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Twenty men the majori ty  of whom were deep sea  d ivers  

i n b l e d  rad ioac t ive  krypton t o  determine whether o r  not the 

r a t e  of s a tu ra t ion  of the t i s s u e s  i n  the lower forearm and 

hand could be used as an index of s u s c e p t i b i l i t y  t o  decompres- 

s ion  sickness.  

Although the t e s t s  were conctucted w i t h  meticulous 

care ,  the t e s t  condi t ions were severe i n  t h a t  the d ivers  were 

se l ec t ed  a t  random, without reference t o  previous amount of  

exerc ise ,  food ingested,  time of day, o r  physical  condition. 

The d ivers  themselves represent  men, who because .of 

repeated decompression trauma, may exh ib i t  the var iab le  of 

l o c a l i z o d  a reas  of impaired blood flow. Thus, while gas trans- 

p o r t  t o  the t i s s u e s  of the  body as a whole may bee f f i c i en t ,  a 

traumatized, circumscribed a r e a  may render  an  ind iv idua l  un- 

duly suscopt ible  t o  "bends" 

W i t h  these statements i n  mind it can be concluded -- 
(a )  That no close c o r r e l a t i o n  e x i s t s  between a high 

saturatim index and r e s i s t ance  t o  decomprossion s ickness  . 
A t rend ,  however, i s  d isgern ib le .  In  the upper group of 

10 men yaded according t o  r a t e  of gaaeoua sa tu ra t ion ,  4 

men were r e s i s t a n t  t o  "bends", while i n  the lower group 

of 10 men, only one man was r e s i s t a n t  

the upper group included 5 highly  suscept ib le  men or the 

same number present  i n  the lower group. 

on the o the r  hand, 
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PRIVACY ACT MATERIAL REMOVED 

(2 )  The technique a f f o r d s  a p r e c i s e  method of meas- 

uring gas t r a n s p o r t  and absorption i n  tho extremit ies .  

T h e  constancy of r e s u l t s  i n  repeated t e s t s  and the ease 

i n  making masurements s tand in c o n t r a s t  wi th  the  diffi- 

c u l t i e s  involved in  t h e  determinatiofi of ni t rogen elim- 

i n a t  i on, 

(3) In hea l thy  men t h e  procedure appears t o  be a 

means of  determining e f f e c t i v e  blood flow t o  an extrem- 

i t y .  

In summary, and without reference t o  r e s u l t s  Obtained 

elsewhere the procedure does not appear promising as a s p e c i f i c  

t e a t  t o  determins s u s c e p t i b i l i t y  t o  aeroembolism. It may be 

of value i n  s t u d i e s  r e l a t i v e  t o  the formation of gas bubbles 

during r a p i d  decompression. With reference t o  gaseous absorp- 

t i o n  in the lungs, gaseous t ranspor t  and d i s t r i b u t i o n  Jo per- 

i p h e r a l  ti ssue, t.b technic  c o n s t i t u t e s  a prec ise ,  bas ic  phy- 

s i o l o g i c  procedure. Under cont ro l led  conditions a quant i ta t ivo  

method of es t imat ing phys ica l  f i t n e s s  may be evolved. 

PRE3ENTATIOX OF RATA 

Table No. 1. 

T h e  subjec ts  a r e  deep sea  d ivers  with the exception 

1 

T h e  index showing r a t e  of absorpxlon- of rad ioac t ive  

krypton can be expressed according t o  Lawrence and Hamilton 

as a r a t i o  of Geiger counts taken a t  7 and a t  2 8  minutes fron 
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the  s ta r t  of inha la t ion  of the  a c t i v a t e d  gas. 

S u s c e p t i b i l i t y  t o  decompression sickness', w a s  grad- 

ed according t o  tile s c a l e  0, + #  ++, +++# and ++++. In  eval-  

uating degree of s u s c e p t i b l l i t y ,  we based our ncore mainly 

on the r e s u l t s  of repea ted  exposures t o  low pressures ,  see  

enclosure ( A ) ,  and p a r t l y  on diving experience. 

