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Introduction: The ob)j ine the effect of hypobaric

hypoxic training on hy

of useful consciousnes i | i —mili irborne compared with the standard
training. Methods: Total 28 Special Operations Regiment
were recruited and deivided and untrained group. There are
13 and 15 airborne troopers i , respectively. The baseline
physical characteristics, HVR and or the pre-test in both groups. Only
the trained group was trained in th Insititute of Aviation Medicine for
14 training sessions ning The training duration
was 1 hour per sessioh‘per d arz as continued only on

the official working day anc e weekend day. Res&: The averaged value of
HVR in the trained group showed the statistic significant differences (p<0.05) and higher
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the significant dlfﬂrence (p<0.05) after tr&e 14 training sessrons were completed The trend
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Conclusi intermittent hypoxic hypobaric training could increase hypoxic

ventilatory response and extend the duration of TUC significantly. This training program
supported the aviation safety and was proper for preparing the airborne troopers for the
exclusive military airborne missions which the duration of the missions did not exceed than

1 week.
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CHAPTER |
INTRODUCTION

Background and Rationale

Hypobaric hypoxic hypoxia is the physiological problem when individuals
travelled to the higher altitudes. This serious problem also occurred in a large group of
the military airborne personnel around the world. Douglas S. et al. (2005) reported that
the aircrews of the U.S. Navy and Air Force were affected by hypoxia alone 221
incidents and other 199 incidents.involving hypoxia: There are from total 1055 incidents.

Especially, twelve incidents were'shown below 14,000 feet-above groud level.

From the pilot studys(Appendix. H) by collecting the questionair in the 2008 Thai
i
Military Sports Compettition*showed that 3. 7% had the hypoxic symptoms in the cabin

before jumping out of the aircraft, 0.7% had the hypoxno symptoms during holding their

free fall position in the air, 1.5% reallzed theSe ‘symptoms after the parachutes were
deployed. Furthermore, the self-evaluated read'meé«s before flight score of the previous

airborne missions showed that only 3= 8% of the é1rborne personnel who had a perfect
A

conditions of the physical fitness before the regu1_alrborne operations.

,.—-u

Since World War; {f_the hypobaric —chamber train{ng is the technological

methodology in most A'ir“Forces for recognizing the incide‘ni_s: of the altitude illness
(Smart TL. et al., 2004). It simulated the high altitude environments for studying and
learning the high galtittde gphysiology. clhe familiarity to] the dowsbarometric pressure
condition and the improvement of the hypoxic ventilatory response (HVR) are very
important for, people,who related te high altitudes (Townsend NE~¢et al,, 2002 ; Tansey
EA., 2008).

The hypoxic ventilatory response (HVR) is the increase in ventilation induced by
hypoxia. It is initially elevated in the lowlanders who go to high altitude, although it

reduces significantly over time as people acclimatize (The Natural History of Humankind,



2008). Bernardi L. et al. (2006) researched that a high hypoxic ventilatory response
could help the sojourns to climb further and work at high altitude. It was believed that
extreme altitudes could be tolerated without oxygen by the individuals had a high
hypoxic ventilatory response. HVR caused the mechanisms which removed the
cabondioxide and increased the arterial oxygen partial pressure by increasing the
ventilation. HVR increased the cerebral blood flow. It was due to the vasodilatory effects
which washed out CO, resulting in alkalosis. It resulted in the drive and led to decline in

the ventilation (Andrea V. et al., 2004).

Katayama et al. (2000)-stated that tge hypoXieeventilatory response (HVR) was
an index of the ventilatory chemesensitivity to hypoxia. The.chronic exposure to hypoxia
lead to increase the resting™HVR accompanied by increases in pulmonary ventilation
and SaO, at rest and during €xeicise in hypoﬁgie}: A high HVR was one of the factors that

minimized O, desaturation at high aliitude dLL.Lring acclimatization.The chronic hypoxic

i
\ -

exposure of sojourns at high aliftudes Could;*_leéd to increase in the resting hypoxic

i

ventilatory response (Schoene et al., 1990).
; ! ']
o Y

The previous study of Katayama et al. (1998) have shown that the repeated

bouts of hypoxic exposure can increase the hyﬁogic-ventilatory response in humans.

The repeated bouts of hyp%ia are termed as an intermittent bypoxic training. In some

study has shown the effects: of intermittent hypoxic exposure or’leVR at sea level which
were investigated in humahs (Garcia et al., 2000; Katayama et al., 2001). It indicated
that the short-termed intermittent, hypoxic: expasure could increasesthe HVR (Katayama
et al, 2002). The gesting HVR increased after the short-term fintermittent hypoxic
exposure witheut, endurance training-which yutilized for the, pre-acclimatization before
climbing to high altitude (Katayama et al:, 2000). Most of the ‘intermittent hypoxic training
programs last at least 5 days and consist of approximately 60 minute per day at the
simulated altitudes of 11,400-16,500 ft. (3800-5500 m.). Intermittent hypoxic protocols
have a number of potential benefits. It has been shown to increase exercise ventilation
and saturation in hypoxia (Katayama et al., 2001), and to reduce the severity of acute

mountain sickness (Beidleman et al., 2004).



Grant S. et al. (2002) studied the effect of the simulated altitude by the hypobaric
chamber with the hypoxic ventilatory response. They found that a good sensitivity of the
hypoxic ventilatory response was an advantage for people who travelled to high altitude.
The effect of HVR had gone within 1-2 weeks which is not a good benefit for the

mountaineers.

The airborne personnel are mostly in the Special Forces and ready for a variety
of combats. They are a group of people,who take a high risk of hypobaric hypoxic
hypoxia during facing the real hypobaric natural/aiFoutside the aircraft with and without
the oxygen supplements. From-ihe retrospegtive sufvey-of Smith A. (2005), the physical
activities accelerated the onset-on hypoxic hypoxia. As similar to the other study which
found that the military helicopter operations were evaluatedto be equal to the moderate
and vigorous physical activity. Ffhese high Iloa}ded activities affected certainly the air

crews, especially in the non-pilet airerews such as loadmasters and pararescuemen.

i
\ -

The workload of loadmastersimay reac;h 430 %Naft to 500 watt for short periods during

routine sorties in flight such as door-guaning a_'r-i_d' recovery of the fast ropes. The effects

)
uals. after reaching 10,000 feet. Hypoxia
#eis b4

may appear at altitude lower 107066 feet "dUE to the individual differences in

of hypoxia were found in most healthy - individ

e

susceptibility (Hackworth"CA. et al,: 2003) ]

Following the pub'lic journal in the Royal Thai Air Foréé Day (2010) the future
vision of the Royal Thai Alf Force is to be one of the best Air Force in ASEAN in this
decade. ThereforegthenRoyal Thai Ain Force have a strang determination to improve the
capability of their personnel to be in a high universal level. This'is the reason why Thai
military airborngwpersonnel, have«to~prepares themselves «~for the unexpected future
missions all the time. Because of the“unique nature of the"airborne ‘sorties;*Thai military
airborne personnel attended the recurrent simulated altitude chamber training at 25,000
feet for the recognition of hypoxic hypoxia incidents every 3 years by the Institute of
Aviation Medicine, Royal Thai Air Force. Due to the fact that the intermittent hypobaric
hypoxic training is the alternative way for reducing the risks of hypoxia in flight

(Katayama et al., 2001), the reasearcher tried to find the suitable protocols to promote



the Aviation Safety for the airborne personnel and examine the inventional hypoxic

training protocol which whether was proper for Thai military airborne operations.

For promoting the Aviaion Safety in Thai military airborne operations, the purpose
of the present study was to examine the effect of hypobaric hypoxic training on hypoxic
ventilatory response in Thai military airborne compared with the standard training. The

one-week results were followed for proving the effect of this protocol.

Research Questions a
1.Can the hypobaric_hypoxic iraining increase the hypoxic ventilatory response

in Thai military airborne ? ﬂ

|
2.Can the effect of thefincreased hypoxic ventilatory response extend the

duration of time of Useful Conscigusness in Théi military airborne ?
3.How long does the'effect of-'the hy:poabaric Aypoxic training on the hypoxic

ventilatory response exist ?

Objectives H o

-

To examine the ‘effect of hypobaric hyboxic training on hypoxic ventilatory
response and the capabiﬂty to extend the time of useful consciousness in Thai military

airborne compared with standard training.

Hypothesis
The hypobaric hypoxic training ‘€an increasedthe hypoxic ventilatory response

and extend'the time aof 'Useful consciousnesstin Thai military airborne.

Scope of Research

This study is an experimental research design which analyze the effect of
hypobaric hypoxic training on hypoxic ventilatory response in Thai military airborne
compared with standard training. All subjects were the military airborne of Royal Thai Air

Force.



The study approval was obtained from the Chulalongkorn University Ethics

Committee. All subjects wrote their informed consent before participating in this study.

The clear details of this research procedure and risk were revealed to subjects.

Assumptions

1. All measurement devices were calibrated for the standard accuracy and
reliability.

2. Subjects should have their physical fithess®in.a good condition for aviation
mission along this project. J

3. Participants should sleep_airleast 6-8 hours per day before training in a hypoxic
environment. "J,

4. Toavoid having a mealmoge than.2:nours before training and testing.

5. All subjects were .asked (o ref_lrainedTuTroJm smoking and drinking alcohol and
caffeine more than 6:8 hours before traiﬁmi_né.

2
Limitations 2 T

1. All participants hQVitO pass the inclu_g_iye priteria o_f "thvis study and pass the
Aviation Medicial I;Xamination for the airborne troopersiéf the Institute of Aviation
Medicine, Royal Thai Air Force.

2. Subjects were gualified to"be the military.airborne personnel.of Royal Thai Armed
Force.

3. Participants _should not have any diseases“before and dufing this training
program.

4. Subjects should have their physical fitness in a good condition for the aviation
mission along this project.

5. The subjects have to participate in the fundamental high altitude physiology
course of the Institute of Aviation Medicine, Royal Thai Air Force.

6. Due to the hypobaric chamber in this project is belong to the Institute of Aviation

Medicine, Royal Thai Air Force, the researcher have to pause the hypobaric



hypoxic training schedule in the official holiday and the national holiday but not
more than 3 days consecutively.
7. Participants were allowed to continue the official military duty in their

responsibility along this project, but not more than 1 days consecutively.

Key Words
1. Hypobaric Hypoxic Training

2. High Altitude

3. Military Airborne

function and coordination. The time,

Ly

./'J_.- }
T

oxygen mask. The timq&stopped counting wher Iﬁé been showing a first

sign or symptom. The u the time of

The volunteers Wi||E) the coordi rcise test kmdoing a form fitter toy for

children over 18 months. Tlﬁmave to matchi@shapes and textures with the specific
holes in the cube oﬂnuﬂwg %]k&lomi eﬁ/iw.’] ﬂ ‘j

The time willq%e stopped recording when theygﬂve been showing the first signs
of the hypﬂcﬂ&iﬁﬁﬂlaﬁwm Nmﬁtatt’)g WI&I}ﬂI& %‘; judged by
the flight surgeon of the Institute of Aviation Medicine of Royal Thai Air Force inside the

chamber. They will be worn the oxygen mask suddenlly.



Expected Benefits and Applications

1.

To test the effect of the hypobaric hypoxic training for increasing the hypoxic
ventilatory response in Thai military airborne troopers.

To test the capability of the short-intermittent hypobaric hypoxic training
program, which is the alternative method for saving the budgets of the Royal
Thai Air Force, on the hypoxic ventilatory response in Thai military airborne.

To prescribe the proper methods and durations of the hypoxic training program
for certainly increasing the hypoxic ventilatory response in Thai military airborne.

To promote the Safety Aviation Policy of'Royal Thai Air Force.

To reduce the risk ofra hypoxic hypoxia and prevent the accidents which
associated with the leakage ofthe pressurized eabin.

To promote the eligiblesfetirerment age for the Thai airborne personnel.

To prepare and suppoit the troaps for the airborne missions.

This data can be the valuable infomatic;n for the furher studies.

Conceptual Framework il

High Altitude

Rate of Pressure Change
Duration of Exposure
Individual Tolerance
Physical Fitness

Hypoxic Hypoxia <:|

Self Imposed Stress
Physical Activity
Psychological Activity

Increased
Hypoxic Ventilatory Response

.~ Environment Temperaturg
0. Medication and Drugs

D0 N =1 b (O] B

@

Intermittent Hypoxic Training

Figure 1.1 Conceptual Framework



CHAPTER I
REVIEW LITERATURES

High Altitude and Physiology
Rick Curtis (1995) stated that altitude is defined on the following scale.
®  High level is at 8,000 - 12,000 feet (2,438 - 3,658 meters).
®  Very high level is at 12, OOO -18,000 feet (3,658 - 5,487 meters).

18,000 feet (over 5,500 meters).

