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Abstract:High-altitude illness resulting due to hypoxia is a group of syndromes which leads to various
physiological alterations in our body. Acute Mountain sickness (AMS) is the predominant and is commonly
associated with headache, fatigue, shortness of breath, sleeplessness, and anorexia, which if untreated may
progress to the life-threatening conditions of high-altitude pulmonary edema (HAPE) or high-altitude
cerebral adenoma (HACE). HACE is much more likely in those HAPE. It is one of the most lethal high-altitude
illnesses and has been reported in 0.1% of tourists and as many as 15.5% of climbers involved in a rapid
ascent. HACE is a significant fatal condition which is associated with high altitude illness arising of late or
end-stage acute AMS. HAPE is a non-cardiogenic pulmonary edema which is preceded by symptoms of acute
mountain sickness commonly characterized by subtle non-productive cough, dyspnea on exertion. At higher
altitudes cerebral edema leads to severe neurological dysfunction which was confirmed from autopsy results
in previous studies. This article focusses on possible pathophysiological mechanisms, risk factors responsible
for AMS, HACE and HAPE and its pharmacological considerations.
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Introduction

In recent years there has been tremendous
increase in the interest of people in travelling to
high altitudes due to growth of ecotourism and
global adventure travel. At higher altitudes above
2500m there is a significant decrease in partial
pressure of oxygen and barometric pressure. (1,
2)High-altitude illness (HAI) would take place in
case of faster elevation to higher altitudes
wherein the human body do not get sufficient
time to adapt and acclimatize to
hypobaric hypoxia. High-altitude illness resulting
due to hypoxia is a group of syndromes which
leads to various physiological alterations in our
body. (1, 2)

High altitude illness mainly encompasses cerebral
and pulmonary syndromes including acute
mountain sickness and high-altitude cerebral
edema referring to the cerebral abnormalities,
and high-altitude pulmonary edema referring to
the pulmonary abnormalities. (3, 4)Acute
Mountainsickness (AMS) is a predominant and is
commonly associated with headache, fatigue,
shortness of breath, sleeplessness, and anorexia,
which if untreated may progress to the life-

threatening conditions of high-altitude pulmonary
edema or high-altitude cerebral edema. (3, 4)

High altitude cerebral edema (HACE) is a
significant fatal condition which is associated with
high altitude illness arising of late or end-stage
acute AMS. It is often characterized by ataxia,
fatigue, and altered mental status. (5) HACE
represents the least common form of altitude
illness, however it is critical that it be rapidly
diagnosed and managed, as it can progress to
coma and death as a result of brain herniation
within 24 hours. (5) High altitude pulmonary
edema(HAPE) is a non-cardiogenic pulmonary
edema which is preceded by symptoms of acute
mountain sickness commonly characterized by
subtle non-productive cough, dyspnea on
exertion. (5) The cough may worsen and it may
lead to a debilitating degree of dyspnoea, even at
rest with common clinical features like cyanosis,
tachypnea, tachycardia and elevated body
temperature. (5)

This article focusses on possible
pathophysiological mechanisms, risk factors
responsible for AMS, HACE and HAPE and its
pharmacological considerations for AMS, HACE
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and HAPE. It also aims to elaborate various
modalities for their prevention and treatment.

A) High-altitude cerebral edema (HACE)

a. Etiology, Epidemiology and risk factors of

HACE

High-altitude cerebral edema is a potentially fatal
neurological syndrome representing the end
stage of acute mountain sickness. It is mysterious
and rare malady brought about by exposure to
the thin air of high altitude, developed secondary
to acute mountain sickness or high-altitude
pulmonary edema. (6, 7) HACE is mainly
associated with headache, lassitude, insomnia,
anorexia, nausea, ataxia of gait, altered
consciousness, papilledema and brain edema. (8)
HACE mainly is observed in unacclimatized
persons at altitudes above 2000 m commonly
with abrupt ascent to over 3000 m. Global
Incidence of HACE is found to be 0.5-1% at higher
altitudes of 4000-5000 m. (8) All ages and genders
are affected with particularly younger males are
at higher risk due to continuation of ascentdespite
symptoms of AMS and faster rate of ascent. (9)
Previous history of high-altitude illness with lack
of acclimatization and heavy physical exertion
were common risk factors of HACE. HACE is much
more likely in those with high altitude pulmonary
edema. (9) Gabry et al. (2003) found that 13% of
52 patients with HAPE in the French Alps had
stupor or coma. Hultgren et al. (1996) reported
that 14% of 150 patients with HAPE in the
Colorado Rockies had HACE, and 20% of 50 HAPE
patients evacuated by helicopter in the Swiss Alps
also had HACE. (9)

