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PREFACE

This medical guide for flying personnel is intended to fulfil two
purposes.

1. It aims at discussing the important medical problems of the
flying service so that the flier obtains a modern scientific knowledge
of the medical aspects of flying which he can apply for the maintenance
of his health and to increase his flying capabilities.

2. It is further intended to give the physician of the air force the
fundamental medical knowledge in regard to aviation so that he may
counsel and instruct the flying personnel in the complex medical
questions which have to do with the flying service.

In order to fulfil this latter task it has been necessary to discuss
certain questions from the aspects of physics and physiology somewhat
thoroughly and in part somewhat theoretically. This is particularly
true of the physical introduction in the chapter ‘“Action of Acceleration
and Centrifugal Force” and its physiological explanation. These
passages, which are somewhat difficult for the person without medical
knowledge and which are enclosed in square brackets, the flier can
leave unread.



TRANSLATOR’S PREFACE

This translation was made for the benefit of the Medical Officers
attached to the Air Force, but it has been considered by those who
have read it so valuable that it has been printed so that it might be
available to all members of the Air Force. The translation reproduces
the original text as accurately as possible. The translator wishes to
express his gratitude to Lieut.-Col. A. A. James, Principal Medical
Officer of No. 1 Training Command R.C.A.F., who has kindly read
the entire manuscript and aided with his advice; particularly to Wing
Commander D'Arcy Greig, R.A.F., who has been of the greatest
assistance in finding the correct English rendering for the flying terms;
to Professor E. A. Bott for arranging for the photostatic copy of the
book; and to my colleagues Capt. W. R. Franks and Capt. G. E. Hall,
C.A.M.C,, Professors D. Y. Solandt and J. K. W. Ferguson who have
looked over sections of the book and criticized it for me. Certain of
the illustrations in the original have been omitted as they were not
necessary. Thanks are also due to Mr. A. H. Taylor for redrawing
some of the cuts and to Miss D. Caldecott for her care in preparing
the manuscript.

Toronto, June, 1940.
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A. INTRODUCTION

In the last few years the rapid development in construction has so
increased the performance of aeroplanes in climbing capacity, speed,
and turning ability that the limits of human adaptability to the effects
of altitude and of acceleration have been reached, and in part exceeded,
by attempts to fly these machines at full capacity.

We need only to think of the fact that in the last world height
record by a motor driven machine, a height of 17,000 m., 55,700 ft.,
above sea level was attained and that the ceiling of the new pursuit
machines is more than 10,000 m., 32,800 ft. ’

Without the use of oxygen human capacity for action decreases at
5,000 m., 16,400 ft., and heights over 8,000 m., 26,200 ft., without
oxygen may lead in a few minutes to death through oxygen lack.

The world’s speed record is now over 700 km., 434 miles per hour,
and not less than 500 km., 310 miles per hour, is required today from
mass-produced pursuit planes, and this has also been obtained by the
faster bombers. At these speeds sharp turns may lead to disturbances
of vision and unconsciousness. Fatal accidents are known to have
occurred due to the effects of height and of centrifugal force.

These few examples show us distinctly enough that it is no longer
sufficient today that a pilot should merely fly well and have mastered
the technical flying equipment. He must also know what he himself
and his crew can stand physically.

The crew of high flying planes must know where the danger limits
of physical endurance lie and by what means they can extend and
exceed these limits. Further, the pilot must know what deceptions of
sensation may occur during blind flying which may endanger the
safety of the flight.

In brief: The flying personnel must know the practically important
results of medical flying science, the purpose of which is to prevent
accidents arising from the inadequate adaptation of the human body
to the abnormal influences which arise in flying, and to increase the
human capacities as far as possible beyond what may be regarded as
normal.

The absolutely necessary and important knowledge for high flying
personnel is set forth in this guide in as condensed and as comprehen-
sible a form as possible. Further it is intended to give the medical
officer attached to the flying corps the fundamental knowledge neces-
sary for the medical guidance and the instruction of flying personnel
in the medical aspects of flying.
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B. HIGH FLIGHTS

1. The Atmospheric Air

(a) THE COMPOSITION OF THE ATMOSPHERE

The surface of the earth is surrounded by an air mantle whose
composition to the height of 12,000 m., 7.4 miles, remains approxi-
mately constant (fig. 1). (The latest investigations of the stratosphere
show that the mixture of gases in the air even above 12,000 m. changes
but slightly.) Oxygen can be shown to exist by spectral analysis of
the polar light even at altitudes above 100 km., 62 miles. About 4/5,
789%, of dry air is nitrogen and 219, about 1/5, is oxygen. Inaddition,
there occur in the air several rare gases, chiefly argon, which are
unimportant for human respiration and also water vapour in varying
amounts, on an average about 19,. This plays an important role
in the maintenance of the warmth of the surface of the earth, as it
decreases the radiation of heat from the earth’s surface to outer space
and forms the source of clouds, mists, rain, snow, and hail.