S /} sex, or physical condition that
e . kn@ople are more susceptible to

®  Extremely high lev
There are no specifi

correlate with susceptibili

Altitude 3 \ | Altitude
in metres T T F u habitation 20000 in feet
ant Blanc
110000
————— Sea level

mmHg

ﬂuaﬁwaw$WﬁWﬂ$

100
kllopascals

ﬂW']MﬂiﬂJmfiﬁ NN

Figure 2.1 Atmospheric Pressure Change and Altitude

(Ernsting J, Nicholson AN and Rainford DJ. Aviation Medicine, 1999)

In high altitude environment, the concentration of oxygen is about 21% as same
as the ground level, but the number of oxygen molecules per breath is reduced. As the
barometric pressure decreases, the partial pressure of oxygen decreases

proportionately. At 12,000 feet (3,658 meters), the barometric pressure is only 483



mmHg. There are roughly 40% oxygen molecules per breath. In order to compensate
the proper oxygen to the body during high altitude, the breathing deep rate has to

increase for gaining the oxygen content in the blood.

Adaptation to High Altitude

The body’s response to the low PO, at altitude is to produce additional red blood
cells to compensate for the desaturation of haemoglobin. In the mining community of
Morococha, Peru, where people-reside at altitudes above 4,540 meters, haemoglobin
levels of 211 mg/dl have«peen measured, in contrast torthe normal 156 mg/dl of the sea-
level resident in Lima.~This higher haemciglobin compensates rather completely for the
low PO, at those altitudes. 2 4
Sea Level: 156 mg/ditimes 1 34 mI—@ /g at 98% saturation = 224 ml /|
4,540 m: 211 mg/dl times 1. 34 ml O"/g at 81% saturation = 224 ml/l
Probably the best test of the degree ’to ‘which these high-altitude residents have

adapted is found in the Vo, max values measured at altitude. Average values of 46 to 50

mi/kg* min were measured on the altltude nathes which compares favourably with sea-

ot e

level natives in that country and in ours. In addmon, recreational runners at 3,600 meters

have been shown to have VO, max values similar to their sea=|evel counterparts.

There is no question that any sea-level resident who makes a journey to altitude
and stays a while will experience an increase in red blood cell number. However, the
adaptation will{probably never be complete s This|conclusionis @rawn from a study that
compared VO,max values of several different greups: (a) Peruwian lowlanders and
Peace '‘Gorps volunteers who game.to, altitude as adults, (b) lowlandérs who came to
altitude as children and spent their growing years at altitude, and (c) permanent altitude
residents. The VO,max values were 46 ml/kg*min for the altitude residents and those
who arrived there as children. In contrast, the lowlander who arrived as adults and spent
only one to four years at altitude had values of 38ml/kg*min. This indicates that in order
to have complete adaptation must spend the developmental years at high altitude. This

may help explain the surprisingly good performance of Kipchoge Keino’'s performance
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in the 1,500-meter run at the Maxico City Olympic Games mentioned earlier, since he
spent his childhood at an altitude which was similar to Mexico City.

Human adapt to altitude by producing more red blood cells to counter the
desaturation caused by the lower PO,. Altitude residents who spent their growing years
at altitude show a rather complete adaptation as seen in their arterial oxygen content

and VO,max values. Lowlanders who arrives as adults show only a modest adaptation.

Acclimatization
-

The major causesof altituge ilinesses is goingteo high and fast. Giving time for
the body can adapt te'the decrease inlloxygen molecules at a specific altitude. This
process is known as acclimatization and.generally takes 1-3 days at that altitude. For

example, if you hike te" 10,000 feet (3,0%8 meters), and spend several days at that

@

altitude, your body acclimatizes to 10,000 féetr(3,048 meters). If you climb to 12,000 feet
(3,658 meters), your bodythas to acclimatize once again. A number of changes take
i - ?

ald v ddk
place in the body to allow it to'operate with de;:.rgaﬁsed oxygen.

® The depth of respiration increases. .

g =i

®  Pressure in puimonary arteries is increased, “forcifg’ blood into portions of the

lung which ar‘-e_hormally not used during sea level bFeathing.
®  The body produces more red blood cells to carry 0xygen,
®  The body produces=more of a parti€ular enzyme that facilitates the release of

oxygen from-hemoglebin to the body tissues|

Hypoxia

The absence of an adequate supply of oxygen to the tissues, whether in quantity
or molecular concentration, is termed hypoxia. Humans are extremely sensitive and
vulnerable to the effects of deprivation of oxygen, and severe hypoxia nearly always

results in a rapid deterioration of most bodily functions: eventually it will lead to death.
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Tissue hypoxia are recognized and classified in four types according to the

primary mechanism involved. These types are:

1.Hypoxic Hypoxia

Hypoxic hypoxia is the result of a reduction in the oxygen tension in the arterial
blood and the capillary blood. The aetiology includes the low oxygen tension of inspired
gas associated with exposure to altitude: so-called hypobaric hypoxia.

Other causes are the hypoventilatory states (e.g. paralysis of respiratory
musculature, depression of central control” of respiration, airway obstruction and
pulmonary atelectasis (including-that due' to exposure-to high sustained accelerations));
the impairment of gas exehange across the alveolar-capillary membrane (e.g.
pulmonary oedema and pulmopapy fibroélis); the impairment of the circulation with right
to left shunts as may oceur with: the épmgenital or acquired communications, and

ventilation-perfusion mismaiches (e.g. ’chroﬁiqbronchitis and emphysema).
: )

2.Anaemic Hypoxia ( #

ald ¥ K
Anaemic hypoxia isfthe ,ansequenge;ﬁf a reduction in the oxygen-carrying

capacity of the blood. Thus altvhough arterif__dxygen tension is normal, the amount of

ST Bl Sl

haemoglobin availableito carry oxyg'en s reduced. The oxygen tension of the blood falls

more rapidly than nér;ﬁal as it flows through the Capillary_Leds and so, at their venous
ends, it is inadequated'to maintain the required minimum level throughout the tissue
involved. Causes of anaemic hypoxia in¢ldde a reduced erythrocyte count (e.g.
haemorrhage, increased.redicell destruction; decreased red cell production), a reduced
haemoglobin concentration (e.g. *hypochromicgsanaenia), synthesis of abnormal
haemoglobin' (e.g.sSicklel cell- anaemia), @ reduced oxygen-binding capability (e.g.
carbon monoxide inhalation), and chemical alteration of haemoglobin (e.g.

methaemoglobinaemia).
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3.Stagnant Hypoxia

Ischaemic hypoxia is the consequence of a reduction in blood flow through the
tissues. Gas exchange in the lungs and the oxygen tension and content of the arterial
blood are normal but oxygen delivery to the tissues is inadequate. This is an example of
tissue hypoxia in the absence of arterial hypoxaemia. There is increased oxygen
extraction and the oxygen tension falls to a low level in the venous ends of the
capillaries. Causes of ischaemic hypoxia include local arteriolar constriction (e.qg.
exposure of digits to cold), obstruction of @arterial supply by disease or trauma, and
general circulatory failure (e.g. cardiac failire; vasovagal syncope, and the fall in
cardiac output and blood.pressure -@ssociated-with exposure to high sustained

accelerations). Oxygen therapy-is.of little use in suech forms of hypoxia.

|
4. Histotoxic Hypoxia -4 471

Histotoxic hypoxia isithe result-of an interference with the ability of the tissues to

untilize a normal oxygen supply. for o>g.ipla;tive processes. An example is cyanid
poisoning in which the action of éyt:bchronié:o%idase of the mitochondria is completely
blocked, even in the presen_pefh_af adéé@%l}eﬂ molecular oxygen. Certain vitamin
deficiencies, for example, beri—_ée_ri_resulting_?@r%w_ inadequate intake of vitamin B1, will

g =i

have the effect of compromising several stages in the unfilization of oxygen by the

tissues. Furthermore;@xygen toxicity, a condition in which-an excessive tissue pressure

of oxygen occurs itself.gives rise to a failure of oxidative metabolism.

Hypoxic hypeéxia.as @ result.of a reduction in.theloxygen tension in the inspired
gas is the most common form oxygen deficiency=which occurs insaviation. However,
other forms 'of hypoxia can ¢doy eccur in laviatien, | forl example, @naemic hypoxia
produced by carbon monoxide poisoning, the ischaaemic hypoxia produced by
exposure to cold, and the stagnant hypoxia produced by sustained accelerations. It

should be remembered that one or more forms of hypoxia may occur concurrently.
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Acute Hypobaric Hypoxia : Hypoxia in Flight

Hypobaric hypoxia is generally recognized to be the most serious single
physiological hazard during flight at altitude since breathing ambient air on ascent will
result in a fall in the molecular concentration, and thus the partial pressure, of oxygen in
the lung. Even the 25% reduction in the partial pressure of oxygen in the atmosphere
associated with ascent to an altitude of 8,000 feet produces a detectable impairment in
some aspects of mental performance; whilst sudden exposure to 50000 feet as a
consequence of rapid decompression, whichiredueces the partial pressure oxygen within
the lungs to 10% of its sea-level val_tje, will_cause unconsciousness within 12-15
seconds and death in fourdersix minutes. In the past;lack of oxygen took a regular toll of
both lives and aircraft,.many.military airqrew were killed by hypoxia in flight, whilst the
ability of many more tosperferm theirl_dut%_esrwas impaired by the condition. As a result

military aircrew generally regeive detailed;training on this topic and the opportunity to

i
\ -

gain personal experience of h)’/boxia J_Unaer controlled conditions in hypobaric
chambers. Furthermore, the word: of Civ_iﬁ.a’n‘-'flying is not exempt from this hazard

; L4
although the aircrew may mnot n’ééessaril’;?_’_‘_haye had the same degree of person

experience of hypoxia in traininfg. Therefore;rféfwithstanding that improvements in the

™
=i

performance and reliability of-c'éibir{ pressufizétion and oxygen delivery systems have

greatly reduced inci'd‘énts and accidents due to hypoxia th'ey still occur and constant

awareness and vigilance throughout the aviation community remains essential.

Aetiology
The pripeipalkeauses,of hypexia-n-flightare:
1. Ascent to'altitude without supplementary oxygen.
2. Failure of personal breathing equipment to supply oxygen at adequate
concentration and/or pressure.

3. Decompression of the pressure cabin at high altitude.
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Table 2.1 Relative incidence of the causes of 397 causes of hypoxia in flight in a military

Air Force (Ernsting J, Nicholson AN and Rainford DJ. Aviation Medicine, 1999)

Cause of hypoxia Relative Incidence (%)

Failure of oxygen supply

- Line failure 2

- Low/depleted \ '/y 1
Failure of oxygen regulator / 25
Regulator off ———— 1

—

Inadvertent break of conne betwee -s.---. and mask 9

Hose defect or failure

Decompression of pres 32

Toxic fumes giving rise to h 2

Other 17

Note: The demand oxygen regulators use S air-force-o 'red safety pressure only at
| \..

altitudes greater than 2800¢

J Y
e B MEANENINEIAT s

period in a 'intary‘ air force is resgnted in Tablé*2.1. Failure of thé oxygen regulator
s B DN L b Sk 9 L) O e e

reported incidents in this series.



15

Respiratory responses to acute hypobaric hypoxia

The time course of the physiological changes produced by breathing air at
altitude is a function of the manner in which the condition is induces. Thus the common
rate for an aircraft of 2000-3000 feet/min, failure of oxygen delivery equipment; and
fastest following a rapid decompression. Although breathing air during a routine steady
ascent is now an uncommon cause of hypoxia in professional aircrew, it does occur in
leisure flying (such as in those flying light aircraft, gliders and balloons), and it is
convenient to begin by describing the respiratory changes induced by hypoxia

produced in this manner.

Alveolar gases whenibreathing air

_—

The fall in partial pressure of oxygen in the inspired gas that occurs on ascent to
altitude causes a progressive reductlon 1n the alveolar oxygen tension. The main
determinant of the difference in oxygen ter}5|on between inspired gas is the alveolar
carbon dioxide tension. That canbe demﬂs‘trated by rearranging the alveolar air

v d

equation thus: 4 \

Where p,, is_inspired (tracheal) oxygen tension. P,=xis alveolar oxygen tension, P,.,, is

alveolar 'carbon dioxide ‘\tension; F,

270s the fractionaliconcentrationof oxygen in the (dry)

inspired gas, and the respiratory exchange ratio.

