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I—REPORT ON THIE EXAMINATION OF A SERIES OF
SUCCESSFUL AND UNSUCCESSFUL PILOTS FROM
THE POINT OF VIEW OF “ OXYGEN WANT.”

These pilots were examined chiefly from the point of view of
applied physiology.

In the first place attention was directed to the following
points :(—

(1) By the correlation of simpler with more elaborate
methods, tests were devised which indicated the
possibilily of exclusion from the flying services of
candidates who were likely to suffer from discomfort
in the air, headache, giddiness, fainting, dizziness,

, nausea, vomiting, pressure in the head, blood rushing

i to the temples, palpitation of the heart, etc., symptoms
which might be due to lack of proper oxygenation of
the blood and were likely to render them unfit as
flying officers.

(2) To find some fairly simple method by which the
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statements of pilots as to their disabilities in the air
might be tested, and an opinion formed as to whether
the symptoms complained of were due to lack of
oxygen or to some other cause.

1. MzrHops oF BESEARCH,

From a number of pilots a sample-of blood was taken, the
hmmnglﬂbizl content, the corpuscular count, and the total oxygen
capacity after submission to rarefied atmosphere, determined.

The first two points were barren of results ; of the third it is
not fair to speak, since the conditions under which the work
was done were not suitable for so delicate a technique, and for
this reason this method of research was discarded after about
ten examinations. The research then proceeded by the taking of

() the tidal air ;

(b) the vital capacity ;

(¢} the compozition of the alveolar air after full expiration
and full inspiration ;

(d) the composition of the alveolar air after full expiration
and inspiration and holding the breath as long as
possible, the length of time being noted ;

(e) by getting the subject to breathe in and out of a bag
(described later), the carbon dioxide being absorbed
by a cartridge containing coke coated with caustic
soda.

It is not proposed to give here the results of all the analyses
of the alveolar airs. These are still being examined and will be
more fully recorded later. It is suflicient to say that the analyses
revealed fairly constantly an oxygen content in the alveolar air,
after full expiration and inspiration, of about 16 per cent., giving
the oxygen content of the lung upon the full vital capacity.

The oxygen content of the alveolar air after holding the
breath gave an idea of the amount of diminution of oxygen
which ean take place in the alveoli before discomfort is induced.
This was found to vary from 135 to 10 per cent. :lt"L'!U-]'cli!]g to the
individual. The idea underlying the test of holding the breath
ia that, during the holding of the breath, the oxygen content of
the air in the lung becomes less and less, so that the subject is,
so to speak, at the time ascending to a rarver atmosphere and
therefore the degree of rarefaction which can be tolerated without
discomfort gives an indieation of the height to which an individual
can ascend without discomfort. It was argued that a man who
can hold his breath long, until the alveolar oxygen content is
low, should make a good altitude flyer ; a man who can hold his
breath but a short time should make but a poor high flyer, or a
flyer with poor resolution. This test therefore has been carefully
correlated with the bag experiment described later, to which the

e




objections as to the accumulation of carbon dioxide and the
embarrassment of the circulation do not apply.

From the point of view’' of simple tests, therefore, attention
has been direeted to the vital capacity, and this power to hold
the breath after full expiration and inspiration.

2. BEesuLrs.

In Table I. are given figures cbtained from normal successful
pilots. They were obtained from pilots of the Flying Services
who were admittcd without any special medical examination.
In general, they were pilots of great experience, and represent
therefore the survival of the fittest. The setting of the normal
standard by the examination of normal successful aviators has
been adopted in regard to all tests here described. Aerodromes
are visited for this purpose, and the pilots in question are selected
for examination by the officer in command.

TasrLe L.

T
breath
hald
Na. Vital after | Mo, of | Max., = Avernge
in Narnao. clpacity full howra | height height Ramarks.
| L in 0.0, bl ELLLLH I|_1.-E||;_-_ in in foot.
AT foot,
(LERT
i.r'.lcll-il'.l.-
a0,
S,
1 | Capt. B. ( 1,760 53 20 15, 00 8,00 Frown overseas. A
litile stale.
2 | Capt. L.M. ...| 3500 50 270 11,504 G000 | A Litile jumpy.
3 | 8LV, 3,500 G S50 0,004 5,000 | Just back [rom
overseas for reat,
4 | Capt. T. 4 ... o, BCHD iy 2,000 11, G0 5,000 | 000 e—
3000 {lattarly)
5| Capk, B, ... | 4000 50 250 | 17,000 5,000 Too mueh tobaces,
§ | Capt. J. A. C. ] TE 4 B0 20,500 | 15=17,000) -
I T G e | EB00 |43 v, 260 12, (i i-5,000 | Stale. Just from
Al max. OVOTROAS.
8 | Capt. L. C. ... | 4,300 G5 2320 19,0040 13,0040 ———
8 | Capt. C. M. L. | 36560 78 L L4, Q0 S, LM
10 | Flt. Lt. ©. ¥. | 3,400 G il 13,004 | =140, 000 ——
A |
11 | Capt. E. W. P. | 5,800 i 40 16,000 10, (4 ——
12 | Capt. A. I'. AL | 3,400 78 250 L 000 | 1012, (W0 .
| 3,500 1
13 | Major M. 3,000 78 500 13,800 M0=11000 | =  ——
14 | Le. In. A, 8, 4, 1M &1 400 1%, 000 1k, Q10 ————
15 | Capt. N. caa | T fij!] 130 g, M1 2,000 —_——
16 | Le. J. 8. cee | & 000 T0 d20 11,500 e —_—
17 | Capt. M. e 800 ] 1,060 1,000 | 6=11,000 | —
18 | Capt. F. e | 3,700 %1 300 11,000 57,000 ————
18 | Elt. Lt. B. ... | 4,300 i3] 150 15 A0 CHY B.000 e
20 | Flt. Lt. 8. M. 4,300 T8 230 8, 0(H) 2,000 - -
Il | Lt J. B. e | 30D T3 00 18,000 10,000 | Flying latoly
16, (00— 18, 0MD,
22 Copt. E. M. B. | 3,700 57 lIG1 ] 17,600 7000 —
23 ; Capt. H., L. 8. &, TO0 HE iph 189,250 B 000 ——
24 | Capt. M. s 3, B0 0R Sy TOL 000 AL ) _——
25 | Capt. Y. &, S04 i1 400 13,000 6—=7,000 —————

og ! Capt. H. - 4,000 62 G600 | 12,000 ~T000 0 00 =
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TABLE | —continiued,

Timo

breath

hald
No, Vital after | No. of  Max. AVETILED
in Mame, |:':'|Eu|.r-i.!3' f'-'-.ll o ]ll-:i|.:1|t ]Il\.'i'r.'.l‘tl Remarlks.
18 in e, | EXpEA- | flying. i in feat.