The cause of the uniform mixture of the air is the currents and
whorls, upwards and downwards, produced by the unequal warming
of the earth’s surface. These upward-directed currents make gliding
possible and are in part made visible by the sudden upward streaming
of the clouds. Above 12,000 m. in our latitudes these vertical mixing
currents become gradually less in the atmosphere and the stratosphere
begins. The limits lie lower at the poles and higher at the equator
(about 14,000 m., 8.6 miles) owing to the stronger radiation of the sun.

(b) THE AIR TEMPERATURE

The temperature, which decreases on an average about 6°C. for
each 1,000 m., 3,300 ft., of elevation, remains uniform above the lower
limit of the stratosphere and, depending on the time of year, is from
—50°C. (—122°F.); because here there is an equilibrium between the
incoming and outgoing radiated heat. Above this limit also, according
to modern views, the gases begin to form layers in accordance with
their specific gravities, so that over the oxygen and nitrogen floats
the thirteen times lighter hydrogen which, like the uninflammable
helium, we employ for filling balloons.

(¢) AIR PRESSURE AND DENSITY

Although the air at normal density in the neighbourhood of the
earth’s surface weighs only the 770th part of that of water, nevertheless
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the 100 kilometer high gas mantle on the earth presses upon each
square centimetre with a force of about 1 kilogramme. The atmos-
pheric pressure is capable of counterbalancing a column of 33 ft. of
water or of 760 mm. of mercury, Hg. The air is indeed, due to its
weight, increasingly compressed as it approaches the earth and thus
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F16. 1.—The atmosphere. Below 12 km. lies the so-called
troposphere, above this the stratosphere. The
atmosphere proper fades out at about 100 km., the
last layer being largely hydrogen.
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the density of the gaseous particles of the air are increased and hence
the air density and pressure.

On mounting above sea level the column of air decreases and hence
the air density decreases and also the atmospheric pressure (see atmos-
pheric pressure curve, fig. 2).

The atmospheric pressure and the air density are then at

5,000 m., 16,400 ft. only about 1/2
10,000 m., 32,800 ft. only about 1/4
15,000 m., 49,200 ft. only about 1/10

of the atmospheric pressure at
sea level.

(d) THE PARTIAL PRESSURE OF OXYGEN

The pressure that a gas or a mixture of gases exerts on all surfaces
is due to the movements produced by heat on the smallest gas particles,
the molecules. These molecules collide with the confining surfaces.
The sum of the forces of these blows of the molecules constitutes the
gas pressure.

The higher the temperature the greater the movement of the
molecules produced by the warmth, and consequently the greater the
energy produced by the molecular blows. If the number of the gas
molecules in a unit of space (i.e., the density) changes, the number of
molecular blows changes proportionately if the temperature remains
constant.

The pressure of a gas is therefore directly dependent on its tempera-
ture and on its density.

In mixtures of gases the molecular blows of the individual gas are
summed to give the total pressure. The fraction of the pressure due
to an individual gas is its ‘‘Partial Pressure.”

The purely physical action of a gas mixture is always dependent
on the total pressure.

The chemical action and the chemico-physical ability of a single
gas in a mixture to combine, for example of the oxygen in the air to
combine with the red colouring matter of the blood, is essentially
dependent on its partial pressure, i.e. merely on the number and
energy of the blows exerted by the oxygen molecules alone on the red
blood pigment. The partial pressure of oxygen in a gas is its fraction
of the total pressure. It is therefore at atmospheric pressure, 1/5 of
the total pressure, i.e. 1/5 of 760 mm. of Mercury =152 mm. Hg.
Pure oxygen, i.e. 1009, has at a height of 12,000 m., 39,300 ft., where
the total pressure is only 152 mm. Hg., the same oxygen partial pressure
as atmospheric air at sea level, namely 152 mm. (see fig. 2).

Therefore, for an adequate oxygenation of the blood, it is quite
unimportant whether the necessary partial pressure of oxygen is
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obtained by breathing air which contains only 1/5 of oxygen at normal
atmospheric pressure or by breathing pure oxygen when the atmos-
pheric pressure is greatly reduced at high elevations. Also, high
altitude sickness arising from a reduction of the total atmospheric
pressure can be produced just as well by lowering the oxygen partial
pressure as by decreasing the percentage of oxygen contained in an air
mixture breathed at a normal pressure.
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F16. 2.—Line 1—Curve of atmospheric pressure at various
heights which are indicated on the base line in kilo-
metres (3 km.=9800 ft.; 5=16.400; 8 =26.200; and
10=32.800). The pressures are shown on the left
in mm. Hg. and indicated in fractions of atmospheres
(atm.) along the curve.

Line 2—Curve of oxygen partial pressure in the
atmosphere.

Line 3—Curve of oxygen partial pressure in the
terminal air sacs of the lung.
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Therefore, there becomes available for the investigation of altitude
sickness either the reduced pressure chamber or the apparatus for
reducing the oxygen percentage.

