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Altitud = 8850 msnm 
Cumbre del Everest 

Temperatura ambiental = - 45ºC 

Presión parcial de oxígeno = 33% 
Normal = 98% 

Saturación de Oxígeno = 51% 
Normal = 97%





¿ P O R  Q U É  E S  
D I F Í C I L  V I V I R  E N  
L A  A LT U R A ?

C A R A C T E R Í S T I C A S  D E  L A  
A LT U R A





Hipoxia hipobárica
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Las montañas de las cefaleas (30 AC)

“Las montañas 
del gran dolor de 

cabeza y del 
pequeño dolor de 

cabeza...”

“Los cuerpos se 
afiebran, pierden 

color y son 
atacados por 

dolores de cabeza 
y vómitos...”



Primera descripción del         
edema pulmonar de altura (400 DC)

“cruzando las 
montañas 

nevadas, mi 
compañero 

enfermó, botó 
flema blanca de 

su boca y 
murió...”



Primeros experimentos de     
hipoxia aguda (1862)



Altura y montañismo

“la altura tiene el mismo efecto sobre la mente que sobre el cuerpo, el intelecto 
se entumece y se vuelve insensible, y mi único deseo era acabar de una vez y 

bajar a un clima más decente”
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Ascenso del Everest  1953
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Ascenso del Everest sin oxígeno



“En mi estado de abstracción espiritual, siento que ya no 
pertenezco a mí mismo, y a mi parecer no soy más que un 

simple pulmón quejante, flotando sobre las nubes y cumbres”



Aclimatación















Aclimatación

Muza 2010

SaO2 
Fc ejercicio 
Rendimiento físico 
Rendimiento cognitivo 
Incidencia EAM



Límites fisiológicos en altura





C U A N D O  E L  
A S C E N S O  E S  
M U Y  R Á P I D O

E N F E R M E D A D E S  D E  A LT U R A



Enfermedades de altura

• Enfermedad Aguda de Montaña (EAM) (Puna) 

• leve 

• moderada 

• Edema cerebral de altura (ECA) 

• Edema pulmonar de altura (EPA)



Enfermedad Aguda de Montaña y 
Edema cerebral de altura
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The pathophysiology of HACE is a progression of the same 
mechanism as advanced AMS (see Acute Mountain Sickness, 
Pathophysiology, and Figure 1-12) and appears to be vasogenic 
edema. In cases similar to this, lumbar punctures have revealed 
elevated CSF pressures, often more than 300 mm H2O,220,573 evi-
dence of cerebral edema on CT scan and MRI,197,272 and gross 
cerebral edema on necropsy.117,118 Small petechial hemorrhages 
were also consistently found on autopsy, and venous sinus 
thromboses were occasionally seen.117,118 Well-documented cases 
have often included pulmonary edema that was not clinically 
apparent.

Whereas the brain edema of reversible HACE is most likely 
vasogenic, as the spectrum shifts to severe, end-stage HACE, then 
gray matter (presumably cytotoxic) edema develops as well, 
culminating in brain herniation and death. As Klatzo271 has 
pointed out, as vasogenic edema progresses, the distance between 
brain cells and their capillaries increases, so that nutrients and 
oxygen eventually fail to diffuse and the cells are rendered is-
chemic, leading to intracellular (cytotoxic) edema. Raised ICP 
produces many of its effects by decreasing cerebral blood flow, 
and brain tissue also becomes ischemic on this basis.344 Focal 
neurologic signs caused by brainstem distortion and by extra-
axial compression, as in third and sixth cranial nerve palsies, may 
develop,452 making cerebral edema difficult to differentiate from 
primary cerebrovascular events. The most common clinical pre-
sentation, however, is change in consciousness associated with 
ataxia, without focal signs.582,589

FIGURE 1-15 Magnetic resonance image of a patient with high-
altitude cerebral edema. Increased T2 signal in splenium of corpus 
callosum (arrow) indicates edema. (Reprinted from Hackett PH, Yarnell 
PR, Hill R, et al: High-altitude cerebral edema evaluated with magnetic 
resonance imaging: Clinical correlation and pathophysiology, JAMA 
280:1920, 1998.)