L |;'|_-|-1 5

and

INSPirs-

L.

BiEcs |
o7 | Le. W. e | 4700 | 0 75 200 | 17,000 12,000 e
8 |L+. H.H. ...| 3,800 [i21] i) 18, 500 12,000 ° —
28 | Capt. C. e 3, BH) T3 G=800 | 12,000 3,000 S
] '.'I-fﬂjllr R. C. 4,400 | G 1, CH0i} 16, 00 13,000 —n
31 | Capt. . H.H. | 3,700 | &0 £00 17,000 =7, 000 ——
32 | Lt H. K. McK. | 4,000 | 63 H1] L i (Y b=, 00K —
34 | Lt. K. H. 8.... 2800 I %] 200 1 i, (hCH L2, 000 —_—
34 | Capt. B. C. E. | 4,000 | T4 200 L, Oy G ({0 _———
35 .."-[i.'ljl.?[' H. 0. M. 4,000 | e GO0 14, DM 78,000 e
36 | Capt. A. D ... | 4000 | Gl [CH 13, 0Ky 6, (W} —
371 | Lt M. i S T00 | it 1 5y 15, olHD 140, Db L —_—
38 | Flt- SBub.-Lt. | 3,750 G5 250 16, 00MD 140, (W30 e

G,
39 | 8q. Com. F. E. | 4,200 G 1,004 15,000 5, HI s
e

40 | Unprt. H. G R, | 3, Bl Gk A 14,000 i, MR —_—

It will be seen that the minimum vital capacity of any
successful pilot is 3,400 c.c., and the minimum time for holding
the breath 46 seconds; this in a “stale” pilot direct from
hard work overseas. The average vital capacity of these forty
guccessful pilots is approximately 3,950 c.c.; the average time
the breath is held a fraction over 66 seconds. In every case a
point of great importance, what may be termed a normal answer,
guch as “1 wanted more breath,” ** 1 felt like bursting,” was
stated as the reason for giving up holding the breath. Since
the above table was compiled over 100 successful pilots have
been examined, and this standard has been fully maintained.

As the result of the preliminary experiments it was recom-
mended that 3,400 c.c. be taken as the minimum vital capacity,
and 45 seconds as the time the breath should be held. These it
will be seen are approximately the minima found in any successful
pilot, and considerably below the average found.

The results obtained from a number of officers exhibiting
definite symptoms possibly attributable to lack of oxygen are
set out in Table II., a column stating the answer given (where
recorded), after holding the breath, being inserted. Since this
table was compiled the number has been considerably increased
in the conrse of routine work.
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Tt will be seen at a glance that all the above fail to pass the
standard regquired for the fests. The borderline case, No. 21,
gave an abnormal answer.

In the list are probably three classes of cases :-

(1) Those who have too small a vital capacity to fly at
high altitudes (e.g., cases 22-30).

(2) Those who have a sufficient wvital capacity but
experience a definite * oxygen want © which manifesis
itself early in their flying career (e.q., cases 7, 13,
15-21).

(3) Those in whom “ oxygen want ™ has developed alter
an accident or after stress of service (e.g., cases 11, 14,
31-35).

It is not suggested that the tests would eliminate the last
class of pilot, although it is pessible that, in some cases at any
rate, deficient oxygenation of the blocd may have led to the
accident, and has ::f-l'!:uihl}' brought about the gradual onset of
symptoms which may be termed those of * aceumulated oxygen
want *’ that is gradually inereasing nervous and cardiac symptoms
due to flying. It is probable, therefore, that some of these officers
would have been eliminated by the application of the tests which
they now fail to pass. On the other hard the first two classes
would have been excluded had the tests here suggested been
applicd at their entrance medical examination.

4

The importance of the answer made after holding the breath
is geen from a study of the column in Table 11.

The application in cases of doubt of the test of holding the
breath after regulated exercise (touching the toes four times in
15 seconds) has been of value in giving informatien of * oxygen
want '’ or of lack of tone. The subject suffering from * oxygen
want "' is likely to give an abnormal answer ; 1he subject from
lack of condition to give a normal one. The application of this
test to normal pilots shows that the breath is usvally held about
10-20 seconds less than before, but always more than 30 seconds.
On the other hand, subjects who have experienced the worst
symptoms of ** oxygen want ”* in the air usually hold the breath
less than 20 seconds.

From the last column of Table II it will beseen that the bag
method, described in Part II, has continued to yield useful
confirmatory evidence of the symptoms complained of, and has
been of great assistance in estimating the height at which the
symptoms of *oxygen want” are likely to develop. This
method has also been found useful in establishing a dizgnosis
between effects of frue “ oxygen want™ and * nerves ' when
the subject states his inability to fly above a certain height.

For the sake of eomparison, in Table 111 are given the rcsults
of investigations upon subjects who had exhibited no symptoms
of “ oxygen want.” It will be seen that these mostly fall into
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the category of nerves, except possibly No. 13, where the head-
aches developing after two months may be due to lack of oxygen.
It is interesting to note that this subject is a borderline case
according to the standard of vital capacity and breath holding.
Case No. 12 is a hopeless neurasthenic who did not try to hold
his breath, and gave up the bag experiment as “horrid ¥ in
38 seconds with an abundance of oxygen.

3.'{\,; Vital
i Name, capaoity
B. | in o,
1 | Capt. H. | 4200
2 | Lt. W. &, TG
3 Capt. L. 3,800
& 2Lt H. 3,800
5 Lt. B 4,200
6| Capt. F. ... | 3,800
; (max.)
| 8,200
{aw.)
7 Lt G 3,500
8 | Li C. 3,100
| &, 400
(max.)
8 | Capt. Co. a3, 000
10 | 2 [Li. ML 4,200
11 | Flt. Lt. F 3,200
3,400
(A, )
12 1 2/t T 4,000
13 | Lt J. A 3,400

—

TasLe III.
Tirwn
breath
bl
after | Wo. of Max, | Average |
fl.I.“ hours l'.uig:ht hl';F{]'l.t- Remarks.
oxpana- | flying. in in feat.
tion 1+ Topk.
and
inapirsa-
tiom.
Sepd, b i
[ 5000 | 11,000 e | Keurnathenia.
72 20M) 17,0000 | 12=15,000 | Temporary logs
of 1orve.
B S=G00 10,000 5000 | Cardio - wvoscular
| debility,
50 i) 16,500 12000 ;lfc-rl.'a FOTIA.
15 = 1.5, 0y - Cardio - wvascular
| = debility,
T8 00 11,0040 2000 | Mervous debility.
04 33 15,000 3,000 |Nervy after two
[ erashes in  two
daya, and ro-
| euming flying
two doys after
1_'r.'L-i'|Z|l.'.-|.
51 300 15, 000 5,000 Nervy after crash-
e3 and uneon.
HUMFLIS RS .
73 G=800 12,000 3,000 Norvea.
T8 30 10,0400 4, (W0 Gaszed as infantry-
TNATL, Deva-
'In,:-pu_':d REILS
bronchitia whila
flying 1n had
weather. Hia
definite  quick-
enad umago of
CREN AT,
62 B 13,300  7=8,000 Neurasthenia,
&7 S0 17, D00 5,000 Nourasthonis.
42 a_a0h 13,000 5, (W0 Headachea  after
43 twa months fly-

e et —

ir||3 Ceioals TUAT M No
relation to fly-

. Cardio -
vagonlar  debil-
ity.

