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The Effects of Oxygen Deprivation (High Altitude) on the Human Orgamsm 

Part I -INTRODUCTION 

I The Necaslty of Stodylng the Effects of H,gh 
Altitude ,I, Awat~on 

The most important physxal variables which 
affect the human orgomsln mh& m tight m the 
modern commercx~l aeroplane appear to be n- 
bmtmn, noise, ventllatmn, temperature, rate of 
ascent and descent, and altltltude The zones of 
passenger comfort and dxcomfort ,n these and 
other vannbles are shon n graphically III Figure 
1 (from Bassett) With the possible exceptmn 

UWBEI\RABLE 
ZONE 

Rgure l-Physlcal var~ablea relatmg to passenger 
comfort (Bassett) 

of rate of descent nnd altitude, thee factora 
hare been brought well mlthm the so-called 
comfort zone Thar ehmmat1on RS unpleasant 
aspects of flymg Al soon be brought about by 
the slnll of techma engmeermg The most 
nnportant physlcnl varmbles which remnm to 
be controlled appear to be the phywologxal and 
ps>chologlral rapalrment resultmg from the 
lack of oxkgen nrallable for the organism ilt 
high altitude and the a&on of sudden changes 
III barometric pressure on the eardrum of the 
middle ear These two problems are also mtl- 
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mately tied up wth engmeermg skdl, for their 
solution 1~s III the development of supercharged 
cabms This eqmpment, however, wdl not be 
axtulabls on CL large scale for some time, and 
many doubt the practlcablhty of such proce- 
durss for fights of short duratmn III domestic 
nn transportation 

Thlr report 1s concerned mlth the effects of 
the dmumshed partml pressure of oxygen en- 
countered nhlle III fight at high altitudes on 
the arerage flymg popu1at1on The develop- 
ment of the human orgamsm has for the most 
put taken place r&t&y close to 688 level 
There are nnlhons of people who hare become 
ncclunatxed to alhtudes as high as 8,000 to 
14,000 feet III the mountainous reglons of the 
Andes, the Alps, and the Hxnalaqas Howew, 
trsnsportmg the human body by aeroplane to 
snnllar altitudes, ex en though for short periods 
of tune, cannot help but hare marked effects 
on vai-mus orgamc functmns In spite of the 
nmamng capacity of the human organ’sm to 
adjust to sudden changes m the physlcal en- 
rronment whether It be extremes m tempern- 
tnre, m humdxty, III the mnmatmn of the a-, 
or m the barometric pressure and the corea- 
quent alteratmn m the arnllable osJgen supply 
to the &sues, the problem demands thorough 
scMlt1fic analysis The erelltllal succe99 of corn 
rnerc1al a1r trnnsportat1on. ln competltlon a1th 
other meall~ of truvel, appenrs, among other 
thmgq, to be mhmately nssocmted mlth mnm- 
talnmg a r&trvely normal orgamsm durmg 
and at the end of each fhght 

Physmloglsts hare been mterested 111 the ef- 
fects of high nltltude for many years A num- 
ber of extensive nres@ntmns hare been carried 
out durmg rar-jw~g permds of acclmmhzahon 
m mountam expedlhons, notably those of Hal- 
dane, Henderson. and Schneider (16) to Plke’c 
Peak (X911), of Barc~oft et al (2) to the Peru- 
vmn Andes (1022), and of D111 et al (17, 38) 





gen m the al~eolsr iur, and the percentage of 
oxygen available for the organism 

TABLE 1 

The relatmnshlp between altitude, bnrornetl,~ 
pressurn and the percentage of oxygen svadable 

Figure 2-Comparison between ahtods and oxygen 
percent (Zmtz and U S Bureau of Standards) 

for the orgamsm 1s shonn m Table 2, both for 
the standard atmosphere and at B constant tern- 
peratum of 15” Centigrade (data from U S 
Bureau of Standards) 9 comparison between 

24”SlL-41-Z 

the U S Bureuu of Standuds data and the 
Zunti data of the relatlonslup between altitude 
and oxygen percent IS sbomn graplucally m 
Figure 2 At 14,ooO feet, for example. where 
the bsrometnc presmre 1s 490, the percentage 
of oxygen a\allable for the orgamsm at 15” 
Centl,mde IS only 12 A number of well- 
knonn ches and mountam peaks have been 
charted III Flgure 3 m relahon to the various 
ststlons establmhed by the liternat~onal Hlgb 
Alhtude Expetitm to Chde (1985) (Cf 38, 

44) 
The ongmal contentlon of Paul Bert (1878) 

has been amplj venfied by subsequent research, 
namely, that the mportmt factor m high altl- 
tude wIuch causes the abnormal symptom m 
the organma 1s the dumnutmn, not m the me- 
chamcal 01 total pressure, but m the dununshed 
pa&d pressure of the atmosphenc oxygen and 



Figure 3-C’mpaneon between altitude, barametrce 
pressure, and oxygen percent (Chkan Expedltlon, 
19345) 

the cmsequent dcclcae I” the almolar oujgw 
and OXJ gen saturation of the arterial blood Iu 
other words, he deruonstrsted qute conclus~~ cl\ 
that the phjwolog~al a&Ion of oxygcr, ancl 

other gaels depends on their partA prossure~ 
In It Sl?iYx of e.xpernnents on ummnls (AEfl> 
iparro,, s) (Figure 4), Bert prored that denlh 
n as due &her to mcreawd pressure of C~I~KIII 
dloslde or to dmxmshed plessule of oxjge” 
At ordmarJ pressure, and nlth oldmar> ahi 
enclosed 1” the xessl (Figure 4), death oc 
< urred rrhe” the oxygen pexentage fell to nbuut 
3 5 oi- uherr the carbon dloxlde renched 2cI 
pelcent At half the ordmary pressue, 7 o 
was the fatal oxygen percentage so that thr 
part1a1 prcssuro of oxygen mas the same, and 
$0 on down to pressures of a thrd and we” ‘1 
fourth of a” atmosphere The cans of death 
depended snnpl~ on whether 3 5 percent of XT, 

.ltr”osphcre of u1ygc” 01 2F portent of RI, at- 
uoiphere of cnlbw dloxlde v-51 ir:xhed first 
rhe mere ~~EL~K,IIICH~ plwsure had “a obserr- 
.lble mflucn~e l&t lepeatcd these oxper~ 
Inellt’ 0” llllllsrll 1mdr1 Irss rltlenlo rondltloll, 
,uKl obt.tlncd illllll.ll lC,llltS If, io1 exalnple, 
he brwthed PXC~+ o\~gen flom outs& thr 
~humber thlough u tub? (Figure 4), but ruled 
the baronxtr~ UI total pressure I” the chamber. 
hc rc”la1ned “ornl.ll Ulllll snnulnted altltwlci 
of 30,000 to 3j,OOO feet nerc leached TINY 
fmdmgs h~rc been T crlfied ,I” “UUE~O”S occu- 
‘10,1$ by Haldnrx (Xi), Schneider (M). .md 
oihw 7, and It IS ~c”PI<& aciel’ted that the 111 
effwzts of nlhtudr arc prm”n~ly due to the 111. 
rnmlshed oxygen pressure 

The above Interpretntlon of the c<iuv of 
mountnm s~kness nai challenged bv hiow 
(51) t\~\enty jenri late1 (lS98), \~ho manrtwxd 
that as h physIca consequence of the low nt- 
mospherlc pressure more carbon dloxldr ~a\ 
n ashed out of the blood “1 the lungs (acapn~n) 
uul that this was the most ““portzmt cauic of 
mountam s~he>s Subsequerlt le?eurch has 
clcaly estabhshed the fact, hoTelel, that the 
ex<ess~xo loss of cabon dlosldo which OCCUIS 
at low atnlospherlc pre~snre IS due to Ihe m- 
<I oavd breathmg raved by tho lack of oxyge” 
Acapn~a, therefore, although an important con 
tubutmg cause, 1s only a secondury result of 
the lonercd oxygen pressure Cf Haldnne 
(LRA) HendeFo” (JO), and Schneldcr (54) 

.Z number of evperinlcnters ~IXPR ,erlfied 
Be1 t’, conclusions that even vhlle breath”lg 
exie-x,-e q”mtAlr? of oxygen Ilfe czmnot br 
“rnmtamed much be] o”d 35.000 feet altltudc 
Recent13 L Hdl (33) hns obserred that nvc” 
>Thlle brathmg 100 percent oslge” 10s of con 
sc~ousness occurs 11, men and nlonkeys ,,hen 
the bnrometrlc lx-eswre falls to npproxrnatel) 
lij nun Hg OI 4i,OOO feet Marked lnotor I”- 
coordulatlon as judged by hlmdrrntmg test.ts 
and general phys~olog~al nnd psychologwul 
delerloratlon begms 111 the nelghborhood of 
35 000 to 40.000 feet 

111 ordel to keep a person m a” en~lronment 
smdu to that at sea lwol whde I” fight at 
high altltud?, as far as os,gen 1s concerned 
one need only I~CT~RSP the percentage of oxygeu 



Figure 4.--Experimental procedures for studying effects of high altitude. 

in the inspired air, for the partial pressure of at the various altitudes, the percentage of oxy- 
oxygen is correspondingly increased. In other gen should be increased in the proportions in- 
words, to maintain a partial pressure of oxygen dicated in Table 3 and Figures 5 and 7. In 
in the inspired air equivalent to 159 mm. Hg practice, \vhile in flight at high altit,ude, these 



antage of “vgcn m the msp~ed ar, the par 
tKL1 pressure 1s Increnwl At 40,m feet, for 
exanqle, the baromctrx p~cw,‘e 1s 148 mm Hg 
and the partml pressurr ot the orygcn of the at- 
mospherlc AU 1s 32 mm Hg-to” lov, of course, 
to sustan hfe If by the use of an oqgen- 
supp1j appaxltus the pC1centnge of oxygeu 111 
tho nqnred am IS mcrenwd from 21 percent to 
approxunately 80 percent, then the par&l prrs- 
sure of the oxygen of the nqnred a,r would be 
0 80 X 148, or 118 4 mm Hg, a pressure capable 
of sustammg hfe md&ntely 

If1 Descnptum of the Yarmus hlethody Used m 
Studying the EEects of Oxygen Kant ($nom) 

A great deal of the con&on which emsts 
relatn e to the effects of oxygen dep~ rvatlon 1s 
probably due to the mtapretatlon of data ob- 
tamea with d&rent expernnenta1 procedures 
l’he results may vary, thewforo, not because of 
the darent effect.5 of the ox7gen want prom 
dud by reducmg the total pressure as con- 
trasted with the patim pressure, but due to 
dAxenc~ m the length “I exposure, 1 e, 
\th&er the var~“us mechan~ms of acchmatl- 
zatlon have had a chance to take place Ah, 
m expenments of short duration the subject 
may be able to componsatc by exertmg greater 
effort Before attempting to state the extent 
to wbch data obtamed by the \aar~“us methods 
rlre comparable, a brmf descrlptlon ot the Essex 
tul features of each ~11 be discussed 

I Modmn ezpedztm -The most satlsfac- 
tory wc~y of studying the effects of oxygen want 
over any extended pellod of tune IS to arrange 
to hx at high alhtudes m monntalnous regions, 
RS III the Alps or the Andes PIomded expo- 
sure to cold, excew~e f&gue from chmbmg, 
etc , can be controlled, the mechamsms of BC- 
chmntmat~on lelatmg to the decreased oxygen 
pressure can be obselred wth great prec~on 
Follo~mg the mmtml pellod of mountam sick- 
ness one becomes adjusted to the lack of oxygen 
and zemams f&y comfortable while at lest 
The highest altitudes to aluch man can become 
pei-mancntl~ xchmatmed appeal to be m the 
nqhbolhood of 18,00 feet ns observed ,n 



the nmung commumtles of South hmenca 

(aa) 
2 The low-presswe chamber-In the lom- 

pressure chember both the pressure of the ax 
and the concentratmn of oxygen can be RItered 
30 that the atmosphenc condltmns exlstmg at 
lugh eltltnde can be sumdated precisely at sea 
level By means of a vacuum pump, the totd 
pressure can be reduced correspondmg to the 
pi-ease atmosphenc condltmns at high sltaude 

If the percentage of ox>gen 1s kept constant, the 
nmount of os~~gen wallable for the orgamsm 
mill declense m the SBDE fashmn 5s m an aero- 
plane chmb A valre system automatxally 
reguletes ar Make and admits a stream of 
fresh a,r to the chamber In smmlatmg ascent 
the ax IS pumped out faster than It IX allowed 
to entm, and m sunnlatmg descant, the prlrnp 
1s turned off nnd on- IS adnutted at any deslred 
rate Any altitude may be mamtsuwd as long 



Figure T-Rebreathmg experiment an pllot out of 

<lb desued From the po’nt of ~ww of repro- 
ducmg precisely the nuuoiphcuc condwans 
encountorcd during an neioplnne ascent, this 
procedure probabl> 1s the ruost sstl\factorJ 
These chambrls are not sunple to “per& et& 
uently, pal twlarly If It 1s dewed to regulate 
not only tho vontllntlon but temperaturr ~1x1 
hum~dlty also One of the Ior-pressure cham- 
bers used UJ testing pIlots for sltltllde tolerance 
durmg the World n’ar at M~neola, Lhlng Island. 
1s shown III Flgurr 4 The results of a typuxl 
experiment In thl4 LllrrmlEr nt 18 oal feet are 
shown m Flgure 6 Cf Air Scrr~ce M?dxal 

(65) 
3 The lowoxr/gen cham& -In low-oxygen 

chambzrs the supply of oxygen. or the partial 
presare, E dunlnlshed bT ddutn,g a,, wth 
nitrogen, lenrlng the total prcsinre the s~rne as 
~n the normal atmosphere at Serb level The 
oxygen pressure can be Ieduced at the dewed 
rnte by runnn,g m nltlogcn fronl a cxhndpr 
through ‘I florr meter sunu1nt1ng the reduLtl”n 
III oxygen pressure dnrlng a flight to high altl- 
tudc A motor blomel nmt may be used to 
emulate the 8~ Tho temperature and humid- 
]tv may be controlkd b) blomlng the contents 

of lhe chuubw over 1ce x, nz to pool and d’y 
the AU., “i- p,lefernbly da .,,I m( r~nrht~on~ng urn1 
may be installed so as to coutlol automatically 
these varlsbles The ~~cunn~l<~~~“n of carbon 
dloslda IS plerented bJ pl rclng vxla hrnc 11, the 
FLU clrcult A lo\! m”xjgrn ch.wber s~n@ierl 
III design and opclatlon by Iknch (4) IS shomn 
III F:lgure 4 This type of chamber 1s fre- 
qwntl> used II, chn~c,~l mcd~~lrc in syndmme~ 

~nrolxxng UIL”XIH. such as pneun,“nra, emphy- 
sema or car&x &sorders The percent of “xy- 
gm m the lnsplred an- 1s nwensed from 21 to 
46-50 percent They r~i-e easy to operate, and 
arc qulta spa~ow and conlfoltable for expert- 
mental purposes The expense 1s conmdorable, 
ho\\eevcr, due to the supphes of rntrogen nnd 
“xygcn whxh are nece%snry to malntxln the rlc- 
ared expcrnncnt<d condltlons In this espen- 
mcnt, most of the tests \\ere carrlcd out 11, n 
chnnlber sunllar to the “no shown ,n Flyre 4 

4 The rohwatlrzng qrjmratvs -This method 
1n1 “1~s the USB of a rebreathlng machux such 
r,s the one dcrlsed by Henderson and Pierce 
(1) for testing the t&mnce of aviators fol 
high altltnde flylng during the World Tar 
A photograph of this apparatus 1s shonn in Fig- 
urc 4 With this procedure the subject breathes 
over and “,er agaIn the same ai- rnth the car- 
bon dloxde &-orbed by wda hme The “xy 
gon IS gdually absorbed by the subject, and 
It 1s thereby reduced fi-orn 21 to 6 or 7 percent 
lhe arerage subject usually reaches the hnnt 
of his capacity to nlthstand the effects of “ST- 
gcn deprlrat~on III 20 to 25 minutes The tune 
nt v hlcb various changes “CCUP in resplratlon, 
pulse, and blood pressure 1s noted The results 
from tvo typ’cal experiments with this appartl- 
lus are shown in Flgum 7 (subject III poor physl- 
cal con&tlon) and Figure 8 (sublect exccphon- 
ally fit) By analyzing the ax m the tank at 
the end of the run, the altitude \, hlch the sub- 
ject 1s suppozedly able to stand 13 dctcruned 
4 eerxs of ps~ chologxxl tests gwen dunng the 
pxpernnent on the rebrenther nrivhe (1) 
cholcc reactlon tnnes to a sei-,es of lIghta, (2) 
control of the spped of a nlotor with the foot 
froln audrtory cues, and (3) tho le~ulatlorr of 
all *mm&1 from r1sual cue.! Smce all three 
of thw tests BE llpphed throughout tho ex- 
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.II II 

