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IFOREWORD

This study was made by the Bio Effects Division of the 6571st Aeromedical
Research Laboratory under NASA Contract No. T-13335G. The research
was conducted from 1 September 1965 to 1 February 1966.

This technical report has been reviewed and is approved for publication.
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C.H. KRATOCHVIL, Lt Colonel, USAF, MC
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ABSTRACT .

Pulmonary diffusion capacity was measured in nine subjects using
the steadyv siate method to determine if this physiological measure-
ment was altered by impact. Each subject rode the Daisy Decel-
erator twice backward (+Gx) at 25 G, twice laterally (-GY) at 15 G,
and experienced one sham ride. Carbon monoxide diffusion ca-
pacities were measured immediately before and after each ride,
and 3 and 24 hours afterw: 1. No significant change in pvlmonary
diffusion capacity was assoctated with impact. There was no cor-
relation between observed D1, and predicted DLcQ based on
oxygen consumption, however, observed DLCO and oxygen con-
sumption were highly correlated. The validity of the prediction
formula as described by Donevan et al., (Ref. 4), is questioned,
but this may be related to the increased altitude (1400 it) at which
the studies were done.
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INTRODUCTION

Little is known of the physiological effects of abrupt
deceleration (impact) on man. Present knowledge of the effects
of impact at levels not producing obvious injury is primarily
subjective. Human subjects sustaining high G rides on the
Daisy Decelerator of the 6571st Aeromedicel Research Labcratory
frequently complain of dyspnea for up to one minute following
impact. High speed photography reveals marked chest movement
during (+Gx) impact with compression of the chest to ayprox-
imately one-half the initial transverse diameter,

Bears which have sustained high G impact rides show severe
intrathoracic traume (Ref. 1). Pulmonary trauma consists
mainly of intra-alveolar hemorrhage with disruption of alveolar
membranes. Simllar studies performed on chimpanzees reveal
pulmonary hemorrhage and formation of peteckiae (Ref. 2). It
appears as if the ii*rathoracic and intracranial contents are
most susceptibie to trauma from severe impact (Ref. 1). No
apparent injuries have occurred to either of these areas in
studies on humans undergoing impact testing at what is consid-
ered to be subjectively tolerable levels of impact.

Pulmonary diffusion capacity ( ) appearu to be reduced
under continual G forces as -roduced human centrifuges Hut
is most probably related to ventilation-perfusion inequalitiles
(Ref. 3). The authors, therefore, postulated that if abnormal
physiological function was produced by impact at levels which
produce no subjective or objective trauma, tnat it would meast
likely occur to the intrathoracic or intracranial cortents.
Cerbon monoxide diffusion capacity (Dy, O) may be considered a
sensitive measure of puimonary funution, thus it was hypothe-
sized that inapparent trauma to the lungs, (i.e., petechiae or
disruptior of alveclar membranes) would alter pulmonary diffusion
capacity. The current research program to measure steady state
carbon moroxide diffusion capacities was undertaken using human
subjects, to evaluate the effects of impact rides which were
subjectively tolersbie without objective changes in chect X-rays
or physical exam'natiocns.
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METHODGS AND MATERTALS

Ten volunteer subjects were chosen {rom the pool of sled
subjects maintained by the 65T1st Aeromedical Research Laboratory
for the purpose of impact testing. All had normsl physical
exaningtions, electrocardiograms, and chest X-rays and were in
excellent physical condition. One subject failed to complete
the series due to a tympanic membrane perforation on a lateral
ride, probably due to pressure effect of the ear impacting the
head rest. The perforation subsequently healed, but the data
were eliminated because of failure to compleie the testing sequence.
Impact testing was performed on the Daisy Decelerator at velocities
of 30 feet/second and onset of 1200 to 1400 G/second. Tests were
conducted in the backward orientation (+G,) at 25 G and in the
right lateral orientation (-Gy) at 15 G. “In the lateral position,
head and torso enclosures were used. The restraint systenm
conslisted of lap and V-belt auu shoulder harness. G forces
recorded on accelerometers on the suojects ranged from 30 to 60 G
in the direction of the rpplied force. Each subject sustained
two rides &t 25 G 1n the backward orientation and two rides at
15 G in the lateral orientation. Each subject experienced one
sham ride in either of the two positions in which the entire
operational procedure was followed but the firing pressure was
reduced and the sled did not reach the brake. The subject wus
not aware tonat the sham ride would occur.