Finally it may be of interest to quote the following cases
examined, from the point of view of high flying, while visiting

aerodromes to fix standards by tests on normal pilots.

The

commanding officers were asked to send for examination any
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other -officers they chose, in order to confirm the reliability of
the tests. In the following table (Table IV)are given the results
of these tests (made without asking any questions), my opinion,
and the opinion of the Commanding Officer or Flight Commander.

TaBLE [V,

Tami
Ro. | “Hame Wikal: | [} R0 hreath | .iopinion of Opinion of 0.0, o
capacity. hiald. aflar M.F. Flight Commancer.
SXercise.
Soes. Seea.
5 5% 8 2,800 | 30,32 26 [Fnfit for | Rejected P.U.P.
| R.F.C. | by Medical
Board the week
before, after
200 hours fly-
ing.
2 |.2/It. Br. | 3,200 45 38 “ Borderline | Feels queer in air,
3,500 case.”’ { but good man;
Will prob- |  anxious to con-
ably feel | tinue,
effect -of |
rarefac-
tion of |
ainr. |
3 |2/Lt F. 4,400 59 52 Good man | Very good pupil.
4 | Lt. W. ... 3600 56 37 Mo disabili- SLL:—'j:I_‘ctur.l of dis-
ty. inchnation to
] fly for no rea-
| son. Tested in
air by C.O.
(Subject says
once vomited
inair when feel-
ing bilious after
“stunts " with
Flight = Com-
mander.)
5 | Lt F. 3,700 62 15 Good man Good man,
5 Lt. K. 2.900 15 30 | Doubtiul " Hervy.”  Has
: stayer ; heen queer at
probably 15,000 : dreads
suflers Eoing above
from 7.000. Of
T oxyEen doubtiul future
want.” usE OVerseas.
7 | 2/Lt. Bo. | 3,400 18 20 16 Will suffer | Has fainted three
: from times in  six
“oxypen | hours flying
want." below 5,000 {t.

S o

3. CoNCLUSIONS.

As the result of the examination of succesful pilm:: and of
individuals, who suffer in the air from symptoms of * oxygen
want,” it was suggested that adoption of the following standards
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will prevent admission of candidates likely to suffer from work
in the rarefied atmosphere :—

(1) Rejection of all candidates with vital capacity below
3,000 c.c,

(2) Bejection for high flying of all candidates who have a
vital capacity below 3,400 c.c. and who hold their
breath below 45 seconds (in three times), and give an
answer indicalive of ' oxygen wand.”

(3) Rejection or deferring of candidates who have a
larger vital capacity (over 3,400) but only hold breath
45 seconds or under.

(4) Rejection (when test applied) of candidates who
cannot hold breath 20 seconds after graduated exercise,
and deferring or rejection according to circumstances
of those who cannot hold breath for 30 seconds.

The standards laid down in (1) and (2) have been adopted,
by the Commissions Board, and as the result of the application
of this test, together with the consideration of other points
found in the special medical examination, the height to which a
candidate should be permitted to fly is assessed. Some candidates
are passed as * artillery pilots ” others as “ ferry pilots.” Such
candidates will not be placed on scout or other high-flying work.

In the carrying out of these tests the candidate should be in
o£ normal a condition as possible.

(1) To show the vital capacity the subject should take as
deep a breath as possible, and then, while holding his nose,
expire as deeply as possible at a fair rate through the meter.
Preferably three determinations should be taken.

(2) In holding the breath the subject should expire once
as deeply as possible, and then inspire fully and hold the breath
in a sitting position with the nose clipped or held. In cases of
doubt three observations should be made. A sufficient time
should be allowed between tests. If too full a breath be taken
the subject may allow some air to escape, but care must be
exercised that none is taken in. It is essential that the noee
be clipped or held, preferably clipped. The reason for giving
up holding the breath should be carefully noted.

(3) After the regulated exercise the subject should imme-
diately resume his seat and repeat the test as above.

In the breath holding tests care should be taken not to make
the subject take several deep breaths before beginning the test.
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II.—THE BAG METHOD FOR THE INVESTIGATION
OF AIR DISABILITIES OF AVIATORS.

The apparatus consists of a rubber mouth-piece (M) fitting
over a flat metal tube, which is joined by a flexible rubber tubing
to an absorbent cartridge for carbon dioxide (¢), which in turn
is attached to a bag (B) of about 5 litres capacity. Just below
the cartridge is a by-pass tube (b) through which the contents
of the bag may be sampled.* :

Sry Fhr

1. METHOD.

The subject is given the bag empty, is asked to adjust the
mouth-piece comfortably in the month, and then to inspire deeply
through the nese and blow several times into the bag to fill it.

* For more accurate work a modification is used in which, by means
of valves, the air is expired through the cartridge and drawn directly
in from the bag. The valves are placed close to the mouth, and the
dead space much diminished. The apparatus, however, is not so simple
and easy {0 use; morecver, in the simpler form, the large deacd space
tends to prevent the subject fainting right off, and in calenlations of
height gives a margin in favour of the subject. The apparatus i5 MAanu-
factured by Mesers. Siebe, Gorman & Co., 187, Westminster Bridge Road,
S
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When the bag is just filled to :‘-ialr-mi.*n a clip is placed on the
subject’s nose and he is asked to breathe quickly in and out of
the bag until he feels he can go on no |:|11~I-"'|'_ At this point he
ER[er'Q'H as= L]_r_'l';ﬂ_l.' ns ]n:.-:-":lnh' into the bag : the flexible tuhing
is clamped and a sample of the contents taken by means of a
vacuum tube from the by-pass, as much air as possil ble hei ing taken
from the cartridge by folding the bag about the main mass of
air or closing the entrance hole to the bag with the hand.

