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INTRODUCTION

P problem of much practical importance in aviation is concerned with
the lowest sltitude range in which perscns will begin to complain of symp-
ioms Jue to decompressicn. It is importsnt in the cere of flyers and in
the ¢roper evalustion o' their complaints. 1t is also important in de-
ciding the levels of cab.n or cockpit pressure, irn the case ¢f pressurized
gircraft. Although a few investigators have reported symptoms occurring
in subjects ranidiy decompressed to pressure zltitudes of 25,000 feet or
less, these observctions were usually incidental and of a limited charac-
ter. Accordingly, it was deemed wo:-thwhile to study the problem further
snd the fcllowing account deals with the results of an experiment in which
a relatively large number of subjects were exposed twice deily for a month
tc & nressurz sltitude of 20,000 feet. Piurticuler cttention »as given to
the symptometnlogy per se and the question of adaptation or deterioration
of the subjects over the relstively long experimental period.

HISTORICAL

There is some evidence in the medical literature that symptoms f{rom
decompression may occur at relatively low eltitudes. Gray (1) subjected
healtny aviation cadets, supplied with additionel oxygen, to simulated
sltitudes as low ss 23,000 feet in a decompression chamber. In one series
of tests, comprising 195 "man flights,” the subjects were kept at altitude
for 2 hours and were required to exercise every 5 mintites. Exercise con-
sisted of 5 deep-knee bends followed by 5 push-ups. Severe symptoms did
not occur but mild symptoms of decompression were observed in 12.8 percent.
In o cecond series of tests, comprising 117 "man flights,” the procedure
vas the same except that the subjects were exposed for only one hour.
Severe bends were ohserved in 0.9 perceat and mild symptoms in 6.8 percent.

Ferris end his associates (2) found that the degree of bends produced
at 25,000 feet, when the subjects exercised (5 deep-knee bends every 3
minutes) waes similar to thst for resting subjects at 35,000 feet.

Mackensie and Riesen (3) exposed healthy subjects to pressure alti-
tudes ranging from 14,000 to 28,000 feet for two hours. The subjects
exercised every 1G minutes, performing 5 deep-knee bends snd 5 arm exten-
sions holding 8 14 1b. weight. Symptoms of decompression illness necessi-
tated descent in 36 percent at 26,000 feet. Non: were required to
descend from simulated altitudes of 25,000 or 14,000 feet.

Smedal, Brown end Hoffman (4) subjected 1,731 flight students to a
single 20-minute exposure in the decompression chamber either at room
temperature or at -40° to -50° F, at simulated altitudes of 26,000, 28,000
end 30,000 feet. Exercise, consisting of 5 knee bends and 5 arm btends,
wes carried out every 3 minutes by each subject. At the lowest level
(2€6,000 feet) decompression symptoms were experienced by 18.3 percent of
the subjects at room temperature, end 10.6 percent et low temperatures.
There symptoms were for the most purt mild but in & few subjects, 1./
percent under warm conditions and 0.4 percent under cold conditions, they
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were .evere enough to recuire removal of the subject from the chamber.

%ouston (5) Teported that 6 persons, who acte &s observers in zn
ex~«vinent on fcclinctization to anoxis, éxcerienced rainful joints or
v1*na1 d1sturbance° upon rereeted exposures to altitudes of 17,080 to
gG 060 ceet. Allsii (6) reported five cases of incaracitating decowcres—
sion iliness &t relatxvolv low eltitudes. In -each instance there was
&SS 0c;ated «1&& the ind 1v1€ual'q symctons & history of injury or evidence
of hoge dise ease 2t the site of the bends psin. In txo instances the
zliitude at ahicn, during fll:ht incapscitetion occurred wzs 16,000 znd
12,000 feet. It is of interesi itnut this is well below the levei, accord-

.ina to Nixs (7), at which bubble formetion ctn ocnur.

