaseinthepermea-
bility of the pulmonary vascular endothelium, exceeding
the capacity of reabsorption %. Thereare severa hypothe-
sesto explainthisincreasein permeability and someof them
arelisted below: 1) pulmonary arteria hypertension 5-%; 2)
hypoxiainducing the release of inflammatory mediators,
suchascytokines, ET-1, andintercellular adhesionmolecule
(ICAM-1) 3352, 3) hyperperfusion of thepulmonary vessels
not undergoing vasoconstriction (hypoxic pulmonary
vasoconstriction is extensive but not uniform) leading to
dilation and high flow in the capillaries and consequent
capillary lesion®, Ontheother hand, therapid normaization
that occurs with oxygen therapy and descent indicates a
preserved pulmonary “ architecture” . Perhapstheinterac-
tion of theseand other hypothesesmay explainthemecha-
nismsresponsiblefor HAPE.

A study trying to elucidatethereason for aconstitutio-
nal predisposition to recurrent HAPE was recently publi-
shed. Hanaoka et al *° showed that some human lympho-
cyte antigens (HLA) are increased in Japanese patients
with HAPE, especially those with the recurrent disease.
HLA-DR6and/or HLA-DR4weremost frequently foundin
Japanese individual s with HAPE than in acontrol group.
TheHLA-DR6-positiveindividual swith HAPE had signifi-
cantly higher pulmonary arterial pressuresthan other HLA-
DR6-negative patientswith HAPE. Theauthorssay that at
least some cases of HAPE areimmunol ogically mediated,
perhapsthrough agreater susceptibility to pulmonary hy-
pertension. This study supports the observations of Stei-
nacker et a !, who found asmaller pulmonary vasocons-
triction, agreater vascular capacitanceand agreater ventila-
tory response during exercisein individual s resistant to
HAPE compared with thosewho had HAPE.

High-altitude cerebral edema (HACE) - Itusually
happensat altitudes higher than 4,500m *. | ntense heada-
che, mental confusion, hallucinations, and ataxia** charac-
terizeHACE. Thevictimisusualy tired, withno conditions
to objectively evaluate his/her own status, may have hallu-
cinationsand walk likeadrunken person °. Thefinemove-
mentsof the hands, fingersand eyesareaffected °. Edema
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and petechia hemorrhagesaretypically foundinthebrainat
autopsy *°. Prevention can be done through a slow ascent,
good hydration and avoidance of strenuous exercises®%,
Descentisthetreatment and it should bestarted immediate-
ly because evolution to death can be rapid 1*%%, Oxygen
improvesthe symptoms, but wheninterrupted, thesituation
aggravates even more *°. Dexamethasone does not affect
cerebral edema, but reducesthe symptomsand, therefore,
makesthedescent easier %.

Sports activities at moderate and high altitudes

Thereare 3 groupsof individualsclassified according
to their way of responding to hypobaric hypoxia. The
groups are the following: 1) healthy peopleliving at sea
level or at low atitudes; 2) thosewhowerebornandliveat
moderate and high altitudes; 3) those with heart diseases,
pulmonary diseases and hemoglobinopathies.

Thefirst group can be subdivided into sedentary,
activeand athleticindividuals. Theacclimatization process
hasnodirect correlationwith thepreviouslevel of physical
conditioning. An athletewith high aerobic conditioningis
equally exposed to the diseases of altitude as a sedentary
individual. Inabsolutevalues, however, especialy after the
acclimatization period, the differencesin the cardiopulmo-
nary capacitiesarekept asat sealevel. Physical trainingand
theintensity of the exercises should be differentiated and
adequate to each subgroup.

Thesecond group iswell represented by the Sherpas,
asmall ethnic group living in the Himalayas at altitudes
rangingfrom 3,000t04,900m*%. Themaximumdtitudeaman
can permanently live at is 5,300m . A large number of
those people provide support to climbers of the highest
mountainsin theworld, as carriers and mountain guides,
and they usually do thiswithout an extraoxygen supply.