1 

The var iab le  presented by t i s s u e  injury i s  illus- 

who i n  1941 was r e s i s t a n t  t o  411 t r a t e d  by the case of 

ltbends", but  who i n  1942, following an i n j u r y  t o  the t h i g h  

muscles of the ri&t leg, became highly suscept ible ,  page 

PalVAfi ACT MATERJAl REMOW 

l o ,  enclosure (A) .  

Of the men severely incapaoi ta ted  at times by wide 

spread emboliam incident  t o  a c t u a l  o r  experimental deep sea  

a s  examples . 
The pain  exporienced by -*8. sharply lim- 

i t e d  t o  the a r e a  between the f irst  and second metacarpal bones 

of the right hand, an  a r e a  represent ing the s i t e  of 018 f rac-  

t u r e s  0 

With the exception of  m o  was t e s t e d  only on 

two occasions, the r e s i s t a n t  men have been notably f r e e  from 

mw decampreasion symptoms i n  the following order ,  

I 
Specif ic  g r a v i t e  of  the e n t i r e  body a8 measured bg 

the method of water displacemsnt (1). H I @  values f o r  spec- 

i f i c  g r a v i t y  denote leanness,  while low values s i g n i f y  obes- 
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itg. 

The thickness  of the abdominal f a t  l a y e r  niPs meas- 

ured i n  the umbil ical  and lumbar regions by means of Consol- 

nzio-Draeger c a l i p e r s .  

Tissue anlayais  of forearm was made from measure- 

ments accordi% t o  the technique of  Welnboch employing soft 

t i s s u e  roent6eno@lramsa 

Table NO. 2. 

Average "k" value, 0, - 101 "kl' value, 10' - 201 

Itk" value. Gaseous ni t rogen absorpt ion o r  e l imina t ion  by t h e  

body as a whole follows a curve which can be convenient ly  ex- 

pressed by one or  more exponent ia l  equations of the  form, 

11) Y = A  (1-6 ) which s t a t e s  that the n i t rogen  i s  elim- 

ina ted  a t  a r a t e  which is  a constant percentage o f  t h e  amount 

present  a t  any given time (2 ) .  

-k t  

I n  the equation Y represents  the value for ni t rogen  

s l iminated during the t i m e  i n t e r v a l ,  t ;  A, the t o t a l  ni t rogen;  

k, the r a t e  of change i n  the slope of the  curve, and e ,  the nat- 

ural base of logarithms. 

perc6ntage decrease of t h e  t o t a l  n i t rogen  during the  time in-  

t e r v a l  t. 

T h e  expression, l-e'kt, g ives  ths 

The value of A i n  t e m a  of Y can be e v e s e e d  a s  
! 

(2)  A = (Yl) 

responding t o  the value of Y2 i s  twice that of t ,  correspond- 

ing t o  the value for Y1. 

providing t h a t  the t i m s  i n t e r v a l  t i ,  cor -  
2 Y 1  - Y2 
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In  terms of k, equat ion (1)'becomes -- 
* +  

(3) k loge A;;Y A 

With reference t o  the absorpt ion of r a d i o a c t i v e  

krypton in the t i s s u e  of t h e  forearm and hand, i t  is t o  be 

expected t h a t  equation (1) w i l l  apply even more rigidly pro- 

vided that t i e  values f o r  k are computed ind iv idua l ly  for 

successive t i m e  per iods of 10 minutes or leas. 

This l i m i t a t i o n ,  appl icable  a l s o  t o  the n i t rogen  

absorption or e l imina t ion  curves, can be ascr ibed  t o  t h e  un- 

equal d i a t r i b u t i o n  of blood flow t o  the  var ious p a r t s  of the 

forearm and hand. Values far k therefore  tend  t o  decrease ' 

progressively during s a t u r a t i o n  or desa tura t ion .  For i n t e r -  

vala of 10 minutes, huwever, the s a m  value of k w i l l  apply 

with s u f f i c i e n t  accuracy t o  poin ts  on the experimental curve, 

For example, the Geiger counts recorded f o r  Shahan 

a t  5 and 10 minutes from the s ta r t  of i n h a l a t i o n  of krypton, 

were 49 and 74 respec t ive ly .  S u b s t i t u t i n g  these values i n  

equation (21, A can be computed a s  100. From these values 

and with t expressed i n  minutea, k can be computed from equa- 

t i o n  (3) as 0.138 represent i ry  a r a t e  of change i n  the  slope 

of the s a t u r a t i o n  curve a s  13.8 per cent per  minuter 

Subs t i tu t ing  the A and k values i n  ecpation (1) t h e  

amount of gaseoua absorpt ion can be computed f o r  each minute 

of the 10-minute i n t e r v a l .  The computation f o r  the 3rd min- 

u te ,  for example, g ives  a 

The recorded experimsntal  

... ... . ... 
:. . ... . 
.. . . .  
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We regard  the value o f  k which represents  the 