Thirty-five healthy men ranging in zge from 17 to 22 yeers, served
ss subjects., All were volunteers and the prromise of "rewzrd-lezve" pro-
vided thne incentive. All of the subgects wére hezlthy; medicel examina-
t1ons were carried oul both before =2nd zfter the experiment.

A simuleted sltitude of 20,000 feet was obteined by the use of &
decompression. 0hamber. The rate of nascent® was 10,000 feet per minute
gnd- "descent” 2,0C0 fTeet psr mlnute. Ihe duration of each test wes 30
-minutes at z0,000 feet The temperuture of the chzmber renged from 68
to 80°F. .

The subjects were informed both with repgerd to the nature of decom-
pression and the symptoms which might be experienced. Esch wes supplied
with a stendard A-14 mesk and a diluter-demand oxygen regulator. Supple-
mentary oxygen was used during each test until the 10,000 feet level wes
roached on Gescent., During the 30-minute exposure the subjects exercised
every 5 minutes; this consisted of 5 deep-knee bends and 5 erm bends,
After decompression each subject was interviewed and was asked to fill
out & cuestionnaire ahich listed some common symptoms of decompression
illness. The original cuestionnaire did rot contain sny mention of "fsiigue
or "Gelzyed symptoms." - These symptoms, purticularly fetigue, were lorced
on our tttention by the voluntary compluainils of the subjects, and, zfter
the first week, were added to the questicnnsire.

The originel plan wes to expose each subject twice daily for 30 days.
For verious reasons, however, every subiect missed one or more tests and
at the end of 30 days it was found thet by rrolonging the experiment 4
days a group of Z4 subjects would have recelved 3C exposures. The main
gnalysis vwes cerried out on this group which is herenfter referred to es
the standurd subhject group.

Four control experiments. were carried out, On ihe 9th, 15th, end ZZnd
days, the subjects were exposed to a simulated sltitude of only 10,000 feet
vs a ruhstitute for one of the reguler tests, On the Z9th eXperlmpntal éay
the simulated altitude for the control test was 6,000 feet. These control




experirents followed the standard procedure in sll respects except ®itk
regerd to the slower rates of zscent ¢nd descent end the sreller degrees
of decompression. There was nothing to suggest that the subjects were
avere of the change in procedure.

Determinztion of the CO, tension of zlveoler air was cerried out
in the case of 6 subjects. These subjects were celected in the cecond
experimentel week znd 3 were chosen because they hed few end 3 because
they hzd zsny symptoms. Alveoler air samples viere taken during the
letter half of the exposure period. '

Radiographs of the subject's right forearm, using a soft tissue
exposure technicue, were taken in 21 cases. £ziculstions of body specific
gravity from these x-ray films were mtde by Commender R, P. Febster H(S),
USNR, using a modification of his Method of Frustums. A correlstion was
rzde between the body specific gravity and the symptomatology. i

In eddition to the subject group there was available for study &
technicel observers, aged 20-25 years, who were decompressed in the
chanber approximately once daily. Their experience otherwise wes similer
to thet of the subject group except thet they did not perform the exer-
cise recuired of the reguler subjects.

RESULTS

Table 1 shows the incidence of the various symptoms reported by the
35 subjects during 1,813 periods of decompression. All of the subjects
except 1 had symptoms. All of the symptoms were mild or very mild with
few exceptions. )

-Symptoms referable to muscle or joint were by fur the most freguent,
sccounting for sbout 60 percent of the total. None were severe except in
iwo instances which will be described later in detail. They were variously
described as "stiffness,” "ache," a "catch" or "charley-horse," a "twinge
of pain" or "pain." The majority of these symptoms were located in or
eround the knee. The eche or pain weould usuelly appesr during the letter
helf of the‘exposure period while the subject was exercising. It might
disappesr shortly sfter exercise was discontinued or remsin until the end
of the exposure periocd.