A fall in alveolar carbon dioxide tension will reduce the difference between the
oxygen tensions in the inspired and alveolar gases. The tension of carbon dioxide in the

alveolar gas is itself determined by the ratio of carbon dioxide production to alveolar
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ventilation, and this ratio is independent of environmental pressure. Therefore, alveolar
carbon dioxide tension remains constant on ascent to altitude, the ratio of carbon
dioxide production to alveolar ventilation is unchanged. In practice, however, on acute
exposure to altitude, alveolar carbon dioxide tension remains constant only between sea
level and an altitude of 8000-10000 feet. Above this altitude, arterial oxygen tension falls
to a level that stimulates respiration; and alveolar carbon dioxide tension is reduced by
virtue of increased alveolar ventilation. Thus alveolar oxygen tension falls linearly with
the decline in environmental pressure associated with an ascent from sea level to about
10000 feet but, above this altitude, the reduciion’in.alveolar oxygen tension is less than it
occurred if there was no inerease in ventilation-ane-ne-eonsequent fall in alveolar carbon
dioxide tension. The changes+in alveolar gas tensions associated with ascent to altitude

when breathing air are shown graphically ln Figure2.2

The increase ingpulmonary menti[étion produced. by exposure to an altitude

above 8000-10000 feet may e regérded ds Jt"he resultant of two conflicting factors, that

is, the low arterial oxygen tension stimm‘a‘tes ventilation through its effect on the

{

‘ 4 p._
chemoreceptor of the carofid _an‘d‘aortic"bcidies, put the increase in ventilation is
, )

opposed by the respiratory debréssant effegt—-c;f the concomitant reduction in carbon

i .

dioxide tension. The opmprom-is'é strike between these tworcompeting influences is the

demand for an adeq'ujc_‘f;:rte oxygen supply versus the need tgjjifnaintain a normal acid-base
balance. The magnituqé of the increase in ventilation, ?nd hence the fall in alveolar
carbon dioxide tension,gexhibits considerable the individual variation. During acute
exposures of subjects at rest, pulmonary ventilation at 18000 feet is 20-50% greater than

that observed at'sea level, whilst at 22000 feet it is 40-60% greater.
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Figure 2.2 The.effeet of acute exposure {0 various altitudes
(Ernsting J, Nichol-sdn AN and l-jgainford DJ. Aviation Medicine, 1999)
whilst breathing air, on th'é __.a/veo/ar tens[oné‘@f oxygen (curve A) and carbon dioxide (curve
C). The curves describe"‘?he mean _\_(a/E/es Tér a group of 30 subjects seated at rest. The
dashed lines indicate the valugs of a/vqb/ar téps;'ons of oxygen (curve B) and carbon dioxide

(curve D) which would be __obtainé’d"'/fj the ﬁj_/ﬁo?/‘a induced by ascent to altitude did not

FYE Y a .{’:ig

increase pulmonary ventilation.

d

et ': 2 -.'-_:_,—'_
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The effect (S_Tj'altitude upon the ventilatory resp@"_rjse to mild and moderate

exercise is a greater p_r‘__oportional increase in puImonary_YentiIation, and the effect can
be demonstrated at altitudes.as low as 3000:feet. The increase in pulmonary ventilation
induced by exercise/in the moderate hypoxia is that alvealar carbon dioxide tension is
reduced below that produced by breathing air at rest at the same altitude. There is a

correspending rise/in alveolar oxygen tension, perhaps by 3=5 mmHg.

The increase in pulmonary ventilation and cardiac output stimulated by the
hypoxia arising from breathing the air at the altitudes up to about 20000 feet produces a
small, almost insignificant, increase in the total oxygen consumption of the tissues, and
in the carbon dioxide production by them. The fall in alveolar carbon dioxide tension
produced by disproportionately rise in pulmonary ventilation, liberates carbon dioxide

from the very substantial body stores of the gas. The output of carbon dioxide in the
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expired gas actually exceeds its metabolic production by the tissues. Thus, the
respiratory exchange ratio (R) is raised at the beginning of an exposure to altitude when
breathing the air. It slowly returns to the previous resting value as the excess carbon
dioxide is removed from the body rages and a steady state is regained. For example, R
is raised to just over 1.0 on acute exposure to the air at 18000 feet, and its normal
resting value of 0.85 is not regained for 30-40 minutes. Clearly, a raised value of R will
produce a higher alveolar oxygen tension for a given inspired oxygen tension and
alveolar carbon dioxide tension than would otherwise be the cause; and so, in the
example quoted, with an alveolar carbon dieXide tension of 28mmHg, alveolar oxygen
tension will fall from about=44-mmHg at the beginning of the exposure to about 37

mmHg at the end.

The relationshiprbetween ihe alveolar tension of oxygen and carbon dioxide
changes progressively ihroughout an. exa.osure to a given altitude since the alveolar
oxygen tension is determinediby th'e level e)f alveolar carbon dioxide and the value of R,

both of which are the functionsiofithe intens‘&y of the ventilatory response to hypoxia and

the duration of exposure. The relanonshlfiS ‘between alveolar oxygen tensions and
L .“
increasing altitude, with a perlod of 10-20 mTFEUte spent at each, is shown graphically in

Figure 2.2. The same data are presented numencally in Table 2.2, where the

considerable |nd|V|due} variability is indicated by the valg_,es of standard deviations. In
general, the alveolar oxygen tension reduced, in short—du_retion exposures, to 45 mmHg
at 15000 feet, to 40 mmHg at. 18000 feet, to 35:mmHg at 21000 feet, and to 30 mmHg at
25000 feet.
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Table 2.2 Mean values for alveolar gas tensions in 30 seated resting subjects after acute
(10-20 minutes) exposure to breathing air at altitude. (Ernsting J, Nicholson AN and

Rainford DJ. Aviation Medicine, 1999)

Inspired Alveolar tensions (mmHg) of:
Altitude Oxygen

(ft) tension Oxygen Carbon dioxide

(mmHg)

Mean SD

0 148 39.0 25
8000 108 38.5 2.6
15000 80 30.5 2.7
18000 69 28.0 25
20000 63 = 265 25
22000 57 25.0 2.6
25000* 49 0.0 pw: 22.0

rl

P s
iﬁ"’-mﬂ.w*

After 3-5 minutes exposure.

2757, e
y,,
Alveolar Gases whemBreathlng Oxygen m

When ﬁ)%&bq w&}%tﬁ wg 'aef%‘ﬁhours virtually all the

nitrogen has béen washed out of tI}e body tlssues and alveolar g}s the relationship

QIR SRR AT AN Y e

pressure simplifies to:
PAOZ (P PHZO)_ PACOZ

Where P,

o2 S alveolar oxygen tension, P, is environmental pressure, P, is water

vapour tension at 37°C (i.e. 47 mmHg), and P oz IS a@lveolar carbon dioxide tension.
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Generally in aviation, however, the time for which 100% oxygen is breathed is
less than two hours, and the alveolar gas still contains a small mount of nitrogen,
sufficient to exert a tension of 3-5 mmHQg. Thus, in practice the alveolar oxygen tension
when breathing 100% oxygen is usually 3-5 mmHg less than that predicted by the
equation. The alveolar carbon dioxide tension remains constant alveolar oxygen tension
will fall linearly with environmental pressure (as it does up to 10000 feet when breathing
air). When breathing 100% oxygen, however, it is not until an altitude of 33000-33700
feet is reached, the alveolar partial pressure of oxygen falls to 103 mmHg, that is, the
value which was observed when breathing aiwat sea level. When an altitude of about
39000 feet is reached, breathing 100% ‘@xygen, the-alveolar oxygen tension falls to 60-
65 mmHg (that is, to a similarVaide to that reached at 10000 feet breathing air). Above
39000 feet, the further fallin"alveolar oxyg';en tension stimulates respiration, even though
100% oxygen is being bigathed, just as it does above 10000 feet when breathing air.
The alveolar oxygen tension rises -by /1 m_:mlrjg for ever 1 mmHg reduction in alveolar
carbon dioxide tension./Thus, for example,?thle alveolar carbon dioxide tension at 43000
feet is about 30 mmHg and the conr@spond:jig:)‘_gl élveolar oxygen tension is 43-45 mmHg.
Figure 2.3 is a graphical represéntation of "tﬁe.'af.changes in alveolar gas tensions with

altitude when breathing 100% oxygen, and shé_uld..be compared with Figure 2.2.

The concept g;)'f_physiologically equivalent altitudééj.for a man breathing air or
100% oxygen is of conﬁs-_iderable value in the design of pfotective equipment. However,
whilst equivalent altitudesimay be stated in terms of equality of alveolar oxygen tension,
a strict interpretation.of the alveolar‘equivalence ‘would require steady state conditions,
the determination of the carbon dioxide tensions in both cases and, knowledge of the
value af the Respifatory Exchange Ratio. For most practieal purposes, therefore, it is
more satisfactory to determine equivalence on the basis of equality of inspired (tracheal)
oxygen tension. Figure 2.4 describes the relationship of equivalent altitudes for both
inspired gas and alveolar gas. As a simple example, the effect of the 5000 feet increase
in altitude from 40000 to 45000 feet when breathing 100% oxygen is equivalent to a

9000 feet increase in altitude from 11000 to 20000 feet when breathing air.
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from breathing oxygen to air at altitude, such as may occur as a result of a regulator
failure or disconnection of an oxygen supply hose. In such circumstances the
composition of the inspired gas changes from that containing a high concentration of
oxygen to air and the alveolar oxygen tension falls progressively as the concentration of
nitrogen in the inspired and alveolar gases rises to 79-80%. During the early part of this

process the oxygen tension of the inspired gas is frequently less than the blood
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returning to the alveoli, and oxygen will pass out of the body from the returning mixed
venous blood into the alveolar gas and the expiration. The rate at which alveolar oxygen
tension falls in these circumstances is proportional to the alveolar ventilation, but a new

steady state is usually attained in the resting subject two to three minutes after the

reduction in concentration of oxygen in the inspired gas.

R =4
/}7 M\\
Illﬁ o
V&f@ \\
Figure 2.4 equivalentamudes hen breathing a ndwh@ breathing 100% oxygen.

(Ernsting J, Nicholson ANfand Rainford DJ. Aviation Medicine, 1999)
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inspired (trachea” gas: that is, /nsp/reg gas satured with water vapour at 37°C. the dashed

o LA D T en A LL et

acute exposures of seated resting subjects for 10-15 minutes.
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Tissue Oxygen Tension

The minimum acceptable oxygen tension in a tissue depends critically on the
oxygen tension in the blood flowing through its capillaries; and the major factor
minimizing the fall of oxygen tension towards the venous ends of capillaries in the
presence of hypoxic hypoxia is the relationship, reflected in the sigmoid shape of the
oxygen dissociation curve, between oxygen tension and the saturation of haemoglobin

with oxygen. A typical oxygen dissociation eurve is shown in Figure 2.5.

The Figure 2.5 shows that, when air is_breathed at sea level, which produces an
arterial oxygen tension of -about 95 mmHg, the extraetion of 5 ml oxygen from every 100
ml blood flowing through thertisstues results in a venous oxygen tension of about 40
mmHg, that is, a fall of 55.mmAG. The e*ﬁraction of the same quantity of oxygen per unit
volume of blood when thes@rtefial oxygen iénsion is reduced to 32 mmHg by breathing
air at 18000 feet, decr€ases the ox_ygén té?hsjpn of the venous blood to 22 mmHg, thus
the fall in oxygen tension as the»blood flo;fs‘tb'rough the tissues is reduced to only 10

mmHg. This most important protective effe’p}__of the manner in which oxygen combines

with haemoglobin results in"a halving of the arterio-venous oxygen tension difference

when the arterial oxygen tension-is reducé'g:ij-fr_'om 95 mmHg to 65 mmHg, and to a

reduction to a quarteré'(vhen the arterial oxygen tension is 49 mmHg. Although the overall

increase in cardiac '6'thput produced by acute hypoxia r'-é’&luces still further the fall in
arterio-venous oxygen" tension difference, this effect 15 less importance than that
associated with*{the joxygen, dissaciation «cunve.] For /example; the 20% increase in
cardiac output induced by breathing air at 18000 feet, where the arterial oxygen tension
is 32 mmHgg=wilkonly raise<the-oxygen tension in mixed venaus.bleod from 22 mmHg to

24 mmHg.
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illustrating the s€ffe e Sig relationship on the fall in
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oxygen tension of the od pfoduced: jon of 5 ml oxygen per 100 ml
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blood by the tissues, as ' two different levels of arterial

oxygen tension. At an arteri mHg (point A,), the extraction of

gen tension to 40 mmHg (point V,); that
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-

5 ml oxygen per 100 ml blood re

e L

is, the fall in oxygen_ tension from arterial to # s 55 mmHg. In moderate

hypoxia, with an artedal oxygen tensi At A,), the extraction of the

same amount of oxygegreduces e oxygen tension to ZB mmHg (point V,); that is, the
fall in oxygen tension from arterial to venous®blood is or;ﬁ 10 mmHg.
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circulation described above, are also important. The marked reduction in cerebral blood
flow, produced by the hypocapnia associated with the mild hypoxia induced by
breathing air at 12000 feet, can result in an appreciable further lowering of the rugular
venous oxygen tension. In the severe hypoxia associated with breathing air at 18000

feet, the increased arterio-venous oxygen tension difference produced by hypocapnia is
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more than offset by the concomitant increase in alveolar and arterial oxygen tensions

produced by the hyperventilation.