Figure 8-Rebreathmg exppenment on exceptionally 
fit pht (AlI Semce Medlcd) 

perlnlent, qns of deterl”rHtl”n usually shorr 
up III one or more of the tests The chief cntl- 
c,sm of this procedure 1s that the expenment 
takes place too rapxlly, snd the subject, by ex- 
ertmg great effort, may be able to vi&&and 
the effects of the acute oxygen rrant for short 
l’enods of tune untd the final stages of deteno- 
latlon These experiments probably were suc- 
cessful IIL elmnnatmg physxally unfit pIlots, 
but a false unpresslon was grren as to the altl- 
tudes at mhlch armtors could ranam for any 
len@h of tune and mnmtnm tbew physxnl and 
mental capamtw Flack (19) dcnsed a some- 
nhnt smxlar apparatus for testmg pllots m 
the Royal Am Force Tlns same prmc~ple of 
gradually absorbmg the oxygen aradable nnd 
thus constantly reducmg Its percentage 1s 
nldely used m physlologxal research on ape- 
cmhzed aspects of anoxm The hmdrance m- 
1 “lsed to the subject from the robreathmg up- 
par&us, mouthpwe, etc , 1s dlsndwntageous 
for expermx?nts mwlnng psyc11010g1ca1 tests 
More recentlJ, Christensen and Erogh (15) 
hare recommended for testmg pdots the USB 
of a rebreather of 200 hters cnpacltg and con- 
tamng 13 percent oxygen at the begmmng of 
the expenment Smx It takes 7 or 8 mmutes 
to lower the oxygen percentage by 1 percent 

wth tlus procedure, from 30 to 40mmutes elapfe 
bzfore the oxygen IS i-educed to 76 percent, 
There collapse may be antupated m the aver- 
age subject The reduction of oxygen pressure 
IS, therefore, more gradual, makmg It po&ble 
to obserw the reactIons of the sublects over 
longer pen& of tune 

5 The Douglas bag procedure IS a fanly satis- 
factory method for studymg specmhzed aspects 
of anoxxa durmg short durations m the labora- 
tory The oxygen concentration can be deter- 
mmed for any dared percentage by rurmmg 
compressed am and mtrogen mtc the bag 
through a gas meter If a 1,000 hter Douglas 
breathmg bag 1s used, the supply rwty be soi?- 
cwnt to last for tvo hours with the concentra- 
tlon remammg the same throughout the experl- 
ment The subject, mlth the nose chpped, 
breathes the “qgen murtures from the bsg into 
the room through B mouthpxe It 1s dticult, 
honever, to smmlate the grradual reduction of 
oxygen pressure experienced durmg flughts to 
high &tude by this method, and the mouth- 
pxce tends to distract the mexpenenced subject 
m takmg psychological tests 

6 Flqhis to hzgh altztude by amplam OT 
bdIocm--The early balloon &scents by the 
meteorologist, GlaLsher (25)) nnd the balloomst 
Cosmell (1862), and the French saent&s Crocc- 
Spmelh, Slrol and Tlssandler (1875), fix& of 
Paul Bert, first called attention to the stnkmg 
qmptoms of dmnmshed oxygen pleasure on the 
human mmd and body (Figure 4) Although 
then accounts of the effects of nltltude were 
based on subjectn% reports, subsequent resasrch 
under more controlled con&tlons has renfied 
their general obserratmns relntmg to sensory 
and mental nnpanment This method LY obvl- 
“usly lmpractlcal for saentfic research relatmg 
to the humnn problems of modern ELM trans- 
portat1on 

The most drect attack upon the physlologlcsl 
and pqcholoycal effects of altitude m commer- 
cm1 n,r transportation would bc to carq out ex- 
penmenta under actual flight condltlons Uy 
such a procedure the condltlons could be COT:- 
trolled rclatmg to rate of ascent, haght attamed, 
length of expormre, etc The chxef obstacle to 
such experunents, If they mere to be carned out 
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IV Are the Results From These Various Methods 
Comparable? 

In attemptmg t” analjze the effects of 0x3 gP” 
1, nnt on pxssenger~ \VlLllP m flight on c”mmel- 
rul LL,~ transporl plaw, It 1$ mmportant to de- 
termme horn much of the expernnentat,on c.,n 
be carned ant m low oxygen and low prewne 
chunhnrs at va lelel and how much must he 

curled out nhllc 111 the am The follorcmg tu- 
tatlrs conclu~ux~~ hnsrd upon the data thus fal 
R, ulable may be qtated 

1 The onpnal contcnhon of Pm1 Bert, , el,- 
tied by such authorltles a\ Haldane (asA), Bnr- 
rloft @A), Y Henderson (92)) Schneldc, (65) 
and m”re recently, by an extensive sei-,PS of ex- 
perlmnts “1 Germmy (11)) llpperrrs to be xc11 
fonnded, namely that the mportant effwt- of 

lngh altitude result from the dmxnlshed partxd 
p’esmr of oxygen If “ne IS mtrrr+d pr,. 
mardy m the effects of dm~mlrhed oxygen prw 
sure at high altitude for a g,rcn nltltnde i-ate 
of a%+nt and length of espo5u,r, Ihe Piwltllll 
~onrhtloni: Ann be reproduced by ,educmg the 
total (ha,ometnc) pressure (pre~ure Lhamher) 

or by reducmg the partlnl p,r+u,c or percent- 
age of oxygen by dllnhng <tlr \\ 1 th utlogen (low 
oxygen chnmber and Douglai h.rg) 

2 The psycl,olog& effectc 1 e , sensory, mo- 
tor and mental detenorxtlon, hnl e been prncb- 
tally the same mlth all of the mrtlrods mentIoned 
above when rate of azccent ,uxl length of ex- 
powre lm c heen held concrallt This ,dw as- 
‘,,,ne~ that the suhpck h.t\ e not bwn w~ously 
unpeded hy face mwk<, moothpwa. etc The 
lesnlts of the rebleathmg esperlments dunng 
thr W”rld War are not campa~nble and imply 
a false (too hqzh) cellm~, slnw the subject 
1 ended to overcome the effects of oxygen want 
for short periods of tme by ewrtmg greater 
effort The data from chamber studws UPC more 
comparable E,“<P adequate control\ (an be run 
nnd the cnblxt IS onl~ampcrcd hy mouthpwx, 
ctc 

3 A numhcr of nnthors have qgested rr- 
cently thnt them nre certam d,ffcrrntrs 111 the 
physlolog,rnl rz=ponsrs to change 11, the total 
pressure (10~ ptv.wre chumhe,) as contra+d 

\vlth the partial pww,re (low oxygen or nltro- 
,nm dllntlon rspermwnte) Kmw (36) hehews 

that under the latter condltlons (a) the c,i-cu. 
latory responses we different, (h) one doer not 
hudd up a t”leranco for nnos,s by rrpeated 
l-q”S”res (c) the nftcr-effects n1 B molt! -WI”“‘, 
lastmg for n number of da\$ or reekc:, (d) the 
loss of c”nsc~“usness precede? scw=n= rrampy, 
vhile durmg a change 1” total prcwu,r the i-c- 
~~rsc order follows, and (c) m cnlculaimg the 
pnrtlal prcrsnr~ of oqgen and corr~spondmg 
altitudes that a mhject can tolerate, the nlh- 
tudes are at least tmo kdometerc h,glwr than 
that ulnch .artually can be reached nt hqh altl- 
tnde It should be kept ,n mmd that Ka~ser’s 
cxpenments were carned out nt thp extreme? 
or cntxal levels of oxygen want These d~ffebr- 
P~ICW, If trne, are probably of IPSS s~gmficanw 
Rt more mndwate uliltudeq, 1 e , 8,000 to 18,000 
feet 

Anothrr physlologzd difference ,n the le. 
span% to s decreased barometric pressure vhlch 
might nnt be prewnt m mtrogm-dlluhon ex- 
pe~menls has bwn brought forward by Matoeff 
(43) He ha? suggested that the decreaw UI 
baronretrlc pressure tends to expend the entlre 
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rascular bed, thereby reducmg the pressure on 
the circulatory system If the vascular system 
mlthm the abdommal canty expands owmg to 
the genert~l elastuxty of the &~a, part of the 
effectl\e pressure m the heart mdl be lost to 
other more rwdlg confined vascular areas, the 
bram pnrtwlarly suffermg by the dlsturbed 
dlstnbutlon of blood Smce the cmxlatory IB- 
sponses to moderate altitudes are not extreme, 
this can hardly be of gust slgmiicance durmg 
short exposures of sereral hours’ duration 
Furthermore. the vascular area 16 GLled with B 
hquld that cannot expand at a constant pres- 
sure, hence, there could be no change m the vas- 
cular wea mthout a change m volume of the 
cwdatmg blood TIE has not b-ax demon- 
strated m man, except possibly after long es- 
chmatlzatlon The expansion of gases m the 
abdomen and the possible lmpalrment of the dl- 
g&we processes under contitlons of low baro- 
metrnc pressure as contrasted to changes m 
partml pressure alone may be of same ugmfi- 
cance, espwlnlly of gar-formmg foods hwe been 
mgested prevmus to the experiments 

It 18 also possible that the changes m mter- 
crmal pressure we different under lowered 
barometilc pressure as contrasted with mtrogen- 
ddutlon experunents Armstrong, for exam- 
ple (personal commumcat~on) , has reported 
marked changes III mtracramal pressure m 
goats under lowered barometric pressure at 
rery hh altltudes The needle was placed 111 
the asterna magna The alterations mere first 
observeble alound 16,000 feet, whuhlle the mcrease 
rras 400 percent at 25,000 feet The adnnms- 
trahon of 100 percent oxygen had no effect m 
decreasmg the pressure However, It 1s not 
desirable to make dmect apphcstlons from the 
results obtamed on ammal subjects to human 
subjects Also, It 1s well known from the studws 
of Schmidt (58, 59), Lennox (30), Gibbs 
(23), and others (24) (16) that oggen want 
under any con&tlon goes rue to cenbral wise- 
ddatation and mcreased blood flow, ahlch could 
cause an mcrease In lntracrams1 pressure In 
general although cekam physmloycal d&r- 
enG39 may occur 111 experiments mvolvmg 
changes m the total pressure as contrasted with 

those of mtrogen ddutlon alone, the d8erences 
appear to be of lmnor slgmficance at moderate 
altitudes 

4, The most unportant variable whch BP- 
pears to have gwen rise to markedly &fferent 
reactions at sumlar reduced oxygen pressures 
relates to rate of ascent and length of exposure, 
or the length of tune durmg which the oxygen 
pressure has been lowered and roamtamed at 
a constant level As m&cated above, the i-e- 
breathmg esperlments durmg the World War 
gave ~LW to the nnpresslon that nltltudes of BP- 
proximately 18,000 feet could be tolerated 
wlthout oxygen because no serious lmpan-ment 
was mamfested m many of the subjects untd 
lust previous to collapse at very 1Ygh altitudes 
The results from chamber studw over longer 
permds of tune, \vhere the sublects are unaware 
of the changes m the oxygen plessure and do 
not compnsate by excrtmg greater effort, hare 
md~ated considerably loner altItudea m order 
to remem u1thm margms of safety 

Marked differences also appear to be present 
,n comparmg the effects of altitude when at- 
tamed by fhght m an aeroplane as contrasted 
with a motor c&r or radrond tram The wmd- 
mg radroad track or- motel road of the average 
mountam route, as contrasted mlth the aelo- 
plane m smooth mr (also the absence of con- 
tmual disturbances of the VMMJ fields), may 
parttlally account for the fact that one rarely 
sees typ1ca1 Inounta1n sickness 111 an aeroplane 
at altitudes where It may be first observed on 
mountam ralhvays 

To the questIon, Can the data obtamed at sea 
level be apphed to the effects encountered vhde 
m flight at high altItudea, It may be answered 
that the results obtamed thus far seem to mdl- 
cute that for correspondmg rates of ascent and 
lengths of exposure the phys~ologxal and psy- 
chologcal effects are qute comparable, rrhether 
the oxygen deprlratmn 1s brought about by 
reducmg the total pressure or by mtrogen ddu- 
tmn In fact, as mdlcated above. there are cer- 
tam ad.a@es to be obtamed from chamber 
&u&es at sea lerel, m that the effects of oxygen 
want alone can be separated from the effects of 
vlbratmn, nom+ emotmnal exatament, and 
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cells (oxygen carrm) by the spleen and bme 
marrow may be consldered as u storehouse m a 
lrmted sense In man the blood 13 reallj the 
onlj storehouse for oxygen, and Its capamty IS 
very IunIted Hence the body hres a hand-to- 
mouth eslstence wth respect to Its oxygen sup- 
ply Whm the a~a&blo supply of oxygen 1s 
shut off, the]” 1s loss of con~~~ou~ness nlthm a 
rmnute or two Man3 physlologlsts estimate! 
that the determratmn of the cortlcnl &sue due 
to “qgen lack 1s so plofound that rw”,ery 1s 
nnposlble after 5 to 8 mulutes The loser cen- 
ters of the bram and the spmal cord may SU~-V~\P 
after one-half hour or more of oxygen deprwa- 
tlon The efficmncy of one’s body 1s dependent 
upon the constancy “1 the mtelvfd en7ron- 
ment, 1 e , the leg”latlon of temperature, water. 
oxygen, the hydrogen-Ion wncentmtlon. etc 
Smce man’s higher nel v”us fatultles dcreloped 
due to the constant> of these orgamc processes, 
an extrenle rar1at1on 111 anj- one of them, pnr- 
tUxllar1y the oxygen percent‘lge, Will produce 
strllnng effects on the nelvous s.r stem and other 
&sues of the body l-he seat of oxldntmn IS the 
lwmg cell and the quanllt> of oxygen taken up 
by the cells 1s condltloned prnnarllg by the 
degree of nctlrity of the “rgamsvl 

The use of bwthmg, of cowse, 1s to obtam 
supphes of “x>gen for the tLssues and to get nd 
of the carbon dlomde, thereb> mamtnllung the 
proper balane of gases m the blood The an-m 
the ah-e011 IS brought mto proxmlty with the 
lung cnpA~nes, thus pr”>ldmg for the exchange 
of gases betffeen the blood and the am Thele 
1s a reduction of oxygen m the alreoh (lungs) 
to an aaerage of 14 percent, due to dilution by 
the rexdual air m the lungs The arelage com- 
posmon of carbon &oslde m the alreoh 1s 5 5 
percent The ren”~ blood nhlch comes to the 
lungs g,res off carbon dloxlde and takes up 
oxygen untd It comes mto equdlbrwn mlth the 
am of the alveoh On account of the pressure of 
oxygen m the alreoh bang greater than that m 
the blood oxygen 1s absorbed into the blood by 
dlffusmn Shght alterations m the alveolar 
carbon dmxlde pressure cause great changes u, 
breathmg In the case of BXWCEB, for example, 
more oxygen 1s absorbed by the tissues and a 

greater amount of carbon dloxlde 1s yven off 
Increased breathmg takes place munedmtelj so 
as to wash out tho excess carbon &oxlde and 
restore the equdlbnum Table 4 shows the 
average amount of carbon dloxlde produced per 
person durmg the VIL~I”US con&tlons of actlrlty 
169) 

I 

Durmg vlgolous exerase the demand for ex- 
tra oxygen by the twxes IS met by B number 
of important physlologuxl changes, the chle+ 
ones being (1) a very great mclease ln lung 
rentllatlon, (2) n large mcrease m the output 
of the heart per mmute , (3) n i-tie m the srte- 
rlel pressure so that the blood flows m greata 
volume per minute through the expanded cap& 
larva of the region where actlvlty requnes a. 
grenter “XJ gen supply, (4) heightened rate of 
dlffuslon or exchange of gases m the caplllar~s 
of the lungs and of the contracting muscles, and 
(5) n shght mcrease III number of the red car- 
pwcles Thus the rate of breathmg ~111 T ary 
(1) m proportlon to the degree of actwlty of 
the body, 1 e , the metabohc rata, and (2) with 
the reaction of the blood, 1 e , so as to mamtam 
the appropriate oxygen tenslon m the blood 

Breathng appears to be controlled nutomatl- 
callp by the respiratory center, a small FLR& lo- 
cated m the medulla oblongata st the base of 
the bram If tlus center IS destroyed, all rhyth- 
Imcal Rsplratnry movements cease, or, lf the 

cells ai-” totally deprwed of oxygen wlthm 8 
to 10 mmutes, the destructne changes m-e so 
great that they do not recorer The mtunate 
connectlou between the nerv”us and chemxnl 
control of breltthmg IS shown by the actwlty 
of the respiratory center, smce Its functlonmg 
depends, among other thmga, upon the com- 
posltlon of the gases m the blood clrculatmg 
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TABLE 5 