2. The Effect of Reducing the Atmospheric Pressure

When considering the effect of reducing the atmospheric pressure
on the human body, the misconception could readily arise that the
tissues of the body during a flight to high altitudes must expand due
to the decrease in pressure upon the body’s surface, or that the blood
vessels must produce a higher internal pressure owing to the decrease
in the counter-pressure from without. This conclusion is, however,
not justified because the tissues of the body contain more than 709,
of water and the rest consists of substances which, like a fluid, cannot
be markedly compressed even by a pressure of several atmospheres.
Therefore a decrease of pressure from one atmosphere to nothing (this
would correspond to the bursting of a positive pressure cabin in empty
space) would lead to no noticeable expansion of the body tissue or
of the blood vessels.

(a) THE EFFECT OF REDUCTION OF THE ATMOSPHERIC PRESSURE
ON THE GASES IN THE BLOOD

The effect on the gases contained in the blood is quite different.
So far as these gases are dissolved in the blood, the equalization of
pressure with the outer air takes place sufficiently rapidly while the
blood flows through the lungs, even in the modern pursuit aeroplanes.
Nevertheless, a very sudden decrease in atmospheric pressure as by
the bursting of a positive pressure cabin, if the person has been breath-
ing atmospheric air with 789, of nitrogen, may lead to the release of
bubbles of nitrogen from the blood (like the release of gas bubbles in
soda water after it has left its bottle). The gas bubbles may, as in
(diver’s) caisson sickness, plug up the finest blood vessels. This
danger can be greatly reduced by the inhalation of oxygen in the
positive pressure cabin, since by the prolonged respiration of pure
oxygen the nitrogen is gradually forced out of the blood stream and
according to the prevailing views no dangerous gas bubbles could be
formed in the blood.

The increase of pressure in coming down in an aeroplane, will lead
to the liberated nitrogen bubbles being taken up again by the blood.
Therefore the best treatment of ‘‘bends’’ is a rapid descent.

The nitrogen contained in tissue fluids can be released by a very
rapid and sufficient decrease in the atmospheric pressure and produce

symptoms. For example, in the cavities of the larger joints, for
example in the shoulder or hip, above 8,000 m., 26,200 ft., the gas
bubbles may be released and cause violent pain at a no.rmal rate of
ascent. - These pains disappear at once on reducing the altitude.

(b) THE EFFECT OF REDUCTION OF PRESSURE ON THE (GASES IN THE
INTESTINES AND IN THE CAVITIES OF THE BoDY

Spaces in the body filled with gas or air may cause marked distress,
even by relatively slight changes in the external pressure.

The gases in the gut expand (if they cannot be got rid of by natural
processes) corresponding to the change in pressure. At §,500 m.,
18,000 ft., they are doubled in volume, at 8,000 m., 26,200 ft., they
are quadrupled, and at 15,000 m., 49,200 ft., they expax}d tenfold.
If there is an increased tendency to gas formation, a disagreeable
sensation of pressure in the belly may arise even at 5,000 m., 16,4OQ ft.
And in addition by forcing up the diaphragm the adequacy of respira-
tion may be reduced. :

Therefore it is advisable to avoid gas-forming articles of diet such
as legumes (beans), or if a tendency to distensior} exists to take before
a high flight a half teaspoonful or a tablet of animal charcoal because
such charcoal absorbs the gas physically. )

Critical conditions may arise in persons with marked gas formation
if they are exposed to a sudden reduction in pressure by the sudde;n
rupture of an air tight cabin in the stratosghere, when t}{e gas Wf“
expand tenfold or if the gut wall cannot give way sufficiently will
cause a great increase in gut pressure.

(¢) TuE EFFECT OF REDUCTION IN PRESSURE ON THE NASAL SINUSES
AND THE MIDDLE EAR

It is true that these spaces are in communication with the outer
air by passages which end in either the nose or thf: back 'of the t}'lroat
(fig. 3). The communication is, however, often insufficient or inter-
rupted. Considerable discomfort may arise thro.ugh changes in
pressure if the air in the middle ear or in the frontal sinus and antrum
is closed off from the air. )

The nasal, frontal, antral, and sphenoidal sinuses have openings
to the nose, which are usually adequate to equalize the pressure.
These openings may, however, be closed by a swelling .of the mucous
membranes or by overgrowths, and in acute or chronic colds in the
head may be closed by mucus. During a rapid ascent an.adequ?.te
equalization of pressure usually occurs due to the relatively increasing
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inner pressure which opens the passage but when descending the
rapldly. Increasing outer pressure serves to close the openingsgin a
valve-like manner. Then the subnormal pressure causes congestion
and .marked pain. In addition there is the danger that a sudden
opening may suck mucus into the cavity and set up an infection.