The combined effects of acute hypobaric hypoxia and the associated
hypocapnia arising from the hypoxic drive to ventilation, induced by a reduction in the
oxygen tension of inspired gas, are summarized in the gradients of oxygen tension from
the dry atmosphere to the lowest tension in the tissues. Figure 2.6 illustrates oxygen
tension gradients for a man breathing air at sea level and at 18000feet. The figure shows
three oxygen tension gradients at 18000 feeli'the gradient for the body as a whole
(assuming that all tissues are uniform),Jand o gradients for oxygen transport to the
brain with mild and severe-hypocapnia (alveolar carbon dioxide tensions of 35 and 20
mmHg, respectively) that wodld result ‘from different degrees of increased alveolar
ventilation. The curvesdillustrate’ the }eﬁe'@t‘_of hyperventilation upon the fall in oxygen

tension between inspired and alveolar géses, and the marked reduction in the fall in

i
| #

oxygen tension along the capilla"ries ian‘hypoxia due primarily to the relationship
demonstrated by the shape of the oxygeﬁﬂ'dissociation curve. The net effect in this

#
example in that, in the face of a re‘ductlon oT 79 mmHg in the oxygen tension of the
,u
inspired gas, the oxygen tenS|on ofmlxed ve_nbus blood is only reduced by 16 mmHg

H. '|

when air is breathed _,]at 18000 feet. The estlmated mmwjmum oxygen tension, on the

simplifying assumptimgﬁ.?that that the body is a single uniforﬁ;_r'l_:tissue, is only reduced from
20 to 10 mmHg. In the @bsence of hyperventilation at 18000 feet, however, the minimum
oxygen tension in the Prain falls to almest zero, and some decline in oxidative

phosphorylation"would be expected under these conditions!
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Impairment of mental performance

The impairment of the psychological performance produced by the lack of
oxygen at altitude is of the great practical significance in aviation, although there is a
great variability within and between individuals exposed to the hypobaric hypoxia. Most

of this variation is the result of differences in the respiratory response to hypoxia, with
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consequently very significant temporal and individual differences in the tensions of
oxygen and carbon dioxide in the arterial blood when exposed to a given level of
inspired oxygen tension. The hypocapnia induced by the low arterial oxygen tension
affects mental performance by reducing still further cerebral tissue oxygen tension, as a
consequence of the cerebral vasoconstriction is produced, and by increasing the pH of

cerebral tissue.

Psychomotor tasks
Performance at well-learnt arlg pracliced tasks is generally preserved
adequately up to an altitude of at least 10000 feet-but when alveolar oxygen falls to

below 38-40 mmHg (that'is, apove an a|ti;ude of 16000-18000 feet), simple reaction time

i
begins to be affected.althoughseven a reduction of the alveolar oxygen tension to 35

mmHg increases the simple reaction.time by only 50% on average. Performance at

pursuitmeter tasks is unaffected untilethe %Itifude exceeds 12000-14000 feet, although
the decrement of performance atthe type c_)f-’t’ask does not become severe until altitudes

; F/
of 16000-17000 feet are exceeded. More d‘_er_‘r_ﬁanding tasks, such as a choice-reaction
time, is affected, however, by much less severe degrees of hypoxia, for example,

™
4 el

performance at suchva test ié ﬁéuélly significantl_y impaiged at 12000 feet. However,

tasks requiring comb[éx eye-hand coordination, such as ‘]"rj_étrument flying, which have
been well learned in af_light simulator before the exposufe, are usually unaffected until
the alveolar oxygen tension«is reduced below /55 mmHg (that is, until air is breathed at
altitudes above 10000 feet)..If the alveolar exygen tension falls to less than 50 mmHg
(12000 feet), there is an approximate' 10% decrement in the ability, to maintain a given
air speed, heading'on, vertical velocity. | This decrement rises 10420=30% at alveolar

oxygen tensions of 40-45 mmHg (15000 feet).

Psychomotor performance is further compromised by the impairment of
muscular coordination produced by moderate and severe hypoxia. Above 15000 feet,
for example, a fine tremor of the hand develops so that the ability to hold a stylus or

control lever in a fixed position in space is progressively impaired. Muscular
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incoordination becomes greater with increasing altitude and the subject’'s writing

becomes hard to read.

Cognitive tasks

Performance at previously learned coding and conceptual reasoning tasks is
unaffected at altitudes up to about 10000 feet; that is, for as long as the alveolar oxygen
tension remains greater than 55 mmHg. At alveolar tensions less than this, however,
performance declines slowly at first but thenswith increasing rapidity with increasing
attitude. Thus the time taken-to completg a simpleseoding task is increased by 10-15%
at 15000 feet, and by 40-60% at. 18000 feet. The decline in performance at conceptual
reasoning tasks in eveargreatery alihough the altitude at which impairment of mental

i
ability commences, and thefseverity of the decrement, varies with the difficulty and

complexity of the task. =

Short-term and dong-term .memory,’_‘_‘aﬂs Jt_ested by paired word association, and
immediate and delayed recall of pétterns 'r_éjé_g-positions, is significantly affected when
the alveolar oxygen tension‘is reduced to a@iafeo mmHg (breathing air at 8000-10000

feet). Memory scores may be 25%-lower thari;é_t-'s's-a level at an altitude of 15000 feet.

An individua[ 5re_athing air at 8000 feet rhay take—s"[ghificantly longer to achieve
optimum performance ét novel tasks than'is'the case at sea level. For example, this
degree of hypoxia has been,found to doublesthe reaction ties of initial responses to a
complex choice-reaction task as compared with responses at sea level. The intensity of
this effect increases with altitude and'complexity of the task, markedly so above 12000
feet, and indeed the ‘threshold for the detrimental effect-of hypoxia=on performance
remains the subject of debate. Although it is recognized that there is very considerable
individual variation in the threshold of effect a number of studies have concluded that

such changes can be demonstrated at altitude as low as 5000-600 feet.

The mechanisms responsible for the cerebral effects of mild hypoxia are not
understood, although it is likely that retardation of some oxygenation processes within

the brain, leasing to disruption of neurotransmitter formation and decay, is involved
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rather than a failure of oxidative phosphorylation (see Chapter 4). This is because the
oxygen tension of cerebral venous blood falls by only 2-4 mmHg on ascent from sea

level to 8000 feet, and such a slight fall could not be responsible for the effects seen.

Impairment of the special senses

A subjective darkening of the visual field is a common symptom of hypoxia,
although the individual may become aware of this only after the normal alveolar oxygen
tension has been restored when there is ‘a'marked apparent increase in the level of
illumination. Even very mild“hypoxia, such as-inat'produced by lowering the alveolar
oxygen tension to 75 mmiHg (thaiis, equivalent to breathing air at just 5000 feet), can be
shown in the laboratory™to impair the ligh&t sensitivity of the dark-adapted eye (scotopic

or rod vision). The magnitude of the}effe'c_:t,,:however, is of little practical importance in

aviation. The degree of reduction in —lightl-*sensitivity of scotopic vision only becomes

significant when the alveolar oxygénk-tensi(ﬁp falls below about 50 mmHg, that is, when

air is breathed at altitudesiabove 12000 fé‘é’f Retinal sensitivity in relatively bright light
?

(photopic or cone vision) is unaffected by hypo,xla until the alveolar oxygen tension is

reduced below 40 mmHg. Flnally, moderate*cmd severe hypoxia cause restriction of the

"]
visual field, with loss of perlpheral vision (“tunneling”) and the development of a central

‘_‘ -

- -

scotoma.

Auditory acuity“'l:s also reduced by moderate and severe hypoxia, but some
hearing is usudlly retained even after the/other special senses have been lost. The effect
of hypoxia on directional hearing remais under investigation and may have operational
significance o thestisefofewarningytongs| with @y directional component [given to a pilot

through his headset.
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Loss of consciousness

Although the arterial oxygen tension in the cerebral tissue is of crucial
importance to an individual's degree of consciousness, its effects is subject to
considerable modification as a result of other influences, such as cerebral blood flow
and the degree of hypocapnia present. It has been found that a much closer correlation
exists between the oxygen tension of jugular venous blood and the level of
consciousness under conditions of hypoxic hypoxia, provided that vasovagal syncope
does not supervene. Consciousness is/ lest when the jugular not supervene.
Consciousness is lost when. the jugular veneus.exygen tension (see Figure 5.6) is
reduced to 17-19 mmHg=Uneonsciousness may therefore occur with arterial oxygen
tension between 20 and .35 .mmHg, depending on the degree of hypocapnia.
Accordingly, although cons€iousnéss is usually [ost when the alveolar oxygen tension is
reduced to 30 mmHg orsbelow, for a sigﬁ-ificantperiod of time, it is possible to lose
consciousness with an alveolar oxygen teasiqn as high as 40 mmHgq if there is marked
hyperventilation, or to retain consoiousne;s., IaJt_ least for a time, at an alveolar oxygen
tension as low as 25 mmHg if there_:ﬂis no ﬁsﬁi??éapnia. A subject breathing air an acute
exposure to altitude may therefere become u_n"c;ca:nscious at an altitude as low as 16,000

feet or stay conscious for some.minute as hig’h-,a'sg 24000 feet.

Clinical Features of Acute Hypobaric Hypoxia

The clinical*picture of acute=hypobaric ‘hypoxia in ‘a ‘combination of the cardio-
respiratory responses and neurological effects deseribed above, and'the symptoms and
signs are consequently: extremely Wariable. ' The speed and order of' appearance of
signs, and of the severity of symptoms produced by a lowering of inspired oxygen
tension, depend on the rate and degree to which the tension is lowered, and on the
duration of exposure to hypoxia. Even when these factors are kept constant, however,
there is considerable variation between on individual and another in the effects of
hypoxia; although for the same individual the pattern of effects does tend to follow the

same trend from one occasion to another.
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The factors that may influence an individual's pattern of symptoms and signs
produced by hypoxia and their personal susceptibility are:

1. The intensity of hypoxia — The maximum altitude, the rate of ascent and the
duration of exposure to altitude

2. Physical activity — Exercise exacerbates the features of hypoxia.

3. Ambient temperature — A cold environment will reduce tolerance to hypoxia, in
part at least, by increasing metabolic workload.

4. Intercurrent illness — Similarly, the additional metabolic load imposed by ill health
will increase susceptibility to hypoxia.

5. Ingestion of certaimr@rugs; including aleehol= Many pharmacologically active
substances have effeets.similar to those of hypoxic hypoxia and so mimic or
exacerbate the condition: ThoséL proprietary. preparations with anti-histamine
constituents are particulady likely to Gause problem, as is alcohol.

-
w
4
i<

The Incidents of Hypoxic Hpox!_a!_in the_','é_/aﬂriable Altitudes

ey
e

1.Up to 10000 feet Breathing Air (up to about 39000 feet breathing oxygen)

The normal resting subject has so symptoms on a;écent to an altitude of 10,000

feet when breathing'ai“r,. or 39,000 feet when breathing 100% oxygen, but performance

at novel tasks will be impaired.

2.From" 10,000 to' 15,000 ‘feet Breathing Air-(from "about 39,000 to 42,500 feet
breathing oxygen)

A warm, restingssubject exhibitssfew or no signs and has virtually no symptoms.
The ability to perform skilled tasks is impaired, however: an effect of which the subject is
frequently unaware. A prolonged exposure to the moderate hypoxia at about 15000 feet
frequently causes a severe generalized headache. Physical work capacity is markedly
reduced, and exposure to extremes of temperature may induce symptoms and signs of

hypoxia.
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3.From 15,000 to 20,000 feet Breathing Air (from about 42,500 to 45,000 feet
breathing oxygen)

Even in the resting subject, the symptoms and signs of hypoxia appear on acute
exposure to altitude greater than 15,000 feet when breathing air. Higher mental
processes and neuromuscular control are affected, and in particular there is a loss of
critical judgement and willpower. Because of the loss of self-criticism, the subject is
usually unaware of any deterioration in performance or indeed of the presence of
hypoxia; and it is this effect that makes! the. condition such a potentially dangerous
hazard in aviation. Thought processes are .slowed, mental calculations become
unreliable, and psychomotor performance (s grossly. impaired. Marked changes in
emotional state are common. _khts there may be disinhibition of basic personality traits
and emotions, and the individual ;/may b'?come elated or euphoric or pugnacious and
morose. Occasionally‘the vitimimay “becorkne physically violent. Tunneling of vision may

_—

occur. ,

\ -

) A
In parallel with this group of cerebral features, disturbances due to hypocapnia

commonly occur, and indeed m-ay:- domirjéte the clinical picture, as hyperventilation
o 1
occurs. Lightheadedness, visual disitirbances, and paraesthesiae of the extremities and

lips may be followed in severe causes by atétany_with carpopedal and facial spasms.

a g a ey
gl

Central and peripheralieyanosis develop, and there is decreased muscular coordination

with loss of the sense of touch, so that delicate or fine movements are impossible.
Physical exertion greatly increases the severity and speed of onset of all of these

symptoms and signs,.and may lead to, unconsciousness.

4,Above 20,000'feet Breathing Air (above about 45,000 feet breathing oxygen)

Resting subjects exhibit a marked accentuation of the symptoms and signs
described above. Comprehension and mental performance decline rapidly, and
unconsciousness supervenes with little or no warning. Myoclonic jerks of the upper
limbs often precede loss of consciousness, and convulsions may occur thereafter.
Hypoxic convulsions are characterized by intense, maintained muscular contractions

which produce opisthotonos, preceded or followed by one or more myoclonic jerks.
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The early (covert) cerebral features of hypobaric hypoxia may be summarized as
follows:
1. Visual function:
(a) Light intensity perceived as reduced.
(b) Visual acuity diminished in poor illumination.
(c) Light threshould increased.
(d) Peripheral vision narrowed.
2. Psychomotor function:
(a) Learning novel tasks impaired.
(b) Choice reactiontime impaired.
(c) Eye-hand coordinationdimpaired.
3. Cognitive function:
(a) Memory impaired.

