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v t  W ill proceed  to  the f i r s t  p ap er on the program by D octor

Leonard B r i a t o l ,  on the inciden ce o f c l i n i c a l l y  a a n i fe a t

d i f fu s e  obstructive emphysema* Doctor E * ‘ s to l *

BY DOCTOR BRISTOLt
D octor McCann, L ad ie s and Gentlemen o f  the Sympos-j

iu a s  I  sh ould  l ik e  to s t a t e  a t  the o u tse t  th a t  th is  i s  a 

p re lim in ary  r e p o r t .  I t  i s  a combined >tady o f  the D ep art­

ments o f  P h y sio lo g y , the R adiology o f  the Trudeau Founda­

tio n  and the p h y s io lo g ic a l  d a ta  in  th is  paper has be«n c o s ­

p i le d  by D octor George Wright and h is  s t a f f .  I  should l i k e  

to have i t  c le a r ly  u n d erstood  th a t  my p a r t  in  th is  work was

th a t  o f a r a d io lo g i s t *
The word emphysema i a  d eriv ed  from the Greek and 

l i t e r a l l y  means a  blow ing. S t r i c t l y  sp e ak in g , i t  i a  defined 

«  a  sw ellin g  produced by gas or a i r  d if fu se d  in  a  c e l l u l a r  

t i s s u e .  I t  i s  a term o f broad g en era l meaning and, th e re ­

fo r . ,  when i t  i s  employed fo r  d e sc r ip t iv e  p u rp o se s, one must

d e fin e  c le a r ly  Wist i s  meant by i t s  u s e s .
I h .  c l i n i c a l  d ia g n o s is  o f chronic pulmonary emphy 

sema la  n ot a l r p la  to  --aka. no p h y sic ian  should  h a t .  d l t -  j 

f i c u l t y  1= e a ta rn ish in g  a d l a g n o . l .  o f f a r  ad .an o .d  emphy- 

san a , hut I t  r e q u ir e s  tho most keen c l i n i c a l  In s ig h t  to  d l ­

! ag n o s. c o r r e c t ly  a  m ild to moderate emphysema. A la r g e  

! p ro p o rt io n  o f moderate emphysemas are  overlooked w hile - I  

c a se s  so d ia g n o se , are not confirm ed by p a th o lo g ic  e tudy.
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In  *  recen t p u b lic a t io n , Fem on s t a t e s *  There i .  

no c o n s is t e n t  r e la t io n s h ip  between th e  c l i n i c a l  s e v e r ity  

d i f fu s e d  by l a t e r a l  pulmonary emphysema and the e x te n t  o f 

the p ro c e ss  seen  in  n ecro p sy . T h is ,  in  g e n e ra l , has been 

our e x p e r ie n c e . H is t o lo g ic a l ly ,  pulmonary emphysema i s  a 

c o n d itio n  in  which the a lv e o la e  a re  d isten d ed , d i s to r t e d  an^ 

in te r r u p te d . Continued a i r  s a c s  w ith in  a  lo b u le  may c o a le sc e  

and a d ja c e n t  lo b u le s  may fu se  to form  la r g e  a i r  s p a c e s .

Ai a  r e s u l t  o f  t h i s ,  the t o t a l  r e s p i r a t o r y  su r fa c e  i s  re ­

duced and the pulmonary c a p i l la r y  bed  i s  d im in ished . The 

pulmonary e l a s t i c  t i s s u e  i s  fr ig h te n e d  and ap p ear , to be 

reduced in amount. I t  i s  . u p r i s i n g  th a t  on. o f  the c h ie f  

c l i n i c a l  and p h y s io lo g ic a l  f e a t u r e s ,  nam ely, a i r  w ith an 

o b s t r u c t io n ,  h a . n o t, w ith  the e x ce p tio n  o f  a  r s c s n t  p ap sr  

by S p a in  and Amberson, been d e sc r ib e d  by h i s t o l o g i s t s .