Bristle
Cut edge of middle concha

Olllcmng of middle ethmoidal sinuses
Cut edge of superior concha
Openings of posterior ethmoidal sinuses

Brustle in opening of sphenoidal
3 sinus

Kusldchian Fube,

o Cut edge o
Bristle in opening of infer?g wicha

INnrrum

Fic. 3.—After Gray's Anatomy. The frontal and sphenoidal
sinusesare shown with bristlesshowing their openings
to the nose. Bristle in antrum, the position of this

sinusisdotted. The opening of th 3
is also shown. PEIIER e Eustachian tube

) Particular discomfort of this kind is to b 4
with la{rge frontal sinuses. They are well ad\?isz,((i?eec\tzg lbn) tgzrizrsl:
of a mild cold or in any case of blocked nasal passages, to make use
of a nasal salve or spray containing such substances as ephedrine
VV‘thh de_crease the swelling of the nasal mucosa. As far as possible
flights with rapid changes of elevation should not be carried out by
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persons with a cold in the head. Persons with an obvious tendency to
frontal catarrh are not suitable for the flying services.

The middle ear (the cavity containing the bones connecting the
ear drum to the internal ear) is connected with the naso-pharynx by a
tube, “the Eustachian tube,” and hence with the air (fig. 4).

Incus
Malleus
Tympanic cavity
Tensor tympans muscle

Styloid i
\, process Gltroduq.
Tube

Tympanic membrane
Cartilaginous part of external
auditory meatus

F1G. 4 —After Gray's Anatomy. Section through external
ear passage, middle ear (tympanic cavity), and
Eustachian tube. The drum (tympanic membrane)
separates the external passage from the middle ear
and has attached to it the little bones, Incus and
Malleus, which transmit the vibrations of the drum
to the internal ear (not shown).

If this tube is somewhat obstructed by acute or chronic inflamma-
tion of its mucus membrane or if it is not normal in character, acute
pain is set up on descending, owing to the failure to equalize the
pressure in the middle ear. Even a slight difference in pressure on
the sides of the ear drum decreases the hearing. Inadequate pressure
equalization leading to this inequality in external and internal pressure
may, even in a descent of 3,000 m., 6,500 ft., produce definite pain
and cause small haemorrhages in the middle ear. In a descent from



6,000 m., 19,000 ft., a difference in pressure of 24 an atmosphere may
be produced. The ear drum is therefore forced in with a pressur'e
equal to a column of mercury 38 cm. high. If this occurs to the pilot,
he may be so incapacitated by the pain that the safety of all is en-
dangered. Rupture of the drum even has been produced in this
manner.

Equalization of Pressure in the Middle Ear

In most cases the Eustachian tube can be opened by repeated
swallowings and yawnings, or if necessary by forcing air in by com-
pressing the cheeks with closed mouth and nose held tightly. The
greater the height and hence the difference in pressure, the more
Fllﬁicplt the opening of poorly permeable tubes becomes. Therefore
it is important to equalize the pressure after every 500 m., 1,600 ft.,
of descent.

If as a result of a rapid descent the equalization of pressure has
not been happily achieved and marked pain supervenes, and if the
pain increases with further descent, then a re-ascent till the pain dis-
appears and a slow descent is recommended.

If the pressure equalization has not taken place on landing, the
physician can usually rectify it by blowing in air. Sometimes in
such cases there remains a slight feeling of pressure in the ear which,
however, soon disappears again. Persons with not readily permeable
tubes are not suitable for the air service.

In civil aviation changes of altitude are usually made slowly so as
to avoid these symptoms. If made slowly enough the equalization of
pressure will take place, owing to diffusion of gas into or out of the
blood stream.

3. Oxygen Lack and Altitude Sickness (Mountain Sickness)

(a) INTRODUCTION TO RESPIRATION

With increasing height the atmospheric pressure decreases and
correspondingly the number of the gas molecules in every litre of air
diminishes but the quantitative relationship of the gases, 1/5 oxygen
and 4/5 nitrogen in the air mixture, does not change.

For human respiration only the oxygen (0.) fraction is important.
The nitrogen and other chemically “indifferent,” that is chemically
inactive gases, are inhaled and given out again in the same quantity.
If they are entirely lacking, as for example when breathing pure
oxygen, this produces no effect on the human organism.

The body requires, in order that its tissues may carry out their
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necessary processes, both oxygen and food-stuffs (protein, fat, and
carbohydrate). Within the cells of the body the food-stuffs are united
with oxygen or burnt to produce water, carbon dioxide, and other
waste products. This combustion process furnishes the body with
heat. The temperature of the body is kept constant by changing the
amount of blood flowing through the skin and is decreased by the
evaporation of sweat in higher temperatures and in the case of low
temperatures by decrease in the blood flowing through the skin and
if necessary by increase in the internal heat production by increased
combustion. By these means the body temperature is held at about
37°C. (98.3°F.). In exercise the requirement of the active muscles
for oxygen is greatly increased and a corresponding increase in heat
production occurs.

The transport of the food-stuffs within the body from the gut or
from depots such as the liver, is carried out by means of the blood
stream. This also takes up the waste products of the activities of the
cells and carries them chiefly to the kidneys for excretion in the urine.