The amount of oxygen t&n “p by the blood 
drpends upon the pxt~l pressure of oxkgen in 
the al>eolar ax, the temperalu~e of the blood, 
the concentration of sali, XI the blood, end the 
hydrogen-ion c<,nwrrtlatlon of Salts In the blood 
(cnrbon dmxlde tmslon) Durmg rest tho 
\,hole blood volume paws thraugh the lungs 
about “me per mmute, and It may pass rls often 
r,b tell tune dunng exr~clbe Whrn the arte- 
nal blood IS Imperfectly sntulated the Lond~- 
tlon rrhnch de, rl”l~ IS called w~loze~l~z(1 It 1s 
m&c&d by the blmrh wlnr of thr slim and 
11ps (MJUnoSU) 

VII The Physul and Psgehologul Kesponsw of the 
Orgsnmm While m Fhght at H,gh Altitude 

The most unpo~tnnt ph>slologvznl changes 
nssoclsted wth the dunxu+d barometllc pies- 
sure at lugh altitude (F~gwe 9) a” as follows 
(a) stlmulat~on of the respxntoly center and uu 
n,crexsz ,n the ]ndmonary wnt~lat~on , (b) B 
draease iu the alveolar oxygen nnd cwb”n dl- 
“xde tensions (Qzure 9, also ~lgu~p 10 from 
Huldsne (28A) und Figure 11 from Schuadrr 
(65)) (c) dllatdtlon of the alreoh farolmg a 
more efficwnl respiratory exchange (d) nn InI- 



tud mcrease m the heart rate nnd blood pres- 
sure and an mcrease m cnrdlac output, fol- 
lowed by n gradual return to normal mhde at 
lest, (e) an mcreue m the amount of hemo- 
globm m the clrcrdutmn (cf F~gui-e 12 from 
Haldane (28A)) , (f) H dewease m the arterxd 
oxygen sdt~mahon nssoclsted with the f&l1 m 
alreolar oxygen trnnon (Flgnre 9), and (g) 
rhanges in the aad-base equ~hbrnun-the 1111. 
tml effect bang one of &&YE assocmted mlth 
the excess elmunatmn of carbon dloxlde Sud- 
den nnd extreme anoxenun depresses the a&>- 
Ity of the respiratory center so that a d&Ted 
effect may be the retention of carbon dmxlde 
nnd consequentl> an acld resctmn m the blood 
(cf McFarland (44)) 

The psychological changes follow closely the 
rapldlty and sererlty of the phgsmloglcal al- 
teratmns m the orgamsm If nnoxenna 19 pro- 
duced suddenly, as durmg an uroplene ascent, 
the most strlkmg effects are on the central nerv- 
ous system The psychological lmpaxment 1s 
msldlous and often completely unobserved sub- 
lectwely When the berometnc pressure IS re- 
duced one-thmd. 1 e, to 480 mm Hg, at 
approxnnately 12 500 feet, the psychological 
changes RR objectwely measurable by tests 

(45) A rewem of the hterature mdlcates that 
the average unacchmutlzed subject dung short 
exposures mamfests only shght lmpaument at 
12,W feet and determratas rapldly at 15.000 to 
16,ooO feet In R rwent hgh-altitude expedl- 
tmn to the Andes, slgmficnnt psychological 
changes III achmntlzed subjects mere not ob- 
served untd 15,500 and 17,500 feet altitude 
(44), where the oxlgen saturatmn of the arte- 
i-ml blood m ten subjects areraged 80 percent 
and 76 percent, respectively (cf Figure 9) (17) 

Prer~ous studw dealmg with the effects of 
high altitude mh11r m flxght have been ch~fly 
concerned v&h the physmlogxal changes dur- 
mg rapld ascents, 1 e m&m fifteen to twent3; 
mmutes, to crltlcal altitudes rarymg from 
15,000 ix 25,ooO feet Schneider and Clarke 
(56) made observ-oatmns on the changes m the 
&e&r oxygen and carbon dmmde durmg 
rapId ascents to 15,000 feet Schnell (57), 
Beyne (7), Fromus (21), and Schubert (60) 
hare curled out experunents dealmg prm~~$ 
wth the crculntmn, respxatmn, alveolar am, 
and metabolwm durmg aeroplane ascents 
wlthm one-half an hour to 18,000 to 20,OiXl feat 
On tmns-Andean flights of appro~rnately one- 
half hour’s duratmn to 14,ooO and 16,500 feet, 
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Fwre 11 -Average alveolar CO, and 0, tensons at 
simulated altltuda (Schneider et al) 

addAwl, there xverc chsturbnnces of xttcntlo”, 
of vohtwn, and of the specml senses, nccon- 
1x~nle.d by marked sleepuzs and fatlgaLnhtj 

A namber of experunent- on armcn have 
mdxnted that repeated fhghts to hvgh nIta& 
fnahtnto acchmat,znt~on as mnmfested by J 
greater accoleratmn I” the pulmonary rontdn- 
tlon (20), and n~rease 111 the red cells and 
hemoglobm (37), a”d R lnghcr nlveolar oxygen 
putml pressure Fromus (21) found that dally 
fhghts have the wme effect as a prolongPd stag 
I” the mountams and that progressrely higher 
altA”dos could be tolerated I” comp”r”g & 
group of @eta who could tolerate rery hgh 
altitudes wth those nho could not Chnstensen 
and Krogh (15) found that the good ones 
showed & greater puhnonary r&d&m, a dls- 
tmctly lower pwtxd preswre of carbon dloxlde, 
and a higher pzrtml prezaure of oxygen Thus 
there IS s”me erldcnce that pdots become par- 
tmlly acclmmtmed through repeated flights to 
high altlhlde. part~cularl\ those rrho yhow an 

“‘*Yprr yir-*r,“m”grrrrrn 

Rgure 12-Average hemoglabr, percentages UI per- 
wm.e lwng permanently at d,Eerent altitudes (Fltz- 
Gerald) 

lnltlsl favorable response No exten%ro studies 
hare been made of the effects of lugh altAnde 
on large numbers of paeeengers at comparable 
altitudes to thov attamed ,n commercial nlr 
trnnsportntlon 

Part II -EXPERIMENTAL STUDIES 

I Statement of Problem 

-4s lmhated previously, tlus report attempts 
to analyze the effects of flymg at high altA”de 
on the leverage unacclllnatwad passenger under 
present flqht conrhtlons on commercml ax- 
transport plaues Interest has centered m 
stud>l”g large group? of subJe.cts, ~arymg 1~1 
physIca fitness and m age (from 18 to 72 gears) 
at chffere”t rates of ascent and lengths of CT- 
pmuro to a1t1tucles of 10,000 to 18,000 feet All 

attempt has bee” made, therefore, to determme 
the altitudes where the phys~ologuxl effects arc 
extens~re enough to bring about a” ~mpam- 
ment I” tho average passenger’s psycholoy- 
cd reactions and feehng of nell-bang, aa 
nell a,s the nltltudes -ahlch appear to be 
dei%utely dangerous I” addltlon, nn attempt 



has bcn n~tle to delermme the xnportancc of 
rnte of ZlTnlt leLltl\ e to the CpclfiL nltlturlri 
studwd For exanlple 15 the &rerage pelc”n 
~lgmiicantly nnpalred at 10,000 or 12,000 fwt? 
If he 1s affected 1,.ycholog-rcally “P m t~1n?s 
of ducomfort bp d rapId ascent lo 12000 fcrt 
11, 15 mmntes, nlll he Ire able to make n betrr.1 
ad@ment, 1 e , lrmam mentally alert and com- 
fortablc, If that nltltude 1s attuned dnrmg 1 
hour and 15 mmutes2 Are 2 or 3 hours at 
12,@00 to 14,ooO feet posltwelg dangerous to 
the nrerngc passenga? gone~al phys~al veil- 
bung after that altitude has been once nttamed? 

II Genera, Outhne of the Investrgatm 

2 The second part of the mrestu@on \\ ns 
concerned wth the ploblcm of age m relatu~n 
to at&t-j to tolerate oxygen deprrvatmn or al- 
tl(udc There vere three groups of subjecti 
dlrxled Into the follorrmg age glonp,s 17-30 
yenrs 3&i-15 \ears, and 4Et72 >ears In t1115 

study the teils mentIoned m Part I ntmre \\ere 
gwcn followng a rapid ascent to & snnulated 
nlhtude of 14 000 feet in the low-oxygen cham- 
ber at Columbia Umrewty 

3 The thxd aspect of the stud> vas concrmcd 
\,,th the qnrstlon of physwd fitness m relation 
to nblhty to tolerate high altitude In this 
part of the lnrestlgntlon a ponp of Calumbla 
college students in good ph>wal condAon vpele 
compnred mlth those m poor health bnt wth- 
out defimte orgamc dlness The testmg pro- 
cedure was snmlnr to the one descrlbcd abore 
In ad&Ion, 30 control or “normal” snb]ects and 

35 psychoneurotic pntwnts flom Vutderbdt 
Chmc wlhout cngnmc 11lness but with oblpc- 
hre agns of -~hromc cxhaust~on nnd fatqqlo” 
were tested twlco, “ncc under contlol cond~hons, 
I e , normal an, and once follwmg ZI ispld nb- 
cent to a amulatcd altitude of 18,000 feet m the 
lorr-oxygen chamber at Columbia Umveruty 
In tins part of the m>cstqatmn wnples of 
blood \\cre taken ,rt the begmmng and at the 
end of each -css,“n m addltlon to the Schneider 
Index and ps) ch010g1ca1 tests 

4 In cooperation wth the late H 1 Ed- 
mu+ of the Hn~vn~d Fxtqne Lnboratoq, B 
series of tests were made on four sublects m the 
low-0x1 gcn chamber at Columbx, Cm\ ersltg, 
wth nnd mthout 3 0 percent carbon dmxxle in 
the mqnr~d 811 A serws of ph-jwolo~~nl and 
pslpcholog~cal tests, a- ml1 as nnalgse~ of the 
blood gases, ma-c mnde on each subject m a~, 
attempt to dele~mme the ralne of ~XCPSS arbrm 
dloxlde In cwlllterxdlng the effer ts of the oxygen 
nsnt encountcrul ,It hlch alt&de 

5 In cooperatmn mlh Dr D B lM1 and 
MI H T Edrrnrds a unmber of expe~nncnts 
were cdlrlcd out dutmg the past JCAT m the 
lwoqgcrr I oon, at tlw Hark ard Fntlgue 
Lnborstoq. B&on, cm1 111 the 10~.prwure 
c huub~l rlt W&t Field, Dayton, Ohm The 
lrsnlts of these stndms, espwmlly the psjcho- 
logical dntn ml1 bp renemed brwfly 9” as to 
compnre the d&in “btamed et smAw altltudeq 
11nd3er d&rent espzrnnentsl procedures of ,?8- 
hmg the “qgen pwsw, e The stndws n111 

bo reported eeparntcly by Dr D B Dill et al 
?nlce thq mere eponsowd by the F’ahgoc Laho- 
r&tory mdepwdent of the grant from the Bu- 
W&II of Ax Commerce The purpose of these 
Pxperlnlenk was to test the effects of m”le pro- 
longed cxposwrs to wnulated nltltudes of 
14.000 and 17,000 feot “per a ax-how period 
wth a normal amount of carbon dlosldc and 
wth the addltlon of 3 pacent calbon dwmde 
m the uqxred nx 

6 Dunn,rr the fiumme~ months an opportw 
mty mas afforded through the cooperatmn of 
Uruted Aw Lmec and Pan American iimwajs 
to carq out a number of studies durmg tmnr- 
cont~nent,~l A&s, as ~11 as durmg the more 
prolonged flights of the tlsns-Pnclfic opera- 
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tlons These mrestlgatlons hare been reported 
sepalat+ but ~111 be bnefly referred to here 
so &s to compare the data obtnmed under RL- 
tual fhght condbluns wltb there collected under 
inu11lated alt1tudC?s m low~oxygen and lon- 
p~rssue chambers nt sea level The eSsznt1a1 
mfonnahon relntmg to these various parts of 
the mwstlgatlon, such HS number of subjects, 
altitude, late of nxent, elc , has been summu- 
uzed m Table 7 

III ExpermEntsl Procedure 
In the mln,“r expermnmt (Part I) a laqc 

number of subyxts rrere studled at SIX differ- 
ent nltltudes flom 10000 to 18,000 feet at tw” 
rates of ascent--rapId (15 to 30 mmutes) and 
slow (45 mmuteq to 1 hour and 30 mmutes) 
The rapld aants a\c~nged betaeen 600 and 
700 feet pa mmnte, and the slon ascents less 
than one-half as fast The altitudes and the 
tnne lequlred to sumdate these ascents are 
shonn m ‘lablm G Rnd 7, and also graphlcallj 
m Figure 13 Once the smnkted altltnde was 
reached the >nnous tests were gwen twice dur- 
mg the tmo hours at the altitudes Cheated 
Thp length of each experunent vaned from a,$ 
to 41h how, dependmg on the rate of ascent 

01 CI 250 expermcnts \, ere canml or1t 111 the 
man part of the study In a number of umes 
tH” subyxts were studled at the same tlmr, 
honexer, for the most part the subjects were 
tested m the chamber mdwldually Two ex- 
permenters ms~de the chamber gave the tests, 
and one “utslde the chamber made frequent 
ttnalj~s on the Hiddane apparatus of the pel- 
crntnges of oxygen rtnd carbon dloslde 1” tbc 
chamber 

TABLE 6 

The sublects crime to the laboratory at least 
11; to 2 hours follommg a meal both m thr 
mnrnm,m and afternoons In the sanzs vhar 
blood samples rrere collected, the subjects came 

A ASCLNT 

X ALVEOLAR SAMPLES 

P TESTS 

RAPID ASCENT 

TO 16,000 FEET 
I\ 

IN 30 MINUTES 



to the lubol atory m the mornmg under basal 
condltlons Each subject was gwen the ~ar~“us 
tests a day “T so prer~ous to the expement~l 
senes $0 as to become acqmnted nlth the 1” o- 
cedures, and also to attempt to orercome 11x 
effects of p~nctlce I” the psgchologml trct, 
After the subject entered the chamber B con- 
plcte SPIES of tests was taken before the ascel!t 
Then the VBI-IOUS tats were repented twice, a= 
wdrated m Fqure 13 

TABLE 7 

The teats mere gn en m & Barach portable oq- 
gen chamber (7x 8x8 feet), where the gnses, 
temperature, rent&lo”, and hmdlty could 
be regulated (4) The concentration of oxygen 
\ras mamtmnd at the dared percentage by 

~nnnmg m mtrogen B The carbon dloxlde 
newer exceeded 0 7 percent Samples of the 
gas nnxtures were taken made the chamber at 
the tune the alveolar an- was taken, also, a 
sample WILS taken by an assetant from the out- 
slda of the chamber The analyses mere made 
mtb a Heldnne gas~analgsls appmtus These 
dctermmat~o~ nere made nt the begmung and 
end of each penod ~&en the percentage of “xy- 
gen ww altered The ventdatlon mas prmded 
by n motor blowr umt The ur current was 
passed through n tank mhlch contamed xa to 
cool md dry the an The temperature was 
auntamed between 6~74” F , and the humd- 
lty betneen 4&50 percent The chamber was 
m a part of the laboratory free from dwtrac- 
tlons and other outslde mfIuences The ex- 
permenter was protected agamt the effects of 
anoxla by breathmg addltlonal amounts of oxy- 
gen through a nasal catheter The mall 
change III percentage of oxygen maa camp-an- 
snted for by a small amount of mtrogen from 
a cylmder outslde the chamber 

1 The subpctr -An attempt was made to get 
subjects to serve m the experments rrho mere 
of the wme s”cu~cconon~~ status as the aver- 
age flymg population Iu the man experment 
many of the younger subyxts mere undergrad- 
uate md graduate students m Columbm Unl- 
verslty Those who wele more advanced m 
age were fol Ihe most. part professional men 
m Nevi York City engaged m the practm of 
law, teachmg. or busmess The total age range 
NBS from 17 to 72 years The sub]ects raned 
m pbys~al fitness from college athletes to those 
who led sedentaq lwes wolth a very hunted 
amount of exercm? There was also a fmly 
average dntllbutlon aa to height and weight 
rhose nlth known orgumc dlness were ehm~- 
nated from the experments aS a result of the 
tests, howrer, a number of the mdmduals 
were shown to be 111 very poor health and were 
sent to the Umverslty Medml Oilice One of 
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the sublects, for example, collapsed at 9,000 
feet after approximately 10 mmutes durmg the 
ascent About hnlf of the subjects volunteered 
to serve because of them general Interest m am- 
ation The others were patd by the hour for 
wxh evperunent All of the sub]e& were 
males 

2 The physwlogml rmdpry~iwloymd t&a - 
Durmg each expenmental session a sanes of 
physloloycal and psychologxal tests was gnen 
to each sub]&, as follows 