Symptoms referable to the eye (lachrymation, buriing, snd grittiness)
vere second in frecuency (20%). These symptoms were extremely mild and,
with the exception of one subject who had persistent tearing, they were
unimportant. Symptoms referable to the skin accounted for neerly 17 per-
cent of the total incidence. These were 2ll very mild and consisted
meinly of locelized arecs of heat or cold sensaticns, tingling ond itching.
Substernal distress usually described es "burning" or "very slight pain"
wns an occasional complaint. There were two instances of visual disturb-
gnce; one subject compleined of "blurred vision" and one other of "loss
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of vicion" }:sting ¢bout cne ~irute in ossocietion with a dizzy cpell.

There zere some deleyed symitoms., A fewn subjects cvomplzined of
joint pein following exposure. Fetigue -¢s ¢n extremely frecuent symiior,
after the first week eech suhject expressed sn opinion, zt the end of
ezch iest, us to whelher the repected exposure to decompression hed led to
g feeling of undue fatigue. His judgment wss influenced meinly but not
wholly by tihe immecdiaiely preceding exposure. From 50 to 80 percent of
the subjecls registered this’complaint at every opportunity. In addition
to being = common symptom fatigue was frecuently :- —ere. Many subjects
stated Llnit they becsme so tired that they lost appetite fer food, re-

- cuired more sleep, und avoided sporis znd enterteinment efter the dsy's

nork. One subject berceme uniit for duty and wes given iwo days' rest.

Either thie decompression per se or some factor zssocicted with it,
such as anxiety, nust have been resronsible for the fatigue. Inasmuch &s
the jarticipants were excused fror the reguler work during the Liours re-
enired Tor muking the tests, the 7atigue could not be ascribed to an in-

-~ in length of rorking cday. There wes no dowt in the minds of the

. investigetors thct, with fare exseptions, fatigue wes the only symptom

which caused & cignificant cdecrease in the general fitness of a subject.

The stendard subject group. The msin anclysis was carried out on the
date obteined from the group of <4 subjects who vere decompressed 56
times in 34 days. The indivicdual incidence of tne verious symptoms is
shown in 1sble 2. Y.enty of the 24 subjects complained of muscle and
joint symptoms but the cdistribution wes uneven inasmuch #s 9 subjects
regisiered 194 of the 246 compleints. The distribution of the eye

symptoms wns even rore uneven; < subjects registered 4o, end 5 subjects

registered 71 of the 79 eye compleints. There were €6 compleints refer-
cble to the skin and 48 of these were registered by 53 subjects. It is ’
noteworthy thut of the 165 compleints referzble to eye snd skin, 119 or
72 perceni were registered by 5 'subjects. The 11 instences of substerntzl
distre:s -ere well distributed.

In inble 2 ti:e subjects zre ranked zccording to the incidence of
symptoms. If this is allowed &s 8 meosure of "susceptibility" it is
seen that theve is no definite correlstion between susceptibility to
decompression symptoms snd such factors as height, weight, snd blood

.type. Following the lead of Hodes and Lurrzhee (€) an etiempt ves mede

to correlate alveoler CO, tension with susceptitility. vuring the second
veek 3 suhjecls were selected who had few symptoms and 3 who Led meny
symptoms, Graph 1 compures the mean elveolsar CO, tensions for the two
groups on 8 occasions. The meen slveoler .COp tension for &1l determina-
tions was 39.9 mm. Hg for the group with meay symptoms ond 36.4 for the
group with few symptoms. The mean difference of 3.51 diviced by the
qtandard error difference gave a critical rgtic of 0.865 whick ves con-
sidered not to be significaent.
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k correlction was mude between curceplibility and body Speci!ic‘
pruvity in the cuse of 41 of ithe 24 subjects. - lThe results are: ‘shown in
Table 3; the correlstion of +.33 i cons idered to be of no signiflcance.