The carriers of oxygen in the blood are the red blood cells. In them
the oxygen is combined with the red blood pigment (haemoglobin)
(fig. 5), and the amount carried decreases with the oxygen partial
pressure and the height. If one remains for some days or more at
high altitudes in the mountains, the number of red blood cells increases
in order that the increase in number of carriers may compensate for
the lessened oxygen load carried by each of them, owing to the decrease
in the partial pressure of oxygen.

The most important condition for the adequate provision of oxygen
to the body is a sufficient oxygen content in the lungs.

Circulation

The circulation of the blood is intended to supply all parts of the
body with oxygen and food-stuffs and to remove the waste products
from the cells. Its motor is the heart, a two-chambered pump.

The right heart chamber pumps through the lungs the blood which
has flowed to it by the thin walled veins from the minute capillaries
in all the tissues. This blood is poor in oxygen and rich in carbon
dioxide. In the lungs the blood passes through a great network of
fine capillaries which cover the surfaces of the air sacs which form
the final endings of the air tubes and of the trachea. In this passage
the carbon dioxide is given off and fresh oxygen is taken up.

From the lungs the blood, enriched in oxygen and poor in carbon
dioxide, flows to the left heart chamber and from there it is driven
with an initial pressure of 160-220 cm. of water through the main

0



arteries to the fine capillaries throughout the body, where again an
exchange of oxygen for carbon dioxide and of food-stuffs for waste
products occurs.

The blood vessels, both the arteries and the veins, are composed of
elastic coats and muscle layers. The muscular coats, by contracting
or relaxing, can alter the cross sectional area of the vessels.
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Curve showing saturation of the haemoglobin (red blood
pigment) on the left, i.e. the degree to which the pigment
will be saturated with oxygen. As the partial pressure
(tension) of oxygen decreases, less oxygen is combined with
haemoglobin. The tensions are shown on the base line and
the altitude corresponding to the various oxygen tensions
are shown in km. above the base line (3 km.=9800 ft.; 5=
16.400; 10=232.800).

These muscular coats of the vessels cannot be contracted or relaxed
voluntarily, i.e. by means of the will. The tension they exert is,
however, regulated involuntarily by their nerves, which in harmony
with the respiration so regulate the distribution of the blood as to
provide the tissues with oxygen in accordance with their constantly
changing needs. Emotional changes may affect their regulation as
for example in blushing for shame, when the small arteries of the skin
are dilated, while in fright the skin fades, owing to a contraction of the
same arteries.

If the nerve centres regulating the circulation of the blood are
depressed, as for example by lack of oxygen, the pressure in the blood
vessel falls. In this way several litres of blood may be pooled in the
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dilated vessels of the lower half of the body. Then the return flow
to the heart becomes insufficient (the heart beats when poorly filled),
the blood pressure falls, and the blood no longer circulates adequately.
This is termed by the physician “circulatory collapse.” The circulation
through the brain becomes insufficient and unconsciousness super-
venes, because the brain cells no longer obtain enough oxygen to carry
on their activity.

After long standing, such a sudden general dilation of the vessels
is particularly apt to occur. The blood tends to stagnate in the
vessels of the lower limbs and in the gut. This is the cause of fainting
in such cases. If g person has stood for a time, anxiety lest this
accident may occur greatly contributes to its likelihood. Even strong
emotions in persons with hypersensitive centres in the brain may lead
to such a collapse of the circulation. Such persons are not suitable
for the flying service.

Respiration

During inspiration the chest is expanded and the lungs filled by
raising the ribs and by the descent of the diaphragm, which separates
the chest from the belly. This expansion draws in air through the
nose and mouth and the trachea to fill the expanding lungs and the
air finally reaches the terminal air sacs. (In the nose the air is partly
cleaned and warmed and moistened. This does not occur when
breathing through the mouth and therefore breathing through the
mouth is unhealthy, since it leads to drying and irritation of the
mucous membrane of the lower air passage.) During expiration the
chest collapses, due to its weight and the elasticity of the lungs. Only
on forcible expiration and during increased respiration does the
musculature of the chest and belly contract during expiration.

The essential condition for an adequate oxygen supply to the blood
in the lungs is that the oxygen content and partial pressure of the
oxygen in the lungs is greater than that in the blood pumped into the
lungs by the heart. For the loading of the blood with oxygen is due
merely to a positive inward fall in oxygen pressure from the air in the
lungs to the blood. When this is not the case the blood would give off
some of its oxygen to the air in the lungs and this takes place when a
great reduction in the oxygen content of the inspired air occurs (see
p. 30).

The oxygen content of the air in the terminal air sacs of the lung
is always. lower than in the air breathed, because the air taken in is
always mixed with the air which has remained in the lungs during
expiration and which has lost some of its oxygen content and is richer
in carbon dioxide and saturated with water vapour (see fig. 2).
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The quantity of air inhaled in an ordinary inspiration is about ! a
litre and hence with the usual 15-17 breaths per minute 6-8 litres are
inhaled and exhaled. After a normal expiration some 2 litres of air
remain in the lungs. With deeper inspirations and expirations the
amount of each breath can be increased to more than double for long
periods, especially if the rate of breathing is somewhat slower.