Thiz sample, which represents Approx imately the alveolar
air after inspiration and xpiration, iz now ru.‘u spel, and the
percentage of oxygen in the bag determined. The time of the

experiment is taken, also the time at which the breathing deepens
appreciably, and any other symptoms such as blueness of lips,
circumoral pallor, sweating, ete., arvenoted.  After the experiment
& brief account is taken of the subject’s experience. From his
statements and symptoms observed it can be gauged whether
the subject suffers from ** oxygen want.”

2. RresuLrs.

The experiments with normal pilots show that in general
the normal pilot will breathe the bag from 31—4 minutes or more,
and until the percentage of oxygen reaches 8 per cent. or under,
It is interesting to note, however, that some of the pilots just
back from hard work overseas do not reach this level, Whether
this be due to lack of resolution or to aceumulated symptoms of
" oxygen want "' it is impossible to say, but llu latter view is
suggestive,

The chief value of the bag is in the confirmation of symptoms
of “* oxygen want " said to 51“!"\.{:(1 enced by an aviator. :‘in:.nnu
who really suffers from rarefaction of the air quickly deve l.up&
2 }ll‘,EJ{’l‘]Jl‘tlrl and ns Hl.lt‘. has to I]'i,(" up h||_u1'rh1ng inside
minutes. When asked to describe the sensations {.\.pm!mmpd
he usually volunteers the remark that they are the same as he
gets in the air. Pilots who have fainted in the air have fainted
momentarily with the bag experiment. The percentage of oxygen
in the air of the bag generally gives an estimate of the }vrw}]t to
which the aviator can go without Ulmla ant sensations. This,
however, is not always the case, as a rh. te man will push on
beyond the stage at which the u n|‘~'r asant sympioms begin to
t‘l(‘-‘-l']n” The caleulation is made as follows —

Taking 16 per cent. of oxygen as the content of the
alveolar air on the full vital capacity at 760 mm. Hg
(average of many estimations), then by simple proportion
the number of millimetres of Hg correspondi ng to the
percentage of oxygen can be caleulated. Thus, supposing
the bag content is 11-5 per cent., then

760 x 11-5 = 546 m.m. Hg. = 9,000 ft. (approx.).
16 -
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TABLE GIVING RELATIONSHIP BETWEEN ()XYGEN CONTENT OF
Bic BAROMETRIC PRESSURE AND ALTITUDE.

Porcentage of Oxygen Barmmotric Prossure (15° C.) .-"lFI-F:-N'!-};EI:::-IH o Adbitude

in Bag. in m.m. Hg. in feet.
15 713 2 000
14 ] 3 83010
13 617 5,700
12 5710 -.u"._fﬂtll;"
i1 522 10500
10 475 13 000
g 427 15,800
8 380 19,000
7 s ¥ 22,600
& 285 27,000

5 237 over 31,000

This has been confirmed several times by the use of the
experimental rarefaction chamber. Lt. C., who breathed the
bag until the oxygen content was = 17,500, staggered about and
felt ill in the chamber in an atmosphere corresponding to 18,000
feet. 2 /Lt. S. who, with the bag felt symptoms, with a percentage
corresponding to 9,000 feet, felt the same symptoms in the air
badly at 9,500 ; generally slightly about 7,000 feet ; and in the
experimental chamber at 10,000 feet.

In the following table is given the calculated altitude, by
the bag method, to which the subject can fly before symptoms
develop and the actual altitude at which symptoms have
developed.*

TapLE V.

(The numbers correspond to those in Table LI, Part 1.)
sE:T?qu:i. Caleulation height. Height at which symptoms dovelop.
1 Just over 4,000 ... | 4,000.
2 6,000 e | 4,000,
3 8,300 .| Max. 10.000: fainted twice above
B 0,
: 4, (H00 ven | 3=4,000.
3 Just above 8,000 Max, 11,000 : uncomfortable about
5,000,
& 7000 oo | 4,000 [after long Hight).
o 9 000 ven | Max, 9,500: gueer above 7.000.
Confirmed in chamber at 10,000,
8 4 400 ...  Pains in head, 3=4,000.
9 Just below 6,000 About 6,000.
10 Nearly 17,000 ... Headache after long time, 7=10,000.
11 &, 000 ... | Begins to feel suffocated at 7,000,
Fainted since crash at 8,000 and
10,000,

- —

* Many further cases have been examined since this table was
compiled,
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TArLE V. —continued,

,.{:ll:j:.-l.luf_ Coleulation height. Height at which symptoms develop.

12 16,000 ... | Difficulty at 5,000, only four hours
flying.

14 17,5300 oo | Womiting twice after crash. Con-
firmed in-chamber as 18,000,

15 :t,rHJ[I e L Faintecd 1:||'|'1’\'El fimes |.r|,-|-::-'|.".' .f-tllllﬁl:',

17 4,000 or | Abowve 3,000

18 4,000 e | Dizey and sick above 4 000,

23 4 500 . | Giddy and faint about 3,000.

25 5,500 ] 1 p .-',.“. and headache, 56,000

plat i 5,000 oo | Pressure in head ; blurring of vision,

: 5-5.000.
a2 | 4,500 vee | Giddw, 5,000,
34 [ 10,000 o | Comstant headache about 8,000,

It will be seen that in many cases the agreement is striking,
but, as already mentioned in some cases, allowance has to be
made for the fact that the subject pushes beyond the beginning
of the unpleasant stage, e.g., Nos. 10 and 12,

The results are, however, sufficiently near, since the chief
object of the bag experiment is to confirm the pilot’s statement,
and future flying will be confined to several thousand feet below
that at which symptoms develop.

The bag is also of service in the diagnosis of the neurasthenic
or the man suffering from lack of resolution. Such a person
gives up the bag without exhibiting any marked symptoms,
and does not generally describe any sensations to be attributed
to want of oxy gen. “The m-unmthvrm usually veniures some
such Immuk as “ beastly ’" or “ horrid.” One such could only
breatle the bag for 38 seconds. On the other hand some subjects
unsuspectingly attain a diminution of oxygen far in excess of
the utmost height to which they say they can ascend, as, for
oxample, & man who always suffered anxiety at 5,000 feet reached

percentage of oxygen corresponding to 18,000 feet without
much discomfort.

3. CoONCLUSIONS.

(1) The bag method described is of service in confirming
statements made by aviators as to dizabilities presumably due
to lack of oxygen.

{2) After analysis of the oxygen contert of the bag, by simple
calculation an estimate in most cases can be arrived at of the
approximate height at which such symptoms should develop.

(3) The bag is of service in deciding between symploms due
to lack of oxygen and those due to want of nerve.




[II.—REPORT ON THE VALUE OF OXYGEN TO
AVIATORS AT RELATIVELY LOW ALTITUDES.

1. INTRODUOTION,

Various considerations led us, independently, to think that
if flying officers were, under certain conditions, supplied with
oxygen during flights beneficial results might ensue. These can
be briefly summarised as follows :—

() Mitigation of the fatigue always present after long
flights.