The term emphysema as u sed  in  m edicine i s  very  

.c b lg u o u , and a .  -  1 .  f a r  too o fto n  am ploy.d l a  a  » a r j  lo o a .

r . ----- Therefore, i t  l a  lmperatlTO th a t  « .  th in k  c le a r ly

„  to  - h a t  1 .  neant Whan -a  - a .  I t .  S . v e r 1  v a r l . t l . a  o f |

t i l ,  c o n d itio n  arc  roooBn lto d . 1 a ln p l *  hut a . t l , f a c t o r y  ,

c l a a a l f l o . t l o n  h a . bean d ev ised  by Buhln -  I  h are  th . |

! f i r s t  s l i d e ,  p lo aae  — aa f o l l o - a i  j
Obstructive onphjacma cau acd  by m echanical In te r -  ,

; fe ro n c . -1 th  r e s p i r a t o r , .  Th. a u b d lv l .lo n . ho n o .th  th a t ,  ; 

1 , ou aca i t ,  arc  chronic h y p ertro p h ic  bu lbous f  ,rn a ,
as
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w o , common o b . t r u . t i™  — hy—  « “ * « d by «b l '=r “ t lo n '

ln  t h .  th o ra c lo  ^  * Ipand  “  f U 1  *  b “ ” 1
W l t  o h . . t .  r e fe r r e d  to  -  - 1 1 .  or p o . t u l .  « W " —

I n W r . t l t l *  emphysema eo n d llio n  c h a r a c te r is e d  by  t l . m

trauma or th . lo n g . ;  r o r  com pensatory - b y — ,  •  ■ * > * *  ° *
u. ^ vv,- to  most anatom ic r a a d -

p h y s ic a l  . d a r e . — 1 ° r  tt<> *
tuatm ent and In c re a se d  fu n c t io n a l  demands r e c i t i n g  f r o .

1 os .  o f  t l . . u .  u d .  « ™ ,  1 r0 rM  ° f  OM
oostpon.nt u .u a l ly  b e in g  predom inant.

i t  t h l .  tlm a, — by—  W  d" * l0p ,Ud,1' n l7  *  ,
slow ly  and 1 .  uauaH T b l - l . t a r d  and g e n e r a l i s e d .  T h l. • « -  

d l t io n  msy o ccu r ln d .p a n d .n t ly  o f  any pulmonary d l— a a .

„  a  co m p lication  o f  lo n g  — d in g  b ro n c h ia l ............... o r may

b .  a a .c c la t c d  w ith  o th er d l . . . . . .  o r - d f c m .a U c n .  o f  t h .

lung a or ch® *t*
F or p u r p o . . .  o f  d l .c u .a lo n  In  t h l .  p ap e r , we a h a l .

u » l t  our oemel d e ra tio n  to  d l f f u a .  o b .t r u c t i™  - » * > - »  

fo r  th . eh on rle  h y p ertro p h ic  form , The a a l l .n t  c l i n i c a l  

fe a tu r e  o f which 1 .  alrwey o h e tr u c t lo n . bh atey or th . * -  

stru c tiv e  agent, tbs mscbanica of th is condition are ^

th a t  a i r  e n te r in g  t h .  lu n g  d u rin g  l n .p i r . t i o n  1 .  . r . p l  •
. w  axo lratlo n , the d if f ic u lty  in  turn 

with d if f ic u lty  during e* ? l r
maximal breathing capacity , a  high ro -  

lead s to a reduced maxima
1 , . , n lt8  advanced s t a g e s ,  to  a  r e te n t io n  of; s id u & l a i r  and in  i t s  aave-u

d io x id e  in  the lu n g s and h y p o x ia .carbon



Tiw aa p h y s io lo g ic a l  d ate  can be rsc o rd a d  accu r­

a te ly  in  r e l a t i o n  to  an in d iv id u a l . ,  t o t a l  r e s p ir a to r y  ca­

p a c i t y .  I  Bhoya& l ik e  to  p resen t a  case  o f  c l a s s i c  d i f f u s e

■ tru o tu r .1  « p h y s .m . .  T h l. . U d .  l “  fo11
l n .p l r . t l o n  and f u l l  . x p i r . t l o n ,  t h .  p ro m o tio n  on y « r  l o f t  

b e in g  t h .  l n .p l r . t l o n  mlerogram .n d  th . on . «  7 »ur r ig h t  

in  f u l l  e x p ir a t io n .
I  .h o u ld  l ik e  to  d ir e c t  your a t te n t io n  to  the l a c i  