Steady state pulmonary diffusion capacities were measured
using the method of Donevan, et al., (Ref. 4) modified as described
below. One tenth percent carbon monoxide in air was used as the
test gas. The subject welked at 2.5 miles per hour on a 4 degree
(T percent) grade breethingz room air for 4 minutes and then
switched to the carbon monoxide mixture for 5 minutes to insure
that stabilization of expired carbon monoxide had occurred.
Following this, expired air wes collected for 1 mimite in a 120
liter T™ssot Spirometer.l Gas temperature, volume, exact time
of collection, and respiratory rate were recorded and the expired
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air was analysed for oxygen and carbon dioxide using a Beckmen
F-3 oxygen aralyser.2 The actual concentration of oxygen was
read on a John Fluke voltmeter.3 Carbon monoxide was conﬁinually
monitored on a Beckman IR 215 Infrared Spectrophotometer.

Background carbon monoxide measurements were performed by
breathing 100 per:ent oxygen for 3 minutes followed by rebreathing
for 3 mimutes into a 13-1liter anesthesia bag through carbon
dioxide and water absorbants. This measurement performed before
and after each diffusion study was used to calciilate a correction
factor for carboxyhemoglobin back pressure. The results
indicated that correction for carborn aonoxide uptake as described
by Linderholm (Ref. 5) ylelds approxi ately the same results as
measuring a total Luckgiround at the end of each study. Physiol-
ogl-al dead space was assumed or the basis of tidal volune as
described by Asmussen and Nielsen (Ref. 6). Using an average
atmospheric pressure of 660 mm. hg. st Holloman AFB, alveclar Po
wag calculated to be approximately 510 mm. hg. after rebreathin32
Op. This valie was verified by measuring the alveolar P, &fter
rebreathing 0o in four subjects ard averaged 507 mm. hg. a?redicted
E&EQ was based on oxygen consumptict and a2ge. The observed

ed from 110 to 140 percent of the vrzdi~ted values, and
could be reproduced to within 5 percent in ewch subject over any
2h-hour period. The increase in obsez«:d Dp, . Over the predicted
values were assured to be due to iucreuced cggbon monoxide uptake
at an altitude of 4,400 feet where the average hemoglobin comtent
cf the subjects is expected to be 10 to 20 perc at higher than
at sea level.

Baseline pulmonary diffusion studies were made from 3 to 5
times on consecutive days in each subject to both train the
sublect in the use of respiratory equipment and to delermine a
valid baseline measurement.

Impact rides were conrnducted at intervals of not less than
10 days and diffusion capacity was measured imnedistely before
and after each ride and at 3 and 2% hours following the ridc.
Figure 1 is a schematic disgram ¢f the puimonary diffusion apparatus
and the rebreathing apparatus. All data were transierred to punch
cards for computation and statistical analysis.

2Beckman Instruments, Corp., Fullerton, California

3John Fluke Manufacturing Co., Seattle, Washington

1y
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RESULT'S

The individual values for all nine subjects on whom complote
data were chtained is summar:zed in Table I. For eacn subject,
There are resulirs for two separs®e runs inder the +G, and
columns and for the single shaue run. Table IT presernts cvae mean
vaiues for all subjects for esch time and position. Tae
significance of the results wus tected using a three-way aaclysis
of variance comparing subjects, positionz a.d time. The mair
effects due to subject and position and the subject-position
iuteraction effect are all highly sigrirvicart (p = ¢ .0005). The
variations between subjects was recognized prior to the test, and
vas not a significant consideration. The high significance
associated with the subject-position interaction merely reflects
the variation in performance of several orf the subhjects over the
3-month period in which the study was conducted. Yurther snalysis
of the position effect shows that the difference between the shawn
run and the lateral facing runs is within the 99 percent confidence
limits Lur the difference hatweer the backward facing and the sham
rune is insignificant. In addition to being an indication of the
effect of direction ~f ixpact, the mosition eflect also is a
functiin ¢f a possible lopr-ierm L.ne effect, as the beckwari-
facing rung were all enviiccl] Freing the *irst half of the study,
& 1 ney sih . -8 were randuly cordcted dw o ng s 0 % two-
thi- % 20 tio ehuwy. Te g%t & better uwnderciapuing of the
sign. Mcauce of the posivion 2ffect, the data irere normalized «nd
eack pve-mm tast was consic el as a contrel for a particular
run. Anaiysis of the ~ormell:=d data skows that there is no
significaucs to the positicn effect. This would indicate that
the observea change was 1ot & function e¢? pcsition bur & shift in
the subj«* 's baseline over tl.e 3-wvmth period of the study, and
is related %o adaptation i Joe equipment nd loss of anxiety
conce.>ring bresthing carbon aonoxide.

