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purpose 

Scope 

The affect on incidence of degression sickness of levllxng off 
It moderate altitudes for a period before ascending *?"•«*£••* 
x*as investigated for the purpose of providing information on the 
following questions« 

m    Does «silent bubble« formation in the body ";*«"]£ 
interfere with denitrogenation, and if so, at «hat altitudes? 

(2) would flight at aoderato altitudes in the early Vorttmx 
if\ mission provide significant protection against decompression 
sickness during high altitude exposure later m the trip? 

Thirty-three men in a total of 360 man-runs were given oae_'hour 
JS. at 10 000 foot, 20,000 feot or 27,500 feet prior to rapid 
'scent to 35^00 foot and the incidence of decompression "cknes 
«a cl^rodVith controls, on the same raen  *• «W-gJ* ^ 
liters (F.T.P.) por minute .as 4.2 2.6 «* »^ J^^^^^ 
20,000 foot and 27,500 feot respectively. Alveolar nitrogen ^en 
was greatest at 10,000 feot and least at 27,500 feet. 

DV levelling; off for an hour at 20,000 feet and 10,000 feet respec Dy icvoxxxug UJ-* 40^ ^ controls to 
tivoly prior to ascent to 35,u00 feot and from ^ in 
28# by levelling off for an nour at 2^,500 fui/c prior 
35,000 feet. 

2. it is concluded that while consider,,le protection against 
decompression sickness is provided by stepwise ascent «silent 
bubble« formation at 27,500 feet, and prouably at 20,000 feet, 
reduces this protection 

,ocem.ondations 1. The protection a^inst ^^^]f^£^^ 
 EyTOpTt at «yaptcm-froo altitudes, and the effect ox sixem. 
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formation in decreasing this protection, should be considered in 
planning high operational flights. 

2. it is recommended that -further work-bo done..on the protective! 
effect of short periods of donitrcgonation jjaaodiately prior to 
ascent. 
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Associate coi'mittee on Aviation Medical Research - 

National Roaoarch council, Canada.. 

February 5, 1943. 

from 

■ #2 Clinical investigation Tjnit,_,£2 I.T.S., R.C.A.F.» begins.. 

Subject The Effect of stepwiso Ascent on the incidence of Decompression 
*""   ~. Sickness. 

Author  A.}?. Frascr, Squadron Leader. 

, . HrrXCTJCTIOlT 

Flight at moderate altitudes (or pressure) for considerable 
poriods, prior to ascent (or decompression) to high altitudes may occur 
under two conditions. 

1. The prospective use of pressurized cabins in aircraft and-the 
associated danger cf puncture of those introduces'a situation 
whore the earlier, part of the flight may be made at a modorato^ 
pressure prior to rapid decompression to the low pressure of high 
altitude if puncture occurs. 

2. in long range bombing flights, freedom from exposure to enemy 
action during the earlier portion of the trip may permit, lower 
flying than that required in tho latter part of the mission. 

in view of those probably operational conditions, an investigation 
into the effect of these en the incidence of decompression siokness appeared 
warranted. 

Several factors might be.expected to affect the incidence of decom- 
pression sickness under the conditions described above. 

1. The slight reduction in atmospheric pressure.during the early 
part of tho flight might in itself, by denitro^nation, decrease tho incidenco 
of decompression.sickness on subsequent ascent to higher altitude. 

2. If oxygen were usod during this earlier part of tho flight 
the denitrcgenation procoss would bo hastened. 

3. The formation of bubbles in the body at altitudes below that 
at which symptoms occur, might be expected, on theoretical grounds, to 
retard the denitrogonation process locally. Bubble formation is-possible, 
although very improbable, on ascent from sea level to 4,000 feet,- since 
suporsaturation of non-equilibrating tissues,with gases.,is presont at this 
altitude. Symptoms of decompression sickness are rarely experienced below 
25,000 foot, .although Evelyn (1) has been able to dotect free gas in the 
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joints radiologically following one hour's exposure to altitudes as low as 
20,000 foot, in general it appears unlikwly that bubbles arc frequently 
formed by exposures below 15,000 foot. On this basis any possible effect 
of previously formed bubülos on incidoncc of decompression sickness follow- 
ing ascont to high altitude would b© expected only in flights' whore level- 
ling off occurred abovo 15,000 foot, prior tc ascent to the final higher 
altitude. 