(b) Abolition of staleness from long periods of flying at the
Front.

(¢) Increase of mental alertness.

(d) Increase of muscular vigour.

(¢) Amelioration of symptoms such as giddiness, fainting,
210,

The advantages likely to accrue, if evidence in support could
be secured, are obvious, but for the sake of clearness may be
noted :—

(1) Fewer breakdowns at the Front.

(2) The skilled pilot is able to use his knowledge to the
full.

(3) Air fights should be more successful on account of
increased mental and muscular tone.

(4) The return to flying, or its continuance, by many
officers whose symptoms prevent efficient air work.

Before passing to a brief survey of the physiological and
other considerations that led to this investigation it should be
emphasised that we have not attempted to deal with great
altitude flying for two reasons; first, because the general
principle that oxygen is absolutely necessary at such heights
is now fully accepted, and secondly, because if the case be proved
for low altitudes and short flights it is also proved for great
altitudes and long flights.

2  PHYSIOLOGICAT. CONSIDERATIONS.

Over a period of many thousands of years man has made
his progress tied to the earth; a progress, chiefly mental in
nature, which has heen and is being secured through an increas-
ingly indoor existence, and too often at the expense of physical
fitness.

If, therefore, a man is called upon in the course of a few weeks
to break these century old bonds and to rise from ground level
to great altitudes, from comparative warmth often to intense
cold, from relative quiet to a continuous rush and roar, from a
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state of equilibrium to one of instability, from muscular and
mental rest to highly skilled and nerve-trying evolutions, from
safety to possible death—all this in the space of a few minutes,
with a return at least as sudden—it is no exaggeration to say
that such a man has taken a greater bound forward than did his
ancestors in several hundreds of years. In a sentence he is
subjected to intensive, intermittent, and cumulative stimuli of
a degree to which man has never been exposed before.

Such a step must, of nceessity, throw an enormous strain
on the human organisation, and the work of the aviator is
essentially that of the fittest of the fit.

To consider the effeots of a flight in more detail, there is :—
() The effect on the cardio-respiratory system ;
(b) The effect on the nervous system ;
(¢) The effect on the muscular system.

(A) The effect on the Cardio-Respiralory System.

With increasing altitude, apart from consideration of tem-
perature and other conditions, there is in the first place a deepening
of the respiration in order to secure the oxygen necessary to
maintain the bodily functions. At the same time the heart
quickens, and thus is established the beginning of a * vicious
circle.” For, an increase in the rate of heart beat means an
inerease in the amount of work done by the heart. This increased
work entails an inereased oxygen consumption, the supply of
which is diminishing ; thus each factor reacts unfavourably
upon the other.

In support of these statements we quote the following figures
from Waller's Physiology :-

Pulse frequency, por Raotio of systole to 5 e
minute, cardine eyele, Hours of work, per day.,

30 _ 31 7-5

70 [ 37 89

100 | 45 10-8

e el s e e S e

[t has also been shown experimentally that the usage of
oxygen by the heart corresponds to the rate and maximal
pressure of the pulse.*®

All the devices to render the circulation efficient will, therefore,
be called into play to meet the varying conditions, so that with
prolonged strain a breakdown of the cardiomotor and vasomotor
control mechanisms is to be anticipated. It is to be borne in
mind that the strain ultimately falls on the circulatory rather
than the respiratory system. This is because with increasing

L H-EH'I.'I'“H :-ll:|1| ]:'i:"\:l:i".'ll |Ql|i|||-.'_,'|||:! -:|I_|:|_'|' i_|:'-\, L-::,i;,;uhua ;_,-'r'. I%;I.L‘E':I'I:I-ft"!j.
" Hespiratory Function of the Blood,” p. 91, Cambridge University
FPress).




depth of respiration the accessory and *liumnt muscles of
respiration are progressively {“"Hr:rl into play, but there are no
accessory hearts on to which the extra '-'an can be thrown.
The position of the pilot in the machine is such that but little
help can be rendered by the pum rn'u*E action of muscle movement,
and even allowing for the relief given through the respiratory
mechanism this is liable to become fatigued, and the circulatory
mechanism must in the end suffer.

The possibility, too, of ill effects due to the washing out of
carbon dioxide by the inereasing depth of breathing must be borne
in mind. Tt is a well established faet that deep breathing in
itself gives rise to symptoms of marked discomfort, which
frt‘-'qu(*nt]\ approach a sensation of giddiness.

(B) The effect on the Nervous System.

In addition to the Ju'-.‘-;_'i;.il\;]' strain incurred b"'.' the ju{lgmn:-nt
displayed in simple straight-forward flight there is the added
need of quick response to changing atmospheric conditions
{bumps) ; and in war time flying there is superadded the strain
of judgment involved in work to be done.

But this strain is not only cerebral in nature ; there is the
constant instreaming of impulses

(@) to the cerebellum concerned in the process of equili-
bration ,

(h) to the medulla oblongata in making the necessary
adjustments of the respiratory and circulatory
mechanizms ;

(¢} to the p{'lpiﬂ,'il cord for the eo-ordination of the reflex
movement in the static 1|m~=| ular work involved ;

all this in a rarefied, and frequently in a progressively :lnrr-fwng
atmosphere.

(©) The effert on the Muscular System.

The point of prime consideration in connection with the
muscular system is that with increasing height the muscles are
called upon to work with a less and less available supply of
oxygen. This results in the progressive formation of lactic acid
within the muscles, so 'rInL after a flight, as Zuntz has also
pointed out, the museles of the aviator are in the urulilif:n of an
athlete after a strenuous piece of work. The work of the aviator
varies according as he be pilot or observer. The muscles of the
pilot m.ga-vﬂ in the direction of the machine are always in a
state of semi-tension, owing to the antagonistic action of the
miueclez eno o] |1_d in the “static ™ work '_[.-[.‘!Fﬂ!]']]['.‘il. This state
is in itself inimical to a good supply of blood, and when the
disadvantage of the rarefied atmosphere is added it can be under-
stood that o state of fatigue i1s I."C'I‘--il:-.' induced without the need
of a 1-||1|s{1 amount of actual work being formed. The observer is
usually called upon to do more actnal muscular movement, and
thus 53"“!—"“ about a similar state of fatigne in the muscle.
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(n) The Summation of Effects.

It is not suggested that one flight, whatever he its nature, ia
in itself deleterious, or, except in the case of great altitudes,
calls in any way for the administration of oxygen, except to
those totally unfitted to fly. But, from what has been written,
it will be seen that the strain of flying will tell, soon or late, upon
the aviator through the cardio-respiratory, nervous or muscular
mechanisms, the degree depending largely upon the individual —
thus causing many of the failures in the Field.