Physwlogzcal tests 

n P&e rate recorded practically contmu- 
ously dunng the a-wnt and at frequent 
mtervals thereafter 

b Systoltc and dze;ytolw blood plemu~e - 
Tycos recordmg sphygmomanometer 

c Almeolm onygen and carbon &ox& - 
The analyses were run m duphcate on 
the standard Haldane gas-analysm appa- 
ratus 

Psyc7wlogzcal tasts 
a &mhntzny---The subject was asked 

to copy 8 lmes of the Saedlsh language 

b Hetmpiwna test for ocular muscle bal- 

MKe (1) 
0 Ch0we reaotwn tmeY (Slllltce apparatus 

(61) SO reactions on B portable reactIon 
tmw apparatus mlth fire colored hghts 
Tune recorded m hundredth of a zecond 

d Color nanav-Both tune and errors 
were recorded dung the nammg of 
colon (68) 

e Code test--Cf Johnson and Paschal 
(34) Recordmg of the trae and errorz 
mrolved III transhteratmg 50 letters from 
a code 

f Jfmmwy (66) -Immediate recall for 
penes of ten four-letter words after ex- 
posure for 16 seconds each 

g Record of physzologzoal and pm&&g- 
ZCG? compbnnta-Each S"bJ& kept a 
nummg account of hn chief symptoms 
m his own handmntmg Also at the end 
of each expenment the subJects mdlcated 
thr chmf adments on a standardned 
test form (cf Table 16) 

3 Bmchsmacal tests (Parts III, IV, and V) 
a Lactic acid (Fnedemann, Cotomo and 

Shaffer) 
b Blood sugar (Folm-Wu) 
c Inorgsmc phosphorus (Youngbrrg) 
d Calcnm (Clark Colhp) 
e Creatmme (F&n-Wu) 
f Hemoglobm (Newcomer) 
9 Blwd gases,Van Slyke appexatus (Au 

tanal oxygen and carbon dlonde ) (52) 
4 Stu~zstzcaZ treatment of data-The pulse 

and blood pressure records were taken practl- 
tally contmuously durmg the ascent and well 
mto the first part of the first expenmental hour 
so as to follow the acchmatuatlon made by the 
subject Thereafter pulse and blood pressu~ 
records mere made every 10 to 15 mmutes In 
the Jinal data the pulse and blood pressure rec- 
ords were averaged for successwe 5-mmute m- 
terrals durmg the ascent and for every 20.nun- 
ute pmod durmg the remammg 2 houm 

The alveolar ax samples were taken 3 tunea 
durmg each experiment, first under control con- 
&tmns and agam at 16 to 25 mmutes of the first 
and second hours at each altitude A sample of 
the &II m the chamber was also taken at the 
tune the alveolar ax was collected Each sample 
WBS analyzed m duphcate on the Haldane &p- 
psratus 

The score9 for each subject m the various tests 
rre~~ obtamed first under control condltmns 
(m) previous to the ascent and agam durmg 
each of the two horn followmg the ascent In 
Tables 8 to 16 these three ECOM, Control, F~rat 
hour, and Second how, repreamt the averages 
for the number of forms or trials on each test 
for the respectwe periods 

All of the scores for the physlologxal and 
psychologxal tests am grouped awordmg to 
altitude and rate of ascent Separate groupmgs 
have been made for age and physlcal fitness 
The 6nal results are recorded m terms of means, 
vanab&ty (standard devlatlons) and cntlcal 
ratios (determmatmn of the slgmficance of ZI 
ddhxm betveen means m terms of proba- 
blhty) 

These data have been treated by the usual 
statlstlcal procedures In determmmg the cntl- 
cd ratm, use was made of Fisher’s method for 
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F,gure 14 -Pulse rate dung rap,d ascent and dunng 2 hours at h,gh sltltude (McFarland) 
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mentnl pened Tbc first sq@icant mcreas~ m terms of the Index of change (cont~ol=lOO) 
dnrmg slow ascents waz at 16,000 feet There sppeus to be II close relatmnslup between 

The extent of the ,armtmns III pulse rnte mcrease m puke rate and height &tamed A 
durmg rspld ascents -varpng from 10.000 to veil controlled ruse m pulse rate IS apparentlv 
18,ooO feet 1s shonn graphrally III Fl,rmre 14 a favorable nsponse to lowered oxygen pressure 

Tmm 8 -P&e Rate 



m the a\ el<~ge pason 111 good health hIiw> 
uf the subjects m poor physlcal wndkon i-c- 
spondcd nlth extreme van&ore III pulse rate, 
1 e ) ather nn unusually large increase m rate. 
a sudden dcclraie 1x1 rstc, or no change at all 
These IS a gw~eral tendenq for the pulse i-ate 
to return to more normal lerels at the love1 
ltltltudes (l&12 000 feet) prorlded the subjert 
ucchmatlzes f&g well and remams at rest 
At the hgher sltltudles, howerer, thn does not 
occur (cf Fqure 14) 

In companng the alterations m pulse late 
dunng rapId nnd slam wcents, , e , attunmg 
the smi&ted altitudes wcltbm 15 to 30 mmutes 
as contrasted wth 1 hour And 16 mmutes to 1 
hour and 30 mmutes, the ranntlons appear to 
be less extlwne If the orgamsm has a longa 
tune to become acchmatxad Thx tendenq 1~ 
shown grnphxally III Figure 16 for 16.000 feet 
altitude In fact a number of the sublects who 
vrere able to become accllmatlzed to 16,000 feet 
follonmg a slow ascent collapsed upon reachmg 
smllar altitudes after B rapld ascent On the 
avenge, the group d_lfferences m pulse i-ate 
\~e,e not slgmficsnt nt 10,ooO and 12,ooO feet 
nheu the rapld and slow ascents vere can- 
traited (Cf- Table 8 ) 

I20 

96 

2 The sy&h and dzastolzc blood pm.wum - 
The mean vanatlons m systohc and dmtohc 
blood pressure under the d&rent wn&tlons 
oi reduced oxygen pressure m-e shown m Tables 
9 and 10 These results are pmtmlly shown m 
gmphlc form m Figures 17 and 18 m terms of 
the percent change from the control 

On the average the blood pressure recm& 
do not show very d&n& tlends Thn IS pm 
mmly due to the fact that the mcreases and 
decreases tend to cancel out, tberebj mdmtmg 
only small changes m the group mei~ns Dur- 
mg the rapld ascents the varmt~ons both in 
systohc and dmtohc pressure TPWe less PX- 
treme than durmg the slow ascents (Cf Fig- 
ures 17 and 18 ) At moderate altitudes most 
mbjccts lea& mth an mltml mci-ewe m &her 
the systolic or drastobc blood premre, or 
both, followed by a well controlled fall to 
normal values 

In contrastmg the rapld and slow nscents 
to 16,CUO feet, both the mtml mcrease and pro- 
longed effects III the systohc and dmstohc pres- 
sures were tigher durmg and follommg the 
rapld ascents 

3 The alswlar myqen and cmhon dmmde - 
The werage pa’tml pressure of oxygen and 

t 
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ASCENT FIRST HOUR SECOND HOUR 
F,gure 15 -P&e rate during slow ascent and dung 2 hours at high altltnde (McFarland) 
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F,gure 16 --Pulse rate dung rapId and slow ascents and dormg 2 hours at lE,ODO feet (McFarland) 
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two rates of ascents m ths expmment the par- SS-VYB the effects of dmmshed oxygen premm 
tml pm of oxygen was sqmficantly hqher on motor control m II hghly pm&c&i reachon 
folloxvmg the dow ascents compared to the hke handmtmg, tno d&rent tests were used, 
rapld onea the first mrolvmg the copymg of B paragraph of 

4 Rem&a of the Peychologzcd Tests eight lmes of Smedmh language, and the second 
o Handwntmg test--In an attempt to ob- n handwntten commentary on the physlologml 

TABLE 10 -Dmstolic Blood Pressure 
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TABLE 11 --Means of Alveolar pC0, and p0, and Chamber Concentrabons for Altitudes Indicated 

The reiults are shonn m Table 12 md Flgure 
20 On the siL\ wage, there nas a slgluhcmt m- 
panment 111 this test at 14,000 feet and above 
the detenor&on m motor contIo1 bang fairly 
great at 16,ooO and 18,000 feet follomng R rapid 
ascent 

A nnmber of typml specmens of handwnt- 
n,g under control (an) condltmns and redo& 
oqgen termon we shown m Figures 22 to 25 
Fqqms 22 and 23 show reproductions of the 
Snedlsh passages R~IC~L were to be cop~l, and 
Fqwes 24 and 25 the roluntary comments of 
two of the subyxts as to them general ncclma- 
tlzstlon to the lnmr oTygen prewm 
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F,gure 20 -Handwr,tmg tests OlcFarland) 
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F,gure 2, -Heteraphorm tests (McFarland) 

b Hefe~ophor-za test -In tlus test the amount 
of ocular muscle unbalanw vas mawred 
under constant hghtmg conditions with B pan 
of 5.dqter prisms at 40 ems d&ante The 
results, as shown m Table 15 and FIgwe 21: 
mdlcate the mean dermtmn 111 pnsm chapters (McFarland) 



SUBJECT WAL 

F,gure 2z-Handwntmg tests for subjests FL1 and 
WAL (McFarland) 

Figure 24-Hand~~tlng-complamts warded valun- 
tarlly by subwet Tatkor (McFarland) 

tardy by subject MelI (McFarlsnd) 

v&s reduced so as to smulate an altitude of 
14,000 feet and abole Tlus partmlar test 
vas not complex enough to brmg out the more 
subtle mental changes assocmted with oxygen 
deprwetmn, and hence It w&s not ukd through- 
out the entre series of experments 

d Cohmtng tat -In tlus test the sub]ects 
were requmed to name as rapldly aa possible 
100 colored squares (yz Inch squares, red, blue, 





creased nlth mcrensmg altitude ns mdmted a smulated altitude of 14,000 feet wm attamed 
m the lager stmdnrd dermtmns The lnCre&se In order to shov the mean rarmbd~tg of 
m enas m this test TTRS statlstmll> slgnlhcant reqmme at the ,armus smulated altitudes m 
at 10,000 feet followmg the lap’d axcent This the color-namng test, the lndmdunl respo~xes 
1, 5s not true following the ,low ascents until (in terms of percent change from the contlol) 

T~ursl 14-Code Test 
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F,gore 27 -Color narmng test (McFarland) 

Figure 28 --Scatter diagrams of color nsmmg tests for 
means and errors (McFarland) 

pmment mth mcmasmg depletion of the my- 
gen m the mspmd ax 

e 7 he aode teat -This test measures the speed 
and mxuracy of translkxatmg 50 letters of a 
code Them are 40 forma and smce each one 
IS d&rent tho mcrrasPd performance due to 
practm IS not sq@kmt The test messu~es <t 
farly wde range of psychologml functions. 
mcludmg close nttentlon, accuracy, ad]ustments 
of nccommodatmn and convergence nnd hand- 
mtmg t 

The results of this test, both the mean scores 
for tune and errors, under the vm~ous degrea 
of oxygen deprmtlon an shorn m Table 14 
and gmphmlly m Fqwe 29 Follommg the 
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rapld ascent to lO,ooO feet, thele was a s,gnfi- code test, illustrates quite clearly the mde range 
cant mpamnent dunng the first hour but not of mdmdual differences, &s well as the decrease 
dumg the second hour These mean decreases m scores rmth an mcrease m “ngen deprwstlon 
m tme and err”m became statlstmllg mhsble f The nummy test-Th,s teat (memory for 
at smulated nltltudes of 12,ooO feet and above pamd assocmtes) measures the capmty for 
At the bghhest altitudes the decrease m effi- close concentration and me&ate memory 
cmncy III ths test became very marked not only Ten pm-s of four-letter words (nlth no obmous 
BS msnlfested m the mean vmab,hty of the assoc1at10ns ln terms of memmg) mere rqkxed 
gmup but also III the percent decrease m tune for 16 seconds each The cards were then 
and mcrease m err”rs The scatter dmgram III turned over so that only the first of the paw 
Figure 31, shommg the mdmdual SCORS m the of words vas shown The snb]ect ~a8 supposed 

TABLE 15-Memory and Heterophom Testa 

imo 
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12,ooo feet, ?J 3 percent, at 14,oca feet, 62 4 
percent, and at 16,ooO feet, 66 7 percent The 
results m this test are also shown graphxally 
m Figure 32 The curves \rere charted 90 as 
to show the tmw when the various complamts 
mere first observed (cumulatne) and also what 
percent of each group developed the symptoms 
durmg each expenmental paod For example, 
durmg the rapld ascents to 16,ooO feet, 10 nnn- 
utes after the nlhtude had been smmlated, 40 
percent of the group expenenced headaches 
By the end of the first hour, however, approxl- 
mat+ 70 percent of the subjects had a headache 
rrhlch perswted, on the nrerage, until the end 
of the experiment 

The results obtamed from the questmnnalre 
(cf Table 16) are shown m Table 18 and Fig- 
um 33 for the various altitudes followmg both 
rapld and slow ascents III terms of frequency 
The viwmua quwtmns have been classified mto 
cmulatorg, respmtory, dlgestwe, muscular 
(exertion), sensory, and pnycholognxl corn- 
plamts m order to show the percentage of the 
subjects who experienced these different com- 
plamts at the parlous altitudes 

The remits of these two tests correspond 
closely, winch mdxates thwt thm procedure m 
recordmg the various complamts was qute 
r&able These data also show that mlth m- 
creasmg altitude the average subject 1s con- 
slstently lmpawed by the lowred partml pm- 
sure of oxygen Comparmg the rapld and slow 
ascents III Figure a3, It nlso appears that, on 
the average, a smaller percentage of each group 
IS affected by the oxygen deprnatlon followmg 
the slow ascents m comparison mth the rapld 
ones 

me& III reduced ~V~VSI PRSSUR both III cham- R*Pm -W=S 
hers at sea level and wh11e m flight st lngh 
altitude 

oom~lnlnts 

The most frequent complamts recorded vol. - 
.I untanly by each subject at smmlated alhtudes aeadacbe 

of from 10,000 feet to 16,ooO feet (rapld ascents) i?zZ.ZvYJa* a! E??! 
are shown m rank order az to frequency m 

Term or - 
Dmdtp mg;tFtiLn,- I. 

Table 17 At 10,000 feet, for example, 10 5 per- ?,%%&$xzwen~ : : 
cent of the sxbjects reported headaches, at 
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Figure 33-Frequency of the PB~LOUS phymlogml 
and psychologml complamts (McFarland) 

V Results of the Enperment Dealmg W,th Age I” 
Relatmn to Acclmmst,zatmn ta H,gh Altitude 
(Part II) 

Smce ti lqe numba of the passengers nh” 
flj on the l”“mercKil 51r trmsport planes a1e 
fmly ndxanced m yenrs, an attempt has been 
made to find out uhctber older persons a-” ml- 
pawed bj oxygen deprnat~on to a relatmly 
grenter extent than younger persons 

At the Hsn nrd Fangue Laboratory dumg 
the past t\v” J ema an rxtanslre mrestlgatmn 
has been made of the phy’ologml responses of 
persons (total number 79) rmymg III age from 
6 to 75 sears lo sererdl standard grades of work 
on the treadmll The subjecls cmx to the 
laboratorj m a bnsnl date and were asked to 
respond to 3 metabohc rates (1) lest, (2) 
malkmg (modemte work), and (3) ,unmng 
(nxwunl work) On the average, the pre- and 
post-adolescents mm-e mom mmable m them 
ph>~ologml responses than the older subjects 
On” of the most stnkmg lesdts of the mvesh- 
gatlon WBS the gradual decrease m the maxi- 

ma1 heart rate mth mc~easmg age undel 
condltlom of maxmal xork Through the 
lundmss of S RobInson and D B Ddl, the re- 
sults obtnmed ,n the studm of the heart rate 
ale shown m Flgnres 31 and 37 111 the f”m of 
scatter dmgrams When the lughrst heart rate 
attamed m mnxmal woIk \\ as plotted agamt 
age, the range wm from 210 brats per mmute 
fen the younger subjects t” 155 beats per mm- 
llte at the “ppoute &rem, 1 P , for the olda 
sub]& (cf F~yre 34) The m&m pulse 
,&a m Fque 35 show the same gemal tend- 
ency It 13 of specml mterest to obsene m 
Flgure 35 that tlus tendenq nas munfested m 
the younger subject? wen mhde mutmg to get 
on the treadnull before the cxperment began 
On the ncrdgc, therefore, It appex, that the 
younger sub]& tend to mnmfest m”re fiex1- 



ble or less stabdlzed car&ovascular systema m 
reaponihng to a fixed stress such ns rmmmg on 
the treedrmll 

It 1s mterestmg, and qmte relevant probably. 
to compare the results obtamed m the above ex- 
penment wth tho response of older sub]& to 
the stress of oxygen deprwatlon encountered 
dunng fights to hgh altitudes Three groups 
of subjects were compared durmg a rapld ascent 
to 14,000 feet This sltltude was selected smce 
It seemed to be high enough to accentuate dlf- 
ferences m physlologlcal and psycholog& 
make-up and adaptablbty 