Garrido et a ® assessed the cardi orespiratory capacity
of 6 Sherpaclimbersat sealevel. They foundaV O,max of
66.7+3.7mL/min™.kg* and aventilatory anaerobicthreshold
of 62(+4)% of theV O,max. Thishighfunctional reservecan
be associated with a process of natural selection and also
with physiological adaptationsinduced by longtrainingin
ahostileenvironment 2, Supporting thefirst hypothesis, a
study showedthat in Lhasa, Tibet (3,658m), the newborns
descending fromthe Tibetanshad ahigher arterial SaO, at
birth and during the first months of life than the descen-
dentsof the Chinese®. Inregard to the second hypothesis,
Curran et al 2 compared within the same ethnic group
Tibetansliving at 4,400mandat 3,658m, through acycloer-
gometric test with direct oxygen consumption at 3,658m.
Theauthorsobserved that thefirst group reached ahigher
load of exercise(211+/-6 versus 177+/-7 watts, p<0.01) with
alower pulmonary ventilation (127+/-5versus149+/-5L/
minBTPS, p<0.01).

Thethird group has been studied at moderate altitu-
des, 2,000t04,000m. Most of the peoplewith heart disease
can safely reach these altitudes, even though hypobaric
hypoxiastimul atesthe autonomic nervoussystem and this
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response can be exacerbated by physical activity, therefore
increasing themyocardial VO,%*. During thefirst four
daysof exposureto high altitudes, therisksare higher 26,

A gradual ascent withlimitation of thephysical activitytoa
level lower than that performed at sealevel, theimprove-

ment of physical conditioning before ascent and a strict
control of pressure levels, in addition to atherapeutical

scheme, minimize possible complications %%, However,

subgroupsof patientswith pulmonary hypertens on, decom-
pensated heart failure, unstable angina, recent acute
myocardial infarction, noncontrolled severeatria hyperten-
sion, severe pulmonary disease, homozygotesicklecd |l ane-

mia, recurrent thromboembolic episodes, and patientswitha
severeanemiaor reductionin SaO, can beat high risk %,

Ontheother hand, someindividual swiththesicklecdll trait
havetheir first crisisof vascular occlusion during exerciseat
thesealtitudes. In competitions, they havethetoleranceto
exercise reduced, which until then had not been observed
at sealevel

Several sportsactivitiesareparticularly dependent on
highatitudesand havetheir peculiarities. A typical example
ismountaineering.

Mountaineering — Asageneral rule,inlong ascentsat
atitudeshigher than 3,000m, the positive difference of the
altitudes between two consecutive nights should not
exceed 300m, and there should betwo nightsat the sameal -
titude at every 3 days?.

Controlled studieshave shown that the use of acetazo-
lamideenhancesthevel ocity of ascent by reducingthesymp-
toms of AMS and improving physical performance 447,
Compared with individual s taking placebo, those using
acetazolamidehad asmaller weight |oss, asmaller muscle
masslossand agreater tolerancefor effort .

Toreducetherisksof dehydration caused by inspira-
tioninacold and dry environment, an abundant hydration
with 3to5litersof liquidsper day isfundamental, aswell as
adiet richin carbohydrates, whichreleasemoreenergy (5.0
kcal/L O,) thanlipids(4.7kea/L O,)®.

In regard to coca chewing, acommon habit in the
Andean countries, astudy carried out at thenstituto Boli-
viano de Pesguisaby Spielvogel et al " concluded that the
beneficial effectsof the herb were caused neither by anin-
creaseinthemaximum capacity toexercisenor by itsgreater
efficiency. Cocachewing increases the plasmatic concen-
tration of freefatty acidsand, therefore, can benefit prolon-
ged submaxima exercisers.

Based on studiescarried out in expeditionsat high al-
titudes, above 7,500m, it has been observed that despite
the extreme hypoxemia, the cardiac functionis preserved
with no el ectrocardiographic evidence of myocardial hypo-
xia'*™, Disordersof thecentral nervoussystem, however,
arefrequent and alterationsinthemotor coordination have
been described persisting for morethan 12 months™.

A relevant point istraining athleteswho aregoing to
competea moderatealtitudes, whenthey comefromregions
closetothesealevel.
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Athletic training — Limitationsof performanceincom-
petitions at moderate altitudeswere more carefully obser-
ved during the Olympic Gamesof 1968in Mexican City, at
2,240m. Then, theathl etesperforming predominantly aero-
bic activitiesdid not break recordsinactivitiessuch aslong
races. Good performancewasobserved only in activitiesof
short duration, such asthe 100-mraces, inwhich themaobi-
lization of sourcesof oxidativeenergy issmall.