The covert features of acute hypobaric hypoxia may. be summarized as follows:

Personality change —  Dizziness

Lack of insight bl Lighteadedness

Loss of judgement ! Feelings of unreality
Loss of self-criticism ' Feelings of apprehension
Euphorai

Loss of memory
Mental incoordination

Muscular Neuromuscular
ncoordination irritability

Sensory loss Paraesthesia of face
Cyanosis and extremities

L) Carpo-pedal spasm
Hyperventilatiom————

Semi-consciousness
Unconscioushess
Death

Figure 2.7 The summary of the acute hypobaric hypoxia

(Ernsting J, Nicholson AN and Rainford DJ. Aviation Medicine, 1999)
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Time of useful consciousness (TUC)

The interval that elapses between a reduction in oxygen tension of the inspired
gas and the point at which there is a specified degree of impairment of performance is
termed “the time of useful consciousness” (TUC). The length of this interval is influenced
by many factors, of which the most important is the accepted degree of impairment. In
the laboratory, this may vary from an inability to perform complex psychomotor tasks to
a failure to respond to simple spoken commands. In practice, however, the most useful
concept is to regard the time of useful consciousness as the period during which the
affected individual can acttereorrect his predicament:

Values for the time ofstisgful consciousness at various altitude following hypoxia
induced by changing the lreathing gas Itrom oxygen to air are presented in Table 2.3.
The large standard deviations' at low_altitides serve to emphasize the considerable

individual variation in the tigde of useful consciousness. The variation is a reflection of the
. §

influence of many factors in€luding the pu‘ilmonary ventilatory response to hypoxia, the

general physical fitness® of theisubject-,_{'fage, degree of training, and previous

experiences of hypoxia. It should be noted that the time of useful consciousness at a

given altitude is shorter when-hAypaxia is ind,d_-c'e_ﬁ by rapid decompression, rather than

by slow ascent.

Consideratioﬁ‘(;f- the time of useful consciousness wﬁén breathing 100% oxygen,
rather than air, is aided by the concept of equivalerice of altitude, as previously
described. Thiszsuggests|that antindividualdreathing 1100%: exygen at 42000 feet would
be at an alveolar equivalent of breathing air at 16000 feet, but, however, at higher
altitudess thansthis tracheal-values-tend, to .over-estimate, actuakalveolar, conditions with

TUCs considerably‘less than might be predicted from simple‘equivalence
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Table 2.3 Times of useful consciousness at various altitudes of 50 seated young men

following a change from breathing oxygen to breathing air (Ernsting J, Nicholson AN

and Rainford DJ. Aviation Medicine, 1999)

Altitude (ft)

Time of Useful Consciousness (seconds)

Mean Standard Deviation
25,000 270 96
26,000 220 87
27,000 201 49
28,000 181 47
30,000 ]“145 45
32,000 106 23
34,000 84" 17
36,000 71 : 16

.',

o

Recovery from hypoxia and the dxygen paradéxj

The adminisfraftibn of oxygen to a hypoxic subject uSuaIly results in a rapid and

complete recovery; as is also the case if environmental pressure is increased so that

alveolar oxygen tension is' restored towards its normal level. A generalized headache is

the only symptom that persists, and only then.if the exposure to hypoxia was prolonged.

In some subjects, hawever, sudden restaration of the alveOlar exygen tension to

normal may cause a transient (paradoxical) worsening of the severity of the symptoms

and signs of hypoxia for 15-60 seconds. This oxygen paradox is usually mild and is

manifest only by flushing of the face and hands and perhaps a deterioration in

performance of complex tasks over the immediate period following restoration of the

oxygen supply. Occasionally, oxygen administration may produce a severe paradox




36

with the appearance of chronic spasms and even loss of consciousness. The
mechanisms responsible for the phenomenon are uncertain.

The paradox usually occurs in subjects who have become hypocapnic during
hypoxia, and it is also accompanied by a period of arterial hypotension. It may be that
there is a significant reduction in peripheral resistance on the restoration of a normal
arterial oxygen tension and this induces a generalized fall in blood pressure. This
hypotension, in combination with persistent and marked hypocapnia, may result in
cerebral hypoperfusion and vasoconstriction swhich persists for some while after the
restoration of the arterial tension, and may intensify cerebral hypoxia for a short time.
Clearly, it is important that-exygen continues to-be-delivered to the victim of a paradox,

despite the apparent worseniag oi'the condition on initial administration of the gas.

e

Hyperventilation (=il F

Hyperventilations a condition‘in-which pulmonary ventilation is greater than that

d 4

;

required to eliminate the' carbon dioxide‘..r roduced by the tissue. The consequent
¥ K

excessive removal of carbon digxide from the.;_glveolar gas, the arterial blood and the

tissues results in a reduction in the tension oﬁ'(;a_rgon dioxide throughout the pathway.

Furthermore,there is a close relationship betweerj; carbon dioxide tension and

hydrogen ion concenfration in the blood and fissues since these substances are in

equilibrium according to'the equation:
CO=+ H,0 ' & "HCO," & H'+4HCo,

A reductiondin carbon ‘dioxide tension will drive the-equilibrium-<towards the left
and consequently there is a fall in hydrogen ion concentration; that is, a rise in pH. Thus
hyperventilation also causes an increase in the pH of blood and tissues; that is a

respiratory alkalosis.
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Aetiology

As described above, hyperventilation is a normal response to hypoxia and is
seen when alveolar oxygen tension is reduced to below 55-60 mmHg. It may also occur
as a result of voluntary over-breathing: for example, in preparation for a breath-hold dive
into water.

More commonly, however, the condition is produced by emotional stress,
particularly anxiely, apprehension or fear. Thus a significant proportion of student pilots
under instruction exhibit gross hyperventilation in flight: indeed it has been claimed that
20-40% of student aircrew suffer from hypepventilation at some stage during flying
training. The condition is alse'seen in experienced-airerew when, for example, they are
exposed to the mental stress*of.a@ sudden in-flight.emergency or when they are being
trained to operate a new.@irciaft/type. Aircraft passengers who are afraid or anxious
frequently hyperventilate.

Pain sometimes induces hyperver?tilaiion, as do motion sickness and certain
environmental stresses.such as h.igh amb'r#‘_enlt Fe_amperature and whole-body vibration at
4-8 Hz as, for example, produced_iﬂby Cl'e;'éfdéir turbulence when flying at low level.
Finally, hyperventilation is almost-invariable in ;Laiircrew during pressure breathing, and

while this tendency may be reduced by trainih‘g,-'ji cannot be eliminated entirely.

Physiological Features of Hyperventilation

The hypocapnia of hypenventilation has'no significantieffect on cardiac output or
arterial blood préssure although there is a redistribution of the former. Thus hypocapnia
induces™a markedvasaconstriction of the icerebralanterialrandytheyvessels of the skin,
whilst bleod flow through skeletal muscle is increased. Although the intense cerebral
vasoconstriction tends to minimize the change in hydrogen ion concentration within
cerebral tissues, it also markedly reduces the minimum tissue oxygen tension. It is
therefore probable that many of the changes produced by gross hyperventilation, and
especially the deterioration in performance, the appearance of slow wave activity in the
electroencephalogram, and the loss of consciousness are due to a combination of

hypoxia and alkalosis in the cerebral tissues.
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A reduction in the arterial carbon dioxide tension to below 25 mmHg causes a
significant decrement in the performance of psychomotor tasks, such as tracking and
complex coordination tests. The reaction time at a two-choice task is increased by about
10% by such a fall, and is increased by 15% at an arterial carbon dioxide tension of 15
mmHg. The ability to perform complex mental tasks, such as mental arithmetic, is
compromised by a reduction in carbon dioxide tension to below 25-30 mmHg.
Steadiness of the hands is also impaired by a reduction in arterial in arterial carbon
dioxide tension to 25 mmHg. The ability to/perform manual tasks is markedly affected by
the muscle spasm which occurs at arterialscarbon dioxide tension below 20 mmHg.
Reduction of carbon dioxide~tension below 10=15-mmHg produces gross clouding of
consciousness and then uncensciousness.

The rise in tissuepH .induced be hyperventilation increases the sensitivity of
peripheral nerve fibres, and geduces the threshold for their response to stimuli. The
threshold is lowered by the local fall in r;g/d[ogen ion. concentration and spontaneous
activity occurs giving rise t@ sensory disttm;rblan_oes, such as paraesthesiae in the face
and extremities, and motor disruptingip, in théi:é‘_er-m of reflex firing of proprioceptive fibres
via the spinal cord, causing musgcle spasm "(té.iajny). Different types of nerve fibres are

affected in a consistent sequence: fibres dgh-\zgymg information with regard to touch,

position, pressure anc{iiv_ibration being affected first, fo!IoWed by motor fibres and then

cold, heat and, lastly, pain fibres.

Clinical Features of Hyperventilation

The, earliest-symptoms=produced by hyperventilation pecome manifest when the
arterial carbon dioxide tension“has been reduced to 20—25 mmHg. Usually, there are
feelings of light-headedness, dizziness, anxiety which, since apprehension is itself a
cause of hyperventilation, frequently establishes a vicious circle, and a superficial
tingling (paraesthesiae) in the extremities and around the lips. The paraesthesiae are
follow by muscle spasms, particularly of the limbs and of the face, when arterial carbon
dioxide tension has fallen below 15-20 mmHg. Contracting of muscle groups in the wrist

and hand, and in the ankle and foot, give rise to carpo-pedal spasm. In this state, the
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thumb is acutely flexed at the wrist, the metacarpo-phalangeal joints flexed and the
inter-phalangeal joints are extended (the main d’accoucheur). The ankle is profoundly
plantar flexed. Spasm of the facial muscles causes stiffening of the face and the corners
of the mouth are drawn downwards (the risus sardonicus). In more severe hypocapnia,
when arterial carbon dioxide tension is less than 15 mmHg, the whole body becomes
stiff as a result of general tonic contractions of skeletal muscle (tetany).

The increased irritability of nervous tissue in moderate hypocapnia causes
augmentation of tendon reflexes. An example of this lowered threshold can be
demonstrated by tapping the branches of the facialnerve as they pass forward over the
mandible: such tapping, insthe-presence of moderate-alkalosis, causes twitching of the
facial muscles (chvostek’s_sign)« Finally, ‘as desecribed above, moderate and severe
hyperventilation produce a'general deté’jioration in ‘mental and physical performance
and this is followed by impairmeént of ¢ansciousness and finally unconsciousness.

It is most important te realizé thaf, Jdn the uncommon event of an individual
hyperventilating to the point of un»consciou;r;\gsls_ as a result of aniety the supervention of

coma will be followed by a gradual recoy?_ry as respiration is inhibited and carbon

dioxide tension regain their‘normal{evels. This is clearly not the case , however, if the

hyperventilation has been induced by hyp,‘c)p‘i}é,_}lt will be apparent from the previous

sections of this chapt_é_r that most of the early sumptoms éf.hypoxia are very similar to

those produced by;ﬁypocapnia. Indeed, the Iight—headéaness, paraesthesiae, and
apprehension seen during acute hypoxia in a subject breathing air at altitudes between
15000 feet ang=about 20000y feetyare) due to-ther cancomitant hypocapnia. Thus should
always be suspected when symptoms or signs of hypocCapnia occur at altitude above
about 12000-feet, and the.corrective procedures, mustsbe based on, the assumption that

the condition Is caused by 'hypoxia until‘proved otherwise.
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Hypoxic Ventilatory Response (HVR)

S. Grant et al. (2002) stated that a strong hypoxic ventilatory response (HVR) is
considered by some to be advantageous for climbers at high altitude, resulting in an
increased arterial oxygen saturation (SaO,) allowing people to attain greater altitudes
than those with a lower HVR. In the fact that native altitude dwellers have a blunted
ventilatory response, but appear to be less susceptible to AMS than low level residents.
Ventilatory acclimatization to hypoxia in a /meuntain environment requires many days
and is characterised by the individual variability.~If it were possible to predict the
ventilatory acclimatization+response before a sojourn to the mountains, subjects who
respond poorly to an hypoxierenvironment could be identified and precautions taken to
avoid problems at altitude. Il

N.E. Townsend etg@l. £2002)' reseatched that the ventilatory acclimatization to
altitude is facilitated by the increa_se(j se_asitjvity of the peripheral chemoreceptors to
hypoxia, estimated by the hypoxic ventilatc“;'_r.y. response (HVR) in humans. The HVR has
been reported to correlate with thg_:_magnit-_u_;if!_gﬂof increase in \/'E on arrival at altitude,
and several studies have demanstrated an'ir_i'c;{éase in the HVR during natural altitude

acclimatization or intermittent-Aypoxic expd$bfé.- An enhancement of the HVR during
acclimatization is viewédjm_mwmmmnegausé, an increase in V' ¢ improves
alveolar O, pressure'éﬁd raises arterial oxygenation while‘ét-laltitude. An increase in the
HVR allows ventilatory'“'acclimatization to altitude to proceed, despite an inhibitory
influence of respiratary:alkalosisiand @rdecrease (in! the «Original hypoxic stimulus. In
contrast to altitude acclimatization, endurance training appears to decrease the HVR.
Endurancep trained~athletes, demeonstrate qas bluntedsHVR icompared jwith untrained,
healthy individuals, and a decrease in the HVR has been observed after endurance

training in previously untrained subjects.
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Hypobaric Hypoxic Training Program

Millet GP. et al. (2010) stated that New methods and devices for pursuing
performance enhancement through altitude training were developed in Scandinavia and
the USA in the early 1990s. The variety types of the hypobaric hypoxic training program

were invented. There were designed into 5 patterns in this decade ;

1) The traditional program - Live high-Train high (LHTH)

2) The contemporary program - Livehigh-Train low (LHTL)

3) The intermittent hypoxic exposure dugng rest program (IHE)

4) The intermittent hypoxic exposureJduring continuous session program (IHT)

5) The new combinatienrofthe different hypoXie training methods

The proper number of sessions fbr the hypoxic training program in the sojorns

was at least 1 week and more. The optimal duration was 1 hour per session per day.
Many studies showed the insignificant’ differences between the short, long and
) 4

intermittent durations ofithe hypoxic training‘Lprograms (Hector C. et al.; 2000, Katayama

K. etal, 2002; Katayama Ki'et &l, 2009). ~ = |

-

Prevention of AItitUde llinesses

Prevention of altitude illnesses g alls into two categories, the proper
acclimatizationiand the ‘preventive medications. Below are a few.basic guidelines for the

proper acclimatization.