The groups usned m age as follows (1) 50 
subjects, 17 to 30 years, (2) 15 subjects, 30 to 
45 years, and (3) 16 subjects, 45 to 72 years 
As mdmated previously. the younger men were 
all college students or graduates from the Um- 
remty, and the others were busmess and pro- 
fesslonal men from New York City 

The results of the tests for pulse rate, systohc 
and dmstollc blood pressure, and alveolar mr 
are shown m Tables 8 9, 10 & 11, respectwely, 
The average mcrease m pulse rate for each 
group 1s plotted m relatmn to time m Figure 36 
The results mdlcate that the older sublecta show 
less extreme cxculatory responses to oxygen de- 
prwatlon as mamfested m pulse late per mmute 
than the younger subJects Tlus obserratlon 1s 
m agreement with the findmgs of Robmson and 
Dill m regard to mcreases 1~1 pulse rate undel 
con&tlons of mammal work We also observed 
that the younger subjects were more suecaptlble 
to falntmg under low oqgen than the older 
subjects 

The gzoup &fferences m sytihc blood pres- 
sure were not I-cry stnkmg, RS shown m Fyure 
37 There was a general tendency, however. for 
the dm.&ol,c blood pressure to mcrease toward 
the end of each expenment 1~1 the 45 to 72 age 
group In the age group under 30 yean, the 
dmstolx pressure showed a higher u&al m- 
crease than was the cue mlth the two other 
groups The partml pressure of oxygen m the 
alveolar aa- was, on the average, higher m the 
45 to 72 age group than m the two younger 
groups throughout each expenmental penod 
(cf Table 11) The tifferenw was 4 4 mm Hg 
dung the second hour Smce the resplmtoq 

and cardiovascular responses rrere less extreme 
m the older subjects, It fi not swpnsmg that 
the partml pressure m the alwolar air was slg- 
nlficnntly lugher 

In comparmg the results of the three age 
groups m the psychologxal tests (cf Tables 
13, 14, and 15) the average lmpalrment m the 
color nammg, code, and phons tests was no 
greater for the 45 to 72 age group than for the 
two younger groups The older sub]ects, on 
the arerage, made poorer control scores than 
the younger onea, however, If one takes the 
percentage of change of the low oxygen saws 
compared rmth the control Index of 100, then 
the lmpanment shown by the d&rent age 
groups was of the same magmtude 

YI Results of the Expenments Derdmg W,th Physml 
Fitness m Relatmn to Acclmatrzat,on to H,gh Altc 
todes (Part III) 

I Rata of asce& end a.Zt&.de $7~ relatwn to 
ph ysu;d fitmesa -In thv part of the experiment 
an attempt was made to contrnst the effects of 
rapld and slam ascents to high altitudes m the 
same group of mdnduals An attempt was 
made to secure subjects varymg 111 physmal fit- 
ness so that the ones m trammg could be con- 
trasted wth those m poor physical condltmn 
Such an experiment seemed relevant to some of 
the p~actlcal problems encountered m commer- 
ma1 nvmhon 9mce meny passengers nccllmatlw 
fairly easdy to high altitudes durmg slow a.+ 
cents but are qmte severely mfluenced by the 
reduction ln oxygen pressure durmg rapld ns- 
cents The partml pressure of oxygen we9 
vaned so as to wmulatc altitudes of lG,OOil feet 
vnthm 30 minutes (rapld ascent) and 1 hour 
and 15 mmntos (slow ascent) The group wae 
also stmhed durmg a rapld ascent to 12,ooO feet 
mlthm 15 mmutes Previous expenments had 
mdlcated that very slow ascents to 12,000 feet 
would probabl: cause only runor vanatlons m 
the tests 

The PI&~& ranged m age from 19 to 25 
yean They nere selected at random from B 
group of students m Columbia College and the 
College of Physlcmns and Surgeons None of 
them wax suffermg from any known orgamc 
adment As far as could be judged from the 
physlolognl tests of “fitness” l&e the Schneider 
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Index, basal metabohsm, and vital capacity, 
they were quite representatwe of the “average 
run” of young college men, the group contalnmg 
several sublects III rather poor physical condl- 
tlon and a number m unusually good physIcal 
condltlon (For example, Houston, subject Xo 
10 (cf Table 23), an expenenced mountsmear 
who chmbed to an altitude of 25,003 feet last 
summer on a Himalayan Expedltlon ) Each 
sublect came to the laboratory three tunes, fol- 
lowmg the untml practxe wwons, at mtarrals 
of appmmmately one xwek The sublects were 
very cooper&we throughout the serxs They 
were not mformed as to the purpose of the ex- 
perxnent until the end 

The general reachons to the three dlfferent 
rates of ascent may be briefly summawzd as 
follows 

Rqwd ascent, 16,WO feet -Five of the ten 
sublects collaps4 and one approached collapse 
In three of the poorest subjects collapse oc- 
curred at the end of the first hour and the other 
two toward the end of the second hour One 
sub]&., No 6, developed very marked tome- 
clomc cramps from his lower exttramt~es up- 
Bard and had to be removed fmm the cham- 
ber Upon bang removed to the a~ and 
bnathmg B m&urn of oxygen and carbon 
dloxlde, these reactions became markedly m- 
tvnalied Collapse m the other cases was ac- 
compamed by sudden and extreme changes m 
ather pulse or blood pressure 

slolo ascent, 16,ooO feet -This rete of ascent 
seemed to allow mom tnne for acclmmtu&on, 
and m general the responses of most of the 
sublects were less SBV~R Only two of the 
subjects actually collapsed durmg this sales 
Four of them, homFer, were nnpalred suffi- 
clently to do rather poorly m the tests 

Rapd meat, 12,ooO feet -None of the sub- 
lects collapsed m this serms of tests Subject 
No 6, however, the one who developed the 
serere cramps dung the rapld ascent to 16,000 
feet, had to be removed from the chamber be- 
cause of & smnlar kmd of response The al- 
teratlons m pulse and m blood presures were 
only shght and usually returned to more normal 
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There wei-a only -very shght changes m the 
psychologmal tests m this mrms 

In the treatment of the data the sub]ects 
have been dlvlded mto two groups, 1 e , the 
“fit” subjects or those rrho adapted easdy, and 
the “unfit ’ group or those who reacted badly 
In th way It 1s posslble to contrast the ex- 
trams m physlcsl fitness 

In Table 19 the effects of a rapld and a 
slow ascent to 16,000 feet m the v&nous physl- 
ologxal fun&Ions are contrasted The average 
d&rences m pulse and blood pressure are not 
great largely because the extremes tend to can- 
cel each other and gwe somewhat smnlar 
means In mdwldual casex the differences were 
very great Durmg the rapld ascent all of the 
subjects mere affected, the “fit” ones consld- 
ably less than the others largely because they 
became accllmatlzed durmg the second hour 
of each session 

TABLE 19 

vs1ue.s towxrd the end of each expenment 
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1’~ E 21 -Comparison of the Dlfferentlal Effect of Three Runs on Physlologxal Function 
of a “Fit” Group (A) and An “Unfit” Group (B) 

.\ct”ll‘hlarl k&p&h “‘w&‘,;r;” ,‘hl,l,R, P’j’z+ nJu’~‘uu~ ,lrLrr,Ln (mm ng, I 
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the relative mcrease m pulse rate and sgstohc 
blood pressure wns greater m the plane when 
an altitude of appro~lmatelg IS,ooO feet maa 
reached m 20 mmutea compared mlth the more 
gradual ascent by tram to smnlnr altitudes 
The same tendency 1s observed m Figure 41, 
There three rates of ascent to smular altitudes 
are contrasted, 1 e , by plane m 20 mmutes, by 
tram m 6 to 8 hours, and durmg gradual w- 
cllmatlzatlon over two months (cf McFarland 
(44), Intei-natlonal High Altitude Expedltlon, 
1935) 

2 The response of the peychaneurotw y-oup 
to bzo ozygm-This expmment deals vath the 
responses of 30 normal subjects and 35 psycho 
neumt1c patmts to variations 111 Oxy!gm tension 
m B low oxygen chamber at sea level Each 
sub]& was tested under control condltmns or 
III normal 8~ (21 percent 0,) and m 103 per- 
cent oxygen, wxrespondmg roughly to 18,ooO 
feet In addltmn, each subject was gwen B 
seru+s of phgsul fitness tests as r, baa fop 
classlficatlon The results of thesa tests u-a 
shown m Table 24 (47) 

a The m&e& -The control or normal sub- 
]ects ranged ID age from 19 b a0 ~TWB snd the 
neurotics from 18 to 35 years The controls rrere 
undergraduate and graduate students m Colum- 
bla Umverslty or mstructors nnd technmmns 
For the most part, they mere m good or averqe 
health, mlth normal habits of sleepmg, eatmg, 
and exerase, and wthout lmomn orgamc de- 
fects. 

The patlents were psychoneurotlcs selected 
from the Vanderbilt Clmm on the bans of 
chrorm “fatigue and exhaustion”, tlus syndrome 
bang charactenstlc of all of the patmnts They 

were dmgnosed (mlthm the more general 
psychoneurotic clusficatlon) for the most part 
as (1) neurasthema, (2) amety state, or (3) 
anxiety hysteria They were all ambulatory, 
cooperatwe, and of a f&y hgh level of mtah- 
gence, most of them berg students or of the 90. 
called “white collar” class They were, on the 
average, m poor phys~al con&tlon, but mam- 
fested no orgamc adments follommg repeated 
exammahons by the chmcmns 

b The enpmental promdwe -The sub@s 
fame to the laboratory under basal contitlons 
Followmg a half-hour rest, a sample of blood 
was taken Then the subject entered the cham- 
ber and WLS suddenly exposed to the varmtlons 
m the partml pressure of oxygen The 
Schneider Index of neuroc~rculat~ry fitness wns 
yren first, followed by B seruzs of s1x psycho- 
log& tests At the end of the experiment D. 
second ample of blood was taken m the cham- 
ber and the 8ublect was sent home In case the 
sub@% response was wwe, 1 e , elther col- 
lapsmg or approachmg collapse, & small amount 
of oxygen was admmtiered to faclhtate the 
adapt&Ion The average expenmental run 
lasted two hours 

None of the sub@s was mformed as to the 
nature of the experunent. The control sub- 
jects were sunply asked to volunteer for an 
experunent bemg gwen 111 an ar-condItIoned 
room The patients were asked to take B sears 
of dqnostlc treatments m attemptmg to de- 
termme more preaaely the nature of thar 
Illness 

In an attempt to Judge the reaction of each 
mdlvldual to the dmunutlon 1~1 the p&ml 
pressure of oxygen, each sub@ mas rated as 

TABLE 24 -Tests of Psycholo@cal aad Phymolo~pcal Rbwss 
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the extra physlcal effort This nas espwally the pstlents tended to cnncel out each other and 
noticeable JILst previous to collapse III the 10 3 gwe a more normal me&n than u as actually the 
percent oxygen seizes Extreme leltlgo and case Tlus vanablbty 1s reflected m the greater 
dnzmess on standng 01 after exerase n as also standard devlatmns m the scores for the 
accompamed by n sudden fall m pulse rate patients 

The s~st~hc blood l,~e~.~re m the patients The most stnkmg dlffaenre between the tno 
was sllghtlJ higher tbhn III the normal sub]ects groups III systohc blood prersure M as the tend 
The extremely hlgb and ion blood pressures m R~CJ on the part of 50 many of the patrants to 

TABLE 26 -Cardm-Vascular Reaclmns of the Psychoneurohc Gronp Measured m Terms of the 
Schneider Index 

-~ 
Camal I wmlleer 

MeaD 1 alI ~ Mean ) 8 L) 

TABLE 2i -Carcho-Vascular Reacbons of the Control Group Measured III Terms of the Sclmader 
Index 



In analym~ the lecords of 1,050 alt~tudr 
~li~sufi~atxm emmnmtlons fmrn the rebiextlm 
tests gnen du~mg the JVorld War, Schneldel 
und Trne~dell (55) repozted two lnnds of sub- 
jects, the fnmhng and the nonfazntwq types III 
the fmnhng type (46 i percent falhng mtc thlq 
classlfirntlon), there mm frequently a sudden 
fall m the pnlce or blood ,nessure lust pi-e, lous 
to collapse, whole m the other group (53 3 per- 
cent) there mat: a well-controlled reaction until 
tho rely end of the lebrcatlnng test The al& 
tudes at vtntb nwmbers of the two groups be- 
came rtrolly mefficlent <we mchcated m the fol- 
lomng tabl? (from Schneider nnd T~UPS- 
dell) (65) 

III the expernnrnt leported here, mauy of the 
ps+meurot~ patmts appmntly belong to 
the famtmg type m that rre freqnentl~ ob- 
eeerred &her an uncontrolled nse or fall 111 
pulse 01 blood prcsiure upon stsndmg or after 
ererc1se 

The Schne&r Index appmrs to be of rxluo 
111 detectmg unfitness, but It should be used mth 
addltmnal measures III the case of borderlme 
sublects or those who fall m the. middle range 
of n senes The test should be rermd eo that 
the follommg objections ml1 be taken mto nc- 
count (1) It gmes an undue advantage to sub- 
jects mth a blo\v pulse rate, (2) It does pen&e 
the subject who shows a sqmficant fall m pulse 
lat~on~tanlllngoraftereuelClsp, (3) 1t fallsto 
take Into account body height and nolght, the 

I- 

d l’he bzochemwal detennmatzons -At the 
begmmng of each expermental sessmn a 
wmple of venous blood was taken after a half- 
lloul rest pmocl (fastmg state) m rir, and 
agam at the end of each penod (approxmately 
tno hours) In this nay It was pomble to 
compare not only the rarmbtity of each mdl- 
, 1dns1 followmg repeated blood samphng, but 
nlsa the ,amblllty of the groups, as vie11 az. 
any changes due to the anoxemm m the 10 
percent oxygen FLx,es 

Ibe results of the b~ochemcal tests are sum- 
marmd 111 Table 29 On the whole, the dlf- 
felences m the meam, between the two groups m 
HII compared to 10 3 percent oxygen do not shon 
stnkmg differences In EI number of the pa- 
tlerrts there were more extreme changes m the 
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lnctlc acld m low oxygen and alder fluctua- 
tmns m blood sugar than m the control sub- 
]ects Possslblg t2lls may hare been assamted 
alth an rnpnxment of the sympathetx ner- 
FO”S system m the patEsts or Ina-8 extreme 
&charges of ndrenalm and the consequent 
mobdustmn of -sugar lhe la&c ncld deter- 
mmatmns m the control group were, on the 
a>erage, Ion er, and the 1 armlnhtg less, than 
,n the patlents Many of the patients tended 
ton ard the lover range of normal , anatmn m 
sugar (normal 80 to 120 mg percent) The 
rehhre nlcrease nl sugar was greater fo1 the 
patlents ,n the lo\r onjgen sei-ES This w&s 
also noticeable m the c~lcnnn determmatmns, 
especmll~ ,n the lorr oxygen Serbs The deter- 
mmatmns for hemoglobm (results not shovn 
m Table 29) viere made only m the loop oxy- 
gen senes There was an average x~creas~ of 
between 4 and 8 percent m both groups, nvi- 
cstmg that the percentage of mcrease m hemo- 
globm 1s only of mmor xnportance m facdl- 
tntmy adapt&on m flights of short duratmn 

The most strdang &fference between the 
ho groups was in the greater mdv Idual and 
group varmlxhty of the putmnts, roflectmg in 
orgamc mstabd~ty as well ns greater difficulty 
In mretmg ‘~emergency” s~tAlatmns or reactmns 
mvolvmg stress and fleslblllt4 of adjustment 
In the ‘nervous” patients the leactmns to high 
nltltude are probably accentuated becaua the 
sympathetic nervous system, which 1s usually 
mlpaxed, 1s the one most actwely mrolred ,n 
brmyng about changes m clrculahon and 
resplratmn to sdjust to the dununshed oggen 

F P8yoh4?lngzca”z tests -In an attempt to get 
H more objectw recozd of each subject’s adjust- 
meut to the varmtmns m oxygen tensmns psy- 
c11010gxa1 tests were grven mrolvlng qmckness 
and accuracy of motor coordmatmn judgment, 
persweratmn, and attentmn. oi- capaaty to 
carry out standarihzed mental tasks In addl- 
tmn to the ob]ectwe tats. a record was kept 
by the expermwnter of any obl ions changes UI 
nmxl or emotional renctmni: as well as altern- 
tmns m motor coordmatmn tremors mdlffer 
ence or IethaIhT, etc 