3. Exreriexce oF MEDICcAL BOARDS.

That the above surmise is true is proved by experience.
Medical Boards on flying officers and examination of pilots in
the Field have led to the recognition of symptoms and signs,
which may now be considered as directly due to prolonged air
work at various altitudes. The symptoms are not so definite
or simple that anything in the nature of a definite air disease
syndrome can yet be claimed for them ; but the appearance and
reappearance of them in overlapping groups is distinctly
guggestive.

Thus, in the “ atale " pilot we find definite evidence either of
a breakdown in the cardio-respiratory mechanism, or in the
nervous or muscular systems,

The cardio-respiratory type is recognised by an increased
frequency of the pulse, which is also poor in volume and low in
tension ; distress on slight exertion accompanied by a rapid
rise in the pulse rate, which returns only after a long interval
to its former rate. The breathing also is frequently shallow and
rapid, and the extremities poor in colour and cold.

The nervous type demonstrates itself by poor muscular
control over balance movements, fine tremors of hands and eyelids,
greatly increased reflexes, loss of sleep, nightmares, starts,
apprehensions, increasingly bad landings or giddiness in the air.

The muscular type manifests itself chiefly by tender muscles
(often erroneously called rheumatism), the tone and power of
which are also markedly diminished.

This last type, in its pure state, is only found among the
successful pilots, and yields rapidly to rest. It is usually
associated in a greater or lesser degree with the cardio-respiratory
OF Nervous type.

This brief and incomplete résumé of the signs and symptoms
so frequently found in the flying officer is suflicient, howewver,
to show clearly that they correspond closely with the symptoms
and signs that, it has been shown, would be expected on physio-
logical grounds.

It is possible that objections to the use of oxygen in excess
of that existing in normal atmosphere may be raised, on the
grounds that it is “ drugging " and liable to lead to temporary
exaltation with subsequent depression, or to an oxygen habit,
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Buch objections, however, are not in any circumstances valid,
and certainly not under those in which it is proposed to use the
oxygen. It must be recognised that oxygen 1s always available
under normal conditions in excess of the requirements of the body ;
and it is only when we make the conditions abnormal, and repeat
them day after day for long periods, and, in addition, diminish
the available oxygen to a greater or less degree, that an artificial
supply of this vital gas may be required.

4. Brasoxs FOR THE ADMINISTRATION OF OXYoEW.

It has been shown by one of us, in conjunction with Leonard
Hill, that oxygen greatly improves the condition of athletes
(runners, hockey players and boxers). If administered before
a short period of exertion, e.g., 100 yards, it may improve the
time of the performance, and certainly alleviates the distress of

if at intervals during a performance, e.g., boxing, it greatly
diminishes the distress caused by the previous performance,
improves the form for the next round, and increases the staying
power of the combatant. If administered after a period of long
work, e.g., a three mile race, it decreases the subsequent symptoms
of fatigne—the runner will suffer little or no * stiffness ” or other
after effects. By the administration of oxygen (M.F.) was able
to restore a delirious cross-channel swimmer to consciousness,
brace him to renewed effort, enable him to surpass any previous
performance and almost to achieve his end.

Briefly stated it has been shown (Hill and Flack) that the
administration of oxygen

(1) tends to keep an efficient slow pulse ;

(2) tends to keep up a good arterial pressure and delay
the onset of arterial hypotension (blood pressure below
normal) ;

(3) keeps off the onset of hyperpnea or dyspneea (dis-
tressful breathing) ;

(4) mitigates any ill effect due to excessive deep breathing.

In sport the use of oxygen is regarded as a “dope.” In
warfare it is not a question of * doping ™ but of * efficiency.”
No athlete could stand a repeated performance of hard muscular
11. ork day in day out, often several times daily, without {lm’elc:pmg

“ staleness.” The aviator is in the same pc:m[mn. but has the
extra disadvantage of the psychical strain and the performance
of his task in a rarefied atmosphere. We suggest that it is not
necessary for this atmosphere to be so rare as to produce immediate
symptoms when there can be no denial as to the use of oxygen,
but that oxygen, which has been shown to be of the value already
mentioned, will from the above considerations be likely to prove
of value in preventing many of the symptoms attributable to
flying.

We have made, in support of this contention, some preliminary
observations which are given below.,
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5, MeErtnons oF HESEAROH.

It was not found possible to carry out observations on pilots
flying machines to conciderable altitudes for some hours;
observations therefore were made chiefly on the B.IE. 2g type of
machine, making short flighis of approximately half an hour
at comparatively low altitudes, and flown both by pilots of
experience and ones suffering from =zome dizability. If, therefore,
the results only show moderate advantage from the use of oxygen
it must be remembered that short, low flights in stable machines
by pilots of experience are the absolute minimum of flying effort.

The apparatus used for supplying the oxygen is known as
the Siebe Gorman Oxygen Apparatus, and is similar to that
recently despatched to the Expedifionary Force.

The observations taken may be divided up into cardio-
respiratory and nervouns. It had been intended to make the
observations more comprehensive, eg., by dynamometer tests,
vital capacity measurements and alveolar air analysis, but
considerations of the daily work and routine of the '-‘-qu"ldi'ﬁﬂ
were held to be more important, and these and other tests are
reserved for the future.

The cardio- .P::"j)a':-':::e'r}ry observations made before and after
each flight were

(1) Pulse rate (taken twice or three times over half a
minute).

(2) The ability to hold the breath ; this is done by expiring
deeply followed by a full inspiration, the nose iz held,
and the time taken from then until the individual is
compelled to let go—the length of time being con-
sidered a gauge of the rate of use of oxygen at the
particular moment that the experiment is made.

(3) Arterial Pressure was taken in the majority of cases
by means of the small Leonard Hill -:ph*..'g]nmtmnor
meter ; the accuracy of the reading being secured by
one observer taking the pulse, <l1]l1 the ntl:u;‘l H*ddmg
the instrument where any doubt existed.

The nervous system tests had to be limited to Macdougall’s
dotting machine, as it had been found impossible to arrange for
wireless signalling or battery work tests on account of the
unreliability of results. This is because sending rates by wireless
in the air vary remarkably from flight to flight even with the
most experienced pilot; it is, however, hoped eventually to
devise some form of actual mental work in the air that will be
capable of measurement.

