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SULEIARY :

1. The extent of increase in ventilation due to inhal-
ation of ceroon dioxide at 15,000 feet is spnroximately
equal to that obtained at sea level when csrbon dioxide
tensions are the same under the two conditions.

2. Respirastory exchange at sea level while breathing

5 per cent carbon dioxide {36 rmm. He. tensien) was 2.25
times that while breatning air. At 15,000 feei, 9.25
ver cent carbor dioxide (35 mm Hg. tension) was reouired
to obtain the same change in ventilation.

3. DPromounced variability in response to carbon dioxide
vwas noticed not oniy among different individusls but also
in the same ipdividual at different times both =2t sea
level and a¢ 15,000 feet simulated altitude.

L. At 15,006 feet the subjective indications of anoxia

were relieved slightly, though definitely, by carbor diox-
ide tensions of 27 mm. Hg. or more ian ths inspired sir.

COKCLUSIONS:

The respiratory response of a group of subjects to
carbon dioxide was the same at 15,000 feet pressure alt-
itude as at see level when the same tension of carbon
diloxide in the inspired air was used in both cases. There-
fore, the respiratory response to carbon dicxide at thisg
altitude is not altered by anoxila.
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II'TRODTCTION -

Io accordance with Bulfed directive X-402(AV-216-T),
the resniratory response of a proup of individusis to
various amounts of carbon dioxide in the inzpired sir
'as studied. As stated ip the directive, the study was
to have included only a single concentration of carbon
dioxide (5%) at sea level, and concentrations necessary
to orodGuce simllar responses at varlous altitudes. It
was considered that more informative results mieht be
obtained if the study inciuded severai concentrations
of CO0z at sea level, and the concentrations recuired to
oroduce similar responses at 15,000 feet. This podifi-
cation of the directive was followed.

Although it is well known that €0, stimulates res-
piratory activity at sea level, very little quantitative
data are available which show the magnitude of this re-
snorse at altitude. 37/ith the current interest in the
possible efiects of CO, at altitude, it becomes of im- -
portance to determine this factor. .

PERTITTTAL IETEODS

The sas mixtures were prepared in a Tissot 3pnircameter
anrd transferred to a rubberized fabric eras container of
avproximately 800 liters canacity. Oxveen was added in
ariounts sufficient to restore the concentrations to approx-
imately normel. Concentrations of CO,, 0, and N, were
determnined by meens of the Haldane4ﬂender%on anpraratus
for the analysis of resniratory gpases.

The respiratory reaquirements of the subiects were *
supplied through a system of tubes containing check
valves so arraneped that the expired alr could be cocllected
for measurenent. In the experiments at sea level the
sarples of expired gases were collected in the suvirometer 5
and neasured directly, while those obtained irn the low
pressure chamber at a simulated altitude of 15,000 feet
were collected in a Douglas bag and measured at altitude
by means of a gas meter.

- ot s o
o,

All experiments were nerformed with the subjezts in
the sitting position. The routine procedure of the ex-
periments was as follows: (1) a preliminary neriod of )
several minutes was allowed for the subject to become ‘
accustomed to the mouthplece and noseclip, and for res- i
piration tco beccome adjusted to the changed conditions: !
{2) while breathins ambient air the explred pases wvere
collected for a period of three minutes, and the volume
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neasured; (3) the subject was then allowed to breathe
the pas mixture for & period of three minutes inp order
that resviratory exchanze might become ad justed to the
increased C(0, content of the insvired rases; {L) while
breathing the eas pixture, and after the initial adjust-
ment neriod, the expired ~sases were collected durine an
additional veriod of three minutes, and the volume
neasured; (5) the subiect was epain allowed to breathe
ambient air for three minutes before a final neriod of
collectior, also of three minntes duration. The averare
ot the two volumes collected while treathing anbient

air was obtained. The number of resnirations was counted
during each period of collection.

RESUTLTS:

In Table I ere shown dats obtained from these
exneriments., It will be poted that CO, content of the
pas mixture is reported ip terms of pagtial pressure,
All subiects exhibited an increase in respiratory min-
ute volume during exnosure to the C0, mixture. This
increase was directly related to COp tersion. At sea
level the rate of ventilation was anproximately 2.25
tines normal vhile breathing & gas nixture ccontaining
55 C0, (36 mm. Hg. tension), while at 15,000 feet a sim-
ilar rate was produced by 9.25 % €O, {35 rm. Hg. tensiocn).
Considereble varistion in the magnitude of the response
vas noted both among the several subjects end in the
same subject at different times. Freaquently the res-
piratory rate inereased during exposure to CO2, but not
invariably. !

The relstionship between resniratory exchange and
CO0, tension 1s shown in Tizure 1. It will be seen in
this figure that eoual {0, tensions produced ecual
derrees of respiratory stimulation (within the limits
of individual variebility) whether at sea level or at
15,000 feet.

At altitude (15,000 feet) all subjects noted def-
inite indications of ancxia while breathing amblent =ir.
Liore cormon among trese vere impairment of peripheral
vision, physical weakness, and uneasiness or anprehension.
While breathing COz at tensions of 27 mm. Hg. or higher,
all subjects noted a slicht though definite improvement
with respect to these indications of anoxia.