By increasing the amount of air inhaled at each breath the oxygen
content of the terminal air sacs is increased, because the amount of
the oxygen-rich inhaled air amounts to a greater proportion of that
already in the lungs, which is oxygen poorer. The oxygen content
of the blood may thus be increased.

In heavy muscular work the respiration may be increased to ten
times that of normal resting respiration. Without doing work, such
an increase can be carried out only for a very short time, since more
carbon dioxide is exhaled than is being formed in the body. A marked
decrease in the carbon dioxide in the blood leads to a condition resem-
bling poisoning, with unconsciousness, owing to an increased alkalinity
of the blood. Anyone may test this on himself by carrying out rapid
and deep respiration for a time. Merely deep, but slow respiration,
may be carried out for a long time without lowering the carbon dioxide
content of the blood much, even if no work is done. If, on the other
hand, the carbon dioxide content of the inspired air is increased,
respiration may be increased in rate and depth for a long time at rest,
without any disadvantageous effects, as carbon dioxide itself stimulates
the respiratory movements.

Our normal involuntary respiration is controlled by the processes
of combustion in the body, which produce increased carbon dioxide
in the blood and this in turn increases the activity of the respiratory
centre in the medulla (the centre which controls the respiratory
muscles). Hence every increase in the carbon dioxide in the blood
increases respiration so that the excess of carbon dioxide may be blown
off from the lungs. In voluntary deep and rapid breathing at rest,
more carbon dioxide is blown off than formed and consequently as
the blood becomes poorer in carbon dioxide the activity of the respira-
tory centre would diminish were it not driven voluntarily. If this
voluntary drive ceases, then there is a cessation of breathing, to allow
the carbon dioxide to accumulate. In an aviator at high altitudes in
whom the blood oxygen content is already low, such a cessation might
readily be dangerous, because the oxygen content would fall too low.
Such temporary cessation of respiration readily occurs when attention
is given to the reading of instruments or when observing or thinking
deeply.

S T e

Improvement of the Resistance to Altitude Sickness
by Slow, Deep Breathing

In case one has to fly, for any special reason, at heights above
12,000 ft., without the usual oxygen supply, one should inspire deeply
and expire deeply in order to make the proportion of the gas entering
the terminal air sacs from the atmosphere as large as possible in
comparison with that remaining from the last breath. By this means
under suitable conditions the capacity to reach a greater height, even
3,200 ft. higher, can be increased without the flier being much affected,
especially if this form of respiration has been previously practised.
This tvpe of breathing is also of advantage at great heights, even if
oxygen is being inhaled.

In this type of respiration it is important, while increasing the
depth of the individual breaths, to decrease their number per minute,
so that the total amount of air breathed per minute is only slightly
increased.

It is inadvisable and also against regulations, to fly above 4,500 m.,
14,700 ft., without an artificial oxygen supply. Quite apart from the
fact that such flights are unnecessarily tiring and often cause a long-
lasting headache, there is often even in normal persons a decrease in
mental capacity and altitude sickness may supervene.

() ALTITUDE SICKNESS (anoxamia)

The cause of altitude sickness is the fall in the oxygen content and
therefore of the oxygen partial pressure in the inhaled air to a value
inadequate to supply the oxygen requirements of the body (fig. 2).

The conclusive proof of this statement is that the symptoms of
altitude sickness disappear at once, if by taking oxygen the partial
pressure of the air in the lungs is adequately increased. Altitude
sickness therefore arises from a lack of oxygen in the inspired air.

A sufficient supply of oxygen for the body tissues can be obtained
only when the oxygen content of the blood is higher than in the tissue
and there is a sufficient difference in oxygen pressure between blood
and tissues.

The cells in the brain are the ones which are most susceptible to a
lack of oxygen and on their proper activity depends our accurate
thinking. Therefore the effects of oxygen lack in a person sitting
still show themselves in a change in his mental capacity and earliest
in those highest mental capabilities, attention and judgment.

Here we find a certain similarity to the effects of alcohol, as many
persons, both from oxvgen lack and from alcohol, lose the ability of
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self-criticism and this is the reason why persons who suffer from marked
inhibitions frequently show more liveliness.

In high flying the decrease in the capacity of a person for self-
observation due to oxygen lack is a particular danger because the flier
loses his capacity to judge to what extent he is already suffering from
altitude sickness and this leads him to neglect to employ oxygen,
particularly as a person in this stage of altitude sickness is often, like
those under alcohol, in an exaggerated mood of confidence and con-
siders himself particularly capable, while the contrary is in fact the
case.

Above 5,000 m., 16,000 ft., most persons can be shown to be
definitely less capable mentally, as can easily be shown by tests of
writing and questions in arithmetic. The simultaneous observation
of several instruments becomes more difficult, and hence, for example,
the right moment to adjust the cooling gills of the radiator is missed
and the motor is damaged. It can also be demonstrated in the
reduced air chamber that the accuracy of shooting is greatly reduced.