average rate of change i n  the Slope of the absorpt ion curve 

for ths ten-minute t i m a  i n t e r v a l s ,  a s  a more accura te  indbx 

of r a t e  of absorpt ion than the a r b i t r a r y  7/28 minute r a t i o ,  

I. 

Further, the r a t i o  of the two k values f o r  0 t o  10 

and 10 t o  20 minutes serves  t o  check the accuracy of the 

experimsntal proce&ure 

I n  t a b l e  2, column 1, the k value i s  t h e  average 

of the values for k from 0 t o  10 minutes, and f r o m  10 t o  20 

minutes, zero t i m e  r e p r e s e n t s  the s t a r t  of inha la t ion  of 

rad ioaa t ive  gas.  

For compariaon, k valuee f o r  ni t rogen el iminat ion 

from the e n t i r e  body a r e  given i n  column 4 and are appl icable  

t o  the 10 t o  20 minute i n t e r v a l  following the  i n i t i a l  3-min- 

u t e  lung r i n s i n g  p r i o d  required t o  remove ni t rogen present  

i n  pulmonary a i r .  I These values are genera l ly  lower than t h e  

corresponding values  for krypton and do not ahow e i t h e r  an 

I n t r i n s i c  or c o r r e l a t i v e  r e l a t i o n s h i p .  

Table No. 3. 

The data i n  columns 1, 2, and 3, demonstrate a re- 

markable agreement i n  dupl ica te  tests. 

recorded for k the a n a l y t i c  technique must be prec ise  sinbe 

any e r r o r  w i l l  i n  the course of computation be r a i s e d  t o  the 

seaond parer.  

To obta in  the f i g u r e s  
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W i t h  r espec t  t o  ni t rogen el iminat ion from t h e  body, 

as a whole, comparable experimental technique may be expected 

t o  y i e l d  values f o r  k as recorded i n  column 4. Subjects  Ifktt, 
ItBn, and Vu were d i v e r s  on whom measurements were made i n  

1933 

Graph 1. 

The exponential  equation (1) Y = A(l-e'kt) can be 

reduced t o  the l i n e a r  funct ion log, (A-Y) = A k t. 

In this  manner the experimental data can be p l o t t e d  

l i n e a r l y ;  t h e  s lope of t h e  l i n e s  a r e  then proport ional  t o  

ttle r a t e s  o f  tissue sa tura t ion .  

I n  Graph 1 t h e  mean rate of s a t u r a t i o n  for the 20 

subjec ts  s tudied,  is represented by B 1, f o r  0 t o  10 minutes, 

and by B 2, for 10 t o  20 minutee, 

The l i n e s  A 1 and A 2 denote the slowest r a t e  0.f 

sa tura t ion ,  while C 1 and C 2 possess the g r e a t e s t  slope,  

and hence represent  the f a s t e s t  r a t e  of sa tura t ion .  

Curve A i a  baaed on date for the absorpt ion of radio-  

a c t i v e  krypton following occlusion of blood supply t o  t h e  fore- 

arm a t  a, and aga in  a t  C.  

0 time, the pressure  cuff  was released a t  b and d. 

The i n h a l a t i o n  of krypton began a t  

I 

For comparison curve B shows normal absorption r a t e  

for krypton i n  t h e  same subjec t .  Inha la t ion  of rad ioac t ive  

Gas began a t  b. 

3 0 0 3 1 b b  



The r a t i o  I, represents  the 7 t o  28 minute values 

of sa tura t ion .  

the two k values  for each curve a r e  approximately the same. \ 

DISCUSSION 

S u s c e p t i b i l i t y  t o  decompression s ickness  i n  r e l a -  

t i o n  t o  s a t u r a t i o n  r a t e  far the group o f  men under consid- 

eration is t o  be considered i n  the light of  the  following 

c ondi t ions t 

( a )  Ttys group represents  a p e s e l e c t e d  body of men. 