b. Clinical presentation and diagnosis of

HACE

Drowsiness and subtle psychological changes are
the first presenting symptoms among patients
with HACE accompanied with withdrawal and
apathetic condition. Anorexia and nausea with
auditory and visual hallucinations are commonly
observed symptoms. (10 - 12) Coma, retinal
haemorrhages and hyponatremia are uncommon
and critical findings among most seriously ill
patients.  Occurrence of small petechial
haemorrhages and venous sinus thromboses are
the end stage findings. (10 - 12)Careful
fundoscopy can reveal progression of retinal
pathology at altitude is an indication of impending
HACE. CT scan images often demonstrates
compression of sulci and flattening of gyri. (10 -

12) HACE are commonly associated with elevated
CSF pressures more than 200 mmH20 that can be
determined through Lumbar punctures. Earlier
diagnostic research has revealed formation of
edema in the white matter corpus callosum
without involvement of grey matter indicating the
edema of vasogenic origin. (10 - 12)

c. Pharmacology of HACE
At higher altitudes cerebral edema leads to severe
neurological dysfunction which was confirmed
from autopsy results in previous studies. HACE is a
considered to be a critical vasogenic edema which
causes disruption of blood—brain barrier. (13 - 15)
This is a result of cerebral capillary hypertension
which is associated with increased white matter
T2 signal causing impaired cerebral
autoregulation. In cases of hypoxia induced
cerebral vasodilatation impairment of cerebral
venous return takes place which results in
cerebral capillary hypertension. (13 - 15) Various
Chemical mediators of permeability including
bradykinin, histamine, arachidonic acid, oxygen
and hydroxyl free radicals, and iNOS-generated
nitric oxide could cause vasogenic edema. In cases
of elevated cerebral capillary pressure even a
minor leakage of chemical mediators can lead to
brain edema. (13 - 15) Earlier studies have
reported that vascular endothelial growth factor
increases vascular permeability leading to
vasogenic edema which plays an important role in
development of HACE. (13 - 15)

d. Treatment and Clinical Course of HACE
Apparently, there is no correlation between the
degree of cerebral edema and severity of clinical
presentation and outcome. The symptoms
depend upon astrocytic swelling caused by
redistribution of fluid in the intracellular space.
(16, 17) Rapid descent is the gold standard
treatment in those who develop HACE which
should be done immediately by 300 to 1000 m
and continued till patient is asymptomatic.
Supplemental oxygen with 90% saturation should
be given in severe case with careful management
of prolonged hyperoxia. (16, 17) Intravenous
administration of dexamethasone with a loading
dose of 8mg followed by 4mg dose every 6 hours
helps in ameliorating vasogenic edema by
stabilizing blood brain barrier and attenuating
anti-inflammatory responses. (16, 17)Rapid airway
management and bladder drainage are performed
to reduce intracranial pressure in patients in coma
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condition. Earlier studies have reported use of
loop diuretics including furosemide 40 to 80 mg or
bumetanide 1 to 2 mg to reduce brain hydration.
(16, 17)
B) High-altitude pulmonary edema (HAPE)
a. Etiology, Epidemiology and risk
factors of HAPE

High-altitude pulmonary edemais a potentially
life-threatening condition which typically occurs in
young, otherwise healthy people after rapid
ascent to an altitude of 2500m or higher. (18, 19)
It is one of the most lethal high-altitude illnesses
and has been reported in 0.1% of tourists and as
many as 15.5% of climbers involved in a rapid
ascent. HAPE is also seen in approximately 5%—
10% of climbers with AMS. (18, 19) Commonly
associated risk factors include individual
susceptibility to low hypoxic ventilatory response
(HVR), higher altitude attained, a rapid rate of
ascent, male sex, use of sleep medication,
excessive  salt  ingestion, ambient cold
temperature, and heavy physical exertion.
(20)Pre-existing conditions such as those leading
to increased pulmonary blood flow, pulmonary
hypertension, increased pulmonary vascular
reactivity, or patent foramen ovale have a higher
predisposition towards the development of
HAPE. (20) The incidence is 0.6% to 6% at 4500
mt, and the incidence is 2% to 15% at 5500mt,
with higher incidence associated with faster
ascent time. The rate of mortality is about 11% in
treated patients and about 50% in untreated
patients. (21, 22)

