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Preface

High altitude physiology and medicine has again become important. The excep-
tional achievements of mountaineers who have climbed nearly all peaks over
8,000 m without breathing equipment raise the question of maximal adaptation ca-
pacity of man to low oxygen pressures. More importantly, the increase in tourism
in the Andes and the Himalayas brings over 10,000 people to sites at altitudes
above 4,000 and 5,000 m each year. At such heights several kinds of high alti-
tude diseases are likely to occur, and these complications require detailed medical
investigations.

Medical authorities need to inform both mountaineers and tourists as to how
great a physical burden can be taken in the mountain environment without risk to
health. Physicians need to know what kind of prophylaxis is to be employed at
high altitudes to prevent the development of diseases and what therapeutic
measures should be used once high altitude diseases have occurred. Moreover,
the physical condition of the indigenous population living at higher altitudes such
as the Andes and the Himalayas, who are exposed continuously to the stress of
high altitude, requires our attention. We have become familiar with symptoms
characteristic of chronic high-altitude disease: under special conditions this popu-
lation has a tendency to develop pulmonary hypertension, which is associated
with pulmonary edema, pulmonary congestion, and right heart failure.

This book will provide the latest up-to-date information on the recent develop-
ments in physiology and medicine of high altitudes for the medical researcher and
the physician who treat patients suffering from high altitude sickness or give ad-
vice on preventive measures to their clients. The book is also intended to provide
the newest teaching material on high altitude physiology and medicine to medical
schools.

This volume contains contributions from many countries: Bolivia, China,
France partly with investigators from Bolivia, Holland, India, Switzerland, USA,
and West Germany. The publication is organized in two parts: (A) physiology of
adaptation to high altitude and (B) high altitude sickness and therapy. In the first
part the majority of articles deal with basic problems of oxygen transport and res-
piratory and circulatory control in rest and exercise at high altitude. New aspects
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of sleep at high altitude and hormonal responses and electrolyte changes at high
altitude are included.

The second part is concerned with altitude sickness and therapy and contains
the latest contributions towards understanding and managing the two most impor-
tant pathological disturbances at high altitude: cerebral edema and eye problems,
and pulmonary edema. Moreover, acute and chronic mountain sickness is treated
extensively. Preventive medicine measures at high altitude are presented in two
reports. An overview of accidents and diseases at high altitude (Himalaya and
Andes) is given, which makes the reader aware of the new dimension which mod-
ern tourism to the Himalayas and Andes has brought to high altitude medicine. A
special section contains a proposal for international standardization in high alti-
tude research and documentation of high altitude medicine.

Medical scientists have carried out in the past laborious and extensive inves-
tigations of high altitude physiology and medicine and continue to do so at present
with more sophisticated methods and broader scope, opening up new fields of
knowledge.

In recent years there has been a shift in the focus and emphasis on high altitude
research. Previously the main areas of interest in high altitude physiology were
external respiration, in particular ventilation and gas exchange of the lungs and an
exploration of the mechanisms responsible for the increased ventilation observed
at high altitudes under condition of reduced partial pressure of oxygen. Mecha-
nisms sensitizing the respiratory center were found to depend on altitude and
length of sojourn at high altitudes. As a result of increased ventilation a respira-
tory alkalosis develops. Its influence on the O,-dissociation curve, the Bohr effect,
and cerebral blood flow has been thoroughly investigated. The increase in hema-
topoiesis found under conditions of oxygen deficiency at high altitudes, which
results in an increased number of red cells in the circulating blood and therefore in
a larger oxygen-carrying capacity, has long been considered the basic mechanism
of adaptation to low oxygen pressure.

Hematopoietin was ‘‘discovered” as a hormonal factor controlling erythro-
poiesis, and the influence of the kidneys on the formation of hematopoietin was es-
tablished. However, the significance of these findings about adaptive mechanisms
to high altitude oxygen deficiency related to respiration, gas exchange, and
erythropoiesis declined with the advent of equipment providing oxygen at high al-
titudes and in space.

In the past comparatively little attention has been given to peripheral respira-
tion, i.e., oxygen transport in capillaries and oxygen diffusion into tissues and mi-
tochondria within cells. This lack of knowledge was largely due to the unavailabi-
lity of specific methods required for the investigation of peripheral oxygen trans-
port processes. In recent years new methods have been developed and dramatic
advances in the knowledge of microcirculation at high altitude have been made. It
is now recognized that high altitude disorders and diseases such as pulmonary
edema and brain edema are related to disturbances of blood flow in capillaries and
impairment of oxygen transport to mitochondria. The better understanding of
microcirculation has made it possible to use more effective measures for
prophylaxis and therapy of high altitude disorders.

Pioneers in high altitude physiology and medicine came from many different
countries. Paul Bert (1878) was the first to become interested in the effect of
reduced atmospheric pressure; Mosso (1897) and Cohnheim (1903) published
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books on altitude physiology. Before and after World War I significant advances
in high altitude physiology were made by Barcroft (1914), Haldane and Priestly
(1935), Henderson (1938), Zuntz (1906), and Loewy (1932), as well as by Dill
(1938), and Keys (1938), and Fleisch (1944), von Muralt (1948), and Verzar
(1945).

Before World War 11, in Germany, an active group of young physiologists,
as researchers in aviation medicine or as mountaineers, became very interested in
high altitude physiology. This group included Balke, Benzinger, Gauer, Hart-
mann, Hepp, Kramer, Luft, Noell, Opitz, Schneider, and Strughold. Their work
has been published in German Aviation Medicine, World War Il. Fundamental
investigations were conducted, especially on respiration during acute and chronic
hypoxia, hypoxia and anoxia of the brain, survival time of the brain and hypoxia
tolerance. After World War Il most of these young investigators went on a tempo-
rary or permanent basis to the United States to work on space physiology.

Significant progress in establishing the limits of adaptation to high altitude were
made during high altitude expeditions carried out by Pugh at Mount Cho Oyu and
Mount Everest (1957, 1964, 1968) and by Houston and Riley (1947) and West
(1962a.b). In the 1950s, research on problems of high altitude adaptation in Ger-
many was limited to few investigators (Brendel, 1956). Later a group formed in
Munich, associated with the Institute for Surgical Research, studied problems of
oxygen supply to tissues at high altitudes. Investigations were carried out during
expeditions to the Kantschen Szonga by Zink et al. (1978) and at the Lhotse by
Schaffert and Zink (1979). These investigations were based on our newly acquired
understanding of the physiology and pathophysiology of the microcirculation and
on the method of isovolemic hemodilution developed in Munich (Messmer, 1971,
1975) to combat disturbances of the microcirculation.

The encouraging experience with this method during expeditions to the
Kantschen Szonga and Lhotse was the basic reason for organizing this sym-
posium in Murnau, West Germany, and for inviting contributions to this volume
by experts on capillary oxygen transport to tissue, especially to skeletal muscle
and brain. We hope that the combined knowledge of these experts, specialists in
respiratory physiology and our colleagues with practical experience in high alti-
tude medicine of mountaineers and high altitude residents, will result in a better
understanding of the pathophysiological processes of high altitude-induced
diseases and complications.

The International Symposium on High Altitude Physiology and Medicine was
organized by the Documentation Center for High Altitude Medicine (a section of
the Association for Comparative Alpine Research, Munich) and the Institute for
Surgical Research, LM-University of Munich. It was supported by the Volks-
wagen Foundation (I135 610).
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