Acclimatization usually takestwo weeksat moderate
altitudesupto 2,300m. Beyondthisaltitude, to each additio-
nal ascent of 610m, oneweek should beadded, uptotheal-
titudeof 4,572m®, characterizing agradual acclimatization
considered more physiological and safer.

Our experiencewith soccer players, who acclimatized
to competeat 3,600m, showed that the major complications
resulting fromthealtitude such asheadache, nausea, vomi-
ting and reduction in performance were observed more
often at the 3" and 7t" days of stay. These complications
reappeared when the athletesmoved to higher places, ina
program of gradual acclimatization ™.

One characteristic of thelow threshold of sensitivity
to hypobaric hypoxiathat we observed wasthe el evation of
theHR at rest, whenwaking up, 24 hoursafter thearrival at
the dtitude, in relation to the HR obtained at the wake up
timeat sealevel. An80% increasewouldindicateclinica
complicationsat that atitude, requiring anindividualized
training ™.

Training at altitudecannot be performed withthesame
intensity asthat at sealevel. Studiesof university students
reveal ed that theintensity of thetraining at 2,300mwould be
60% of theVO,max reached at sealevel, at 3,100mitwould
be56%, and at 4,000m 39% of the VO, max™. In practical
terms, webelievethereiscertain difficulty inmaintaining
theselevel sof intensity, which certainly reach moreeleva-
tedlevels. Any symptomor clinical sign, however, canlimit
theathlete’ sphysical activity.

Itisbelieved that in prolonged sports competitions
involving races and successive stops, such as soccer and
basketball, the playersmay suffer littleinfluence of thehypo-
barichypoxiaasaresult of areducedintengity training ™. This
reduction in theintensity of the physical training does not
imply reduction in thetactical training, which should be
maintained. Thisisespecially important sothat the players
can get usedto achangein thedynamicsof thedisplacement
of theball consequent to the smaller atmospheric pressure.
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Weconsider thetraining at progressively higher altitu-
desthe best way to prepare agroup of athletesto compete
at altitudes higher than 2,600m. Our greatest experiencewas
with the preparation of soccer playersfor competitions at
3,600minthecity of LaPaz, Bolivia™.

Thetraining started at low altitudeand lasted 15 days.
Theworkload wasassessed considering the cardiorespira-
tory capacity obtained through ergospirometric testsin
treadmill, with direct eval uation of the expired gases. The
workload reached at the anaerobic threshold of the athlete
was applied as base of training, because we considered it
themost practical manner to preparefor thephysical restric-
tions observed in hypobaric hypoxia. To exemplify, we
briefly show the results of the ergospirometric eval uation of
15 soccer playersfor acompetition at 3,600m: age range:
262 years, VO, max: 61+3.7mL/kg/min; anaerobic thre-
shold: 78+4.6%of theV O, max; trainingintensity: 200+10m/
min; training HR: 143+12bpm™,

Theeffect of training was controlled during physical
conditioning, applying thefieldtests(GuidelinesACSM) .
The best results were obtained with aninitial training at
2,600m during one week; at 2,900m another week; and at
3,600 m during theweek preceding the competition ™.

We observed that after the period of acclimatization,
thereturnto sealevel ischaracterized by animprovement of
the performance, consequent to training and, possibly, to
theincreasein the capacity of oxygentransportation. Inthe
assessment of agroup of 15 athletes, 16 daysafter aperiod
of 2weeksat 2,900 m (Quito, Ecuador) and areassessment at
700m (PogosdeCadas, MinasGeraisstate, Brazil), whichis
anonsignificant altitude, we obtained thefollowing results
of VO, maxinfieldtests™: at 2,900m, 50£2.8mL/kg/min, at
700m, 57.42+3.6mL/kg/min, with significant differences™.
Authorsstudying runnerswho underwent acclimatization
at 2,300 and 4,000m, however, observed no significant
improvement inthe physical capacity after returnfromthe
altitude™.

Finally, wecan concludethat competitionsat modera-
teand high altitudes depend on adequate eval uation of the
athlete, individual training regarding parametersobtained
at sealevel and at certain altitude, control of the body
weight to establish a balance between caloric intake and
physical activity, good hydration, gradual acclimatization,
and perfect understanding between thetechnical team and
athletes.
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