The results of the psjchologul tests are 
shown m Table 30 On the aterage, the pa 

tlents vere more se, erelj affected by the osy- 
gen deprlvatmn than the normal subjects The 
Mann sccres ale not only lamer, but there li 
also a domlderable mcrease m the xanabAtj 
(standard dwmtmns) and the errors Both 
groups, however, were se! erely nnpiured m the 
ps~chologxal tests by the umxemm, mduxtmg 
a general loss of sensory motor, and mental 
alertness ‘I he ps> chologxxl tests reflected the 
nnpaxment of the wculatory and reaplrutog 
mechsmsms and the consequent lack of ox>gen 
bang dehvered tu the central nerrons system 

VII Results of the Expernwnts wth Beeas Carbon 
D,ox,de (3 II percent) ,n the Low Orygen and Low 
Pressure Chambers (Parts Iv and V) 

In this part of the mlestlgatmn an attempt 
has been made to study the effects of high con- 
wntrnttlons of calban dmxlde m the presence 
of LL dehaency of oxjgen m the mspwed &~r 
As described m the mtroductmn. one of the 
mltml resplratorJ responses of the orgamsm to 



low ox> ye,, 1s h mnrlted mcre~~se m the late 
and depth of breathmg, x+uch tends to upwt 
the equllbrmm of 1h.e gases UI the alreolnr nu 
partlculallg the carbon dloxlde Y IIenderwl 
(71) and “then (28A, 23, 22) hare stressed thr 
posablllty of Lounterwtmg the effects of ox.’ rrr,l 
want by excess carbon dloxtde The FX~W of 
usmg nuxturez of 7 percent carbon dloxlde and 
93 percent oxygen m calboo monoxide p”~onn,g 
and III FR~~“US chmcal disorders, nhere faAnc 
of resplratlon 1s an important syndrome. hai 
been faxlj well Aabhshed No thorough 
studies have bean made of the blood gilses nnd 
psycholog& changeel;, howerer, of normal and 
exces amounts of carbon dloxlde m the presence 
of a dcficwq of oxygen This problem seemrd 
to be of partlcnlsr relevance m high altitude 
flymg m anatIon and m the use of sealed cnbms 
In c0mmerc1a1 nlr transport&on 

Three d&rent expenments have been <XI- 
rled out relatwe to the hypothws thJt the 
~:rescnce of tno to three percent carbon dloxlde 
msy stunulate the breathmg so as to aId the 
uptake of oxygen There was the posstbllitl 
that 3 percent carbon dloxlde for 3 to 6 honrc 
rmght be wry uncomfortable and ha>e iertam 
harmful effects Even If there x>ere no xd- 
\ antage m the uptake of oxygen, them n ,,s 
the posslblhty that the Excel carbon dloude 
rould mcrease the pulmonary ventllatlon so 
that sealed aeroplane csbms could be more 
eas~lg eqwpped for operations at hgh altltudr 

1 In the expernnent at Columbia four sub- 
jects, somevhnt below average m general physl- 
cal condltmn, were tested under the follonmg 
condltlons III tho low oxygen chamber first, 1,~ 
llppr”mnatcly 11 percent oxygen (17,000 feet) 
with 0 5 to 0 8 percent carbon dloxlde and 
second, m 9 to 10 percent oxygen (19 ooo to 
22,000 feet) vlth 30 perwnt carbon dloxlde 
Dnrmg each perlad a series of psychological 
tests mss wlmnuterod to euh subject Mr 
H 1’ Edwards collected snmples of arierml 
blood and alreolar ~LT The lesults of the 
psychologxal tests ai-8 shovn m Tables 31 and 
32, and the phqslologxal tests and bmchenucal 
detarmmatlons m Tables 33 to 36, mclus~re 

In the psychologxal tests all of the subjects 
wei-e slgnlficantlp nnpalred m the prwx,ce of 

osjgcn l<lCk wt11 a furl) li”lmnl concentla- 
flon of carbon dloxlde The ~PPJI nrterml 
oxygen saturntlon dropped to npproxunatel~ 
80 percent, and the p&ml pressure of oxygen 
m the. alveolar ax to 4CMi 111,,1 H:: Two of 
the four subjects had to be rrnlored from the 
~hnmber to\rard the end “t the two-hour ex- 
pwnnentsl se~lon and a thrd (1~ eloped swere 
lon~clon~ muscular tvltchec When the ex- 
lw”ments were repeated wth 3 0 pcrccnt C&P 
bon dlomde, even though the oxygen pcrcent- 
ages mere app’“xlmat&j 2 p?rcent lolr CT, 1 c 
S,OOO fwt higher, the nrterxd o\ygen qaturahon 
remalncd elevated to appro-nmatclv 8~~85 per- 
cent and the psrtml pressu,e of osy~en m the 
alveolar ax to 4%50 mm Hg 911 of the sob- 
jects did better III the psgcholo~cal tests I” spite 
of bang approximately 5,000 feet higher (cf 
Table 31) The subjects were also more corn- 
fortable and complnmed of fener unplwnnt 
qmptoms (cf Table 32) 

T\nra 31 
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2 The Harvard Experxnent was carruzd out The first experunent was a control The four 
m the low oxygen room at the Fatigue Labora- subjects, who were also the four observers (DA, 
tory More extens~re studws mere made of the Edwards, McFarland, and RobInson), ate the 
changes III resplratlon and the blood The es- same breakfast and mere ready to beyn obsei-vs- 
penments also contrnrzd over a longer peuod tlons at 8 30 The room was closed, an absorb- 
of tune (6 hours) and the concentrstlons of Ing unit for carbon dloxlde was started, and n 
oxygen and carbon &oxlde were more carefully ample coohng device was available The tem- 
controlled The results of the psychologxal perature was kept between 20” and 26” C and 
tests are shown m Tables 37 and 38, and the the humt&ty between 60 and 70 percent The 
alreolar oxygen and percent saturation of the carbon dloxlde absorber prorlded a comfortable 
artenal blood 171th oxygen UI Table 39 The an clrculat~on The carbon dloxlde WBS kept nt 
author 1s Indebted to Dr D B Ddl for per- abut 0 6 percent and the oxygen between 20 8 
mm~on to use the data of Table 39 and for the and 211 percent. The day was draded into 
lnterpretatlon of the ph;\s~olog~al findlngs dw four perlads of about 2 hours each In each 
cussed below B perlod a complete set of phywAopca1 and 

psgchologlcal studies WBS made on each Indl- 



v lth ix decrease m pH from 7 40 to 7 36 The 
obscrfatxms were cnmed on nnh no dmom- 
fmt and wlthout well-dPhned B~OIP~~SS that 
tho atmoq&l~ rras abnomnl There ~a-e no 
after effects dwmmble Tbc rewlts of the 
pqcholoycal tests wer? nltlun the normal 
range of mmablhty The drlta for the control 
rnpenments and for the tests cnnml out m 3 0 
pacent CO? and 210 percmt 0. are not shnn-n 
m the tables below 

In the thmd experment tlw room rras closed 
after the prelmnarg obwvatmnr mtrogen 
admtted nnd enough oxygen was dq&ced to 
leave an atmosphere contamng about 110 per- 
cent oxggen This 1s ronghlJ equmlmt to 
17,000 feet, and the nsrent -raq made in step- 

mme fashmn 0%~ one hour Carbon dmslde 
TP~S absorbed and after rl short permd of 
nd]ustment, durmg rrhlch 11 0 oxygen was 
reached, that oxygen percerrtnge mm Mom- 

T<nb~ 33 -Results of the Phymlogml Tests and Bmchem~cal Determmahons 
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tamed for SLT hours As ~111 be zeen m Table oxide and 110 percent oxygen The breathmg 
39, this reduced the oxygen snturatmn to i0 was greatly mcreased The oxygen saturation 
percent Expzessad m another fashion, the was notably m&&d by the mcreased rent&m 
arterml blood contamed nearly fire times BS tlon of the lungs The mean snturatlon \vas 
much unoxygenated hemoglobm as LS nor- SO percent mstead of 70 (table 39) In othei 
mitlly the case The breathmg increased about words, the nnoxygenated hemoglobin III artem 
20 percent above normal, and this had the rml blood was only twice normal m&ad of 5 
effect of raamg the ratlo of bicarbonate to tnnes normal In the one case the oxygen sup- 
free crrrbonlc acld m the blood from 20 to 22 ply v&s seriously interfered nth, in the other 
This IS about equal m magmtude, though op. case It was shghtly reduced 
pos& m sign to the effect of 3 percent carbon It IS notable III this fourth expenment that 
dloxlde All of the subjects vere delimtely the ratlo of cnrbomL acld to bxarbonate re- 
hsndlcapped durmg the SIX hours of tlm ex- mams very nearly constant, m other words, the 
penment The dlgestmn was retarded, there i-en&on of the blood remains at Its normnl rslue 
was some nausea and dlzzmess, and three had In VIBF of this, and also due to the fact that 
moderate headaches whxh persisted for BII the oxygen saturatmn WC&S ZG high as 90 per- 
hour or longer after lea\mg the rc~om All cent. It 1s not surpnsmg that none of us felt 
of the subjects mere poorer m the psychologl- partuxdarly uncomfortable m this experiment 
cal tests (cf Tables 37 and 38) Only one had a headache, It was shght. and 

The fourth experiment FFLS densed to test dIsappeared as soon the expenment was o\e, 
the combined effects of 3 percent carbon dl- There was reduced nppetlte and some mdlges- 

TABLE 34 -Results of the Physmlognd Tests and Bnchermcal Deternunatmns 



tlon ~1 tv” LGS, but nU agreed that the expe- 
nence I\ RS less aduow than wth low 0x3 gcr 
ulono It WA> our unpre~lon that the presence 
of 3 percent carbon dloxlde lonered the nlrl~ 
tude from 17,000 to approxunatelg 12,000 feet 

3 Through the cooper&on of Captun H G 
Armstrong and Dr J W Ham, these expal- 
ments were repeated m the low-pressure cham- 
ber at Wright Field, Dayton, Ohlo The sunr 
experxnontal procedure nas used as m the low- 
ox,gen room at the Fatigue Laboratory and the 
sun” lndlrlduals (Doll, Edwards, McFsrland 
and Robmson) ser, ed as thar own expenmental 
subjects The results of the psycholog& tests 
are shown m Table 40 and the findmgs relatmg 
to the alveolnr “xyg”n and percent &w&on 
of the &ens1 blood wclth oxygen m Table 41 

It was “UP lntentlon to reduce the total pi-es- 
sure to a value equral6nt to 17,cul feet on 
the whole, our subjoctlre cxperw~es and the 
psyLhologwa1 tests were not unbke thos0 m the 

low-oxJgen chamber at the Fntlguo Laboratory 
Arterml blood samples ncre drann and pas.sed 
through tho ax lock for snalysx Samples of 
an from the pressure chnmbcr TT.S~C drawn at 
mter-ds dung the day, but these acre not 
.maljzed ual the followmg day We vcere as- 
tomshed to 6nd that the cabon dloxlde had 
been rung and the ou~gen falhng dung the 
d&J due to a defect 111 the ventllutmg system 
We had actually been norkmg at 22,000 feel 
with carbon &ozude equrnlent to 2 5 perLent 
It 1s safe to say that wth such a reduction r, 
oxygen Wang place wthout excess carbon &ox- 
lde all of 1~s would have been sick or collapsed 
Two days later Then the rentdatmn mss work- 
mg properly we observed that, aslde from the 
effects on the eardrum of mcrewng and de- 
creasmg pressures the phyaologcal and psy- 
cholo~xal consequences of a gwen oxygen prrs- 
sure mere the same whether produced by addmg 
mtrogen to the ax at atmosphenc prassure or 

TABLE 35-Results of the Phymolo@cnl Tests and B~~hermcal Deter-hons 
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TABLE 36-Results of the Physmlog~cnl Tents and Bmchemcal Determoatwms 
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1 Rrwlt~ of e.zperame& on tramcmhmtar: 
$ryhts -On June 3, D B IAll of HslTard Unl- 
-wSltj and E G Hall of Duke Umrerslty xnlade 
the fhght betwm Newark and Salt Lake CAv 
Thr n,wage altitude nas between 8,000 and 
10,000 feet The fly mg condltlons were famly 
good, howvel, rough ml TCBS encountered pre- 
x IOU’ to reachlrrg Denrcr and Salt Lake Clt) 
Both sublects felt quite nauspatrd on the fight 
lxtvwn Denra and Salt Lake Cay, and ]uit 
before renchmg Salt Lake Doll vomited apd 
Hall would hnrc vomIted had he not ~&cd 
qwet1y 

On June 21. R A McFarland of C&nnbla. 
Unmmtj made the fhght between Newirk and 



plmg tubes and analyzed m the standard Hal- 
dam gas-analyst apparatus at the Fatgue Lab- 
oratory at Harvard 

Rem&a-Phymolopcd t&x -The results of 
the tests for pulse rate and slreolar carbon dl- 
oxide made by Ddl and Hall are shorn m Table 
42 There wria a shght, yet mgmficant, mcreme 
m pulse rate wplth mcrensmg altitude, mth a 

tendency toward nornml values as each fhght 
progmsed A compsrmm of the al,eolar car- 
bon dmade data mth that obtnmed on the 
Chkm Expedltm (cf Figure 9, Chuqmca- 
mnta-10,000 feet) mdmtes that there wu ? 
close correspondence m these findma 

The results of the pulse rate and blood pre- 
sure tests (Recordmg Tpcos Spl~ggmom<mom- 
eter) obtamed by McFarland are shown m 
Table 43 The changes m both McFarland and 
the passenger, J W &ICC, mere only slight and, 
on the avernge, quite ms~gmficant 
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vwual mtenslt>-Ewes wedge, (3) color nam- 
mg-nnmmg 100 dolors m rapldlj as pomble- 
score III seconds, (4) trmsllteintq 50 mde 
letters agnmst tune (m seconds) , and (5) mem- 
ory for pared words In t2us test the ten pan 
of words were exposed for 15 seconds each Im- 
medmtelj fullowng the mmtlal prescntatmn, the 
first vord of each par 1s shown to the subject 
and he 1s asked to recall the second (scorn m 
percent correct) 

The results, ns shown m Tables 42 and 43, 
mere wnslstently yet lnslgnlficantly lower at 
the bgh altltudcs dunng the fllghtts The rana- 
tlons m-e only shghtly greater than the experl- 
mmtal crro, nnd the powble effects due to the 
dlst~actmns mhde m flight In the code test, 
for example, there was an nleragc decrease m 
tnne for oacb test of 2 to 3 seconds: at high altl- 

tude compared to sen level, m the memory test, 
from 4 percent to 8 percent 

The mount of unsaturntmn of the arterml 
blood mth oxygen at 10,CQO feet decreases from 
the normal sea la el value of 96 percent to ap- 
pmxlmateely 90 percent At 12,ooo feet the per- 
cent saturation of the artmal blood rrovld be 
npprosmately 86 percent From a nde nun- 
be of ob~ervetvms at high altitude on moun- 
tam expahtmns and m smulated lqh altitude 
III chambers at sea level, shght yet statlstxally 
mlgmficant changes m sensory or mental func- 
tlons with this amount of arterml oxygen unsat- 
uratmn have bean observed 

It appears that healthy subjects b&men the 
ages of 18 and 60 years we only shghtly affected 
at tdt1tlxks of 10,000 feet after two to four 
hours At 12,000 feet to 14,000 feet the average 
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F,gure 42--Log of trans.Pac,fic fl,ght (DIcFarland) 
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of operating an aeroplane on trans-Peclfic marked practice effects, that were sens]tltlre 
operations, and on possengws The UP mas enough to measure shght alterntmns m func- 
r&it&y smooth throughout the entlre fhght tlons, that mcluded a f&y mde range of 
The mv&gatlon was undertaken from the sensory and mental reactions, nnd that mere 
practmal pomt of vmw of avlatlon for the fol- po’table and easy to admmlster Vlsnnl tests 
lowmg reasons (1) to determme the amount were stressed because of the prunai-y unpor- 
of fatigue mrolred m long traxoceanlc fighti tance of that part~ular sense in flymg With 
m terms of ob@lre measurements, (2) to the abase conslderatlons ~TI mmd, the followmg 
study the mamtenance of health m the alrmen tests were admumstered m Almneda and at yaw- 
m carrymg out such operations, (3) to analyze IOUS mtervals throughout the fight The re- 
the effic~ncy of the personnel whole m 5ght, suits ai-e shown m lable 45 On the average, 
and (4) to recommend safet) measures m rela- there KBS an unparment of 6 to 8 percent m 
tlon to human lmxtatmw The study was of the psjchologxal tests at 9,000 to 12,ooO feet 
general scmntlhc Interest from the wmpomt followmg 810~ ascents 
of measurm~ obwtlrelp the chanw 1~ the m ~~~ “I 

analyang the amount of accllmatrxitlon at- =- 
tamed durmg l!221/z hours m the ax It also 
afforded an excellent opportumty to compare Tee 
the effects of oxygen want under nctual fhght 
condltmns wth stu&es made on mountam er- 
petitloos, and m low-oxygen and low~prwure Ll0 horiaCprLsmdloptsrsJ 
d1anlbers at sea level P 

i Y 
The phgslologrxd tests m&ded (1) the ’ ’ o’,sonmmadstCou 

Schneider Index, 1 e , the pulse late and blood 
&$) WghtBTeJ 
9 ” 

and the concentration KI plasma of protein, ;;‘E” 
. 