The Macdougall machine, the use of which we owe to the
suggestion of Sir Walter Fletcher, F.R.S., consists of a clockwork
apparatus which passes a slip of paper through a small opening,
and on the slip small circles with a dot in the centre are printed
at irregular intervals and positions. The subject endeawvours
to spot the bull’s eye of every circle as the slip of paper passes

-
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through the opening. The rate of movement of the paper is
gradually increased until a breakdown is secured. The slip is
then marked according to the following rules. Ten complete
misses out of twenty circles constitute a complete breakdown
at the particular rate at which this occurs. The rate immediately
preceding this breakdown is then assessed as follows* . —
Plug 5 marks for a bull’s eye, and minus 1 for a miss
(20 circles being counted). The fastest nominal rate is 1,
and for this 100 marks are given ; for rate 3, 80 marks ;
rate 5, 60 marks, and so on. Thus, Lt. J. has 11 misszes
at rate 5 and iz considered to have broken down, but he
has only 8 misses and has secured four absolutely accurate
spots = bull’s eyes. His marks, therefore, would be
40 — 8 (misses) = 32 + 20 (4 bull’s eyes) = 52.

Psychical —Note was also taken of expressions of opinion
volunteered by pilots, and these appear where they are considered
of value in the * remarks " column of the data.

In regard to the muscular system it was felt that the flights
were not of such duration or height as to warrant correct dedue-
tions being drawn. It is hoped to make dynamometer experi-
ments before and after long flights, with and without oxygen,
at some future date.

6. ResvrLrs or OBSERVATIONS.

TarLE T.

Table showing the cffects of a flight upon the Cardio-Respiratory
and Nervous Systems without and with the administration of

Oxygen.
Breaath | AleDaugall
Narme. Pulse. B.T. hald. J"‘:Izi:;i::fl't Hemarks.
Sinpa,
1. Lt K. ...l (1) Before | 9488 120 47 fah ah Flights ware 20
flight. minutes, up to
(Z) Atter  LDE 95 a5 14 24 5050 and down
flight again.
withs
ot
0X Y-
i EOn. |
(3) After | 10H /86 125 47 /53 63
flicht
wlth |
OXY - |
e
L 1R e S (1) 84 126 &l 43 Flight (21 without
OXVEGE WS
() 54 3 45, 45 54 siraght flight for
half hour. 1]
(3] 84 120 52, 5] 47 | With oxypgen ap-

pmb:u:m.tu_ly:mnm
gort of ﬂ:uTlt !'-::-;

one hour,

* The following simple method of marking is now used : 2 marks for
a bull’s eve or. completely within the circle, 1 mark if touching outer
circle, 0 for a miss, Twenty circles are counted at each speed,
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Tasre I—condinued.

Pulao,

nn Breath | MoDowgall

hald. e aia Remarka.
DA,
— : I
5 Lis. | {L) | Td 105 &1, 80 ] In fight pbout half
hour without
(2} 06, 84 110 B7, 80 a2 O BT, :ElnH,p.lf
; looped, wmde slip.
(3] 75,72 120 an 4 poed, ete.  Flight
{3), with oxygen,
| " mora Blronn-
| o, "
ECE TN | A BN =i e e —_—
& Lt. C. o (1] 70, B4 110 73, 70 08 H-:::!!:u flighta approx.
imately the same.
(2) 08, 84 120 i) 124 Btraight ”E L
3.000  (without),
31 96, B4 120/130 | 8§ 136 3,500 (with oxy-
i ! gon), and back.
5. Lt P. i (1} B4 115 55 24 Both flighta to 5,000
1 ) with " stanta,”
(2 | o 1540 52, 57 — 4 more "' atonts
; with oxygen.
13) 73 130 61, 68 13
8. Bgt. O .. (1) o 120 38 21 Straight climbing to
o] : 6,000 and back.
12} a4, 92 1] 50,97 | 7 Fecling of waird-
mieas without
(%) kL 125 66, 81 1Y oxygen ; no such
| f|_-4!|1||:.; with OXF-
[ O,
7. Capt. R.... (1) 58 110 17, 6B 2 HBiraight fikghta to
7 Fuatn. 3,000 and back.
[ i) 112 e | o0, 130 | 68, 75 40 Bubject juat off
| i : giok leavo.
| (3 oG, 02 140 | 85 Gl
3._; [[]I_ pe _-:'1__|_ "'.;l_l 1400 o0 LOG Contrpdietory  ro-
: sult with oxygen
{2} 0@ 120 76 41 Leat ; arrivied
7 down with l.":r'.iu-
| (2} g4 105 61 |(not taken) der empiy, and
aufferis partly
{rom effects thate-
\.Fr.u
; 2 JLt- '[..'-l-_- {1)] 75 i ; 1|'.l-& _'._'l,]_- 3 .‘.J.'p. Artillary shoot of
; : just over a1
[;":. | G4 a5 05 1] s ol OXYEeN,
-m_ 2 L%, ][_‘ m_:'_!i'n i "ﬂn, B0 ]m 12008 74, 72 116 Artillery eghoot of
: I ik y over an hour, with
() 74, 72 | 115, 120 87 148 OXFEOTL.
-Il m{_:ﬂpt.- J.-'; i (1) | T2 130 81 B2 Flight of 20 minutea
: | by exporienced
12} 75 150 43 83 palot, without
; QXY Ea. Bome
 gtunts."
12 Capt. J. ... | (1) | 84,00 — | 81,88 = Flight of 20 minutes
: ; | by n_-x|_:-*:ri|'|1|,:e:-.i
| @ 72,68 | = | 62,70 — | pilst, with some
[ ; | stunts."
1
ot —— | e — = = T — {} — e
13. Lt F. | 1) BB ) 68 == Flight, 30 minutes,
: I,:..\l l:‘:',\:]:ll_'r:l."_:i.lf"-lkl
(2) T2 it ilot, without
: ' sbunita. "
:; LR (1) GR L 50 o Flight by pnme pilot
T m'.-;;‘,]u.":r 1||':}',
(2) 104 47 — | with " stunts,”
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TARLE T—eontinuwed,

= PP R T |
Breath | MeDougall |

N, [ Pulsr. B.P. R | I Remarks.
| | Bocs. | |
16. 2/Lt. W. 8. {1} 92 [ — &b - Aftor strenuoun ar-
(Pilot) [ tillery shoot at
{2} 140 | — 25 —_ 1,500 fept for 30
e | == 35 | —_ minutes,
w0 | - 41 [ =
g, Dhba. 8. {1} a2 35 After m‘ai]]erg.r
shoots without (2)
{2y 148 J2 inid with (5] oxy-
1o 104 . a4 gen.  The oxypan
a iter 5 m ins. result is compli-
eated by the faot
(3) 120 = an = that the subjoat
a4 5l —_— openad  tha by-
Gl piad, emnptied his
evlindoer, and nar-
|'L1.-'4'4_| wi.l:i: nx:-j_‘;-nn
exhauatad.
17. Obs. Lt. F. (1) 108, 88 —_ 47, 67 - An excitable suh-
'iir:-::! on gradoated
13} Ok, Sk i 61, 61 — '.}'irly_. ’l".'.'x‘::n{_'.-'
minutes flight,
with " stunts ™ ;
stated next doy
“aevor felt B0
well after similar
flight before.'
18. Ohs, Lt. B. {1} 108 - 5%. & i Flighta to 1,500 and
back in 30 min-
12} 108, 06 = 3% 50 utos,
(3] 88, B4 - ; =
19, Oba, Lt. B, (0] 108 = 57, G0 Flighta to 3,000 anad
back in 40 mine
{2y 10& 5, &7 = ntes; nfber oxyzen
harried back some
i3 108 55, 80 distance for obser.
salions.
FapLe II.