® | possible,“don’t fly or arive to"high altitude. Start below' 10;000 feet (3,048
meters) and walk up.

® If you do fly or drive, do not over-exert yourself or move higher for the first 24
hours.

® If you go above 10,000 feet (3,048 meters), only increase your altitude by 1,000
feet (305 meters) per day and for every 3,000 feet (915 meters) of elevation

gained, take a rest day.
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“Climb High and sleep low.” This is the maxim used by climbers. You can climb
more than 1,000 feet (305

meters) in a day as long as you come back down and sleep at a lower altitude.

If you begin to show symptoms of moderate altitude illness, don’t go higher until
symptoms decrease (“Don’t go up until symptoms go down”).

If symptoms increase, go down, down, down!

Keep in mind that different people will acclimatize at different rates. Make sure

all of your party is properly accli atize before going higher.

Stay properly hydrated. Acclir , en accompanied by fluid loss, so

you need to drin { 1] ) ly hydrated (at least 3-4 quarts

per day). Urine ou copiol ear.
Take it easy; do ) -\H- /ou first get up to altitude. Light

activity during th ot than sleepi ecause respiration decreases

i, ; \
tranquilizers, an [hese depressants further decrease the
respiratory drive during sléep resulting worsening of the symptoms.

Eat a high Carboh'.._a;gi_'f _7 han 70% of your calories from

carbohydrates)while at altitude. . C
. e *‘l “

The acclimatizatio y dehydration, over-exertion, and

AUEINENINYINS
AR TUNMIINGAY
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Preventive Medications

1. Diamox (Acetazolamide) allows you to breathe faster so that you metabolize
more oxygen, thereby minimizing the symptoms caused by poor oxygenation. This is
especially helpful at night when respiratory drive is decreased. Since it takes a while for
Diamox to have an effect, it is advisable to start taking it 24 hours before you go to
altitude and continue for at least five days at higher altitude. The recommendation of the
Himalayan Rescue Association Medical; Clinic is 125 mg. twice a day (morning and
night). (The standard dose was 250 mg., but their research showed no difference for
most people with the lower dose, altgough some-individuals may need 250 mg.)
Possible side effects includestingling of lthe lips and.finger tips, blurring of vision, and
alteration of taste. These side" eifects may. pbe reduced with the 125 mg. dose. Side
effects subside when the dmig s stqppé’d;l Contact your physician for a prescription.
Since Diamox is a sulfopamide drug., peo;glle who are allergic to sulfa drugs should not

take Diamox. Diamox hasialse been known to cause severe allergic reactions to people

<

with no previous history of : Diamox or_'--'-suifa allergies. Frank Hubbell of SOLO

’ g2
recommends a trial course ofthe drug befo’ré"going to a remote location where a severe
allergic reaction could prove difficultto treat.

gl

2. Dexametﬁaéone (a steroid) is a prescription drug that decreases brain and
other swelling reversing'_the effects of AMS. Dosage is tybically 4 mg twice a day for a
few days starting with Tthe ascent. This preyvents most s’ymptoms of altitude illness. It
should be usedwith caution and only. on theladvice-af a physician because of possible
serious side effects. It may be combined with Diamox. No other medications have

been prover valuabig for preventing AMS.

3. Other Medications for Altitude lllnesses
Ibuprofen is effective at relieving altitude headache. Nifedipine rapidly decreases
pulmonary artery pressure and relieves HAPE. Breathing oxygen reduces the effects of

altitude illnesses.
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4. Gamow Bag (pronounced ga” méaf)
This clever invention has revolutionized field treatment of high altitude illnesses. The bag
is basically a sealed chamber with a pump. The person is placed inside the bag and it is
inflated. Pumping the bag full of air effectively increases the concentration of oxygen
molecules and therefore simulates a descent to lower altitude. In as little as 10 minutes
the bag can create an “atmosphere” that corresponds to that at 3,000 - 5,000 feet (915 -

1,525 meters) lower. After a 1-2 hours in the bag, the person’s body chemistry will have

0,t0/12 hours outside of the bag which should

be enough time to walk thel ﬂr altitude and allow for further

acclimatization. The bag- ‘ ounds (6.3 kilos) and are now

carried on most major hig dition: .;~: be rented for short term trips

)

% §
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CHAPTER I
RESEARCH METHODOLOGY

Research Design
This study is an experimental study to examine the effect of the hypobaric
hypoxic training on hypoxic ventilatory response in Thai military airborne. The

experimental protocal was approved by the Chulalongkorn University Ethics Committee,

The target popul i defined s all pers neI who are positioned and/or
operated in the Military Ai -ﬂ-’ Vit | hec orces unit, all type of Airmen,

and the associated fiel

2. Study Population

The study population we ; oers who positioned in the airborne

operation unit of Royal Thai Air Force such as ihe ‘-ﬂ andoes, pararescuemen,

q ‘alimation.
s @8 I NUNTNYINT

Thai hedlthy airmen who represent as the healthy military airborne personnel.

e L L WAL B

subjectsfpassed the qualification of the standard military airborne that they are matched

airborne companies. T@/ have

with the inclusive criteria.
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Eligibility Criteria

Inclusion Criteria

1.

Exclusion Criteria

1.

Healthy males aged 21 — 38 years, who are positioned and/or operated in the
Thai military airborne duties.

All volunteers have passed the Aviation Medical Examinations of the Institute of
Aviation Medicine, Royal Thai Air Force.

Subjects are free of the medical and physical conditions which interfere the

espiratory diseases.
No medical treatme i cular system have taken during

this study.

All subjects do notd ed than 140/90 mmHg.

They accepted to |

Subjects who would serig ‘7’ injure k during the training sessions and

could not continue the ""1"11’ progr

Volunteers uﬂvlllll'l_'l-lIll'll'l-ll_l._l.l'ﬁ-l.-A-‘;; hypOXIC tralnlng program

/ ,\. ‘
gm pleted

Tests were not @

ﬂUEI’J'V]EWI"JWH']ﬂ‘i
’QW'\Nﬂ‘iﬂJ UNIINYAY

continuously.
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Sample Size

To determine the sample size in this study, the researcher used the previous
study, Keisho Katayama (2002), which measured the hypoxic ventilatory response in
healthy male population. They were eight (0.71 + 0.2 L/min/%) and six (0.47 + 0.15
L/min/%) men in the experimental and control groups respectively. The two independent

groups formular was used for calculating the sample size.

n/group = &

o =005 7

B =010

Lop = Zoosn =

X, = Theaver ox ilatory Response in the hypobaric
hypoxic tra|n|n , ) in

X, = The averag ilatory Response in the untrained

E 2

= Pooled V@nance

Mﬂﬁﬂﬂﬂ‘mmﬂ‘i

’QW'Tmﬂ‘iflJ UNIINYAY

n/group = 2(1.96 +1.28) ?(0.0351) / (0.71-0.47) °
= 12.79

= 13 subjects

The result of this sample sized calculation is 13 subjects.



48

Sampling Method

The purposive sampling technique, non-probability sampling and voluntariness
were used for recruiting subjects in this study.

Total 28 airborne troopers of the Royal Thai Air Force Special Operations
Regiment were divided into two groups as the trained (N=13) and untrained (N=15)
groups. The trained group was trained consecutively fourteen sessions in the hypobaric

chamber. The standard group of Thai military airbormne as the untrained or control group.

Wd rd military airborne troopers and were
7Z.,
¢ T —

All subjects passed the qualificatiol )

———

in the inclusive criteria.

2.
3.
e ilal s

4. ‘I* r‘.:l di’{ S 4L 1

5.

6.

7.

8. Portable OX|meter (BCI 3301, Sm|ths Med|ca| PM.INC.,USA)
9.

LHE iy m;amwm N9
QTR AN Ay

13. 99.999% Nitrogen gas (Gas Center 2001 Limited Partnership,Thailand)
14. 100% Oxygen gas (Gas Center 2001 Limited Partnership,Thailand)

15. Cotton

16. 70% Alcohol

17. Case recorded forms
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Measurements

The Pre-tested and Post-tested Measurements

The Fundamental Physical Characteristics Measurements
®  Age (years ;yr.)
®  Weight (killograms ; kg.)

®  Height (centimeters ; cm.)

All the methods of .the cteristic measurements

followed the standard met easurements of the Sports

Authority of Thailand (S

Parameters
B Resting-

a

" Expired mlnute ventilation (V, L|ter per minute ; L/min)

 FTE TN g

Rercentage oxygen saturation ( peroentage %Sa0,)
. thoﬂd W aﬂmm UAIINYIAY
To let subjects sit on a chair about 5-10 minutes before starting this test for
decreasing their resting heart rate to be normal level.
2. Fitting and wearing the one-way non-rebreathing valved respiratory mask.
3. The Biopac system was applied.
4. For starting this measurement, subjects were control to breath at the nomal room

air about 5 minutes for recording the resting respiratory rate.
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11.

12.
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To add the 99.999% of Nitrogen gas in the respiratory cycle on the respiratory
mask with 2 L/min of the flow rate of Nitrogen gas and increase 1 L/min in every
30 seconds for 5 minutes until the percentage of the arterial oxygen saturation
(%Sa0,) falling gradually to 75%Sa0, and the concentration of oxygen in
expired gas was 5% (38 mmHg).

To keep mornitoring the SaO, was 78% during this test for 2-3 minutes to collect
the expired gas.

Cutting the Nitrogen gas OF{W '; gory cycle on the respiratory mask and

observing the %SaO \l'”‘eturn tob
e —
Recording all data‘and-ta-kmg the*espmk off.

Ventilatory dataW' | t%ﬁi on a breath-by-breath basis. The last minute

of rest was used t er st\hg ventllatoxry values.

of the slope w ’vhypq iC ventilatory regponse.
Mol
The x-axis (saturati istplotted fr ri%h o left with 100% saturation on the left

by convention to

The HVR was plotte bylfhe.avera

and the artenal oxygen,sgiu,(‘@jron amlt is L/mln/%

alue of expired gas volume per minute

Figure 3.1 Gas Analyzer for Hypoxic Ventilatory Response Measurement
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Figure 3.3 Sample of Hypoxic Ventilatory Response Measurement by Gas Analyzer
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The Time of Useful Consciousness Measurement

Parameter : The duration of time of useful consciousness (minutes)

Methods

1.

10,

11.

The training profile type VII of the simulating hypoxic hypoxia of the Institute of
Aviation Medicine, Royal Thai Air Force was utilized in this project.

To do the pre-flight briefing lasts 30 minutes before testing by the aviation
medicine instructor of the Institute of Aviation Medicine, Royal Thai Air Force.
Dividing twenty-eight-subjects into three.groups (flights) for the test in the
hypobaric chamberwhich the first 2 flights were 10 subjects per flight and the
last flight was 8 subjeets.

Fitting and checking the avialablélindividual aviation oxygen masks and helmets
for participants. ek T

Arranging subjects 40 sit on-the seaTt;s by following the personal numbers.

Giving the form fitter childr_en_ foys to5 le_ijects and laying the toys down on thier
lap. ; J,*_ -

Running the hypobaric ‘¢hamber wﬁthe climbing rate is 300 feet/min to the
initial altitude, 3,000 feet MSL, lastin@%—iﬂnutes for clearing the trap gas in their
body and reohgcjgingibe_ceadjnasslo continue. ‘-

The Chambe‘r‘supervisor ordered all participants ttorj wear the aviation oxygen
masks completély at 10,000 feet MSL.

To climBigtadually the altitude 0725,000 feet MSL«with=the climbing rate is 300
feet/min.

Whenyreached the~target-altitude for thistest; 125;000+feet, MSL, the chamber
supervisor orderded' the first'5 subjecCts to do the coordinated exercise test by
doing a form fitter children toy. The individual testing time had recorded
immediately in minute after subjects unlocked their individual oxygen masks.

The subjects had been worn the individual oxygen masks after they showed the
individual first sign of hypoxic hypoxia and/or the insided observers had judged

them to wear by the aviation medicine regulation. The testing time was stopped

at the same time.
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12. To continue with the other 5 subjects. After finishing the test of all subjects, the
chamber operator decreased the altitude to 3,000 feet MSL with the climbing

rate is 300 feet/min.