cholesterol, chlorxle, and nonproteln mtrogen 
Also, counts were made of red cells and retlcum 
locytes The psjcholog& tests Included (1) 
heterophorm, (2) near pomt of nccommoda- 
tlon, (3) brightness dlscrmunstmn, (4) quick- 
ness of apprehendmg the mealnng of wordi: 
exposed for fractmns of ZL second ,n a focal 
plane shutter apparatus, (5) code test fol 
ma1ntennnce of attentmn and nccuracy of trnns- 
hterstlng letters, and (6) manor)- 

Results of the psycholopcd tee-In se- 
lectmg the psjchologlcal tests It was newswary 
to obtam those that could be repeated ~ltho,,t 

I 

1 ’ 
1 
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With nccentuated emotional excitement or 
vorry, the u~reased sea&on of adrenalm may 
cause a rm~ m blood sugar The normal ra1ue.i 
observed I” these armen suggest that no such 
ercltcmeut or rrolry was takmg place 

I” genersl, the 17 axmen studled durmg typl- 
cal trans.Pa&c operations beLame acchmatmed 
to the hgh sltltude and mamtalned a lugh de- 
giw of mental and physxal effic~ncy thiough- 
out the flight The 11 passengers of average age 
and fitness studled, although not mamfestmg the 
same degree of accllmatz,tlon as the an-men, 
showed uo objectwe signs of fstlguo or physxal 
distress It should be kept m mmd, howw, 
that the subpctwe feehngs of fatigue nere 
fmrly acute I” both the armen and passengers 
at the end of the longer flights although tha 
results from the phjsmlogxnl and psychologzd 
tests wars, on the average, negntn-e Tlus study 
mdxates that the stress of flymg on these trani- 
Paafic operatmns 1s not acute enough to de- 
plete the fuel reserves of the badj or gre nw 
to the awmlulatlon of fatigue substances m the 
blood 

Before attemptmg to outlme tentatlre co,, 
clus~ons, a genernl summary vplll be gven’of tho 
eutnee mrestlgatlon Fwsf, the various pioblems 
relatmg to passenger comfort m modern au. 
transport&Ion mere outhned It was pomted 
out that one of the most nuportant questions 
rrh~h has not bee” solved adequately by the 
amraft engineers lelntes to the effects of the 
reduced oxygen pressure encountered at high 
altitudes 

Second, the physical factors of the en, ran- 
ment at high altitude ~~ei-e dxussed m relatmn 
to their reactmn on the human orgamsm and 
the amount of oxygen m the msplred BLP rrhlch 
vould be required to malntam sea level condl- 
tmns (159 mru Hg) 

Thd, a descr@on was glwn of the v&i-lous 
expenmental procedures used at sea level to 
snnulate the essentml condltmns of hgh al& 
tude, such as Douglas bags and rebreathmg de- 
rices,, lam oxygen nnd lov pressure chambers 

Fourth, an analyst nas made of the uupor- 
tnnt variables of flnng at high altitude, such as 

the height &tamed, the length of exposure, the 
rate of ascent, the phys’cal c1~aracterlstw.s of 
the mdrvldual, and the roughness of the an- 
wlule m fhght 

Fzfth, the ph3sloloycal mechamsms of ac- 
chmntl&lon, with specml regard for the un- 
portance of carbon dmslde, were anulyzed 
Also, the ~sponw of the arerage uuaccluua- 
tlzed passenger m as compared x ah tho average 
acchmatlzed arman 

Szzth, a desalptmn of the parlous expal- 
ments was then gwen. along with the presenta- 
tmn of the expernuental data More than 237 
subjects were studled durmg rapld ascents and 
84 durmg slow ascents m the paits of the UL- 
wtlgatlon sponsored by the Bureau of Air Com- 
merce The experiments rrere dwlded mto SIX 
parts, as folloms 

Pert I -In the ma,or esperment there were 
two rates of ascent, approximately 20 mluutes, 
and 1 hour and 20 mmutes to sum&ted altl- 
tudes of 10,000, l2,ooO, 14.oo0, 16,000, 18,000, 
and 21,000 feet A terms of phjslologlcal and 
psychological tests was glren to each subject be- 
fore and dunug each ascent The data was 
treated by the usual statistical procedures 
to determme the rehablllt> of the obxrred 
d&zrences 

Pm-t II -In this experunent the varmblo of 
age was pnrtu&d out fol special study Three 
age groups (17 to 10 fears, 30 to 46 years, and 
45 to 72 yems) were grzen the lar’1ous psycho- 
logical aud physmloglcal tests durmg rapld 
and slow ascents to snuulated altitudes of 
14,000 feet 

Part III -The relatlomhlp b&man toler- 
ance for altitude and ph>slcal fitness was 
Rnalyzed m this part of the uwestlgatlon A 
group of phjslcally “fit” aud phys~ally “unfit” 
college students II as >tudled dui-mg rnpld and 
slow ascents to suuulated altltudcs of 16.000 
feet nnd durmg rapld wcents to 12,000 feet 
Also, a gloup of patmnts diagnosed as psjcho- 
neulotlc, m1t11 pl”mlne”t symptoms of f@“e 
and exhaustlo”, wix$ stuhed during rapld as 
cents to smmlated xltltudes of 18,000 feet 

Parts Zl’ and V -( Sponsored Independently 
bJ- the Bureau of Air Commerce ) Au attempt 
was made to analyze the effects of reduced oxy- 
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x Conclusions 

The follw mg lentutlre conclus~o”s may be 
stated concelnmg the effects of reduced oxygen 
prmu~e on mm from these esperlments, as xell 
as flom a rev~m of the lltcl.kure on the subject 
Thrse hudmgs -111 be drscusscd under the fol- 
Ion lug gent, al he~dmgz 1 The spaxiic altl- 
tucks QIIPIP the oiganliin 1s first affcctcd and 
~~hcm thclo ,i d meusuruble degree of mlpa~r- 
ment 2 ‘111~ offeLts of ultltude In relstlon lo 
rata of aircnt 3 The cumulat,re effects of 
h1Fh altltnde, that ICI, tbc length of exposure I” 
l&&on to drtellolatlon 01, on the othel hand. 
to acchmat~zatmu 4 The \\a, VI nluch the 
physical charactw I\tlcs of the mdlrlduual may 
Influence the ~esponw of the orgamsm to hlgb 
nlhtudc, r-pecndl~ .~ge, phys~cnl fitness, emo- 
tlonsl exltemcnt or psycho”eurotlL bchnvlor, 
and alcohol 5 The role of carbon dloxlde In 
fnahM~“g adaptation, nnd 6 Interpxtatlon 
of the powble ~cays In rhlch n reduction III 
oxygen pr’e~urc nay effect wllulnr artwty and 
brmp about an alteration “I phrs~ologxnl and 
“lent*1 f"llctlonlng 

1 The Spec$c dlt&dedes Where the Orgun- 
15111 Is E’rrat dfected and vhere There ?a a 
~Uerwurahk Degree of Z,npamenf -The mam- 
tennnce of a,11 sdq”“te oT)gm supply l” the 
blood IS such an mrportant factor fol all ccl- 
lulnr a( tlvltr that chunges 111 the orgamsm ap- 
parently tnkr place no soon as one leares the 

glouud m nn aeroplmr If one esannnes the 
osyge” dlssoclatlon cu,re m relxtlon to the pnl- 
ha1 pressure of oxjgeu 11, the al\eolsr ax and 
the b,arometllc pi-essu~e, It 13 ob\ IO”‘: that al- 
terhouq would nalu~ltll~ t&r place at vely low 
altitudes (cf Figure 9) 

In <i S~IICS of expe~uncnts on pilots dun”:! 
the World Wax, Schuadrr (5:) found that the 
puke rate per mmute W’8$ WcrlPlated In d fen 
men ,Lt 17 5 perLent oxygen (@IO0 ket) I” 
one poup of 70 me” the accrlrrat~ons begzn 
as follon s 

1 percent begun to react het\\wn 7.000 and 
8,ooO ft -16 G15 5 pwcent 0, 

12 percent began to react between 8,000 and 
9,000 ft -15 Z-14 9 pciceut 0, 

20 perccnt begnn to rcnct bctheen 9,000 and 
10 000 ft -14 9-14 2 pacent O1 

14 pacent began lo rract betxean 10,000 and 
11,000 ft -14 Z-13 i percent 0, 

23 percent began to react between 11,000 and 
12,000 ft -13 ‘i-13 2 pxcent o3 

20 porceut began to rexct betrrlxn 12,000 and 
13,000 ft -13 2-12 7 percent 0, 

0 pertent began to react b&we” 13,000 and 
14,ooo it -12 ‘i-12 2 percent 0, 

The;e IS little evldenw, however, that II 
kght reduction 1” os~gen pressure, grvmg 
ruse to rnrmns ampens&torj mechamsms ~“ch 
ah cm mltlal mcrense m cnculatlon 1” hemo- 
globm, or m pulmonary ventilation. x news- 
sa111y harmful to the orgnulsm, cspec,ally If 
the *erson IS not ill It IS also rzll lmown thnt 
frequent ex~rcxe of one’s adaptive mech&m?m> 
may, on the other hand, be benefi<lnl TllC 
most mq~ortaut questlon therefore, IS not 
where the lerj filst effects of altitude we man- 
&ted bat where Ihe nlteratlons may be nc- 
ce”tn:&xl enough lo actually uupalr one’5 
sensory sud mental fuuctlons or bring ,tbout 
phi s~cul SJ mptoms of uuplrninntnr~s, such as. 
headaches, rertlgo, excessl~e slcep~“ess, aud 
fntlgus or exhsustlorl 

In the serves of stutlles repo’ted abaw on 
large groups of unacchmatlzed subJects, LOT- 
respondlug to nn average cross se&on of the 
flymg pubhc, the first Impalrmcnt 011 psycho- 
loglcal frmctlons wh]Lh pro\ ed to be stat=- 
tlcally sl@ficant VF&$, on the average, m the 
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naghborhood of 12,000 feet (The s&tang 
of the meaa~ around the central tendency, how- 
erer, was faxly lnrge (cf Flgnres 28 and 31) ) 
This apphes to the effects of a reduction m 
oxygen pi-essum (under sum&ted condltlons 
of Lugh nltltudes) mhlle the subject was corn- 
fortably seated m the chamber and completely 
unaware of the extant of the alterstlon m 
oxygen supply Cf Tables 12 to 15 mclus~ve 
The only psycholog& test which showed sta- 
tlstlcal rehabdlty at 10,00(1 feet compared rmth 
the control was the one for unmedmte memory 
followmg B rapld ascent Smce the means m 
this test were not s1gnl6cantlg different from 
thn control at 12,000 feet, both for the rapld 
and slow ascents, too much importance cannot 
be attached to the &we 6ndmg In general 
It may be concluded that the arerage unpalr- 
ment m the most sensltlve and r&able psycho- 
logical tests appromlates 610 percent at 
12,000 feet whether the ox>gen pressure 1s re- 
duced wthm one-half hour or 4 hours, m B 
chamber at s8a level or m fbghta at high altitude 

The phys~ologxal effects are also, on the 
arerage, slgmficantly dtierent from the control 
data m the neighborhood of 12,ooO feet cf 
Tables 8 to 11 mcluswe The mltml mcrease 
m pulse rate IFas s1gnficant at 12,000 feet fol- 
lowmg rapld went+ but not at 10,OGO feet 
The Jindme on the systohc and dxwtohc blood 
pressure are d5cult to mtarpret smce many 
sublects show an mcrease and others a de- 
crease, the net result bang that the changes 
m the means are only shght untd the more 
acute stages of oxygen want are reached 

Considered from the pomt of werr of feel- 
qs of boddy discomfort, oi- m terms of 
physlolog& and psychologmal complaints 
(cf Tablo 16)) the ax erage unacclnnatlzed pas- 
senger IS slgnficantly affected st l2,OoO feet 
(cf Tables 16 to 18 mclus~re, also Table 23) 
A cetiam number of subjects are affected at 
10,ooO feet, but If one conslders all of the 
%arlables, such 8s the numbers who nught 
hare & headache from domg the tests m nor- 
mal an, etc , 12,ooO feat appears to be the more 
atlcal altitude Thus apphes to the com- 
plants mentioned toluntarlly, ns well as, m 
answer to the questmns m Table 16, for normal 

subjects whde seated m R chamber or m flight 
at high altitudes 

The results of other studies deahng with the 
psychologxal effects of lowered oxygen pres- 
sure are m general agreement with the find- 
“gs of ths lnvestlgstlon In an experiment 
vath R Douglas bag, for example, Bdls (9) 
found thst at 15 percent (S,OCKl ft ) oxjgen the 
number of “blocks” (mdxstmg mental fatigue) 
was msu@icant, but that at 12 percent (or ap- 
proxmxLte1y 1+000 ft ) there mas B s1,@icant 
degree of blockmg (cf Fl,we 43a) In experl- 
ments on handwtmg with a moddied re- 
breathmg apparatus GoralewsLx (26) found 
that the mltlal effects m a handwrltmg test 
rrere apparent m 44 5 percent of his subjeck 
nt 1514 percent 0, (cf Part A, Flgure 43a), 
and slgmficantly advanced m 52 9 percent sub- 
1ects at 14-10 percent 0, (13,000 to 22,000 ft ) 
(cf Part B, Figure 43) In a seruz of psycho- 
log& t&s, McFarland observed that the ml- 
tlal effects were apparent m the neIghborhood 
of 12,000 feet (45, 48) As shovn m Figure 
44, the deterloratlon of motor control m hand- 
mtlng 1s progresslre with mcreasmg sltltude 
(45) Also Tanaka (64), as clearly dlustrated 
m Figure 45, found that mcreasmg and de- 
creasmg the oxygen pressure m Haldane a lom- 
pressure chamber at Oxford slgmficantly nl- 
tared the arerage sub]wt’s responses on psycho- 
log& tests m the nelghborhood of sum&ted 
altitudes of l2,GW feet Other psychologul 
studm wbxh tpnd to support this general con- 
clnslon of 12,000 feet RS bang the crltuxl turll- 
lug polnt are &S follows Lomson, lom oxygen 
chamber (41), Jongbloed, low pressure cham- 
ber (35), Barach, McFarland, and Se&z, lorr 
oxygen chamber (a), Wespl, low pressure cham- 
ber (I%‘), Loewy, mountam eupedltlons (40) 
Stern observed dlfferenws at 8,ooO feet m the 
Alps (62, 63), and McFarland, hgh altitude 
flights followmg rapld ascents (44), and Mc- 
Farland and EdTar& bh altitude flights 
followmg slow awent (49) In an-men who 
are well ncchmatued to hlghh-altitude flymg 
the psychologxal effects we hardly apparent 
at 12,000 feet (49) Durmg the Chdenn Ex- 
pe&tlon (1935) ten men, between the ages of 
29 to 44 years, who became acclunatuxd to 
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Ingh .~ltltuik urer n pmod of thlea mon& 2 7 hr i?ffa.tr of -1 itztude m Relatam fo R&e 
TTelP nut .1@knlltl~ 1nlpn11ed 111 il. sel?rs of o+ Ascmf -The results of this lllre~l~gatlon in- 
sensol~, nmtol, and mental te5ts untd dtltud~~~ dlcntc that rate of auwt 1s an unportut T&II- 
a5 111gl1 HS 15 140 feet, and 17 500 feet. llldl- Ilble at 10 000 feet and abol e 1 e , lf the are1 nge 
(&cd th It .uxlunat~zatlon IS all lmpoltant iub]ect IS tntnsported lo ~lmulated altitudes of 
vmable cf Fqures 46 and 47 (ref 44) 10,MMl feet nud abore rrlthin EL30 mlmltes the 



effects of the sltltude am, on the averuge, slg- 
mficantly greater than when smlar altitudes 
are attamed mthm one hour and thirty mmutes 
This appears to be true of the ph>mlogml re- 
sponses as well as the psjcholoycal ones 

In regard to the ph~smlogml tests, the putml 
pressure of the alwolar oxygen w&s su&,cantly 
higher and the carbn dmmde lower m the BC- 
clmatmd members of the CMean Expedltm 
compwed wth the subjects of this esperment 

(cf Flgnre 19) , nlso the partml pmwm of the 
alveolar oxjgen m the nlveolar an- was 2ugher 
m the amnen contrasted mth the pmsmgers 
on the trans.Pac& fights (cf Table 48 (49)) 
Llkewse, m theseexperlmentsmslmulated high 
altitudes the pm-tml pre;?sure of the alwolar 
oxygen was lugher follomng slam ascents than 
followmg rapld ascents (Flyre 19) 

