
Introduction

Sojourners to high altitude (HA) venture scaling heights
of mountains for various purposes such as trekking, moun-
taineering, mining, skiing, cross-country rallying, res-
cue operations, scientific activities and military duties.
In recent years, the number of visitors to mountains has
increased appreciably due to the improvements in com-
munications, logistics and medical care available in HA
locations. The normal physiological process of altitude
acclimatization involves hyperventilation, cardioaccelera-
tion and increases in red blood cell count, haemoglobin
(Hb) and 2, 3-DPG. These processes help in the dissocia-
tion of oxygen from HbO2 so that more oxygen is deliv-
ered to the tissues and utilized at the cellular level through
mitochondrial enzymes (Ou and Tenny 1970; Lahiri
1974; Malhotra et al. 1976; Heath and Williams 1981,
1989; Eckardt et al. 1989; Ward et al. 1989; Mazzeo et
al. 1991; Monge and Leon-Velarde 1991; Grubbstrom et
al. 1993).

Nervous system functions at HA

Recently, the roles of the autonomic nervous system
(ANS) and central nervous system (CNS) in the process
of altitude acclimatization have been demonstrated
(Selvamurthy 1989; Basu et al. 1996). During the initial
phase of ascent to HA most sojourners experience the
symptoms of acute mountain sickness (AMS) such as
headache, nausea, vomiting, giddiness, anorexia, sleep
disturbances, muscular weakness and depression (Roach
et al. 1993,1996). Chemoreceptor sensitivity is reported
to be attenuated in individuals who suffer from AMS.
They thereby exhibit a lower magnitude of hyperventila-
tion on arrival at HA (Mathew et al. 1983).

Sleep disturbance is a common complaint amongst
sojourners at HA. Short, frequent bursts of arousal and the
reduction in slow wave sleep seen among sojourners dur-
ing the initial phase of acclimatization may be an adaptive
feature of acclimatization that prevents accentuation of
hypoxemia due to sleep hypoventilation (Selvamurthy et
al. 1986). Sojourners are advised not to use sedatives and
sleeping pills during the initial days of acclimatization
since these will counter this adaptive response and may
also result in respiratory inhibition.

Acute mountain sickness

Hypoxia is known to cause cerebral vasodilatation (Hult-
gren and Grover 1968; Weil et al. 1969; Heistad and
Abboud 1980), increased intracranial pressure and, occa-
sionally, cerebral oedema which results in the cerebral
symptoms of AMS (Singh et al. 1969; Hansen and
Evans 1970; Hackett 1980). Diuretics such as spirono-
lactone, furosemide and diamox are effective as prophy-
lactics and in the treatment of AMS (Singh et al. 1969).
Recently, nifedipine has been found to be effective in the
treatment of high altitude pulmonary oedema (HAPO)
by relieving hypoxia-induced vasoconstriction (Bärtsch
et al. 1991; Oelz et al. 1991; Oelz 1998).

Feeding behaviour at HA

Anorexia leading to hypophagia observed in extreme HA
results in body weight loss. Studies using experimental
animals and human volunteers have shown an increased
gustatory threshold and hedonicity (Singh et al. 1996,
1997). Alteration in thyroid activity may be one of the
factors responsible for these responses (Sawhney and
Malhotra 1990). Hypoxic effects on feeding mechanisms
at the CNS level and the role of metabolic alterations and
insulin activity need to be studied.
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High altitude pulmonary oedema

HAPO is one of the serious medical complications en-
countered at HA by mountaineers and sojourners. The
etiopathology of this HA malady remains an enigma to cli-
nicians and physiologists. Several hypotheses have been
put forward to explain the pathophysiological mechanism
underlying its genesis. An increase in pulmonary arterial
pressure (PAP), alterations in pulmonary capillary perme-
ability, decreased surfactant activity and the involvement
of J-receptors have been described as the probable factors
that can culminate in HAPO (Hultgren et al. 1964; Paintal
1969; Park and Sutnick 1973; Kumar et al. 1980; Schoene
et al. 1988).