„ r  r l « .  o f  t h .  d l .p h r .g n . In  t h .  w l r . t o r y  f i l m  »nd t h .  

m i n r .  o f  t h l .  p . t l . n t  to  empty h i .  lu n g , on « p l r . t l o n .  

m .  I n f o r a . t l o n  to  b .  g .th o ro d  fro n  t h l .  . U d *  11 * * *  tb*  

p . t l . n t  l u .  .  low ~ x l « u =  b reath in g  o p a c i t y  .n d  .  h igh er 

r e s i d u e  . I n .  W. h aw  p r . d l c « d  m x lm ^  h r . . t h l n g  . « > . e l t T  

Of tu .n ty -tw o  l i t . r .  p . r  m lnut. . t  d .W rm ln .d  t h l r * - o = . i  

r . . ld u ^ L  . l r ,  p r . d l o f d  1 .3 6  *»d  d .to im l» .d  « • ■  1 . 9 -
T h . d . f  on t h l .  . U d .  .how . t h * t  t h .  p . t l « i t  h a . 

„  . l . v . t M t  o .rb o n  d lo x ld .  ocmtont, an  .b n o r m lly  low hemo­

g lo b in  s a t u r a t io n  w ith .0 2 .  T h .r . 1 .  -  PCCt  ^

.  low P02 .  B . . . .  —  « “ « —  01 “ r '£’ 411 ^ l ” d V“ U *

| l a t i o n  o f  the b lo o d ,
! D i f f u s e  o b s t r u c t iv e  » p b y . .m .  1 .  hnown to  b .  on .i of t h .  c o m p l ic a t io n ,  o f  .U l o o . l a .  S l ^ l o  d l . c r o . t  n o d u la r  

| O illo o o i. 1 .  seldom  ^ . o o l a t . d  w ith  c l l n i o U l y  m ^ l f a . t  d i ­

f f f u s o  O b s t r u c t iv e  em physem a On t h .  o t h . r  hand, conf o » » r .

1 s i l i c o s i s  1 .  a lm o st  always coo U catod by d . , r .a  o f
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obo t r u c t lv c  s e p h y s c .  »  *>  « *  * “  “  ^  t M t  

chronic pu lm o.-ry  empny.em. I -  '  —  “ d l "  “  ln d l’ ; a
u d  who h u  d i s c r e e t  n odu lar e iX lc o s i s ,  b u t r a i s e  .
a s  W I t s  u n d erly in g  cause when the two a r .  . . s c o u t e d .  (

I .  I t  d i r e c t ly  r e la t e d  to  the pulmonary d e p o s it io n  

o r q u a rts  or 1 .  I t  e n t ir e ly  «  Independent p r o c e s s ,  Hnphy- 

sesia h a . been b i a s e d  to  be a c o a p l lc a t lc n  o r a . b . s t o . l .  .  

m t .  problem  -111 be d is c u s s e d  by D octor G re g o lr e . B»phy- 

sems 1 .  s l . o  s i e g e d  to  be ca u se d  by * .  R a t i o n  of  c o a l  

d u s t .  R h y s e s -  h a s  been observed  In  S i - u l s r  b . r y l l l o -

w orkers, bu t I s  by no a e s n . U - s y .  Pr " on t- E“ ph7S“ “
observed In  p e rso n , « , « • • *  to  .1 1  — r  o r !— t  d u e t  

end so n . go so  f a r  a .  to  a s s o c i a t e  th e se  In e r t  d u s t .  In  a

e a u sa l  r e la t io n s h ip *
Ko« ,  to e s t a b l i s h  a c a u sa l  r e la t io n s h ip  between 

emphysema and the in h a la t io n  o f  any fo r e ig n  n a t e r i a l ,  r e  

q u ire s  the dem onstration  o f  a  h igh  presen ce  o f  empby 

ln  fchos.  so  exposed as in  a s im ila r  group not so  exposed .

tfe propose  to  ex p lo re  the q u e stio n  o f  whether o- 

n ot there i s  a  h igh er in cid en ce  o f  emphysema in  those  ex­

posed  to  the in h a la t io n  o f In e r t  dust than  in  those not so  

exposed , in  an attem pt to prove or d isp ro v e  a  c a u sa l re a- 

t io n sh ip  between such  in e r t  du st and the development of

d i f f u s e  o b s t r u c t iv e  emphysema*
1 1  _  _  Q r *  - t - 'n  i
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io c id .n o .  o f  a . p b , . . . .  1= *  * “ *  “ d n” ' dU ,t7 
W .  «  mentioned b e fo r e ,  d i f f u s .  d b - t m c t lc .