4. The rapid decrease in prossuro which may occur following 
puncture of a pressurized aircraft cabin may influence tho. incidence of 
deconpression sickness.' 'it has boon found that practical variations in 
rates of ascent (15 to 60 minutes from sea level to 35,000 foot) have very . 
little offoot oxcopt that tho onset of" symptoms is more delayed fallowing 
the more rapid ascont (2). However, no systematic work has been roportod, 
on tho effect of the rapid decompressions possible in pressure cabin puncturo, 
upon tho incidence of decompression sickness. 

Svclyn (1) states that levelling off for two hours at 20,000 feet 
does not prevent symptoms on subsequent ascent to 30,000 foot, similarly he 
reports that levolling off at 30,000 foot for four hours doos not prevent 
symptoms on subsequent ascont to 35,000'foot, it appears possible, that 
at theso altitudes (20,000 feet and 30,000 fc-^t) »silent bubble» formation 
may have interfered with donitrogenation.  The oxygon flows employed at 
20,000 foot and 30,000 fuet -ore not stated, in this connection it must 
be noted that Evelyn's work v/as carried out at 900 feot above sea level 
whoroas #2 Clinical investigation unit is 1900 feet above soa -level. 

The present investigation, becav.30 of the rapid ascent employed, 
simulates conditions in a slowly leaking pressurized aircraft, although the 
results arc also believed to bo applicable to high flights '-which are pre- 
coded by periods at a lower altitude, as described abovo. 

METHODS 

in this investigation tho effect of levelling off at 10,000 feet 
and 20,000 foot was first studied end compared with a set of control flights. 
Because of the results obtained the investigation was extended to includo 
a study of tho effoct of levolling off at 27,500 foot by comparison with 
another sot of controls. 

us! V 

Thirty-three mon wore used as subjects in this study. They wore 
soloctod for their high susceptibility to decompression sickness from 275 
prospoctive aircrew. Three hundrod'and sixty man-runs, including controls, 
were mado during tho sories. 

in control runs the standard rato of ascont was employod, followod 
by a two-hour stay at 35,000 feet, in the.experimental runs ascont was mado 
at^the standard rate up to either 10,000 feet, 20,000 feet or 27,500 feet, 
which altitude was maintained constant for an hour.' Following this, ascent 
to 35,000 feet was made at maximal rato, this altitude being maintained for- 
two hours. The standard rate of ascont, as used in this and most Canadian 
work, is 2,000 feet ner minute to 20,000 feet; 1,000 feet per minute frpm 
20,000 to 30,000 foot, and 500 feet per minute above 30,000 foot.  The timos 



required for ascent to 35,000 feet following the  ens hour stay at 10,000 
fciet,  20,000 feet and 27,500 feet were 3-} ninutes,   2 minutes and 1 minute 
respectively. 

The R.C.A.JT, oxygen assembly (reservoir type) was- used throughout • 
the runs, except for a few of the first flights in which the oronasal goothby 
mask was used, due to unavailability of tlie forcier.    During the one-hour 
stay at 10,000 feet,  20,000 feet and 27,500 feet the oxygen flows supplied 
per minute were 4.2 liters  (1T.T.P, )# 2,6-liters (il.I.r.) and &»5 liters' 
(il.T.P.) respectively, while at 35,000 foet the flow Used was 4.5 liters 
(N.T.P.) per ninute.    The hi3h oxygen flow during the stays at 10,000 feet 
was designed to reduce the alveolar nitrogen tension to approximately that 
present during the flights at 20,000 feet, thus minimizing the variation 
in rates of denitrogenation and limiting the variables between the two 
types of runs to that of altitude,    jt was believed that- the  oxygen supply 
at 27,500 feet would lover the nitrogen tension further than that at 10,000 
feet or 20,000 feet.    Subsequent to the series of flights actual alveolar 
nitrogen determinations, using those oxygon flows, were made on several non 
at each of the throe altitudes and gave-results somewhat different than 
expected»    The alveolar nitrogen tensions found in a very oo-operativo 
subject of average  size were 205 ram* Eg.,  114 mm. Hg»»  and 81 mm. Hg»# at 
10,000 feet,  20,000 feet and 27,500 feet respectively.     These values are 
probably not at all representative  of the absolute nitrogen tensions which 
actually occurred during the flights in the 35 men.    Such values must 
necessarily vary with the depth and rate of respiration, with each mask, 
each Heidb'rink orifice and with the degree of co-oporation of the subject, 
it is believed however that the values above do indicate the relative 
alveolar nitrogen tensions which occurred at those altitudes and give a very 
approximate estimate of the absolute tonsions which were present during 
the flights. 

