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Extremes of human thermo-tolerance and adaptation to high altitudes
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Abstract

On the occasion of the International Thermal Physiology Symposium in Rhodes (2004), Extremes of
human thermo-tolerance and adaptation to high altitudes were reviewed for sports scientists and ther-
mal physiologists as follows;

Human life is sustainable only below an internal temperature of roughly 42 — 44 °C. Yet our ability to
survive at severe environmental extremes is testimony to the marvels of integrative human physiology.
One approach to understanding human thermoregulatory capacity is to examine the upper limits of ther-
mal balance between man and an air - water environment, i.e. the maximal environmental conditions un-
der which humans can maintain a steady-state core temperature. Heat and cold acclimations expands the
zone of thermal balance. Human beings can and do, often willingly, tolerate extreme heat and cold (incl.
Low atmospheric pressure) stresses well above these thermal balance limits. Survival in all such cases is
limited to abbreviated exposure times, which in turn are limited by the robustness of the thermoregula-
tory response.

High altitudes are associated with low temperature as well as low pressure. Chronic exposure to high
altitudes is known to cause physiological and morphological changes, especially in the pulmonary circula-
tion system, such as right ventricular hypertrophy, pulmonary hypertension, increased, pulmonary vas-
cular resistance, thickening of the pulmonary artery and increased pulmonary blood flow. The principal
factors in these change are hypoxic pulmonary vasoconstriction (HPVC) and an elevation of hematocrit
(Ht) accompanying the increase in red blood cell{ RBC).

Figures in this review article are provided that relate tolerance time and the rate of change in core
temperature to environmental characteristics based on data compiled from the literature of scientific

journals and records published in the Guinness Book.!)2
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Physical criteria for effective local hyperthermia in cancer treatment

Excellent:

100 % of tumour heated to 43 - 55°C.

Poor: < 50 % of tumour heated to 43 - 55°C.
Normal tissue 3 cm apart from tumour not warmer than 41°C.

o
o

Lyl
-

Tumour temperature r°cl

From Strohbehn et al., 1989.

1 Physical criteria for effective local hyperthermia in cancer treatment”’
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Hypothetical relationship between degree and duration of hyperthermia
separating recovery without impairment from lethal outcome.
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duration of hyperthermia (hr)
from Kosaka et al. (in press) 2004.

2 Hypothetical relationship between degree and duration of hyperthermia separating recovery
wothout impairment from lethal outcome.”

Observed maximum degrees of Hyperthermia survived
without apparent damage.
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3 Observed maximum degrees of Hyperthermia survived without apparent damage.”
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Hypothetical explanation of the change
of observed maximum levels of hyper-
thermia in the course of time.5
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6 Psychrometric representation upper limits of thermal balance determined from Penn State ex-
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@--- [One morning toward the end of the
eighteenth century, the Secretary of the Royal
Society of London, one Mr. Blagden, ventured
into a room heated to 105 C, taking with him
some eggs, a piece of raw steak and a dog. A
quarter of an hour later, the eggs were baked
hard and the steak cooked to a crisp but Blag-
den and his dog walked out unharmed... |
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®- -+ [In 1994, Mauro Prospeti became lost in
a sandstorm during the 160-mlile Marathon des
Sables in the Moroccan desert (Kamler, 2004).
On day 4 of the event, scheduled as a 50-mile leg
of the race in an ambient temperature of 46 C

(115 °F), Prosperi lost his way in a sandstorm
and wandered off course. With less that one full
canteen of water, he survived for 9 days. During
his ordeal, he drank his own urine and sought
shelter in a empty Muslin shrine, where he ate
bats he was able to catch in the shrine. He. re-
stricted his movement to the cooler parts of the
day and night. The following is a description of
Prosperi after he was rescued and brought to an
Algerian hospital: .. doctors reported that the
desert wandererhad lost 33 pounds and that 16
liters of intravenous fluids were needed to re-
place his water loss. His kidneys were barely
functioning, his liver was damaged, and he was
unable to digest food. His eyes had sunk back in-
side their sockets, and his skin was dry and
wrinkled. He looked like a tortoise. But he would
survive. |
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episode {22\ T Mr. Mauro Prosperi D{KER D
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