l t  d i f f i c u l t  tc  a la g n o . .  by mean. o f  h is to r y  o r p h y s ic ^  

.la m in a t io n , . t c . p t  in  advance. c a e a e . H .n c ,  i t  i s  i w « - -  

. t l v .  th a t  we look  f o r  n o r . r . f in » d  n othods.
in  r e c .n t  y e a r s ,  c l in ic a l  p h y . l o l o g l . t .  have de- 

T l. . «  . . . u r a t .  tech n iq u es in  t h .  study  o f  » .  n e e d  and 

abnormal fu n c tio n , o f th . lu n g . .  I h . . .  » « r lo u a  lu n g  func­

tio n  s t u d ie s  o f f e r  a method o f a p p r a . i n g  pulmonary d l . a -  

b l l l t l a .  o b je c t iv e ly .  I f  V. ag a in  r . f . r  back to  our o r ig ­

in a l  o a s .  whleh, a .  you - i l l  r . o a l l .  - a .  th a t o f a  p . t l « t  

- l t h  d i f f u a .  O b stru o tlT . amphy.ema. i t  - i l l  b .  s . . n  tna 

th .ro  . . .  t h .  p r . . . n c .  o f  a  1 «  maximum b r e a th in g  c a p a c ity . 

T h l. t c . t  »  enure. t h .  maximum volume o f  a i r  th a t  can b .

b rea th ed  in  a  u n it  o f  t i n . ,  f b .  P . t l - t  1 »
r e s id u a l  o f  a i r .  T h l.  r e p r e se n t , t h .  m ount o f  a i r  rena -

!n g  in  t h .  lu n g , fo llo w in g  a n an in al r e sp ira to ry  . f f o r  .
. rtf’ carbon dLioxxd® and^ I s o ,  th ere  was a re te n t io n  or

h ypoxia* O b v im i.l,. i t  1 . l ^ r a c t l c a l  to enploy * • "

aethoda in  u n d ertak in g  a study o f  a  la r g e  s e r i e s  o

t t h t a l a .  T h e re fo re , wehav. attem pted to  fin d  a n o r .  p rac -

t i c l  p r o c e d u r e . Tho maximum b r e a th in g  c a p a c ity  1 .  known
' *  , .  .  .  , l r  th at can  be ex -

to correlate h ieh ly  w ith  the c o lo n , o f  a i r  th

p o lle d  in  a u n it  tim e*
G en sie r  h a .  ahown t h a t  the maxlnun b r e a th in g  ^

■
no
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c a p a c i ty  c o r r e l a t e s  h ig h ly  w ith  th e  volume o f  a i r  e x p ir e d  

In  one s e c t o r .  In  a s im i la r  stu d y  c a r r i e d  o u t in  cu r p h ya- 

lo lo g y  la b o r a t o r y ,  V rig h t and h i s  co -w orkers found t h a t  the 

volume o f  a i r  e x p e l le d  in  e ig h t  te n th s  secon d  fo llo w in g  th e  

b e g in n in g  o f  the m ost r a p id  e x p ir a t io n  p o s s i b l e ,  c o r r e l a t e d  

w ith  the maximum b r e a th in g  c a p a c i ty  o f  *758  w ith  a  s ta n d a r d  

e r r o r  o f  .7 5 0 .  I t  w i l l  ap p e ar  from  th e se  s t u d ie s  t h a t  the 

a i r  e x p e l le d  in  e ig h t  secon ds d u r in g  su ch  a  m aneuver and 

h e r e a f t e r  r e f e r r e d  to  a s  E 2 , i s  to  a  l im it e d  e x te n t  a  su b­

s t i t u t e  fo r  th e maximum b r e a th in g  c a p a c ity  t e s t  in  m ass

su r v e y s *
May I  have the n e x t s l i d e ,  p l e a s e *  I t  w ould aPP»«T 

l o g i c a l  th a t  th e  e n c lo se d  a r e a  w ith in  th e s i lh o u e t t e  o f  th e 