A new hypothesis illustrating the involvement of hypo-
thalamic mechanisms, along with sympathetic over-activity
has also been proposed (Selvamurthy 1989). In all the hy-
potheses, an increase in PAP is considered to play a pivotal
role in the genesis of HAPO. Radiographic examination of
the chest reveals patchy oedema due to non-uniform vaso-
constriction in the pulmonary vascular bed (Menon 1965;
Vishwanathan et al. 1969; Vock et al. 1989).

Use of nitric oxide in HAPO

Scherrer et al. (1996) recently reported the possible use
of nitric oxide (NO) in reducing the hypoxia-induced rise
in PAP in HAPO-prone subjects. We have, for the first
time, reported the therapeutic use of NO on 14 patients
with HAPO who were treated with inhaled NO (15 ppm)
alone or in combination with oxygen (50%). The group
which received the combination of NO and O2 revealed a
remarkable clinical prognosis as evidenced from serial
radiographic findings, as well as a reduction in PAP, an
improvement in arterial oxygen saturation (SaO2) and in
the mismatch of ventilation-perfusion ratios as assessed
by A-a ∆ O2 (Anand et al. 1998). NO, due to its short
life, has a restricted effect on only the ventilated part of
the alveoli causing local improvements in perfusion
without any significant systemic changes in blood pressure
or cardiac output. Administration of oxygen on the other
hand, also results in a reduction in PAP, and improve-
ments in oxygenation and the symptoms of HAPO. The
combined administration of NO and O2 had a synergistic
and additive response resulting in maximum improvement.
But the mechanism of action of these two agents could be
different: NO acting through an O2-sensitive K+ ion
channel and O2 acting through a Ca++-dependent K+ ion
channel (Tristani-Firouzi et al. 1969; Cornfield et al. 1996).
This type of medical management of HAPO patients will
soon gain momentum and thereby act as a life-saving
measure for HAPO patients.

Cold injuries at HA

Frostbite is one of the common clinical problems faced
by mountaineers as well as sojourners at extreme HA,

due to the severity of the cold, a wind-chill effect and
accidents due to avalanches (Meryman 1957; Boswick
et al. 1979; Francis 1984). Re-warming in a tea-decoc-
tion medium at a temperature of 37–41º C was found to
be beneficial in reducing the extent of injury after cold
exposure (Purkayastha et al. 1993). Administration of
vitamin C following the re-warming facilitated the pro-
cess of healing. Pentoxyphylline, an anticoagulant
agent, improves the microcirculation in the affected
parts, thereby facilitating the recovery of the injured
extremities in experimental models (Purkayastha and
Mathew 1992). Application of a herbal alcoholic extract
of Aloe Vera significantly improves recovery after the
occurrence of injury in both experimental animals and
human patients (Sarkar et al. 1995).

Free radicals

Free radicals produced by accelerated lipid peroxida-
tion, play a contributory role in the etiology of frost bite
(Bhaumik et al. 1995). Further research is required in this
field to evaluate the beneficial effects of antioxidants in
the treatment of cold injuries.

Increased water retention in the extracellular compart-
ment may be a predisposing etiological cause for the onset
of symptoms of HAPO (Surks et al. 1966; Hannon et al.
1969; Singh et al. 1986, 1988, 1990; Hackett and Horn-
bein 1988).

Beneficial effects of HA

When we consider the adverse effects of HA, moderate
HA (up to 2200 m) offers the possibility of facilitating
the treatment of some clinical conditions such as bron-
chitis, asthma, hypertension etc. (Brimkulov 1991). This
potential has not been adequately addressed by biomete-
orologists. More research is required in this area. Similarly,
training of athletes at a moderate altitude helps them in
their performance at sea level (Richardson 1974; Shephard
1974; Milledge 1986; Heath and Williams 1989; Shephard
and Åstrand 1992).

HA research offers ample challenges and opportuni-
ties to biometeorologists and environmental physiolo-
gists. The last two decades have enriched the scientific
literature in the fields of pathophysiology and medical
management of HA maladies. The twenty first century
will spark new exciting discoveries in this rapidly
emerging field of research.
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