A chief considerztion in the jresent study was relasted to the’
possibility that, with repeated exposures, subjects would chunpe in their
susceptibility to decompression symptoms. Graph (2) shows the duily in-
cidence of symptoms expresséd vs percent of man-exposures. It ia seen
that there is & tendency for the incidence to rise until the 18th day,
ufter which it fells sherply. Teble 4 shows the weekly incidence for
the verious symptoms and displays the .ssme genersl tendenclies 'as ore
shown in Graph 2. Even more striking sre the resulis for the symptoms.
referuble to muscle snd joint; the number of compleints per man-e¢xposure
rose from 12.4 percent during the first week to 24.3 during the third
then fell to 5.1 during the fifth week (six deys only).

Graph 3 sho-s the daily incidence of fatigue expressed us jercent
- men-exporures. Dute 1s lacking for the first week hence only &
rartial comprriscon is possible with the incidence of the other symptoms
©s shown in uraph 2. However, ureph 3 shows Lhat there w.s a prudusl
decreuse in the number of complaints of fatigue in the letter port of
the cxperimentel period.

Becaure of the mildness and the subjective nature of the decomptes-
sion symptoms it was decided to introduce a control test in which the
subjects were exposed to & simuleted nltitude of only 10,000 feet. <Yhis
wes {irst done on the 9th experimentel Jay end il was surprising to find
that tiiere vere about the came number of complsinis &s usual (Table §).
This was repeated at appreximately weekly intervols and the simuleted
altitude in the lust control test was only 6,000 feet. The results are
shown in Tables 5 nnd 6. Table 5 shows the incidence of the various
symptoms in the four control tests and Table & the indivicdual incidence.
If the date in Toble 5 is compared with Table 4 it is seen thnt the inci-
dence of symptoms for the several control tests corresponds closely to
the incidence of symptoms for the weck in which the control test was
made. From the data in Tables 6 and 2 it is seen that the incidence of
muscle and joint symptoms was slightly greater but that the incidences
of other symptoms fai- lecs during the control runs when compsred with
the reguler runs,

Sixteen of the 24 subjects compleined of bone and joint. symptoms
during the centrol tests; 4 of the remsining & did not have these
cymploms even during the reguler exposures. Aside from muscle and joint
symptoms there were only 7 complsints registered by three subjects.

The results of the control tests ralnes the question es to whether
011 of the cymjptoms can be ascribed to factors other than decompression.
The arguments in favor of“the csymptoms being due to decompression in-~
clude the following. First, the symptoms as they were described by
the rubject were churaclteristic of decompression symptoms. Second,
the murcle end joint cymptoms, which comprised over 70 percent of the
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totel, usually occurred in reletion Lo exercise znd towerd the end of the
exposyre period; reletionships which would be -xpected if deccmpression
vere s fuctor. Third, there were two instences ol severe bends (described

. helow) which left no doubt but thet decompression symptoms might te

expected at the 20,000 feet level,

The zrguments wideh cast doubt on the genuineness of meny of the
decompression symptoss include the following. First, the totel ircidence
of symptoms was ss great during the control as cduring the reguler tests.
This zrgueent hewever s not final insswuch zs the conirol tests were
not "perfect,® Thus, it is yet to be proven thet decompression to a
simileted z1titude of 10,000 feet within iwo minutes if not a fector in
producing symptoms such es those observed., Furthermore, the control
tests were not made until the subjects had experienced symptoms and the
experimentel procedure strongly favored conditioning to these symptoms
once they were expected.. Second, there wes & sharp decline in the
nusber of complaints toward the end of the experimentel period. The
impression is generally held thut susceptibility to decompression symptoms
increzses rather than decresses if these symptoms zre severe &nd cre
experienced frecuently. This bteing true, the decline in number of com-
pleints could he more readily zttrihuted to adjustment or edaptstion to
fectors other than decorpression. #Hdere agein definite proof is lecking.
There are instences on record of subjects who, on i'reauent exposure to
decompregsion Tirst cxperienced symptoms then lost them. It may well
be thct persons can become zdupted to mild degrees of decompression but
became increesingly susceptivle if exposed to severe degrees of decom-
pression,