th o r a c ic  cag e  a t  f u l l  in s p i r a t io n  would b e a r  a  r e l a t i o n s h ip  

to  th e  t o t a l  volume of a i r  w ith in  the lu n g ,  th a t  th e  s i lh o u ­

e t t e  o f  the th o r a c ic  cage a t  f u l l  e x p ir a t io n  would b e a r  a 

r e l a t i o n s h ip  to  r e s id u a l  a i r .  The p o s s i b i l i t y  o f  u s in g  th e  

r a t i o  betw een th e se  two a r e a s  i s  a  s u b s t i t u t e  f o r  the ac tu a lj 

r e s i d u a l  a i r  t o t a l  volume r a t i o ,  h as o c c u rre d  to  s e v e r a l

I n v e s t ig a to r s *
On t h i s  s l i d e ,  a -3  r e f e r s  to  the a re a  a t  f u l l  e x ­

. a i  i to  ■ iie a r e a  o f  f u l l  i n s p i r a t io n *p i r a t io n  and A - l
In  1933, Gertado and h is  co-w orkers showed th a t 

th e-a » .=  •  a lg n i f i c a n t  c o r r e l a t io n  betw een r e e l d u . l  a i r  

and t o t a l  volume r a t i o  and the a re a  en o lo aed  w ith in  - a



th o rao lo  p o r a g s .  on a  f l t a  takan a t  f u l l  a x p l r . t i o n ,  pro- 

Y id .d  th a t  -  in  a  . t a l l -  —  « »  f u i l  t a .p l r a t l o n .  F IT . 

ye(u. .  1 . W ,  in  another oom nunlc.tlon , h . . t a t . d  th a t  con- 

t r a x j  to  p re v io u s r e s u l t . ,  the c o r r e la t io n  between the 

r a t i o ,  a r e .  a t  naxtaun e x p ira t io n  d iv id e d  hy —  *  • *  “ * 1-  

„  in s p i r a t io n  and » .  sextan s, r e s id u a l  U r  d iv id e d  by to ­

t a l  c a p a c i ty ,  was low - 1  t a e lg n i f l e e n t .  b u t no e x p lan a tio n

o f  th is  sta tem en t « »  ev er made*
Kay I  have the n ex t s l i d e ,  p le a s .T  R so a n tly ,

o e o r s . W right has a tu d led  two hundred end th ir ty - fo u r  ea­

rned showed a  good c o r r e la t io n  o f the r e s id u a l  a i r  t o t a l  

volume r a t i o  with the a r e .  o f  r a d io lo g ic a l  I n s p ir a t io n ,  e r a .  

o f  r a d io lo g ic  In sp ir a t io n , the c o - . f f l c l . n t  b e in g  .7 7 2  and 

a  s ta n d a r d  e rro r  o r  .0 2 , snd the r e m in d e r  o f  t h i s  

p ap e r , t h is  r a d io lo g ic  r a t i o  -111 be r e fe r r e d  to  a .  A—

A T h is  1 ,  the re g re s s io n  fo rm u la  showing th a t  high

c o r r e la t io n  o f  stock  th a t  Wright o b ta in ed  In  t h i s  s tu d y , 

you w i l l  n o t ic e  In the r igh t-h an d  c o m e r  I s  narked 13k o a se s 

t u t  s in c e  t h i s  lamp s l id e  was n sd e , he h a . s tu d ie d  a  hun­

dred n o r . ,  making a  t o t a l  o f  23k c s s . . .  f r o .  th is  r e g re s s io n  

fo r m a l.,  - e  can . . .  th a t  there i s  a h igh  c o r r e la t io n  between 

the a r e s  e x p ir a t io n  end a re a  o f I n s p ir a t io n ,  with the P - -

cen tage  o f  r e s i d u a l  a i r .  j
/ Nov,  t h i s  la n te r n  s l i d e  r e p r e s e n t s  a  f u l l _________ j_
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e x p ira t io n  o f  a normal h e a lth y  m ale . The a r e a  o f  the f i lm , 

the area  o f  the f i lm  on your r ig h t  i e  r e fe r r e d  to  a s  A-3 

and the a re a  o f  f a l l  in s p i r a t io n  on your l e f t  r e p re se n ts  

A - l .  These measurements a r e  determ ined by a  c l in im e te r  and 

you can see  the t r a c in g s  which have been  made e s p e c i a l ly  on 

the e x p ira t io n  f i lm , to  determ ine ffcm  th ese  t r a c e s .