The incidence of decompression sickness at 35,000 foot, following 
one hour stays at 10,000 feet and at 20,000 feet were compared with the 
same set of controls and with each  other.    This was made possible by carry- 
ing out the throe types of runs in rotation».    These were done in a total 
of 187 man-runs'on 22 of the men, and during most of the work tho runs 
were made daily, so that a control, a 10,000 foot stepwise ascent run, and 
a 20,000 feet stepwise ascent run wore each carried out every third day. 
in a few cases the runs were made at two day intervals,  other types of 
runs being taken in the  intervening days; the  rotation described above was 
maintained, however.    This rotation was adhered 'bo  in order to insure a 
more reliable comparison amongst the three types of runs, by avoiding errors 
due to acclimatization, or to natural changes in resistance.     (Soe Appendix 
B for actual dates of the runs). 

The flights which included a one-hour stay at 27,500 feet, were 
carried out later than those at 10,000 feet and 20,000 fe<-t, and were made 
along with a separate set of controls»    This :;roup of runs was carried out 
on 22 of the men during two periods cf 7 and 10 consecutive days, in a total 
of 173 man-runs.    Controls were made en the first, fourth, seventh and tenth 
days.     (See Appendix C for actual dates). 

The men recorded their own symptoms in tlv.- chamber.    These were 
reported as mild, moderate and severe and scored according to the technique 
desoribod in Appendix A,  a technique which has been adopted tentatively by 
this unit. 
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OBSa^W.TIOES- . •.-•.'■■ 

Table I shows that the av-ra/jc symptom scores following tho 
one-hour stays at 10,000 and 20,000 feet -.re- reduced to 2.6£ and Zl% ros- 
poctively of tho average control score.    It will bo scon that thoso percen- 
tages are in approximately the same ratio as the percentage of runs with 
symptoms of modorrvbo or severe degree which was reduced frcei 4&% in controls 
to ZQ% and \Z% in tho 20,000 feet and 10,000 feut flighta respectively. 
Amongst the, average control scores there arc nine values over 300, vihorcas 
there, is .only; one in tho 20,000 foot flights, and none in the 10,000 feet 
runs,        ' 

Table II shows the comparison between the scores of control runs 
and those following one-hour stays at 27,500 -feet.    It will be s^en that 
thct s,;7.iptoia score, in the 27,500 foot flights is reduced to 1Z% of that of 
the controls.     Again .thoso percentages arc in approximately the same ratio 
as the percentage- of runs with symptoms of modorate or severe degreo, which 
was reduced- from 40fa in controls to 28# in tho 27,500 foot flights. m «IF m 
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Controls-2 Hours 
at 35,000 peot 

Effects of One-Hour St'ayTat,20,000 peot'andf'lÖ",000 poet"on Symptom Score 

aurs I One H 
=>°t   B Two H 
rarfi T^ Hli i> 

„ ■ TA3L3  I 

Hour at 20,000 ft. One Hour at 10,000 Ft. 
ours at 55,000 Ft .1 Two Hours et 35^000 ft. 

TOTALS 
Average 

Score 
% of control 

Soore 

2S2 97 68 

100 
Runs TTith 

Ro symptoms 
Runs TCith. Mild 
Symptoms only, 

353 

20<£ 
}uns With Moderate 
or severe Symptoms 45g 

37 

5855 

22^ 

20% 

26 

71% 

17£ 

•\Ozt 
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TA3LE II 
SS?lcl^a^^Stoya^tT7,S0Q poet on Symptom scores 

■ (Controls) ■ {       fao'. £0     77^775 OoTg'ut" 
5JJTO Hours at-35,030. jt-et - •>■ --^>a   •••- ^'  nnn ^    4- —*—-7—-———^.-.*^. „    -_i   ■• • *-'T' .. oui 5 -.*i/. 5o,Q00 poet 

> NUmbor    I A^fago"*^~ I^XIT'~-r"^S?i^r" 
leo*        of ■       symptom   || • /     of '   -       • 

^Ai^^i. Score      if       plights 
3        |   ""230"     J        """4 

"4 

T 
"3* 

T 
3" 

Subject 
NUmbor Symptom 

Score 

Percent of 

JRuns with 
No Symptoms 
Runs With Only 
Mild Symptoms 
Runs With Moderate 

.,0£ S^rore-symptams 40^ 

■r- 
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DISCUSSI-CIT'.      ■f.':,-:;?.:.-v ••.•■•.■ 