(b) No g r e a t  d i v e r s i t y  I n  physical  c h a r a c t e r i s t i c s  

e x i s t  with reference t o  age, weight, height ,  s p e c i f i c  

g r a v i t y  of the body or of t h e  arm, and general  f i t n s s s .  

( c )  Some members of the group possessing exce l len t  

basic  physical  qua l i f ica t ions  t o  withatand rapid decom- 

pression may have become unduly suscept ib le  a8 a r e s u l t  

of repeated decompression i n j u r i e s  inc ident  t o  diving 

t e a t s ,  e.g., 

(d)  The range of values  of the s a t u r a t i o n  index, 

I, 41 t o  58., is not l a r g e .  

The d a t a  i n d i c a t e  the d i f f i c u l t y ,  because of t h e  
1 

many var iab les  present ,  of u t i l i z i n g  any one physical  char- 

a c t e r i s t i c  a s  a s e l e c t i v e  c r i t e r i o n  for tolerance t o  rap id  

de compre sa I on. 
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12-3-40 

3-BO-41 

4-17-41 

4-24-41 

1 4-28-41 

4-30-43 

5-9-41 

3-28-48 

4-9-48 

No symptom. 

Pain right thigh,  

Pain %eft arms 

! 

. .  . .  



/ 

... : 
..( .. 

. .  . .  
. .  .. ,. 

. .  . . .  . .  . .' . . .  . . .  
> , '  , .  .. . 

. .  



a 

! 

. .  
, .  

,... .. ... . :. . 'i .. . 

- -- I 



i 

\ 
2-27-41 

9-3-41 

9-31-41 

4-18-41 

4-24-9l 

4-28-41 

4-38-41 

, 6-7-41 

8-8 -41  

. .  . .  . .  
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11-28-40 -e No 8ymptomle 

a 3-14-41 -_ Lege t i r e d .  

_e Pain in c a l f  of Peg and 
right b e e  after 5 4 ' e  

I 
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I ENCLOSURE (A) 



! 

enolesure ( A )  



2-26-41 

3-3-41 

4- 11 -41 

4-24-43. 

4-28-43. 

4 -30- 41 

5-7-41, 

5-9-41 

, 4-6-42 

6-3-42 

7-8-42 

7-$7-42 

29 * 000 
30 8 ma 
33,000 
35,080 

36,000 

37 * 000 
38,000 

38,000 

40,000 

38,500 

38,500 

38 0 508 

38,500 





ENCLOSURE ( A )  





11 -22 - 40 

1% - 27 -40 

12-11-40 

2-19-41 

3- 14- 41 

3-26-41 

4-11-41 
I 

4-16-81 

4- % 5- 4 1 

4-30-41 

5-12-41 

5-27-42 

6-18-42! 

7-6-42 



OXMEN 
DATE ALTITUDE TIMB DECOMPRESSION KEEJARKS 

11 -4 - 40 20 , 000 40' 
29,000 200 1 

35,000 120' -- No 8 p p t O m S e  
\ 

-- No symptoms 12-10-40 28,000 601 

12-14-40 37,000 1331 -- Oxygen Inhalation prior 
t o  ascent,  pain left 
ankle & r l g h t  calcaneus. 

3-14-41 29 8 000 32 ' -- NO sgmptoms. 

Pain r ight  hee l ,  right 
wrist 

6-1-42 38,500 133' 3 h r a .  

7-25-42 34,000 125 I -- Pain l e f t  hee l  and ankle. 
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OXYGEN 
REMARKS DATE ALTITUDE TIME DECOMPRESSION 

240 1 Pain right shoulder. 10-28-40 25,000 
Pain right  knee 35,000 1201 . -- 

12-5-40 20,000 401 
25,000 42' 

1171 30 , 000 
37,000 491 -- Pain both knees 2~ l e f t  

shoulder. 
11-29-40 37,000 

3-13-41 30,000 

3-27-41 17,900 
33,600 

3-31-41 28,000 
34,000 

5-7-41 38,000 

8-22-41 40,000 

11-5-41 18,000 
34,000 

1201 3 hra. Intest inal  gas paina. 