This, together with the decrease in the ability to fix the attention
on the enemy, leads to a great diminution in fighting ability. Con-
centrated attention and good shooting are in this latest phase of air
warfare the basis for success, while being surprised owing to lack of
attention is the most frequent cause of being shot down.

The inability to fix one’s attention is particularly dangerous in
blind flying over mountains.

In consequence of the decrease in judgment through oxygen lack,
photographs which had been taken at 16,500-19,500 ft., of the flier's
home territory instead of the enemy’s, were brought back during the
last war. Opponents suffering from altitude sickness are said to have
gaily signalled to each other without firing, which is readily believed
by those who have studied the symptoms of altitude sickness.

The danger of death from lack of oxygen at great heights was clearly
recognized in 1875 when the Frenchman Tissandier returned from an
ascent to between 7,900-8,000 m., 26,000 and 26,200 ft., with his two
companions both dead as a result of insufficient use of oxygen. Tis-
sandier himself became unconscious, but was fortunately saved by a
descent of his balloon.

Since then altitude sickness has been thoroughly studied in moun-
tain expeditions, in stations high in the Alps, in balloon ascents and
aeroplane flights, but particularly by laboratory studies carried out
in reduced pressure chambers or by decreasing the percentage of
oxygen inhaled. One now knows what occurs and the means of
combatting it. But nevertheless at times death occurs at high altitudes

as a result of neglect or carelessness in the use of an artificial oxygen
supply.

pllai\);en in 1935 the crew of the balloon Bartsch von Sigsfeld died of
altitude sickness at a height of 10,000 m., 32,800 ft., because they did
not appreciate the danger of breathing atmospheric air through the
nose when they were obtaining an artificial oxygen supply through a
tube in their mouths without applying a nasal clip. And only recently
a two seater returned from a flight to 7,500-8,000 m., 24,600-26,200
ft., with an observer dead from lack of oxygen on account of a failure
in his artificial oxygen supply. On this flight the machine was only
between ten and fifteen minutes above critical height.

Therefore it is essential that every flier who flies at heights above
4,500 m., 15,000 ft., be so thoroughly instructed in the dangers of
altitude sickness that he is thoroughly convinced of the necessity of
breathing oxygen whenever he goes above 4,500 m., 15,000 ft. He
should also be on the outlook for the symptoms of altitude sickness
either in himself or in others, owing to the danger of a defect in the
artificial oxygen supply. This is particularly necessary since tl}e latest
investigations have shown that the lack of oxygen for a cogsnderab!e
time may lead to permanent damage in the brain cells, as a microscopic
examination after death has shown. The symptoms of altitude sick-
ness are fundamentally different in persons at rest from those doing

heavy work.
Altitude Sickness when at Rest

The lack of oxygen in the inhaled air produces, when one is sitting
at rest, no respiratory distress. On the contrary, respiration tends to
get less difficult as there is less resistance to the passage of the air
through the respiratory passages. ) ey

Anyone who has the ability to observe himself during the begmm.ng
of altitude sickness will at times be able to notice that his heart begins
gradually to beat faster and that the respirati9n becomes deeper a_nd
more irregular. Normally the increasing weariness and lack of desire
to move is striking. Thinking becomes slow, calculations become
difficult and can be performed only by an increased exercise of the will.
A decrease in the sensory activity of the eyes makes the field of vision

appear darker.
Altitude Sickness during Exercise

While respiratory distress never arises in persons at rest, even
when the lack of oxygen is great, a person doing work at great heights

shows marked respiratory distress. . '
The reason for this lies in the fact that during exercise the com-

)



bustion in the body is incomplete and acid waste products appear
in the blood stream. These stimulate the respiratory centre to greater
activity and excessive respirations and hence the sensation of distress.
In addition, the increase in acid products causes nausea, headache,
dizziness, violent heart beating, and often a feeling of complete loss
of power and weakness of will.

This form of altitude sickness occurs relatively ‘infrequently in
high flying, because the crew only in exceptional cases, for example in a
violent fight in the air at great heights, have to do much work. The
symptoms are often observed in high climbers in the mountains,
particularly when the climber is untrained, and is then called mountain
sickness. The symptoms may appear even when climbing at 3,000 m.,
9,800 ft., if there is much muscular exertion.

Small bodily movements while sitting stimulate the respiration and
improve the circulation and increase the resistance to altitude sickness.
It is therefore important in flights above 4,000 m., 13,000 ft., not to
sit quite still. If it be true, as is said, that flights were made at
altitudes between 5,500-6,500 m., during the last war without the
crew showing observable symptoms, this must have been due not only
to the possession of fortunate constitutions and to experience, but
also due to the moderate movements attendant on searching the
heavens for the enemy and for employing the photographic apparatus.

Marked bodily movements above 4,000 m., 13,000 ft., increase the
incidence of symptoms quickly and considerably.