Either or both the "factors of denitrogeiiation andrste of. .a so exit 
must be responsible for the difference "between the" control scores and those 
following preliminary stays at 10,000 feet. Rapid rate of ascent is generally 
regarded.as likely to increase symptoms of decompression sickness. Although 
variations in practical rates of'. ascent (1.5.'to'6Q minutes to 35,000 feet) 
result.in 210 changes in incidence (2); a systematic study of the effect Of 
the rapid ascents used in this investi.3-.tl0n. has not been made, to. the .. 
writer's knowledge. It is assumed' tentatively that the marked reduction 
in symptoms following~rapid ascent to 35,000 feet, subsequent to the o«S- 
hour stays at 10,000 feet, is due to denitrogenation.  The definite, al- 
though somewhat less marked, reduction in symptoms following the one-hour 
stays at 20,000 feet is likewise assumed to be due .to the same cause. 
Although it is likely that general denitrogerjvtiqn/'at 20,000 feet was greater 
than at 10,000 feet (see methods;, symptoms were more' frequent following 
flifht at the former altitude, it is possible, tliat this difference in in- 
cidence, which is of doubtful significance, is'produced by .bubble formation 
during the stay at 20,000 feet. Such bubble formation.besides interfering 
with local denitrogenation (as described in the introduction) may permit 
earlier onset of symptoms (2), and thus increase incidence as observed dur- 
ing ä two-hour, period. Again if rapid ascent, peruse,' decreases incidence, 
then this effect.'vrouId be grecter in the 10,000 feet runs. 

The reduction in symptoms in the flights at 27,500 feet was small 
and much less than that following the stays at 10,000 feet and 20,000 foet. 
Since the alveolar nitrogen tension was lowest in the 27,500 feet flights, 
it must bo concluded that the high average symptom score in these flights 
as compared to that in the 10,000 feet and 20,000 foet flights was caused 
by bubble formation and thus, interference with denitrogenation. 

Although the difference, between the reduction of symptoms in the 
10,000 feat-and 20,000 foet flights'is slight, it assumes, more importance 
when considered in conjunction with the fact that the alveolar nitrogen ten- 
sions were'greater in the 1C,000.feet flights, in other words it.appears, 
likely that bubble formation at 20,000 foot has definitely interfered with 

denitrogenation. '..... 

These results appear to bo of significance in pressurized cabin., 
flight. They show'that considerable protection against decompression siok- 
ness at 35,000 feet is provided by previous flight for one hour at 20,000 
feet with standard oxygen supply. This protection is somewhat greater if 
the previous flight is made at 10 000 foot with considerable artificial 
oxygon supply and is much leas if made at 27,500 feet with very high oxygon 
supply. Therefore, in ord&r to minimize the oiianoos of decompression sick- 
ness following pressure cabin puncture, the, cabin should be pressurized to 
at least 20,000 foot and to a lower altitude if increased oxygen can bo 
supplied. The interference of bubble formation with denitrogenation is thus 

apparently avoided. 

The results may bo of greater interest in connection with long 
bombing flights in which it is possible to fly at a moderate altitude some 
considerable period prior to ascent to high altitude,  circumstances such 
as the presence of a strong fighter escort, absence of anti-aircraft fire, 

BJ^^--''ässBseass*M:.-i 
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or flight over controlled rotors mi$it''■ permit this procedure.    The only 
cpnd^xon^in.this.inyo?ti^atJL.on,no^ applicable to.this situation is  the 
rapid fate of ascont'employed;•.;iris büliüv^d, howeyer, that this is of 
minorsmportanco.   '"  '."" ..     • 

■':■..'    , Thp, r?sült's; in general, ocophasizc the value of short periods of   ; 

donitrprjonation in providing protection from decompression sickness.    Since 
one nour at 10,000;;fbet with considerable nitrogen tension reduced the symp- 
tom, scoro to 26# of that of.controls it is reasonable' to conclude that 10C$ 
oxygen at.t:-i3 altitude or .at.ground luvcl might provide even better prophy- 

*$?%;< 

f|lf 

It should be emphasized that the 33 mön used in this studv were 
chosen for their high susceptibility from about'275 aircrew trainees. The 
protection provided by such donitro3Jnation„at 20,000 feet applied to mon 
who develop symptoms,only occasionally, night be quite complete, since it 
is believed those men donitrogenato faster . For example, the procedure would 
be expected to give complete protection to mon who arc-at present being 
selected m tiic K.C.A.F. for their high resistance to'decompression sickness. 