b. Clinical presentation and diagnosis of

HAPE

Dry cough, chest tightness, decreased exercise
tolerance, and dyspnea at rest are common initial
symptoms of HAPE. Patients with dyspnea
associated with cough at rest are exposed at the
onset of HAPE which induces an inflammatory
response in the lungs. (23, 24) On clinical
examination tachypnea, tachycardia, crackles, and
a relative cyanosis or decreased oxygen saturation
is observed. With the progress of HAPE dyspnea at
rest worsens. The cough becomes frothy and
significantly increases and later blood can be
found in the cough. (23, 24) As lungs auscultates
further, wheezing and rales can be observed in
patients which on further progress the patient
would become more hypoxic and cyanotic which

may cause mental stress, anxiety obtundation and
even coma. (23, 24)
Chest X-ray indicated patchy unilateral or bilateral
fluffy infiltrates and a normal cardiac silhouette.
Bronchoalveolar lavage examination indicated
increased cellularity and the presence of
chemotactic (leukotriene B4) and vasoactive
(thromboxane B2) mediators andlavage fluid also
demonstrated high protein and red blood cell
content. (25 - 27) These results were also
compared and correlated with the pulmonary
artery pressures measure by echocardiography
and as there were no positive reports of cytokine
expression or neutrophil presence it confirmed
the notion that the actual course of HAPE
development is through high intravascular
pressure and not inflammatory process. (25 -27)

¢. Pharmacology of HAPE
HAPE is a form of noncardiogenic pulmonary
edema wherein pulmonary artery pressures play a
dominant role in its development and progress.
Hypoxic condition causes hypoxic pulmonary
vasoconstriction (HPV) which cause elevated
pressure and flow in the perfused areas, resulting
in pulmonary hypertension and subsequent
edema. (28) It is also evident that increased
sympathetic tone and alterations in vasoactive
mediators (endothelin [ET-1], nitric  oxide [NO])
produced by pulmonary endothelial cells also
leads to HPV.In HAPE-susceptible individuals, the
levels of endothelial derived pulmonary
vasoconstrictor ET-1 gets elevated while the levels
of NO reduce in HAPE. (29, 30) At higher altitudes
the levels of NO decreases with simultaneous
increase in free radicals in pulmonary circulation
causes imbalance of vasoconstrictors (ET-1) and
vasodilators (NO) which constitutes an important
predisposing factor in HAPE. This vasoconstriction
causes non-inflammatory leakage of fluid across
the alveolar-capillary membrane which is later
followed by a secondary inflammatory reaction.
(29, 30)

d. Treatment and Clinical Course of

HAPE

HAPE being the life-threatening condition, an
immediate arrest to the progression of disease is
required through improvement in oxygenation. An
immediate initiation of high-flow supplemental
oxygen at rest and sitting in an upright position
should be performed. (31 - 33)Subsequent
improvement in oxygen level within first few
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hours” maintenance of oxygenation (oxygen
saturation >90%) with low-flow supplemental
oxygen and rest is often required for 2—3 days.
Pharmacological treatment is based upon agents
that reduce pulmonary artery pressure which in
turn improves oxygenation in HAPE. (31 - 33)
Nifedipine, nitric oxide, epoprostenol,
and sildenafil are extensively studied drugs for
their use in treatment of HAPE. B-agonists drugs
can cause increase the clearance of fluid from the
alveolar space which might lower pulmonary
artery pressure. (31 - 33)

Conclusion

At higher altitudes above 2500m there is a
significant decrease in partial pressure of oxygen
and barometric pressure. High-altitude illness
resulting due to hypoxia is a group of syndromes
due to alteration in the physiology. It mainly
encompasses cerebral and pulmonary syndromes
including acute mountain sickness and high-
altitude cerebral edema referring to the cerebral
abnormalities, and high-altitude pulmonary
edema referring to the pulmonary abnormalities.
HACE is mainly associated with headache,
lassitude, insomnia, anorexia, nausea, ataxia of
gait, altered consciousness, papilledema and brain
edema. Drowsiness and subtle psychological
changes are the first presenting symptoms among
patients with HACE accompanied with withdrawal
and apathetic condition with raised intracranial
tension. Rapid descent and intravenous
dexamethasone are standard treatment for it.
HAPE is usually presents with cough and dyspnoea
with high intravascular pressure and can be
treated effectively with oxygen therapy.
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