The observer group. Tables 7 and 8 summerize the date obteined in the
cese of € observers who rere exposed to decompression sbout half as
often sg the regulsr subjects, It is seen thet 2lthough the totel in-
cidence of symptoms per ran-exposure is thie same &s for the stenderd
group there is & much lower incicdence of muscle und joinl symptoms and

a higher incidence of the other symptoms, The fewer number of complaints
roferuble to muscle snd joeint -ur probsbly due to the fect that the
observers did not carry out-the reguler exercise., From the deta in
Table 8 it is ceen that there vere grevt varistions in the weekly inci-
dence of symptoms. 31his may have ‘been due in purt to the smull number
of individusls in the group. It is probebly significsnt hovever that no
symptoms were registered during the {ifth week. ‘

The observer group dié not report having any cympioms during the
control experiments, This fact loses much of its significance however
because a1l of the ohservers realized the nature of the control tests.,

-
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opbecisl case reports. There were < subjects who stood apsrt from the
others in that they suffered severe joint symptoms during decomrression.
These symptoms end the circumstences which favored tlieir occurrence aré
described in detail inasmuch &s they are of more thun passing interest.
It should be mentioned that these two persons were not included in the
rtandord subject group.

C. G., n sallor, 19 yeurs of age, was unusually well und strong
und medical examination revesled no ebnormality. Hisg regulor duties in-
volved underwater divirng to depths varying from 30 to 90 feet. During
the tests in the decompression chamber he frecuently compleined of mild
joint symptoms in relantion to exercise. One morning, following a day
in vhich he dove 5 times to a depth of 30 feet, he experienred mild pain
in the right knee during & regular test in the decompression chamber.
Nuring the test on the ufternoon of the cume day, having mude no underwater
dives meanwhile, he developed such severe pain in the right knee thut he
vos unsble to complete the teut and wes removed from the chamber., In view
of hls diving duties it was decided that he should not continue to serve o
re a subject,

Case 2. R. D. K., u sallor, 19 yeurs of upe, was well and strong
and was considered to be of uveruge susceptibility to symptoms of decomw
presston. One morning, following a standard test exposure, he took
part in another decompression tect without our knowledge. This test,’
whirch was carried out in s different chember, exposed Lim to a cimuleted .
ultitude of 30,000 feet for <0 minutes and 35,000 feet for 10 minutes, with
the temperature at ~30° to -40° F. While exercising at 35,000 feet he
developed pain in one knee which was not incepscitating., On the gfternoon
of the same day, while tuking part in the second regulsr exposure to
20,000 feet he developed such severe pain in the knee joint that it was
necessary to remove him from the chember. This cese is poarticularly
instruective in pointing out the possibility of the development of decom-
pression symploms at relrtively low ultitude following previous exposure
with cymptoms &t hiph altitude. )

DISCUSSION

Then subjects are exposed to severe degrees of decomprecsion they
experience certein symptoms end present certein sipgns which sre character-
ictic of decompression illness., With exposure to progressively smaller
degrees of decompression the symptomatology becomes progressively milder,
fewer rubjects sre affected until finally symptoms diszppear or appear
only if some udditionel etiologic factor is present. Our experience .
demonstrates the difficulty in determining whether certaln very mild
complaints mude by & subject exposed to moderate dec0mpres ion sre in-
deed due to this factor.
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Thia difficulty cannot bte resolved by the use of naive -subjects
becuuse many mild symptoms will be missed. On the other hand if the sub-
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. other than deep knee bends is preferable inasmuch ns slight symptoms may

‘exposed to a pressure altitude of 20,000 feet for 30 minutes both
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jects ere fully informed, zs wes Lhe cuse in our cxperiment, thiere is the f:
danger thet suggestion end overzttention to normsl stimuli may lead the §§=
subject wrongly to ascribe certuin symptoms to decompression. Fe did not
enticipite all of the difficultieés in diagnosis. Furthermore our 1ast
minute effort in intrcducing control tesie proved io be insufficient. .
Jence greet ceution has been used in interpreting the resulfs.