The work we w ish to  re p o r t  on t h i s  morning r e ­

p re se n ts  a  study  o f  713 men in  the G eneral K L eo tr ic  p lan t 

in  Schenectady , by msana o f  in s p i r a t io n  and e x p ir a t io n  

f i lm s  and measurement o f  maximum e x p ir a to r y  v e lo c i t y .  The 

men s tu d ie d  made up th re e  d i s t i n c t  g ro u p s, one, a l l  bu t two 

o f those c u rre n tly  employed in  th e  iro n  and s t e e l  foundry, 

or 237 p e r so n s ; a l l  b u t e ig h t  o f  th ose  c u rre n t ly  employed 

in  the p p ro e la ln  d iv is io n  o r  193 p e r so n s ; w orker, from  the 

to o l  and dye and punch p r e s s  d iv i s i o n s ,  229 p e r so n s ; these 

i s s t  were chosen by  random sam plin g , b u t  were a llo w ed  to 

r e fu se  i f  they d id  not want to  p a r t i c ip a t e  in  the stu d y .

F i f t y  more men from s a la r y  p erson n el were a ls o  s t u d ie d .

H ost o f  th e se  have been employed more or le-«* 

sp o r a d ic a lly  than th e  la b o r in g  group o f  the d l r l s lo n e  men­

tio n e d . The non-duated grou p , a t  the earn. a g .  a t t r i b u t i o n  

. .  d id  the ducted g ro u p s. Bach man h ad  the fo llo w in g  

stu d y t Roentgenogram, w er. made on a  fo u r  b ,  f i v e  f l a t  f i lm  

the f i lm ,  taken a .  f o l lo w . .  One, f u l l  l n .p l r . t l o n ,  two, 

fou r ten ths o f  a Becond a f t e r  b eg in n in g  o f the m ost r p ld
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e x p ir a t io n  p o t e i b l e ;  t h r . . .  . i s M  ° r  ‘  • « “ <1 , f t * r
t h .  beginn ing o f  th . n o .t  ra p id  e x p ir a t io n  p o .a lb lo .  and

f o u r ,  in  f u l l  e x p ir a t io n .
w. a n *  n ot re p o r t in g  on t h .  four te n th , o r  e ig h t

te n th . . . . e n d .  f l l n .  a t  t h l .  t in e .  A ll « P ° — « « ”
. t  on . tenth  o f  a . .c o n d ,  The k ilo w a t t ,  and high an p e re . 

b e in g  . l i g h t l y  over exposed fo r  the f l l n  In th a t  p e r io d .

Th. e x p ire d  a i r  wea caught In  a  ap lro m .ta r  » l t h  

two in d ic a t o r . ,  on. o f which v a .  .top p ed  a t  e ith e r  fo u r 

te n th , or e ig h t  ten th . . .c o n d  a f t e r  e t p l r a t lo n  —  b e a u t . 

The o th er r e g la t e r e d  the f u l l  r l t a l  c a p a c i ty .  Th. w o l» »  

o f  a i r  blown In to  t h .  ap lro m ater during t h .  fo u r  tan th a or 

a lg h t  ten th , .eoond p e rio d  1 .  c o n .ld a r .d  to  be r .p r e .a n t a -  

U W  o f  « u l - n  e x p ira tio n  t e l o c l t y .  The maxlntn. b r e a th ­

in g  c a p a c ity  v a a  measured in  233 o f  the 713 a sn *
The fo l lo w in g  d a ta  have been  c a l c u l a t e d  r e g a r d in g  

th e  maximum e x p ir a t o r y  c a p a c i t y .  The f i r s t  th re e  l in e  a 

r e p r e s e n t a t iv e  o f  -  d e f in e  our sy m b o ls . K - l  e q u a l *  

volum e o f  a i r  e x p ir e d  in  fo u r  te n th s  o f  a  seco n d  a t  the 

f a s t e s t  e x p i r a t i o n  p o s s i b l e .  E -2  r e p r e s e n t s  th e  volume o f  