In general It may be smd that the vsrmtmm 
nl pulse rates 77ere less extreme, particularly ut 



tudes The phys~oloycal and psycholo@csl 
complamts mere also less numerous dunng slon 
ascents BS contrasted to rapId ones The greater 
freqwmcy of comphunts dung x rapId ascent to 
16,000 feet contrasted wth B slow one E clearly 
demonstrated m Table 23 and in Figure 33 

Rate of ascent appealed to be a ~~gmficant 
factor m SUCCBY mlth the vu-lous ps~cholo~~~l 
teh at 12,000 feet and above Tins general ob- 
sp1 L ahon may be Ferlfied in the cace of rwh test 
b] refexlng to the relatlre degree of ,mpaw 
nlent 1n the rnpld and i;l”m ascents, pnrt~cnlx lp 
of the statxtlal s~gn&ance of thox- &fferences 
(cf Tables 12 to 15, mclus~re) These differ- 
ences nre very str~mg m certain of the psycho- 
loq~l tests nt 16.000 feet (cf Table 20), par- 
tvxlarly m the ‘Lun6t ’ group contlastcd to the 
phymcally “lit” group 

These findings relnhre to rat” of ascent hare 
ken rer&d by Graff 0 m Germany in R stud3 
wth animals (ulce) at cntxal sltltudeq ITL a low- 
pressure chamber He found that the crltlcal 
lewl of 12,000 meters at an nscent of 1,000 nleter! 

per mmute ww &splaced upward If the prewure 
v BS lowered slonly Armstrong and He~rn,~~ on 
the other hand, u1 smnlar experunents at crltxal 
nltltudes (33,ooO feet) obserred that rrkh 1 ab- 
lnts the faster the rate of ascent the hqher the 
altitude tolerance These expenments wth an,- 
mals at crltuxl altitudes between 30,000 to 38 
000 feet, however, are not dwectly apphcable to 
the responsci: of human subyxk to modelate 
dt 1 tude7 of 12,000 to 18 000 feet In this ml es- 
hgkon under sunulated nltltudei of 10,OCQ to 
18,000 feel, as veil as under sctual fhght condr- 
tlons to moderate nltltudcs, both passengers and 
ammen appeared to acclnnntme more success- 
fully duuug slow ascents (49) 

3 The Gumulatzve Efferts of i7yh Alhtude, 
i e , the Length of Exposwe m Relatzon to Lls- 
tem~atzon, 07, an the &ha I/cd to Acclrma- 
tzzatzon -It IS qute difficult to draw corrclu~ons 
from the evldencc which IS alnllable deahng 
r\lth 1 he cumulat~,e effects of rcduccd “xyg”,, 
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pressure The problem 19 comphcated by the 
fact that at moderate altitudes of 8,ooO to 12,ooU 
feet one may ontmue to nnprov~ dung ex- 
posum of 10 to 12 hours’ duration due to the 
mechamsms of accllmat~zat~on, while at high 
altItudea of 15,ooO to 13,CiM feet, over smnlar 
perlads of exposure, the mechamsms of acchmn- 
tlzatmn may be madequate to compensate for 
the oxygen lack and consequently detenoratlon 
may set 11, after an hour or longer From the 
experunents wluch are wallable thus far, the 
evidence seem to ~n&cate that the a~ wage per- 
son can become accllmatmed to 8,000 to l2,00(~ 
feet while sated quetlg m WI aeroplane (or 
III FI chamber at sea 18x1) for 6 to 12 hours, 
wlule exactly the opposte 18 true at 16,000 to 
18.000 feet sereral expenments may be men- 
t1onecl to support this new 

Durmg the trans.Paxfic fhghts the passen- 
gers and ~wmen mamtamed a high degree of 
mental and physIca effiaency, 1 e , them men 
no mensurable signs of cumulative detenors- 
tlon (49) On the other hand, two of the same 
subjects m both experiments mamfested objet- 
tlr e signs of detenoratlon rather than wchma- 
tuatlon after ax hours at 17,000 feet m the 
low-oxygen chamber nt the Harvard Fat+,w 
Laborator> and also after 4 hours m the lom- 
pressure chamber at Wright Field Just as 

Barcroft was showmg marked signs of deteno- 
ratmn following lus ax-day so,ourn 1~1 the low- 
oxygen chamber at simulated altitudes of ~S,CKMJ 
feet, so were the subjects m the low-oxygen 
room nt the Fatigue Laboratory quite uncom- 
fortable after sm hours at 17,000 feat As men- 
tloned above, one physuan collapsed after four 
hours and a world one was markedly affected 
after 6 hours at a slmdar altitude, not regammg 
complete ratmnahty for same hours follommg 
the experiment In the Andes and III other 
mountainous regons thousands of persons be- 
C~IUB accllmatwxl to altitudes of 8,000 to 14,000 
feet, and, &s observed by the Clnlean Expedv 
tm, over 150 mmers, many of them from the 
loalands, were able to become accllmatxed so 
~5 to hre at 17,600 and work at 19,000 feet 
These mmers, homerer, were unable to hre per- 
manently at the mme at 19,CK feet smce they 
mere unable to sleep and soon showed marked 
signs of deterloratlon (38, 44) Llkewwe, on 
the exp&tlons to the tialnyss the climbers 
hare found that although they can hve for a 
nun,ber of weeks or months above 20,000 feet, 
dei%ute signs of detenoratlon are mamfe.&d 
sooner or l&r, and they are forced to return 
to loner alhtudes 

A dmgram showmg the effects of altitude III 
relation to length of exposure has been dravn ,n 

Fugue 46-Effects of altitude on sensory and motor functmne (ChIlean Eppedit,on, McFarland) 
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mth the response of a large group of sub]& 
class&d ns to age md~cate that there are slg- 
n&ant differences II, card~orascula~ responses 
One of the most str&mg differences relates to 
the fact that there mas a tendency for less ex- 
tram mcreases ,I, pulw rate with mcreusmg 
ege That 1s tu say, just 8s Rob~lwm and Doll 
observed that the older a subject becomes the 
less the pulse rata can be ele7 ated m masmnnn 
work on the treadnull, so wth oqgen depn- 
vatIon the older the subject becomes the less the 
pulse rate LY mcreased TtLls mdlcs*es that the 
urculatoly mechanisms of adapt&Ion become 
more stab~hzed or leas flexible with mcreasmg 
age Cf Fqure 36 Although It may be d~ffii- 
cult to draw conclusions ns to whether this 1s a 
good or poor sign of acclunat~zatmn, we ob- 
sewed that the older sub]ects were less soi- 
ceptlble to sudden collapse or famtmg than 
the youngest subjects of 17-22 years of nge 
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Fwue 48-The eE& of alt,tude shown I,, relatmn to 
lewth of exposnre (McFarland) 

General obswvatmns on the &II hues tend to 
Penfy these concluons III that many sub]ects 
over 45 to 50 years of age fly with very few 
symptoms from the altitude alone 

The d&rences m blood pressu~ were not so 
strllnng as m the pulse rate On the arerage 
however, the nge group 45 to 70 years shoned 
an average tendency toward an &rated systohc 
and dlastohc blood pressure durmg the second 
hour Cf Fqure 37 The differences between 
the various age groups KI the partial pressure of 
alve.olar oxygen and carbon dloglde were not 
s1gmficant 

The results from the psycholoycal tests m- 
dxated that although the older sub]& tended 
to be poorer, on the average, m the control ex- 
pmmenta, the relatne nnpalrment due to the 
reduced oxygen pressure was not slgmficant 
based upon the relatlre change from a control 
mdex=lOO Cf Tables 12 to 15, mcluswe 

An extenswe mvestlgatxm deahng mth ago 
us u rarnxble m response to reduced oxygen pres- 
sure has recently bean carned out m Germany 
by Schvartz 1X The 237 subjects mere stu&ed III 
B low-preare chamber The iindmgs, m gen- 
eral, were sun&r to those from this ~nvest~ga- 
tlon stated above, namely, th& the older sub- 
lecte showd more stable oa&ovascular TB- 
sponses to oxygen deprlratlon or altltnde than 
the younger ones and III general wax less sus- 
ceptlble to collapse or famtlng 

PEPSIOAL - AN0 psYcH0xmmoTI0 BE- 
HA)IOB -There are aide rarlstlons III abtity to 
tolerate reduced oxygen pressure based upon the 
phyacal condltlon of the person bang studmd 
On a number of occawms when the subjects 
cume to the laboratory for the experiments fol- 
lowmg B mght of llrmted or dxtnrbed sleep or 
nlth definite dlnesses, such as the grippe, head- 
aches, or mdlgestlon, the responses mere pa- 
ceptlbly poorer nnd more extreme Ill con- 
trastmg the responses of two groups of students, 
1 e, B phIsally ‘W’ group and an “unfit” 
group there vere sqmiicant differences m both 
the rapid and slow ascents m the psychologul 
tests, cf Table 22, as well as the physlologul 
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tests, cf ldble 21 Practxnll~ all of the sub, 
lects 11, poor physical condltlon collapsed 01 
npp~oaclred collqw dunng ,q,d ,\scents to 
16,ooO feet On11 two of these wb]ect>. how 
ever, collupzed durmg slon ascents to sunllz~ 
&tulles 0111) ono of the poorer subjects iol- 
lapsed folloviiig a ~apld aant to 12,ooO feet 

Passengers wth marked respiratory 01 car- 
d,ac defects should be dlscournged from high- 
altitude fljmg because of the possible harmful 
&ccts flom the redwed oqgen pressure A 
number of cabcs hnre been reported m the ht. 
erature suggesting that chmcal syndrones such 
as mala~m and tubercular &orders mny be- 
come more accentuated Although it hns bzen 
suggested that the a\ wage cardiac p&lent who 
CQ?I. walk can IAO fly, the dltltude should bc 
restricted m putxnts with dccompens&d coro- 
nary d~srase so us to u,old an\ selwui cffrcts 
dnrmg or nftter the flight The average caldlac 

patlent 1s not apt to collapse during a flight, as 
witnessed by the fact that so few have actually 
dzd on the commercial nu transports It 1s 
known that under cerlnm degrees of oxygen 
deprlvatlon coronalq vnsodllatutmn owns, m 
mhlch case It may uell offset, m part, at least, 
the unfavorable effects of high altitude 

The average passenger who becomes too emo- 
tlonally excited or the one who 1s suffenng from 
m nnpanment of the autonomic nr~~ous sys- 
tern 1s apt to respond to a reduction m oxygen 
predate lery poorly Indeed We observed that 
psychoneurotic patients from the &NC who 
vele under constnnt emotional stress and who 
complamed constnntly of fatyue and exhaus- 
tmn TOWe more susceptible to collapw when 
suddenly placed m sunulated altitudes of 18,000 
feet compared mth control sub]& Thx 1s m 
hne wth n prevmus study by RIcFarland and 
Barnch (47) m which they reported that ‘70 

DEGREE 
OF 

MPAIRME NT 
2; 

12 PER CENT OXYGEN IO PER CENT OXYGEN 

F,gure K-Degree of ,mpa,rment m ps,choneurotnc pat~entrl under low ox,gen (McFarland and Rarach) 
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percent of a group of psjchoneurotx psrwts 
collapsed nhrn suddenly placed m snnoluted 
altitudes of 20,000 feet compared mlth only 14 
percent of the control subjects Cf F~gwe 49 
In tlus nwestlgatlon the Lnochemlcal changes 
m reduced oxygen pressure WBM ms~gnu?cant 
m the psychoneurotic compared nlth the con- 
trol group (cf Table 29) The neuroc~rcula- 
tori respm~es: wwe slgn&antIy &fferent, how- 
ever, ns mamfested m more extreme reactions 
m pulse and blood preswre Cf Tables 28 
and 27 Th15 obserx atlon 1s m Ime with the 
findmg~ of S&nelder (54) rrho found that 
Inlot n ho tested below + 7 ,n the Schne~del In- 
dex wei-e unfit for altltnde flymg and of McFar- 
land and Huddleson (46) who found that huge 
groups of psychoneurotx pntlents made a mean 
sore of f7 or below m this Index compared 
wth + 12 for nn unselected group and + 14 G 
for college athletes Cf Figure 50 It IS qute 
pixslble that those mdrv~duals rrho BR under 

Flyre 50 Schnader Index m psychoneuratlc patents 
(McFarland and Hoddkson) 

twlpornl) or chrome emotmnal itress are apt 
to wclunatxe poorI> to n lednctmn m “xjgen 
prewue smce the nervous mechxmsms mrolved 
m adaptation to oxygen lack ale reported to bc 
somenbat smular to the ones mrolred m em”- 
tmnal experxnces (sympathetic nei-F”US sys- 

t==) The results of these mre?t~gat~ons tend 
to snbs+antuxte the genernl obsw atlons of p’- 
lots that passengers who are es~mlly “nav- 
“US’ or emotionally evated are apt to be 
nffected adrersely bj high altitude 

AwoAoL-AIthough no specA studies hare 
been made m thns m~estlgahon of the effects of 
alcohol on the ltvernge pa-ssenger under reduced 
oxygen pressure, some endence IS avalllible 
mhlch n&cater that the act,“n of alcohol li 
greatly accentuated at high altitude On the 
Chdesn ExpedAlon (reference 7) It m&q ob- 
serred that the blood alcohol rase more rapldl) 
and reach~I a higher Iwel at high altitude 
(17,500 ft and 12,000 ft ) than nt cell level (cf 
Flgwe 51) If Peters nnd Van Sl>kr are COT- 

F,gure 5, -Rate of ox,dat,on of sleohol at 8ea level 
and high altltndes (Chdenn Expedltlon, iMcFarlsnd 
and Forks) 

i-e& 111 Alsslfqlng alcohol as a Iustotoslc ‘umH15 
1 o , an oxygen Lick due to the fadwe of the 
tlsmes to be able t” ntrhzc the “s~gen once It 15 
dellrered to them then at high altitude O~JC 
would be sub]& to the effects “f both a reduc- 
tlon m oxygen from the atmosphere and from 
the alcohol 83 well This appears to be snbstan- 
tmted from the “bserratlons of stewardesses on 
the commercial WP hne plane= that those who 
react to &nude most wrerelv BY mnruf&ed b, 
CXCCS~I~R sleepmes~ headaches, or nnu,ea, have 



76 

nn seroplane prorlded the idte of ascent. the 
lrngth of exposure and the physical character- 
l&c, of the mdrw~uals are comparable On 
the average, their 1s .L slgmficant amount of 
mlpanment m bch~~r~or, both ph~s~olog~cslly 
and ps! cholog.lcally when the pnrtlal preswre 
of oxkgcn m the alreolar am drops to approxl- 
matelq 50 mm and the saturation of artel~d 
blood 15 ns low ns (roughI>) 85 pelcent (&I)- 
11, oxlmatel3 12,ooO fevt altadc) It shonld be 
hept 111 mmd, howwr, that oxygen Idck has 
profound effects tlroughout the orgamsm snrl 
rlmt there 15 appwmtly no angle mechnminr 
of accllmutl7atlou of “ut~tandlng slgnlhcanC? 

11 mav be lenlat~~el~ conclnded from thw 
UMI other stu&e\ of the effects of reduced ox\- 
g”L pressure that the lmphllmellt ln ps)ch” 
lr)~~~l fnnctlons may be attributed to the 
nltelauons m both the oxygen and calbon &ox- 
I& or n,ore spcc&nIly, to the dmnnmshed 
pa tml plrwue of oqgen m the uterlal blood 
hang drhrcrcd to the nervous tissue Tlni 
piwhologlcnl change 1s probably cellnlnr In 
orlgm. lathe1 than due to alterntmns m U~CII- 
lation, m body temperatmr, 01 to the accumw 
Intwn of nnoxldwzd metabohc producti It ,q 
I”I”FD from prenour mwstlgahou~ that the 
nlterations m the clrculntlon (16, 2R) 01 in 
the body tunperrltuze (40) must tx male P\- 
tlcme than those mhlch occurred 111 their P\- 
lwnnent~ to blmg about an m~parment m 
~rniory or mental funr tlons (22) Nor tnu the 
IO+ m ci?icvm y bc nrtrlbuted to the nccnmuln- 
term of lnctu. .ud or other unoaiu.ed n&n 
ho11c D’odwts 111 the blood (Clnlem~ Exprdl- 
twn. Iefq 11) 1 he vns0m0t01 lenctlons ICnOWll 
to occur under dnnmlshed oxygen pressnle 
lnoduce ua~odllntntlon and mcren.sed blood flov 
to YR~IOII\ centers of the brdm (23, 39) But 
the mcreaced blood supply wnnot full> con- 
pmsnl~ fol the reduced o\>~en wpply nnd a< 
n ~psull the amount of oqgw~ leochmg the 
relebral tissue IS reduced and the carbon dim 
oslde tensIon altard (56, 59) The final result 
L- m dmnn~shed amount of oxygen bang de- 
hered to the bram the cort~al elements (or 
more complex mental functions) bang mow 
srm~twe to oxygen lack rhan nnv other part 
of the central nervous c~?tcm (lF, 24) The 
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