FIGURE 1-16 Magnetic resonance imaging (MRI) scans of patient with high-altitude cerebral edema (HACE). A fluid-attenuated inversion recovery 
(FLAIR) (1) shows an areal lesion of the corpus callosum—confirmed by diffusion-weighted imaging (DWI) (2), with increased values in apparent 
diffusion coefficient (ADC) (3), indicating increased water diffusivity compatible with vasogenic edema; in combination, the characteristic MRI 
pattern consistent with HACE (1 to 3) that persists 6 weeks after the event. A novel finding relates to the multiple patchy hypointensities that 
correspond to multiple microhemorrhages (arrows) displayed on the T2* images (4 to 6). The right frontal meningioma (visible on FLAIR [1]; 
[arrowhead]) is an incidental finding. (Reprinted from Kallenberg K, Dehnert C, Dorfler A, et al: Microhemorrhages in nonfatal high-altitude cerebral 
edema, J Cereb Blood Flow Metab 28:1635, 2008.)

1 2 3

654



Enfermedad Aguda de Montaña y 
Edema cerebral de altura

18

PA
RT

 1
 M

O
U

N
TA

IN
 M

ED
IC

IN
E Pathophysiology

The pathophysiology of HACE is a progression of the same 
mechanism as advanced AMS (see Acute Mountain Sickness, 
Pathophysiology, and Figure 1-12) and appears to be vasogenic 
edema. In cases similar to this, lumbar punctures have revealed 
elevated CSF pressures, often more than 300 mm H2O,220,573 evi-
dence of cerebral edema on CT scan and MRI,197,272 and gross 
cerebral edema on necropsy.117,118 Small petechial hemorrhages 
were also consistently found on autopsy, and venous sinus 
thromboses were occasionally seen.117,118 Well-documented cases 
have often included pulmonary edema that was not clinically 
apparent.

Whereas the brain edema of reversible HACE is most likely 
vasogenic, as the spectrum shifts to severe, end-stage HACE, then 
gray matter (presumably cytotoxic) edema develops as well, 
culminating in brain herniation and death. As Klatzo271 has 
pointed out, as vasogenic edema progresses, the distance between 
brain cells and their capillaries increases, so that nutrients and 
oxygen eventually fail to diffuse and the cells are rendered is-
chemic, leading to intracellular (cytotoxic) edema. Raised ICP 
produces many of its effects by decreasing cerebral blood flow, 
and brain tissue also becomes ischemic on this basis.344 Focal 
neurologic signs caused by brainstem distortion and by extra-
axial compression, as in third and sixth cranial nerve palsies, may 
develop,452 making cerebral edema difficult to differentiate from 
primary cerebrovascular events. The most common clinical pre-
sentation, however, is change in consciousness associated with 
ataxia, without focal signs.582,589

FIGURE 1-15 Magnetic resonance image of a patient with high-
altitude cerebral edema. Increased T2 signal in splenium of corpus 
callosum (arrow) indicates edema. (Reprinted from Hackett PH, Yarnell 
PR, Hill R, et al: High-altitude cerebral edema evaluated with magnetic 
resonance imaging: Clinical correlation and pathophysiology, JAMA 
280:1920, 1998.)