The effect of Administration of Oxygen after landing from
: Flight.

On lnned ing. After one minute s oXy .

Sulajeet.
Malse, | B Breath held. Pulae. BE.P. Broath haeled.
e, AR,
E. L. (Observer) 108 55 72 | = 74
R. McD. ., Bl 74 72 - 121
B. 120 | 85 18, 20 87 |110 24
(after exer- (after exer-
cise 16) » cise)
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Discussion of results.—It is not pretended that these observa-
tions on flights at comparatively low altitudes and generally of
short duration are altogether conclusive. Certain facts, however,
appear to emerge. In regard to the cardio-respiratory system
the results appear to be analogous to those already observed
as the result of exercise. In general, the pulse is accelerated,
the arterial pressure raiged, and if the effort be prolonged or cause
strain a hypotension supervenes. It is, perhaps, well not to
pay too much attention to the pulse rate before a flight owing
to the initial excitement, especially in subjects of a nervous
temperament. A short flight without oxygen appears to have
little effect upon an experienced normal pilot. If he has stunted
at all he may have acceleration of the pulse, an increase in arterial
pressure, a diminished power to hold the breath and some nervous
exhaustion as shown by the McDougall machine.

'J'c: pilots to whom the strain of flying is greater (e.g., Table 1,
Nog. 2, 6, 7) there results an arterial hypotension analogous
to that— of prolonged exercise. The administration of oxygen
has a beneficial effect, the subject, even when of an excitable
nature, landing with a slow, full pulse, a normal or raised arterial
pressure, an inereased power to hold the breath.

The abolition of the onset of the hypotension of arterial
pressure is of great significance (Table I, Nos. 1, 2, 6, 7).

The results of the observations 9 and 10, Table I, are sug-
gestive ; 2/Lt. C. and 2 /Lt. H. make approximately the same
]:umfnrmam‘f' (an artillery shoot of one hour’s duration). Lt. C.
arrives back with some signs of circulatory and nervous fatigue.
Lt. H., although slightly longer in the air, arriving back in g,::u::lti
condition with no signs of fatigue, his only complaint being of
the smell of the mask used.

The results with the dotting machine indicate an all round
improvement with the administration of oxygen. Of nine
cazes, six deteriorate after the flight without oxygen and three
improve ; after the flight with oxygen all make improved
performances, and in the cases where there was previously a
deterioration surpass the previous performances.

The contradictory results, obtained when the oxygen supply
fails, point to the necessity of the employment of a thoroughly
well tested and reliable apparatus.

The beneficial results of oxygen administered after a flight
are well seen in two of the three instances given in Table 2.
Obgerver B. is a particularly interesting case. After a flight of
twenty miles at 1,000 feet he arrived with a rapid pulse, an arterial
pressure of 85, and a very limited power te hold the breath
{only 16 seconds after the exercise of touching the toes four times).
After the administration of oxygen for one minute, the pulse was
slower, the blood pressure and power to hold the breath increased.
This officer has already fainted in the air three times in six hours’
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flying experience. Similar results, especially in the improvement
of the rate of pulse, have been obtained by the administration
of oxygen to pilots home from overseas with cardio-vascular
dehility after long periods of service.

No obgervatlions have been made as to the effect of administra-
tion of oxygen atter flight upon the performance with the dotting
machine. Two instances may be quoted in which the administra-
tion of oxygen for one minute to mentally fatigued persons
improved the performance 30-40 per cent.—in one case raising
the percentage of hits from 65 to 97-5, with the machine going
at a medium rate.

METHODS OF ADMINISTRATION
OoF UJXYOEN,

7.. IISOUSSION AS TO THE

As pointed out in Section 4, experiments have been made

gIVing oxygen

(@) before work ;

(b) intermittently during work ;

(c) after work.
Experiments have also been made giving oxygen all the time
that the work is being done. This has the disadvantage of
necessitating the wearing of the mask all the time during the
performance of the work. It is the method which, up till now,
has been considered best for aviators owing to the fact that the
atmosphere is ravefied. It is the method which we have employed
in our 1‘.".'pl'!'iltu‘lll-1. The method has, in addition to the dis-
advantage already mentioned, that of requiring a relatively
large supply of available oxyegen. We would suggest, however,
that there is much to be said for an intermiltent supply of oxygen
when in the air. Several pilots have stated that they could not
fight with a mask on the face and with a tube in their way. As
!L.pi]m of experience said : “ Would it not be better to have a
good dose when the Hun was coming, then put it aside and go
for him and take another dose when he was finished with.” We
believe there is much to be said for this method, a conclusion
supported by the boxing results already referred to. We under
stand that this method of intermitient administration has
p]'f_:l‘l.’{'rl efficient enough to enable Capt. Hucks to attain his
maximum heights. A few breaths of oxygen he says * soon
gives the sensation of being at ground level again.”

We would suggest also that it would be a good practice lo administer
oxygen for a few minufes fo all airmen after heavy flights at any
altitudes, e.g., bombing raids, elc. We support this contention
from the effeclz obtained by administration to three mile
runners.

In our opinion such administration would, as with the long
distance runner, abolish much of the effects of fatigne and
appreciably increase the length of service in the Field.
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8. CoXoLUSIONs.

1t 1s provisionally concluded that :-

(1)

(2)
(3)

(%)

In flights at low altitudes there is a certain degree of
cardio-respiratory and nervous fatigue, varying with
the nature of the flight and with the individual.

The administration of oxyegen abolishes this fatipue in
yE E

short flights, and delays its onset in longer flights.

The administration of oxygen after a flight improves
the cardio-respiratory condition of the subject.

From this and from previous experience upon athletes
1t 1s suggested that beneficial effects wonld acerue from
the administration of oxygen to aviators on landing,
especially after long strenuous flights. The neccessary
length of time of such administration would have to be
determined. It is also suggested that beneficial results
would be obtained by the intermittent supply of
oxygen to aviators on fig ghts where a constant supply
is not considered essential. It has not been possible
to put this point to the test.