In this connection we wish to refer again to the favourable effect
of slow, deep, regular respirations in increasing the ability to withstand
high altitudes, particularly in the case of necessity when one is forced
to fly at heights up to 6,000 m., 19,700 ft., without oxygen.

Severe symptoms of altitude sickness cannot be observed by the
person affected because he has lost the power of self-observation and
of judgment. i

The incapacity to carry out co-ordinated movements, for example
when writing, the occurrence of twitchings in the muscles, the rapid
increase in heart rate, and the increasing irregularity of respiration,
are usually no longer observed, or if they are, attention is no longer
paid to them. In this condition the altitude sick respond to orders
either slowly or not at all. Gradually the decrease in thinking ability
passes over into unconsciousness. The involuntary muscular twitch-
ing increases till there are convulsions and finally respiration ceases.
The circulation fails and with the final stoppage of the heart death
occurs.

The capacity to withstand high altitudes varies extraordinarily in
different persons and in any individual varies greatly with his physical

— 24—

state, lack of sleep, alcohol, nicotine; and fever or exhaustion partic-
ularly greatly decrease his capacity and may lead to a decrease in his
resistance to altitude by as much as 1,000 m., 3,300 ft. Hence in such
cases great caution must be observrd.

An increase in body temperature greatly decreases the capacity of
the blood to combine with oxygen. In animal experiments it was
shown that a temperature of 3°C. decreased the resistance to altitude
by 3,000 m.

Many persons can recognize the beginning of altitude sickness with
sufficient assurance if they have been previously instructed in a low
pressure chamber or by using an apparatus for reducing the percentage
of oxygen. Others will become altitude sick without being able to
observe any warning symptoms. In most persons the slight symptoms
pass gradually over into severe ones with unconsciousness, while the
circulation still remains relatively normal. There are, however,
persons who without warning pass into a serious stage of altitude
sickness owing to a failure of the circulation. These are the altitude
collapse types, which the medical examination should guard against,
as they would be dangerous pilots and must not be so employed, as
even though they may withstand the effect of altitude in general well,
nevertheless their circulatory collapse may occur without warning.

This circulatory type of collapse is much more difficult to control
by the use of oxygen than the ordinary altitude sickness because it is
just the circulation which fails and this is required for the transport
of oxygen from the lungs and although the blood in the lungs may
become rich in oxygen, not enough per minute is supplied to the brain

- and medulla owing to the failure of the circulation.

Occasionally in such cases life may be saved by the injection of
strong heart stimulants (adrenaline, V.E.H.) and artificial respiration
which, by the alternate compression and expansion of the chest,
mechanically helps to force the blood along.

Fitness for High Flying

The ability of individuals to endure oxygen lack and therefore the
fitness to carry out high flights varies greatly. We can most con-
veniently divide people into

1. Very suitable persons,
2. Sufficiently suitable ones,
3. Those less suitable,

4. Those unsuitable.
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In regard to 1—

The very suitable persons are those who show a great resistance to
the effects of altitude and in case of failure of the oxygen supply at
great heights have a great “‘interval of reserve,” i.e. there is consider-
able time before they have symptoms.

Only such persons should be entrusted with the piloting of machines
with large crews in flights over 8,000 m., 26,000 ft., because they offer
an assurance that they will notice the changes in themselves and also
in the members of the crew.

For flights above 10,000 m., 32,000 ft., only particularly suitable
persons should be in charge, because at this height even unobserved
defects in the oxygen apparatus may lead rapidly to death.

In regard to 2—

Sufficiently suitable persons are those who do not differ in their
ability to withstand heights from normal persons. These persons
above 5,000 m., 16,000 ft., show no tendency to circulatory -collapse
but show only gradually increasing symptoms of altitude sickness so
that only above 6,000 m., 19,600 ft., are severe symptoms to be
expected.

In regard to 3—

Less suitable are persons whose resistance to altitude sickness is
low and in whom the “interval of reserve” is short and who rapidly
become sick due to oxygen lack.

Such persons should only in exceptional cases be in charge for
flights over 7,000 m., 23,000 ft., and must then pay strict attention to
the functioning of their oxygen apparatus.

In regard to 4—

Quite unsuitable for employment in the flying service are those
who show a tendency to the collapse type of sickness, particularly as
the weakness of their circulatory system makes them prone to be
affected by centrifugal force.

Zones of the Effects of Altitude

According to H. Strughold we can recognize the following zones
of the effects of altitude (fig. 6).

1. The Indifferent Zone. That within which height produces no
effect on the normal individual. This usually extends to 3,000 m.,
10,000 ft.

7 -

2. The Zone of Adjustment, where there are definitely observable
effects. Within this zone the readaption of respiration and circulation
is adequate to compensate for the effect of height if no marked physical
work is done. The transition to this zone is known as the “‘threshold
of reaction.”

3. The Zone of Incomplete Compensation. The threshold of this
zone lies about 4,000-5,000 m., 13,000-16,400 ft. It is bound above
by the “critical threshold”” which leads into the zone of death due
to altitude.
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