60' -- Pain both shoulders. 

31' 
8' -- Fatigue. 

30 1 

No aymptama. 28' 

60' 2 hrs. No symptoms1 

68' 2 hrs. Pain left arm. I 

191 9" No symptoms. 

' 9- 

18 1/2' 

3-31-42 34,000 14401 4 hrs.  NO B ~ P t ~ s .  

4-8-42 38 , 500 22 1/21 1/2 hr. Pain both arms. 

- 14 - 
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OXYQEN 
DATE ALTITUIIE TIME DECOMPRESSION ReMARKS 

2-25-42 30,000 6 1/2' 

3-24-42 34,000 601 2 hrs. Pain left knee. 
4 hrs. Pain left knee. 3-2 6 -42 34, O W  309 I 

No symptoms. 34 , 000 31 1/2f -- 

NO symptoms. 3-30 - 42 34,000 22' -" 
4-2-42 34,000 240' 2 hrs. Pain right knee. 

ENCLOSURE ( A )  

I DOCUMENT SOURCE 
Lawrrnco Borkcloy Laboratory 
Archhm ond Records Offico I 
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OXYGEN 
DATE ALTITUDE T I E 3  DECOMPmSSION REMARKS 

11-26-40 20,000 40' 
25,000 45' 

\ 30 , 000 901 .... Dull pain r i g h t  knee a f t e r  
60' 

12 -2-40 37,000 1201 3 h a .  Pain r i g h t  knee, 

12-12-40 20 , 000 3001 
37,000 101 -- Intense pain r i g h t  knee. 

34,000 31 1/21 -- Pain r i g h t  shoulder. 
2-25-42 30,000 6 1/2t 

3-30-42 34,000 22' -- Pain l e f t  knee. 

! 

ENCLOSURE ( A )  

. .  
DOCUMENT SOURCE 

Lmrenco Berkeley Laboraiary 
Archive8 and Records Offico 

I- 
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-EN 
DATE ALTITUIX TIbE DECOMPRESSION REMAHKS 

3-4-42 34,000 43 1 -- Pain right knee. 

3/24-42 34,000 60' 2 hrs. No symptoms. 

3-31 -42 34,000 15' -- No symptoms. 

4-3-42 34,000 19' -- Pain  r igh t  knee. 

I 
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OXYGEN I 

DATE ALTITUIIE TIbIf3 DEXOMPRFSSION rnhlARKS 

. 3-13-41 29,000 60' -- No symptoms. 

3-27-41 33,600 30 1 -- No symptomam 

3-28-41 33 , 600 98'(02) -- Pain both knees after 23'. 

5-13-41 3 4,000 75'(02) -- Pains right foot m d knee 
a f t er  36' 

- i a  - 
ENCLOSURE ( A )  
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OXYGEN 
DATE ALTlTPUDE . TIblE  DECOMPRESSION REMARKS 

11-18-40 20,000 40 1 
25,000 45' 
32,000 155' 
35,000 120' -.. Fatigue i n  evening. 

\ 

12-6-40 37,000 138 4 hrs. Pain l e f t  knee at'ter 1301 

3 -19 -41 30,000 50' 
35,000 101 -- No symptoms. 

4-17-41 35,000 60' -- N o  symptoms. 

4-25-41 36,000 60' -- Pain r ight  l e g  27' 

5-21-42 38,500 360' 3 hrs. NO symptoms. 

6-17-42 38,500 94' 4 hrs. O f f  oxygen 27' before as- 

7-15-42 38,500 210' 2 hrs. DTowsy, unable to  s tay  

cent.  Pain right  knee. 

awake. 

! 
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OXYGEN 
DATE ALTITUDE TIME DECOMPRESSION REMARKS 

11-5-41 18,000 18 1/21 
Pain right  thumb. 

Pain right  thumb. 

No symptoms. 

34,000 19' -- 
3 -4-42 34,000 43' -- 

34,000 221 0- 

3/14/42 18,000 25' 

3/17/42 18,000 24'  
34,000 15 1/2' -- NO SpptOIUso 

3 0 0 3 1 9 b  
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