Eacz ~omputed diffusion comacity (DLC(\) vas compared with a
predicted value based cn the for-aula:

Dy, (predicted) = 37 - (.53 x &3e) + (8.75 x Oo corsumption)
Cco
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This formula was derived by Dorevan, et al. (Ref. 4) in 3TPS
terms and converted tc STPD as de:zcribed by Richert {(Ref. 7).
It was expected that grephic portrayal of Dp.., would yield
two lines which were parallel. Figure 2 preEgnts graphicaliy
values for two of the nine subjects which are rerresentative
of the eatire group. These lires are markedly divergent as
vell as showing the observed Di... to average 110 to 150 percent
of the predicted value. This ldtter observation is in part
attributable to the altitude of LLOC feet and barometric
pressure of 660 ma. hg. under which the studies were done,
assuming that carbon moncixide wptake is related te hexmcglobin
concentration, vhich is one to two graws higher on :he average
at this altitude; however, the divergency of the lines is not
explaired entirely by increased hemoglobin concentration.

The observed Iy . 's for the entire group versus the
correspording oxygegcgonsumptions wvere ccapared graphically.
Figure 3 provides a regression iire based upon a highly
significant correlation coefficient (r) of C.k2 (p = < .001)
vith a standard errcor of estimate (¢ ) of + 5.9. The
relationsnip cf oxygen cconsumption to If is obviously very
high in thir grouwp in which age is a faiggy ~estricted varigble

(24 to 30 years).

Two possible thecrries are aavanced to explain thece
observaticns. First, that the predictiom formmulsa for ELCO &s
presenteC by Donevan (Ref. %) is incorrect, either due té

{s inapplicability of prediction in a group of suhjects with
& RAITOV age range, O secord, where the altitude has not bdeen
taken into corsideration., These dats do not answer these
questione aor the question of whether or not is truly a
measure of diffusicn, but rather msy only be & e of the
capacity of the hemcglobin to capture carton monoxide and bind
it in the same way oxygen is bound.
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CONCLUSICN

If measurement of carbon monoxide diffusion capacity is e
true measure of membrane diffusion, the data derived from this
study suggest {nst impact at this level produced no changes in
this physiological function. ‘The levels of impact used were
less than those producing pulmonary hemorrhage and petechial
in animals (approximately 40 G and abecve), but man generally
seens to be more susceptible to the effects of impuact than are
animals. Whether pulmorary changes occur at levels of 15 - 25 G
or not is problematical--they are rot demonstrable by X-ray or
obv.ous symptomatology. Lack of sbnormality of puironary
diffusion capacity after impact lends credence to the lack of
clinical evidence or pulmonary damage but should not be construed
as being conclusive.
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CARBON MONOXIDE DIFFUSION CAPACITY WORK SHEET FOR CALCULATIONS

APPENDIX

Name PB Temp
Age Wt. lbs. Time of collection min.
Exercise: mph Grade_ Time total min. Time on CO min.
Tissot readings: Initial Final Diff X = L.
F F F F F
I I I I E
02 CO2 co N2 o,
F F F F
ECO EN EN = ECO(uncorr) X
22— 2 P 2
FE _ Pﬁ INz
(1 - C02) = “CO {corr) Resp. rate
\Y \
E (L, uncorr) x Corr Factor = VE L(STPD)
x Corr Factor = E L(BTPS)
v , v . :
E(STPD) 2 Time min. = E L/min. (STFD)
v .
vE(BTPS) 2 Time min. = E L/min. (BTPS)
Y o v
E -2 Resp. rate /min = T L(BTFS)
\Y \Y
VD(Subject:) D(Valve) cc D(Total) ~Cc
° E F F ~‘
; FN 1 \ E -
’ INZ
. . F 23 ']
E N, |
VCO =VE(STPD) co, - ﬁz \ ICO = cc(STFD)
2 Z2 2
N2
V'
R = Coz =
vV
02 —_
rFE : _
Y o F r '
Vco = VE(STPD) Ny ( ICO) - ECOZ (corr)| = cc (STPD)
F
In i
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Background CO:

FSCO (backgronnd) =

PAcO (background) = Faco x (PB - 47) =

(1)

(D+(

P
Sco (background) = 210 x 100 x “ACO _
P, + (P
2 ACO x 210)
Mean Capillary CO:
Sco = Vco x T(min) x 15.625 = _ Total Sco =
wt.(1bs) \2) S
P, °co _
CoO = 210
Alveoler CO: —
l | F
Paco = B-47 X L I:.CO X T -( Ieo ® Vg =
V vV
T(BpTS) - D(Total) Paco - Peco =
Diffusion:
D i
LCO (Observed) = CO =
P _P
ACO SCo

D .
LCO (Predicted) = 37.7 - (0.53 x age) + (8.75 x 'Op)=

16
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