■m n™ * pio reduction in symptom score following the one-hour stays at 
10,000 feet viz. to 26«; of that pf controls, is similar to that obtained 
by Gibson and Manning (3) and Gibson (4) who obtained reductions to c\%  and 
&%  respectively of that of controls in their proeeduro, apolying the same 
scoring technique. The procedure employed by these workors'was the inhalation 
of approximately pure oxygon for 8 hours followed'by.5 hours exposure to air 
prior, to ascent to 35,000 feet. 

SUI-MARY AMD CONCLUSIONS 

\\ ■ ^      4.T^"Cthr° men in a total of 36° man-runs v,ere given one-hour 
flights at 10,000, 20,000 or 27,500 feet prior to rapid ascent to 35,000 
feet and the incidence of decompression sickness was compared with that of 
controls.  The oxygen supply in liters (IT.T.F.) per minute was 4.2, 2.6, 
3.5 and 4.5 at 10,000, 20,000, 27,500 and 35,000 feet respectively! 

2.      The incidence of decompression sickness as represented by an aver- 
age symptom .score was reduced to 26g,.37g and 1Z%  of that of controls, by 
levelling off for an hour at 10,000 feet, 20,000. foot and 27,500 feet res- 
pectively, prior to ascent to 35,000 feet.  Th° man-runs with moderate or 
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fovoro sy. jpfcons -.-ore reduced from &B%  in controls to 20^' and IZf,  following 
the flints at 20,000 arid 10,000 feet reupoctivoly,. and' from 40;$ in con- 
trols to ZQ%  following flights at ii7,500 feet. 

5.      It is bolioved that tho greater reduction i::. synptoras following 
tho 10,000 ;-.:id 20,000 foot stepwiso ascents as compared vith that following 
tho 27,500 foot .ascents is due to retardation of denitrogonatiou by tho 
for-rrtior. of bubbles at tho latter altitude. Because of the slightly higher 
cyiipton score in the 20,000 feet flights as compared with tho 10,000 foot 
flints, in spit-- of a higher alveolar nitrogen tension at the latter alti- 
tude, it './ou Id-appear that there is also some interference with donitrogen- 
ation by bubble fo mat ion at 20,000 feet. 

4.. ifaniaial rate of donitrogenation with niniaal oxygen administration 
would therefore appear to bo provided by donitrogenation. at an altitude some- 
what less than 2C,0;.;0 foot. ■ 

5.      pacognitioii of tho efficiency of dor.itrogonation during flights- 
and the effect*of -'silent bubble" formation :,a decreasing it, appears war- 
ranted under the following operational conditions. 

(a) High altitude flight preceded by periods of flight at low or 
noderate, altitude.  ... 

(b) High altitude fii;dit in pressurised cabin aircraft. 

6.      Thoso results suggest that tho prophylactic value of short periods 
of donitrogenation, iiancdiatoly prior .to .asoent, warrants consideration. 
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THE scoTara OF ssvsmir-' OF IJSCCJ-TBöSSIOM'SICSKESS. 

I 

i'i 

introduction ' 

It is realised that a systori of scoring the- severity of doccci- 
precsion sickness nay be useful for invvcti.ji.tive work-and yet be unreliable 
in th'- categorisation ef men for operational duties, in sucK'w:r]r-as: the 
^valuation of the of feet of a rlru^or oth~r factor on decompression sickness, 
it is fwlt that the symptom score* should be rölated, as closely'as possible, 
to etiology, rather than'to-the decree of danger which that -symptom nay 
produce ir<.  opcr-.\t..o:.iS, for example, jn this connection, there would appear 
to bo potential 7al..;o in the sug-jostion that symptoms- be scorod in direct 
proportion to the degree of descent necessary tc relieve them.. However, 
the application of this would require further investigation. 

The following factors arc recognized and weighted: (1) Severity 
of symptoms; (2) Time of onset, and duration' of symptoms; (3) nouteaoss of 
onset of modurato or severe symptoms. 

Multiplicity of symptoms is :v:t  scared because it would add to the 
complexity, and probably increase tho- accuracy of the score very little. 
The score of the' severest grade* of syr-ipto:,; only, is recognised and scored 
in the case of multiple symptoms, fte significance is-attached "to location 
of symptoms; this factor would be' important i>: so-ring for operational duties 