A
Figure 3.4 Hypobaric Chamber for Tt rﬂé of Useful Consciousness Measurement

_' y W, ‘)".
oy ¥

Figure 3.5 The Time of Useful Consciousness Measurement
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13. To clear the trap gas in their body and recheck the readiness for landing at

3,000 feet MSL.

14. After landing to the ground altitude, all subjects were interviewed about the

reason to stop their individual testing time and their after-flight symtoms (if it was

available).

15. To ask all subjects about their sleeping history and fill the pertentage of self-

judgement physical fitness score.

Protocol

The Hypobaric HypoxicTraining Program

Observed Parameters

-
®  The resting heart rqte_(beat ﬁg( minute 5 bpm)
" The arterial'oxygen saturation (percentage ; %Sa0,)

e id 44
-

Methods 4 .

1.
2.

The volume of the-training-program-is-14.-pericds.-the-period is 1 hour per day.
The training altitude are 10,000 feet MSL for the ﬁréi 9 periods and 12,000 feet
MSL for the last 5 days.

This trianing prégramywas continted-consecutively“‘every officed day except the
weekend day.

Thes subjectsyhaverto participate intthisrprogramievery-eperating days and they
were allow to miss the training program not more than 3 days continuously.

Only subjects in the experimental group were trained in the hypobaric chamber
for 1 hour per day by sitting comfortably inside this chamber.

The chamber operator will operate the hypobaric chamber to the target altitude
at 10,000 feet MSL with the climb rate is 300 ft./min. The recorder has counted
the time of the training duration when the pressurization inside the hypobaric

chamber matched for the target altitude of that training period.
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7. After 1 hour of the training period, the chamber operator flied down to the normal

ground altitude with the climb rate is 1,200 ft./min.

Data Collection

+ oo 18] D IABINS PRIV Bt masromans

2. To run tﬂ'é Hypobaric Hypoxic Training Prgg.ram which thquerlod per day is 1
BRI R AT R IFIREIR o1 oo
e&perimental group only.

3. To collect the post-test data of this study on the day after the final training day in
both groups and follow the effect of this training for 1 week (Day-1, 3, 5, 7)

especially for the experimental group.
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Data Analysis

1.

All data were analyzed by the Statistic Package for the Social Sciences (SPSS
for Windows version 17.0, Chicago,IL, USA).

Mean (M) and standard deviations (SD) were computed.

Mann-Whitney test was applied to analyze the data of the hypoxic ventilatory
response and time of useful consciousness for identifing significant differences

between the trained and untrained groups in the hypobaric chamber.

Paired t-test was utilized for, alyzir individual comparisons of the pre-test
and post-test averaged f the ion of time of useful consciousness

within the trained g

The significance a $\\ be statistical significant.

Statistic analyzing i

To conclusion the

ﬂ‘L!EI’J‘VlEJ'VI?WEI']ﬂi
’QW’WMﬂiﬂJ UNIINYAY
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Experimental Framework

Soldiers who Participated in Airborne

out

Inclusion Criteria and Exclusion Not passed the criteria

@passe

% \_‘l\! '

Pre-test

1. Hypoxic Ventilatory csponse Test

2. Time of Conscio

U

Standard Airborne Training

Experimental Gro

!

, Post-test
Standard Airberne T

, e B e e e ma VT 1 5 ic Ventilatory Response Test
Intermittent HygoBaric Hypoxic 1

’ {' e of Consciousness in Hypoxic

—

sy Anansneans—Y

Data Presentation <::| Data Collection & Data Analysis

AN AN AN TA B

Figure 3.7 Experimental Framework



CHAPTER IV
RESULTS

A total 28 Thai airborne personnels are recruited to participate in this study. All
subjects were indepenent in their activities of their daily lives and military routine
responsibilities, but normally their military activities were familiar to each others in the
same companies. They were positioned in three different companies of the Royal Thai
Air Force Special Operations Regiment. There are divided into 10 pararescuemen, 10

commandoes, 8 airborne troopers. All of them passed the military airborne qualification.

”

Table 4.1 Pre-tested Rhysieal Characﬂeristics of T'rained and Untrained Groups

- Trained Groups Untrained Groups
Physical Characteristics . y f #N=Y3 N=15
_ i .R',f_ean SD Mean SD

Age (yr) ' i 25}3‘9 229 28.80 4.65
Weight (kg) fio | 6869k | 1023 | 6547 | 986
Height (cm) A 17_@_32‘;_ . 393 170.33 7.38
BMI (kg/m’) = 22.79 331 /| 2253 2.81
Resting Heart Raniéj(-beat/min) 68.69 591~ | 6847 11.21

Systolic Blood Pressure (mmHg) 119.31 4.92 119.33 6.66

Dyastolic Blood: Pressurey(mmHg) 76:31 778 73.73 8.562
Resting ventilation (breath/min) 11.08 2.43 10.47 2.20
% Baedy Fat(presentage) 14199 6:23 19:48 5.44
TUCH{min) 7.27 1.42 6.89 2.29
VO,max (ml/kg/min) 41.31 10.37 43.93 15.01

Value are mean + SD.

The physical characteristics of the trained (TG) and untrained groups (UG)
before participating in this study are shown in Table 4.1. Subjects were similar in height,

weight, body mass index, resting heart rate, blood pressure, predicted VO,max and the
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evaluated grade of physical fitness in the pre-tested measurements. For the
variable ages of subjects, there are the real age range of the airborne personnel on
duties, who positioned in the Royal Thai Air Force Special Operations Regiment, which

do not exceed than 50 years old.

Hypoxic Ventilatory Response (HVR)

O('\I

» 4
2

<

e

-~ 3
(]

g —&— UnTrained Group
2 2
& —*— Trained Group
>

@]

T 1
c

O

>

©

3 0 A
o

>

T

Figure 4.1 The averaged HVR in trained and untrained groups

s - Bl W DD S WA T e

Day-3 = The 3" day after com,o/etingd‘.he 14 hypobaric hypoxic trainingﬁssions.

AIFNIIRTINANY:

= The 7 day after completing the 14 hypobaric hypoxic training sessions.

Figure 4.1 and 4.2 provided the averaged values of the HVR of the trained and
untrained groups in the different presentations. There are 1.60 £ 0.39 and 1.67+ 0.26
I/min/%Sa0, in the pre-test of TG and UG respectively. Moreover, the averaged HVR in
the post-1 test were 3.33+0.25 (UG) and 1.80+0.639 I/min/%Sa0, (TG) which showed

the significent differences between these two groups (p=0.000) in the Table 4.2.
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8“ 4 3.33

’ L

S

E ; 1.80\ 2.54 2.39

= 1.67

[ § \

5 \ \ B UnTrained Group

; N N

4 \ § Trained Group

>

s 1 & U

> yfy e

g N

L%
S N
T 0 -+ 1 2
Figure 4.2 The a ntrained groups
Day-1 = The 1”7 day a ic training sessions
Day-3 = The 3"~ day after;co hypoxic training sessions
Day-5 = The 5 day after ¢ ypoxic training sessions
¢

Day-7 = The 7" day after comple baric hypoxic training sessions

Table 4.2 The comparisoﬂ of the -1 test-@w the averaged values of

HVR in the trained and untrained.groups.

ﬂUB’JWElWﬁWS’Iﬂ‘i

G up | Pre— st Post test
ks a6 'ﬁQJ um:m TN 2oe
Trained Group (TG) 13 1.60 £0.39 333+ 0.25*

presented the statistic significance between groups (p<0.005).
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The statistic comparison between these two groups was by the nonparametric
test, Mann-Whitney Test. In Table 4.2, the trained group showed the statistic significant
difference between group in the post-test which was greater than 0.05. This is no
significent differences between groups in the pre-test which indicated that the baseline

hypoxic ventilatory response in both groups were similar.

From Figure 4.1 and 4.2 presented the declined averaged value of the trained
group after accomplishing the hypobarici, hypoxic training program, but all post-test
values of the trained group were still higher thansthe post-test value of the untrained
group. Moreover, if the pre-test.and Day—z values (Figure 4.2 and Table 4.2) were
compared together, they showed the percentage of change was 14.49% from the pre-

test of the trained group. \

i

The hypoxic ventilatoryfesponse showed a good trend in the trained group after

training, but it could not last lopger than 1 week. This training protocal was supposed to
§ A

be a proper additional traifing' program’ for airborne troopers who prepared for the

airborne missions which were not longerthan 1 '%e__ek.

Time of Useful Consc‘idﬁsnessFGFb‘eﬂ——-v--— ,

Table 4.3 The comparisons of the pre-test and post-test averaged values of TUC in

untrained and trained groups.

Group N Pre-test Post-test
Untrained Group (UG) 15 6.89 £ 2.29 5511082
*
Trained Group (TG) 13 727X 1.42 s76+oa1 V

\J = the statistic significance within group (p<0.05) by the paired t-test.

= the statistic significance between groups (p<0.05) by the Mann-Whitney Test.
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The comparision of the individual averaged values of TUC in the pre-test and
post-test was showed in Table 4.3.In the untrained group, the pre-tested value
(6.89+2.29) was higher than the post-tested value (5.51+0.82), but they presented the
insignificant difference (p>0.05) within the untrained groups. In the trained group, the
pre-tested value of TUC (7.27+1.42) was less than the post-tested value (8.76+2.41) with
statistic significant difference (p<0.05). These pre-tested and post-tested results
showed the significent differences within the trained groups after the accomplishment of

the 14 hypobaric hypoxic training sessions in the hypobaric chamber.
'y

There was not significant.differnce (B>O.O5) iR the pre-tested results of TG and
UG in the beginning of this study beiare taking part in-the hypobaric hypoxic training
program. In addition, Table™ Was/ also) hlshown the statistic significant differnces
between the trained and M@id groups in the posi-test obviously. Afterwards, the
post-tested value of the tr;oégroup Was sJ.gnlﬂcantty different (p<0.05) and higher
than the untrained group ( ) af'ter accomph‘shed the 14 sessions of the intermittent
hypobaric hypoxic training. The percentage oT:change within the trained group was

showed 17%, which the pre- test gnd post test m!an values were compared,.

_.-= .?_-.._.,

12.00

10.00

T 5.51 h
8.00 //

T % B Untrained Group

/ Trained Group

6.00

4,00

2.00

N

0.00

Duration of Time of Usefull Conscinous (minutes)

Pre-test Post-test
Figure 4.3 The comparisons of the pre-test and post-test on the averaged TUC of the

trained (TG) and untrained (UG) groups.
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The figure 4.3 showed the averaged TUC values of the untrained group were
6.89 £ 2.29 and 5.51 + 0.82 minutes at pre-test and post-test respectively. Contrary to
the mean values of the trained group were also at the higher range in the pre-test (7.27+
1.42) and the post-test (8.76+1.35) which supported a good trend for intermittent
hypobaric hypoxic training to TUC. Assuredly, this hypobaric hypoxic training protocol
was beneficial and proper for preparing the airborne troopers for the exclusive airborne

missions.

Finally, they were conclud time of useful consciness of the

trained group (TG) was gre roup (UG) with the statistic
significant differences bet rthermore, the pre-test and post-
test averaged HVR val jlerences between groups.
Certainly, they presented “of the av ol VR n the trained group, even

though the declined HVR v ere sitll better than the post-test

value of the untrained grou ent hypobaric hypoxic training

one week later.

AULINENINYINT
AN TUNM NN Y



CHAPTER V
DISCUSSION AND CONCLUSION

This study aimed to examine the effect of hypobaric hypoxic training on hypoxic
ventilatory response and time of useful consciousness in Thai military airborne
comparing with standard training. Total 28 subjects were recruited by the support of
Royal Thai Air Force Special Operations Regiment for this study. They positioned in the
anti-terrorism commando, pararescue and combat control, and airborne companies.
They were divided into two groups as the trained (N=13) and untrained (N=15) groups.
All of them did not show thewdifferences in' the baseline physiological characteristics.
The means of their predicted VOsmax were also not different between the trained (TG)
and untrained (UG) groups. ESpecially, /all éubjects were qualified to be the airborne
troopers and they still continugd théip military rolitine activities during participating in this

Study ¢ \ #

Hypoxic Ventilatory Response (HVR) 7

The effect of the intermittent hypoxic trairfmjﬁ_g,brotocol in this study can influence

the hypoxic ventilatory respﬁse (HVR) to enhance signiﬁoantl_ylin' Thai military airborne

troopers compared with the-standard training. The percentage d%lchange was 51.95%
within the trained group. As same as the previous study of Katayama K. et al. (2009)
stated that short-term intermittent hypoxiajcouldidnduce an inereasetin the ventilatory
chemosensitivity to hypoxia by increasing the hypoxic ventilatory response. The results
showed the-declined, HVR values of-the, trainedsgroup betweenspre-traipingsand after 1
week of training as simifar to the 'study of Katayama K. et al' (2002) which found the
effect of HVR could stay for 1 week. Nevertheless, the mean HVR of the posted Day-7
value (Figure 4.1, 4.2) was higher than the post-test value of the untrained group. These

results supported this hypothese and this protocol was suppoed to be benefit for
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training the airborne troopers for very important airborne missions which would not
exceed than 1 week.