There were & few instunces in which there was no doubt but that
decompression wes an etiolegic fuactor in the production of symptoms.
This was most cleerly illustrzted by the two special cese reports but it

"also shogm. in other cases by the severity of the symptoms or thé‘presence g
of spme sign such es tearing. ' ' ‘

Exercise is very helpful 'in daking the subject more susceptible to %
muscle:-'end joint symptoms during decompressicn but some form of exercise - I

¥ it
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accompany this exercise under ordina:y conditions, If our findings sre
re-evaluated leaving out muscle end joint symptoms, & much stronger argu-
ment could be put forth that the complsints were caused by decompression.
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An extremely interesting question is raised by the poséibility thut
fatigiy may be the most important symptom due to mild ﬁecqmpression anrd o
the limiting Cactor in deciding on the Ievel to which persons may be £
frecuently decompressed without too much loss in physicel fitness. We
are inelined to the opinion thut’ decompression per'se was & factor in
producing fatipue in our subjects. More experiments are reauired how-
ever to evulueté fully end accurately this importent complaint.

The question of adaptation or deteriorstion of the subjects over
a period of nearly 5 weeks may be considered from two points of view, %
If the incidence of the symptoms zre allowed s & memsure of susceptibil ith &
it would appesr thet there was a moderate incre:zse during the first iwo
weeks then & fall which cerried well below the originsl level. If it
ic assumed that the majority of symptoms were not due to decompression

it can be concluded at least that an increuse in susceptibility wes not
demonstreted.

CONCLUSIONS .

1, 7%hen healthy young subjects bre: thing supplementary oxygen were

morning &nd ufternoon over a period of & month it was found thats

a, With rare exceptions there were no severe symptoms .
of decompreasion.

PRI

b, Symptoms requiring recompression of the subject may
occur if sdditional etiologic fsctors ure present.
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c. The most importent symplom wis fzligue but the
exact role of decompression in its causation still
remains to be evaluzted.

d. The repented exposures did not lezd to en increase g
in severity of gymptomo.

e. If the incidence of symploms is allowed #s a megsure
of susceptibility our datz suggests that, after'a
temporary increecse in susceptibility, there is a .
gharr fall to well below the initial level uqueut~,
ing thzt adsptation to mild decompression occurs.

2. Greut care must be used in plamning experiments of this character,
particularly with regard to the manner of elic1t1ng compleints and to
the establishment of rigid control tests.,

3. A serious error would rot be mede in using a pressuré‘aitituﬁe of
20,000 feet for ilie level of cabin or cockpit pressurization.

* *x® R
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TABLE |

INCIDENGE OF SYMPTOMS IN 35 SUBJECTS
EXPOSED TO 20,000 FEET FOR 30 MINUTES TWiCE
DAILY DURING APPROXIMATELY | MONTH

1813 MAN EXPOSURES

B .[. J
SYMPTOM INGIDENCE EXPOSURES] % INCDENCE
r_w-mumon 54 29 9l -
EYE ( SURNING 57 R ¥ Q6
GRITTINESS 8 04 I3
EMPERATURE
[T o ‘2 23 4
TINGLING ay 22 6.9
sanl
FORMICATION 3 02 Q5
(ncumc i3 0.7 22
MUSCLE AND
ONT PAN 346 19.0 582
SUBSTERNAL
DISTRESS 24 13 40
DIZZINESS 5 02 08
VISUAL
SYMPTOMS 2 Ol 03
NO 595
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TABLE 2

" JDENCE OF SYMPTOMS IN GROUP OF 24 Sl-Bf.GT-S
EXPOSED TO 20,000 FEET FOR 30 MNUTES 56 TMES N 34 DAYS
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TABLE 6

INCIDENCE OF SYMPTOMS DURNG 4 CONTROL EXPERMENTS
INVOLVING SUBJECT GROUP OF 24

. £ §§, s| § g : g— g E‘ 4
HHEL HHEEEBHEE
WRIGHT 2 2
CALOWELL /r’ 2 2
FAGAN ! !
BALL 2 | 3
AEED 2 2
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SWTH 1 1
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