Severity of Symptoms 

•  . voirrvi- fef severity of symptoms is recorded i:i the usual way, a 
mild synpfco-;'- be in;; one not' interfering v;ith function; a moderate, one ■ 
which interferes with function, but is tolerable; and a severe symptom, one 
which is intolerable. ;,.?.! types of symptoms are recorded in this way. if 
a symptom is accompanied by systemic effects it is .scored as a severe synp- _ 
ten, but no Boro; since probably most severe symptoms, if permitted to pro- 
gress, would result in such'a condition.' It is suggested-that the score 
of nild, moderate and severe'symptoms be weighted'in the ratio of 1:3S5. 
It is judged that this ratio:. ^presents approximately the rolativo signifi- 
cance of the 3 degrees cf symptoms. Ho distinction is made between moderate 
pain requiring descent and moderate paan not requiring doscent. If descent 
is necessary thon cithei» the pain is'intolerable, or-systouic symptoms arc 
present, and therefore in both cases the symptom 'should be recorded and 
scorod as severe All type* of nympto;is arc scored in the save way. 

it is emphasised that symptoms only and not signs arc recorded 
in this system. That is, only the effects of decompression which cause 
acute discomfort cr disability are included. A rash, which is a sign in the 
strict sense, would be neglected in the scheme. Eve;:; though cuoh a sign 
.uay bo considered an undesirable manifestation, it' occurs so rarely that 
it would add little to tha  value of 3 cor in;- -•■ * ■<-*—.-<-■!- — -i- inve st igat ivo work. 

Time of Onset and Duration of symptom 

The Symptom acor.'i is estimated as being directly proportional to 
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tho tine -nhich it is present. aouorf: 
onset and duration. SCK 

OX    o il.ie    Ox 

• d cs the  basis 
T-ii-S  receernz-s   eot;. 

,. ^  of throe hours hr.r» b 
for scoring.  Tn other vords'.' if a' subject' bsc^i:Is i^o^sc or suvorc pain 
in enc hour»-he is scored on tho ..eGurptl :•:: that th- pain would ronain 
severe until the end of thü third hour. .bain, if a flight lasted. c::l;: 

s.aeptoa. at that tine is a s s uric d two hours, the (i\i;',rov of severity ex 
continue until the-end of the third hour, .and'so on.  The rationale- for the 
adb~tion «V this throo-h-mr beried is-as follows. 

• it has beer, found-that practically .all synpteras begin during 
the first three hr-urJ of ar. exposure, radiological studies by Evelyn of 
free gas in the joints also shew that the bubbles reached a noxiual size 
in about throb heurs.  on theoretical grounds too, ßazott et al, hcvt ar- 
rived at thcr conclusion that if a subject escapes uyeptcus for three hours 
at 35,000 foot, ho has been able to denitrogenate to a nitrogen tension 
lower than that which they calculate is necessary to produce sye.1pt0v.13. 

This nethod of scoring synptcus on. the basis of tine, from onset 
to the ond of a "total exposure of three hour3 nay bo criticized, because 
this adopted period is partly theoretical, and nay vary considerably v/ith 
individuals.  2horo would aepear, however, to bo creator objections to the 
us'c of an alternative nethod of basing the score on the time fron the begin- 
ning of the exposure, to onset of syeptons irrespective of the length of 
the exposure,  pre. long- expo sure of 12 hours, for example,, a resistant nan 
would receive four tines as gruat-a- score- as.one y/ho' conpletcd a three- 
hour exposure, by the latter nethod, although they nay be of equal resis- 
tance; fro-cdon fron syriptcus during tho letter part of a long- exposure is 
of little significance b-cause of the reasons stated above, hgaiii the 
latter nethod w?:uId not provide fcr tho .scoring.of regression of synptons. 
Finally it would not bo possible to weight .'the score of an individual devel- 
oping ' synptons suddenly near the beginning of an exposure, (See below.) 

Acutoness of Onset cf Syrapton       -.'       .. 

It is agreed that the suddon onset, of ,noderate or severe decree 
of synpton justifies extra weighting. It -is. realised that in operations 
tho sudden onset of severe pain nay be many titles ;aQ re -important than that 
of a pain with a gradual onset, because of the,increased danger of loss of . 
control of the craft-or of vulnerability to.-.onony action  weighting of this 
quality for investigative wer!: is" believed., to bo doss important. Keeping in 
nind the cause of tho synpton, it is auge>sted- that aoute-ness of onset be 
recognized by assuniug that al'l severe ■ras  arc-'preceded, by one-half 
hour of aodorato degree end one-half hour cf edld degree of synptores; simi- 
larly it would bu assumed that all node rate- s^^tons are preceded by one- 
half hour cf mild synptons. Tf -.s&vbro and moderate synptons are., however, 
preceded by nilder degrees of syuptoras ion.: .enough, to make the synpt'en 
score-greater tlian that obtained us\ng/ehe :a.^ovq .assumptions regarding onset, 
thou that greater score would be adopted. * T-".-s~e. periods v;uro chosen because 
oxperi-j'nco has shown that- thoy are reasonable period's in which such increases 
in severity na-"- tahe place, and are used ./;or, tbouah ?. severe svnpton 1c 
pronoszt as soon as the lorjcii-ial altitude- is- reached. . Tf a 3yartcn dis .; ;■ ~'.rs 
V-'-'» th.ea reappears and» hoc; • .0/3 suddenly severe, tho -;-eh;;.t:;;v-- for aoutenecc 
a' onsit  of-.the latter 3ynptcm is calculated Uvde^endentiy of tho former 
synptaa, although tho score of the ferner synptosi is included in the total 
score. 
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Calculation cf scoro 