DISCUSSION:

Pulmonary ventilation ls increased by the asddition
of C0, to the inspired gas mixture, and the extent of
this Increase at a simulated altitude of 15,000 feet
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is approximately equal to that observed at ssa lavel
when CO0o, tensions under the two conditions are equal,
From this it is evident that the degres of anoxia which
exigste at this altitude does rot alter, to a significant
extent, the response of the respiratory mechanism to
CC». The physical work involved ip ventilatiorn at a
rate two or more times the normel is definitely annoying
at sea ievel, though not extrsmely so. At altitude the
annoyance is reduced, probably because of the greater
ease with whiech adequate quantities of the less dense
gases can be drawn into the lungs. Whether or not the
extent of the amelioration of the subjective symptonms

of a2noxia obtalpned from such a rate of ventilation is
sufficient to Justify the means of 1%s accomolishment
has not been demcnstrated. Further, it is reasonable

to suppose that a respiratory system which is already in
a state of stimulstion wlll be less able to readjust
itself to meet additional demands should the occasion
arise. Also the great variability in the responses

of different individusls (or even the same individual

at different times) to a given concentration of Co,
should be noted,
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TARLE I

Respiratory Exchancse at Sea Level and at Altitude
"hile Rreatking Air and €O, Wixtures.,

3uki,:ititude: €O, s¥inute Volume CO2 : Respiration : CO

Yo. : - mmHe :Liters ner min.; : rete < 2
. . -+ AiT COo : Alr @ Ay COQ : Alr

[X)
[ X ]

e 06 00 29 0 (X} L]

1 s.L. : 16.5 8.1 a.8 : 1.21: 13 : 12 .92

15,000 : 19.2 : 7.6 10.2 : 1.3%4: 10 : 12 : 1.20

3.L. : 23.6 : 7.6 13.) < 1.72: 12 - 1L 1,17

: 15,006 : 27.6 : 8.C 18.%L 2.30: 11 13 1,18

15,020 : 33.6 : 7.1 : 17.1 2,41: 13 : 16 : 1.23

. 3.L. + 35.6: 8.k : 12.5 : 1.49: 12 : % : 1.00

: S.L. : 3.2 : 6.9 : 16.8 : 2.Lk: 11 ;@ 13 1,18

2 S.L. 2 18,5 : 8.2 : 10.3 : 1l.206: 9 : 10 l.11

: 15,006 : 19.2 : 7.5 : 11.3  1.531: 7 : 9 - 1.29

: S.L. : 23.6 : 7.4 : 11.5 : 1.55: 8 . g - 1.13

: 15,000 : 27.6 : 8., : 16.6 :1.98: 8 : 12 : 1.50

S.L. : 30.2 : 7.7 = 12.9 : 1.68; 9 : 11 : 1,22

: 15,000 : 33.6 :+ 7.6 : 17.L : 2.29: 9 : 12 : 1.33

S.L. : 35,6 : 7.6 : 16.0 : 2.10: S: 1, : 1.75

. S8S.L. :37.0: 7.8 : 20.3 2.60; 8 : 12 : 1.50

3 15,000 : 17.2 : 9.0 : 14.L : 1.60: iy «+ 13 1.18

S.L. : 23.6 : 8.2 : 15.3 : 1.72: 8 : g : 1.13

: L. :228.8: 9,7 : 13.8 : 1.42: 9 : : 1.00

: 15,000 : 33.6 : 9.7 : 17.1 1.76: 9: 9 : 1.00

15,000 : 35.2 : 8.8 : 20.8 : 2.36: 10 : 11 1.10

3.L. : 3.2 : 9.6 : 18,1 : 1.89: 11 : 11 : 1.00

L S.L. : 20.8 ¢+ 7.4 : 11l.7 1.56: 10 . 12 1.20

: 15,00C : 29.4 : 8.2 : 15.2 1.85; 10 : 13 1.30

: "S,L. : 35.8 : 7.1 : 15.9 2.2k 10 : 14 1.40

5 : 15,000 : 29.4 : 10.5 : 19.2 1.83: 12 : 14 1.17
S.L. : 35.8 : 8.6 : 25.0 2.91: 10 : 1k 1.0

6 15,000 : 17.2 : 10.5 : 13.3 1.27:. : 1,00

15,000 : 32.0 : 11.3 : 17.0 1.50¢ 17 : 18 1.06

S.L. : 36.2 :+ 8.4 : 20,0 2.38: 13 : 16 : 1.23

7 S.L. : 37.0 : 11.6 + 26.3 2.27: 15 . 18 120

8 S.L. : 208 : 11.1 ¢ 13.Lh : 1.21: 21 : 21 1.00

i S.L. : 20.8 : 11.9 : 18.3 1.54: 22 + 25 1.1

¢ S.L. ¢ 20.8 : 10.4 : 1L4.2 1.36: 22 : 22 1.00

11 : S.,L. : 20,8 : 10.8 : 1L.9 1,38: 16 : 16 : 1.00

12 : 15,000 : 32.0 8.3 :+ 15.9 1.92: 11 . 1L 1.27

- 15,000 : 35.2 9,0 :+ 19,1 2.12: 12 : 15 1.25

13 S.L. : 28.8 8.1 : 14.6 1.80: 15 . 1 1.27

:+ 15,000 : 35.2 : 8.0 : 19.}4 2.42: 15 «+ 21 1.4L0

L Sele ¢ 288 ¢ 9.9 ¢ 17.1 1.73: 15+ 17 1,13

15 :  S$.L. : 28.8 : 10.6 : 1L4.3 1.35: 1 @ 15+ 1.07




Pulmonary Ventilation
Per Cen+t of Sea Level Value
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