FIGURE 1-16 Magnetic resonance imaging (MRI) scans of patient with high-altitude cerebral edema (HACE). A fluid-attenuated inversion recovery 
(FLAIR) (1) shows an areal lesion of the corpus callosum—confirmed by diffusion-weighted imaging (DWI) (2), with increased values in apparent 
diffusion coefficient (ADC) (3), indicating increased water diffusivity compatible with vasogenic edema; in combination, the characteristic MRI 
pattern consistent with HACE (1 to 3) that persists 6 weeks after the event. A novel finding relates to the multiple patchy hypointensities that 
correspond to multiple microhemorrhages (arrows) displayed on the T2* images (4 to 6). The right frontal meningioma (visible on FLAIR [1]; 
[arrowhead]) is an incidental finding. (Reprinted from Kallenberg K, Dehnert C, Dorfler A, et al: Microhemorrhages in nonfatal high-altitude cerebral 
edema, J Cereb Blood Flow Metab 28:1635, 2008.)

1 2 3

654



Edema pulmonar de altura



Edema pulmonar de altura



Presentación
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Criterios diagnósticos EAM Y ECA

• Consenso Lake Louise (1991)

Signos y síntomas* Puntaje

Cefalea 0 a 3

Síntomas gastrointestinales 0 a 3

Fatiga / debilidad 0 a 3

Mareo 0 a 3

Dificultad para dormir 0 a 3

Compromiso de conciencia 0 a 4

Ataxia 0 a 4

Total

*Evaluación de últimas 24 horas



Tratamiento en terreno

EAM leve EAM moderado 
a severo ECA EPA

Medidas 
generales

Detener el ascenso, 
reposo, aclimatación a 

la misma altitud

Descender ≥ 500 mts 
Cámara hiperbárica si no es posible el descenso inmediato 

Evitar actividad física e hipoventilación

Medicamentos
Ibuprofeno 

Acetazolamida 
Antieméticos según 

necesidad

Tratamiento EAM + 
Dexametasona

Tratamiento EAM + 
Nifedipino retard 

Considerar sildenafil, 
tadalafil y salmeterol

Oxígeno Si está disponible 2-4 L/min 4-6 L/min



Tratamiento en terreno



Medicamentos: 
mecanismos y efectos secundarios

Medicamento Mecanismo Efectos secundarios

Acetazolamida Estimulación de respiración a través de 
eliminación de bicarbonato

Contraindicado en alergias sulfas, 
embarazo 

Parestesia, poliuria

Dexametasona
Disminución de volumen sanguíneo 

cerebral y disminución de 
permeabilidad capilar cerebral

Efecto rebote, sin efecto en 
aclimatación, cambio en estado de 

ánimo, hiperglicemia, dispepsia

Nifedipino Disminuye presión de arteria pulmonar 
actuando en músculo liso

Hipotensión y taquicardia refleja. 
Contraindicado en embarazo

β agonistas 
Salmeterol 
Albuterol

Up regulation de transportadores 
transepiteliales de sodio alveolar 

Aumento del clearance del líquido 
alveolar

Infrecuentes

Sildenafil / Tadalafil Vasodilatador pulmonar Reflujo gastroesofágico



Medicamentos: 
mecanismos y efectos secundarios



¿ C Ó M O  P U E D O  
L L E G A R  A  
G R A N D E S  
A LT I T U D E S ?

A C L I M ATA C I Ó N



Prevención de 
enfermedades de altura

• Sobre 3000 msnm 
↑ altitud de 
descanso en 300 a 
600 m/día 

• Día extra de 
descanso c/1000m 
adicionales 

• “Escala alto y 
duerme bajo”
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Deterioro de la altura

• Sobre 5500 msnm 

• Anorexia y pérdida de peso 

• Fatigabilidad no recuperable 

• Insomnio 

• Deterioro físico y mental



Zona de la muerte o Death Zone

• Sobre 8000 msnm o 26000 pies 

• Deterioro físico acelerado e irreversible mientras se permanezca a 
esa altitud



Zona de la muerte o Death Zone
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Límite del ser humano en altura

• ¿Hasta qué altitud puede 
ascender una persona en 
altura? 

• Probablemente hasta 
los 9250 msnm
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¿Cómo lograr un rendimiento 
óptimo en altura?

































Muchas Gracias
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