The syapton scoro is calculated as the product of tho severity 
wciühtir^ (1, S or 5) and the duration of tho synptous in minutes. Jf 
nodcrato'or severe syrapta-n have c svddon; onset the following scorec are 
added (see last section). 

Suddon sever© syaptcus -(bO s: 1) *• (30 z5) : 120 

Sudden noderate synptreis        -(30 x.'l) ■ 30 

» 

"hon total syapton scores before tnie of onset of severe or nodcr- 
ato de-jroos of synptons aro less than 120 and 30 respectively, then these 
synptons aro recognized as having a sudüor or.set. and these quantities aro 
added as described above, if, however, the previous scores aro greater than 
these quantities, then thosü actual larger scores are usod- 

m 
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The illustrations below demonstrate the soorin? method suggested. 

5 

Severity 
W®i^tiiig •    7 / 

i; 

j 
i 

0 '—• 

\Y//. rr///, 
^0 TC2o* 

Duration synptam 
180 

Dotted linea « extra score for sudden 
onset. 

1 
! 

& 

(;>) Mild symptom beginning at 100 mins. 

Koderate   «      «    n J^Q " 

Severe    "      "     « 140 " 

Sepc.rf.te scores are 1 x 20, 3 x 20 and 

40 x S s 20, 60, and 200. 20 * 60 s 80 

Since this is less than 120, the onset 

is sudden end  120 is added to 200, 

Total score . 200 f 120 ■ 320. 

(b) Moderate symptom at 60 minutes. 

Kiid      "    « 120  " 

Separate scores are (60 x 3) i  30 (sudden ons«|] 

■J (60 x 1). 

Total score * 180 4* 30 t 60 s 270 

llö  ""löO  (c) Mild symptom beginning at 0 minutes, 

noderate   "      » n QQ        « 

Severe    "      u    H^JJO   " 

Separate scores are 90x1, 60 x 3 and 

60 x 5 • 60, 180, and 300. 

60 is greater than 30, and is therefore 

cdopted as 3core for mild stage. 60 T 180" 

240 which is greater than 120. 

Total score is therefore 240 + 300 « 540. 

... 

.§»■ 

120 180 
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arity 

Duration symptom 
 > 

! '•'/y 

I 
i 

1 .'/ s   * 

*   _ 
0 ^ 
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(d) Koderut© symptoms beginning at 60 mins. 

Severe » K " 120    » 

Serrate scores = (60 x 3) -r 50 (sudden onset) 
* (60 x 5). 

a 210 * 300. 

210 is greater than 120, therefore final 

score u 210 -r 300 a 510. 

(o) Mild symptoris boginning at 10 minutes. 

Ho symptoms at 20 minutes. 

Severe symptoms at 120 minutes. 

Separate scores * 10 x 1, 60 x 5, 120 
(sudden onset weighting) 

Total Score = 10 *- 300 ■»-120 c 430. 

GO 
I i     *        .. ■■ ■ ■ J 

120 180 

Tt would not matter greatly whether the area above or below the 
severity tracing were used as the score.    If one area is known, *^0™>* 
2711 determined by subtracting the known fro,, 900.    *•«*»•*"£ T** 
indicate degree of rosistanoo, -^reas tho'aroa bo lew would indicate dag*eO 
of ouscoptibility.    L disadTontago in usinE «w ftppar area.. is Hint the _ 
value would bo negative in rare cases r*o». severe Symptoms occurred at; xae 
beginning of a flight. 
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I 
Subject 
Kunbor 

15 

(Control) 
Two Hours at 55,000 ? 