Although, the post-test measurement of the trained group were collected
frequently on Day-1 to Day-7 after completing the 14 training sessions, but no effect of
this repeated measurement as an intermittent hypoxic stimulus on the hypoxic
ventilatory response. According to the study of Michael S. et al. (2005) which proved
that the repeated measurement of HVR did not lead to change in HVR itself by one

measurement each day during the 5-day continuous period.

Intermittent Hypobaric Hypoxi€ kraining Program

This study used the short intermittentvthypoxic training which lasted one hour per
day. These intermittent hypoxic training"progt;-ré'm was run continuously on Monday to
Friday morning of the official warking: day cT::} Royal Thai Air Force and paused on
Saturday to Sunday. Becatse the hypobaric ’t_cffblamber is occupied by the Institute of
Aviation medicine, Royal Thal Air Force vvhidﬁﬁqpened only on the official day. This
reason was one of our questions to "pkO\'/e if we @ﬂsed the hypobaric chamber, which
was for improving the hypoxic.veniilatory resdéﬁ'éé"m Thai military airborne troopers
under the limited consec;iutive—tscammg—day-forrsome perieds"whether the effect of
discontinued hypoxic traiﬁin‘g could be found and how long that |t could remain.

The subjects were ééked to relax on comfortable chair (Katayama K. et al., 2002)
and exposed 1 hour ‘periday in ‘the (hypobaric ‘chamber. 'The velume of training to
complete this intermittent hypoxic training program was total 14 sessions or hours which
followed theyprevious studyi(Hector €3 et al.) 2000)% Inside the hypobarictchamber, the
brain training games were prepared such as the chess, dominoes, cards, and rubik’s
cubes for subjects to play desirably. The games were benefit for early analyzing the
incidents of hypoxia during training sessions. The aviation oxygen mask and other
equipments were provide inside the chamber for emergency use.

Hector C. et al. (2000) compared the three intermittent hypoxic training protocols
which were different in duration (day) and exposure (hour) at the simulated altitudes

(12,000-16,500 feet). One of them, which was 21 alternated day sessions with 14 hours
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(1.5 hours per day), was be chosen to be a model for this study, caused it could affect
the haematological adaptive responses under inconsecutive periods. From the other
study of Katayama K. et al. (2009) supported that the 1-hour exposure in the hypobaric
chamber could increase the hypoxic ventilatory response (HVR) as good as the 3-hour
exposure.

Katayama K. et al. (2002) found the effect of the intermittent hypoxic training
program with 1 hour for 7 consecutive days could increase the resting hypoxic
ventilatory response significantly whieh elevated the peripheral chemosensitivity to
hypoxia. The results did not show. the effect the‘ventilatory response during maximal and
submaximal exercise at seawlevel and not found-an-insignificant change in the

hypercapnic ventilatory responsggwhich did not support their hypothesis.

\

_—

Time of Useful Consciousness (TUC) "f;. ‘

The baseline TUC at'the pre-test in tHg{jrained and untrain groups were not
significant diferrence due to the simiarity of the:é!;f;fsiological characteristics and their
military routine activities. The mean values of thés‘frié%hed group were 7.27+£1.42 and 8.76
+ 2.41 minutes of prestest-and—posi-test—respectively-=—Fhe-averaged values of the
untrained group were 6.89°+ 2.41 and 5.51% 0.82 minutes fo} pre-test and post-test,
orderly. The declined mean value of TUC in the untrained 'group were similar to the
study of Izraeli S.fet al. (1988) which showed“the. first-expastired-mean value of TUC
(4.46 minutes) was ‘higher than the second exposure (4.00 minutes) at 25,000 feet. The
declined meamwalue of, TUC-was*caused by the™varialle] daily~aciivities jof subjects
which couldginfluence the time of useful consciousness to present the unstable time
records in some occassions. Only three subjects of the trained group and some of them
in the untrained group showed the decreased time records in the post-test which was
due to their overnight military operations before taking part in this post-test of TUC.
Because the operated period of this study was between the 2010 Thai political red-
shirted crisis period in the era of Prime Minister Abhisit Vejjajiva, these small group of

subjects could not be controlled their unexpected daily missions.
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The result showed the siginificant difference in the post-test between the trained
and untrained groups with 37.10% of diferrence. These results showed a benefit for the
trained airborne group with the intermittents hypobaric hypoxic training and promoted
the aviation safety during the high risk flight of hypoxia.

At 25,000 feet, the TUC was found as long as 3-5 minutes up to the baseline
physiological characteristics (Aviation Medicine,1999). In this study, almost all subjects

in the trained group could get the good time records for their TUC. Realistically, they

could go further than 10 minutes, but the i 2s limited at 10 minutes because of the

safety policy of the Institute of -Aviation N s conclued the subjects who

25,000 ft. which is a goo
the test. The criterior of t
and texture continuously.
mathematic exercise test such a fuIIfll;lYgfrE“vetw digits munbers correctly, but it

rs of the nearly unconscious

subjects. Some of them took too mﬁgﬁ.’ﬁa‘{e&aﬁ ulating the mathematic questions, so

ﬂ‘NB’JWElWﬁWﬂ']ﬂ‘i
ﬂW’]Mﬂ‘ﬁﬁUﬂmﬂﬂﬂ’mﬂ
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Conclusions

The effect of the hypobaric hypoxic training on hypoxic ventilatory response
(HVR) could imporve by the intermittent hypobaric hypoxic training and the intermittent
hypobaric hypoxic training could also extend the time of useful consciousness in Thai
military airborne compared with standard training after accomplishing 14 sessions of
hypobaric hypoxic training in the trained group. After 1 week of training completion, the

HVR results of the trained group declined gradually, but these results were still higher

than the post-test of the untrained gr tified that the trained group showed

the successful results. Therefo | was prpoer for Thai military
. . . . . d .
airborne troopers to increase ic ventil se and extend the duration
of time of useful consciousness whichwas be tt n. ISiNg the standard training only.
This study promoted / saf t - exclusive missions of Royal
Thai Air Force Special Oper y _ ha € orne missions would not

exceed than 1 week.

ﬂUU?ﬂﬂ‘ﬂiWﬂﬂﬂ‘i
’QW'lNﬂ‘iﬂJ UAIINYAY
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APPENDIX E

Hypoxic Ventilatory Response of Trained Group
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No. pre-test Day-1 Day-3 | Day-5 | Day-7
c-1 1.28 3.63 3.42 2.77 1.92
c-2 1.16 3.03 2.02 1.96 1.87
c-3 1.27 3.29 3.05 2.42 2.04
c-4 T 3482 2:43 2.13 1.94
c-5 3 351 2141 2.00 1.89
c-6 108 £ 3.%0, D47 2.07 1.76
c-7 249 ‘3.1?9 i\ 203 2.03 1.74
c-8 1,96 3.45' e 2.30 2.05
c-9 186 4k 364_J 2.43 2.61 2.00
c-10 \ 186 349’ | 2ms 4 202 | 173
c-11 /216 322 | 24 347 | 178
c-12 1.62 3.08 258 | 2.33 2.04
c-13 1.74 3.20 .76 293 | 207
AVERAGED 1.60 3.33 2.54 2.39 1.91
SD 0.39 0.25 0.41 0.45 0.13




APPENDIX F

Hypoxic Ventilatory Response of Untrained Group

Chil

Group Pre-test Post-test
s-3 1.53 1.59
S-6 ] 1.46
s-7 1.79
s-6 1.

y
a f
S_
A
5 %
e M
s-1 & I 3
47 e
s-14 4 84
P A z o )

s-20 1.97 1.95

N 15 15
Averaged 1.67 1.80
SD 0.26 0.39
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Time of Useful Consciousness ( TUC)

Trained Group

Untrained Group

e Pre-test Post-test Pre-test Post-test
1 8.35 11.35 5.16 6.48
2 3.26 10.25 4.3
3 7.47 53 6.4
4 7.1 6.3
5 8.2 4.2
6 5.13
7 4.88
8 5.51
9 5.53
10 6.5
11 4.42
12 5.8
13 Mo, 5.55

g

14 5.11
15 6.5
N 13 13 15 15

Averged 7.27 8.76 6.89 5.51

SD 1.42 2.41 2.29 0.82




Appendix H

86

Descriptive Survey Data of Thai Military Airborne Troopers
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17AN91 50 1 28 10.5
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3 danm
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>
L~
NUITAINTA T-" 130 48.7
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vy
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oo @opbS | Y 121013 WIS
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» & F = o
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, - L
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5  dnnd
nel 267 100.0
6 Ismiszdanma
laingu 19 7.1
1aiR 229 85.8
1 (Insass, nuu, Aousw) 19 7.1
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g
°

7 umun (kg.)

siuiniaae (kg.) 62.7
8 ﬂ"mg\i (cm.)
mw@u@ﬁﬂ (cm.) 166.6
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an 72 27.0
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neinFg 10 3.7
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A1599 2 TayarunsnsElansNIasdAauLLLARUINIRUNNsElARS N

88

unnszlnnsu
TayamunisnsElnnsy n=267
AU | Samaz
1 dszdPnsnszlansuilazinnanamailszsnii (Static Line) viaalsl

LAl 253 94.8

2 duauasslunisnsslansuilszinnanamailszind (Static Line)
nnanselansuiusiaans (Static Line) muﬁfamnﬁzﬁ;m (%) 1,000
nnanselansuiuusiaans (Static Line) mu&’%’l@ﬂﬁqm (@) 5
NN13NI=inATUULLARAe(Static Line) 1 ifaLane (m;‘a) 41
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\Ag o | '1 267 100.0
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mma‘myimm‘mmummmm (Free Fall) mumm_nﬁ' ) 15,000
vimsnszlansuuuunszaiieyFree Fally mmj‘ﬂﬁm a4n (A&s) 3
NN13nsElAnTULLLNTEANION (Free FaM) mumi?m A%9) 1,004
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APPENDIX |

Physical Characteristics of Trained Group

No. Age Weight Height BMI Resting HR Systolie y fDiastolic Resting ventilation Y%Fat VO2 max
c1 | 26 65 180 | 20.06 65 126440 13 8.5 43
c2 | 27 73 171 | 24.96 77 e 87 14 20.7 33
c3 | 25 72 178 | 2272 | B0 122 81 10 13.5 41
c4 | 29 68 170 | 2353 //E,@ ‘13_81. 75 8 23.4 32
c5 | 23 86 174 | 2840 |4 ¢ féL : 12‘? 79 10 23.2 35
c6 | 25 90 175 | 2030 | A 3;{.. Ci1p | 69 12 21.9 37
c7 | 21 62 179 | 19.35 of 124;:';' i 10 14.2 44
c8 | 26 70 173 | 23.39 78 118"2'.7;;‘;;,9 76 11 1.5 37
co | 28 62 170 | 21.45 7742007 s 12 20.5 40
c10 | 26 62 175 | 2024} ; 63 117 78 £| 16 13.1 31
c11 | 28 52 70 | 1799 | 67 119 g - 1 6.1 71
c12 | 27 62 167 | 2223 | _ 61 123 61 | 8 11 48
c-13 | 23 69 175 | 2253 7i 116 68 8 7.21 45
N 13 13 13 13 13 13 13 13 13 13
Mean | 25.69 | 68.69 | 173.62 | 22.79 68.69 119.31"| 76:31 11.08 14.99 41.31
SD 229 | 10.23 3.93 3.31 5.90 4.92 7.78 2.43 6.23 10.37
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Physical Characteristics of Untrained Group

No. Age Weight Height BMI Resting HR Systolic Diastolic Resting ventilation % Fat VO2 max
s3 | 32 55 173 18.38 96 127 /88 15 19.4 27
s6 | 29 60 162 22.86 5 121 75 9 15.9 27
s7 | 28 57 163 21.45 74 107 71 10 10.1 56
s-8 | 29 53 165 19.47 f%ﬂ' 1 111 69 12 12.7 74
s9 | 38 68 166 24.68 74 2128 4f\ 78 8 272 29
S-10 | 25 70 185 20.45 ’ 58 2 750\ % 12 115 25
s-12 | 26 68 165 24.98 - 129 ': 72 10 25.3 30
s-13 | 23 85 180 26.23 53 __Lf121 ‘-;'J,;__‘ 56 11 25 34
s-14 | 36 80 183 23.89 of UaEior :;{:’:‘81 14 19.5 56
S-15 | 32 54 165 19.83 | B3 07 Jige 12 16.2 43
S-16 23 75 167 26.89 J:ﬁ 60 122 76 \_Ji 10 23.9 59
s17 | 24 | 63 176 | 2034 | |65 110 il 8 22.6 48
s-18 | 33 74 167 26.53 74 118 76 10 25.7 44
s-19 | 25 62 170 21.45 76 118 66 8 18.8 60
S20 | 29 58 168 20.55 63 118 61 8 18.4 47
N 15 15 15 15 15 15 15 15 15 15
Mean | 28.80 | 65.47 | 170.33 | 22.53 68.47 119.33 | 73.73 10.75 19.48 43.93
SD | 465 | 9.86 | 7.38 2.81 11.21 6.66 8.52 2.20 5.44 15.01
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