13 

17 

*---. 18 

19 

20 

Toffel Avere.göSooro8 5Y6' 

JDcte^ 
6/ii" 

13/11 
16/11 
21/11 
"1/lf 
12/11 

ML 
6/11 

12/11 
16/11 
22/11 
5/ii 

11/11 
16/11 

6/11 
16/11 

6/ll 
12/11 

Syi'iptom "[A 
Score 

""655 
0 

30 
1020 

~Ü55 
0 
0 

685 
690 

0 
495 

Ö" 
24 
0 

_0 
syT 

o 
_o 

T90 
65 

IJ&LL-^-JL 
~~342 

354 
30 

'Tone Hour at *20,Öbo pect 
'cct        !  Ti7o noure at 35P00 pv:ot 
•rorago'tj"       * 
Soore    Si Date trw 

«   17/11 
23/11 j 

426 

85 

i 
i 

1  
I 

467 

5/11 
ll/ll 
16/11 
21/11 

21 ~T 5/ii" 
11/11 
16/11 

..-.J21AL. 
I    i  5/11H 

11/11 
16/11 

^-8/nr 
17/11 

IT e/Li 
18/11[ 
23-111 

~~7'/iT 
17/11 I 
23/11! 

'3/11! 
i    lft/llj 

>     298 23/11 
6/11 

190     jj   25/'!! 
9/lf 

17/11 
23/11' 

217 

231 
~8T 

^/lT^VaV^r""  "     T 
17/11 
23/111 

"7/11 
17/11 
23/11 

  

One Hour at 10,000 Foot 
Tvifo Hours at ZSfiOO pout 

Average Sopre  
jT'o? control sooro ~ 
Uunibor oT Man-Runs" 
.^ith ffo SyaptoRS 
3T«f Man-Runs" 
^ith Jffo Sjgmgtoms 
"3ToT i&n-Runs^nfSf" 
lllld {Symptoms only 

oi1 Han'-Runs TTvST 

B'ST" 

JSE 
24 

14 

H 

ifiJL. 
>r Severe sywutoEis    31 

H 
II 

Jj of M-n-Runs vrith ijodor- ;n-Runs vTith ijodor- II 
Sevtre symptoms 45$   [j ate or severe symptoms 
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Effect of One Hour Stays at 27,500 Feet on Symptom Score. 

(Control) f One Hour at 27,500 Feet 
Two Hours ".'/ i   —    —    — 

fti. 3,5tWP Feat, L-XsaJ 
Subject Symptom Average \ Symptom Average 
Number Date Score _iSPJC* . ! Date... S^re Score 

29-11 690 1-12 0 
12 3-12 0 2-12 0 

6-12 0 230 4-12 
5-12 

0 
0 0 

I 
30-llj  20 ! 1-12 775 

13 3-12   0 2-12 0 
6-12  890 303 4-12 735 

5-12 730 560 

30-11 0 1-12 0 
U 3-12 9 2-12 0 

6-12  ,.Q. , 4-12 0 0 

30^11 135 1-12 368 
15 3-12 0 2-12 0 

M? 0 45 5-12 0 123 

30-11 520 1-12 0 
16 3-12 0 2-12 0 

6-12 0    173 4-12 0 
5-12 0 0 

30-11 0 1-12 0 
17 3-12 0 2-12 0 

6-12 0 0 5-12 0 0 

30-11 323 1-12 0 
18 3-12 0 2-12 0 

6-12 255.. 193 4-12 0 
» 5-12 324 81 

30-11 185 1-12 0 
19 .3-12 5 2-12 0 

6-12 0 63 4-12 0 
Jfcl* 0 0 

30-11 0 1-12 0 
20 3-12 0 2-12 0 

6-12 336 112 4-12 0 
-J=.12._ 0 0 

T 

=99 
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IPfENDlDUCjil 

J££g£JL 

Subjeot 

One Hqur .Stav,|. at„27^00 ga^ffljCT^ ^ 
"~ "TCbntroir. Ono Hour at 27,^Fjrt 

£»$&. J £§.&L- --Sfflfit 
Symptom ÄV6TWJ»e Srtaototo 

,ff09h. 
Ayer&gs 



^HFi^JLLiil 

'i 

O 

JS of K«n-Runs ^ith 
No Symptom« 
# of Man-suna vrith 

_Mijtd Symptoms only 
# of Man-Runs iriüi 
Mild Symptoms only 
# of Mto-HunT?rith Möd- 
iLrit^J.A0Z.°.rc. Symptom« 
# of Man-j^uis ffith ir;od-~~ 
•rate' or Se^rosTOPtoniB 

M 
f. 

40c? 