^ r  e x p ire d  e i g h t  te n th s o f  a  seco n d  a t  the f a s t e s t  e x p i r ­

a t io n  p o s s ib le  and E-3 v i t a l  c a p a c itT  a t
e x p ir a t io n  p o s s i b l e .  BE e q u a ls  ih e  c o - e f f i c i e n t  oc c o r r e ­

l a t i o n .
l » d  l i k e  to  draw your a t t e n t io n  to  t h i s  l in eHow,



h ero , ap p a re n tly  S -2  c o r r e l a t e ,  h ig h ly  and b . a t  - 1 th  the 

.e t u a l  maximum b re a th in g  o a p a o lty . Thle le  e l l  to e  nere 

s i g n i f i c a n t  -h en  one r e a l l t e .  th a t  w. - r e  a to d y ln g  a 

group o f  ln d lT ld u .1 . -ho  a r e  a lm o .t  n o n to l f r o .  t o .  a t to d -  

p o ln t o f  t h e i r  maximum b re a th in g  c a p a c i ty ,  * a  In d ic a te d  

p ,  to . f a c t  t h a t  th e ir  mean maximum b re a th in g  c a p a c ity  —  

135 l i t e r ,  p e r  minute and t o .  median W > l i t e r ,  per m in ute. 

I f  - .  had had a  la r g e r  p ro p o r tio n  o f  p .r » o n .  - l t o  a  patho­

lo g i c a l l y  l b -  maximum b re a th in g  c a p a c ity , we probably 

uould h are  h ad  to  . t e n  h ig h e r  c o r r e la t io n  e o - e f f l o l t o t .

I f  one would a c c e p t  the con ten tion  th a t  the E -2  

l t  a  f a i r l y  r e p r a a e n t a t i r .  m eeaur. o f  to . maximum b r e a th in g  

c a p a c ity  o . p . o l a l l y  f o r  group . t u d l c ,  on . c to  d a r l r .  f —  

to e r  in fo rm atio n  from t o .  . t o d y .  On. hundred tod  . l x  men 

t a d  a  maximum b re a th in g  o ap ao lty  th a t f i l l  - l t o l n  on. 

atam dtod d e r la t lo n  o f t h e ir  p re d ic te d  normal f i g u r e ,  and a  

hundred to d  a ix t y  f e l l  - l t h l n  too . t t o d a r d  d e r la t lo n . .  * »  

mean E-2 fo r  to e  hundred and a l l  men - a .  2 .9 3 d  l i t e r . ,  and 

fo r  the hundred tod  a ix ty  men, l t  - a .  2 .8 3 6  l i t e r . .

One may, th u e , tak e  the f ig u r e  o f  2 .8 3 6  l i t e r .

r. w ?  fo r  a group o f  men who hare normal maximum 
a s  th® mean E -2  i ° r  *  K y

breathing cap ac ity .
Of th e  e n t ir e  g rou p  vh^se maximum b r e a th in g  c a ­

p a c i t y  w as measured, 32 ^ v e  v a lu e s  o u t s id e  the ran ge  o f  

norm al, t h a t  l e  beyond to o  s ta n d a r d  d e v i a t io n .  on th  1 -
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14. .  naan » a x l= u »  b ro a th ln g o a p a c lty  o f  t h l .  low group

e lg h ty - a ig h t  l l t o r .  p . r  - H ™ *  and t h a l r  » °

.1 9 8  l l t o r . ,  in  o o n tra a t  to  t h .  n o m a l group . I t  1 .  » » « ■  

int th a t  t h .  E-2 w i l l  d l . e l o a .  th . p r o .o n c . o f .  low m axi-

mm b re a th in g  c a p a c ity *
I f  one s t a r t s  w ith  the prem ise  th a t  th o se  mean 

, l t h .  norm al b re a th in g  -  B * * i * > »  f r o . t h ln g  o « » « l t y ,  th a t  

1 .  w ith in  two .ta n d a r d  d e v ia t io n , o f th o lr  p r o d lo ta d , oom-

p r l . a  •  group vhloh  1 . .  . •  *  ^  th* ,‘
bo an E - 2  p lu .  two .ta n d a r d  d .v l . t l o n .  and t h a l r

A. 3 U -1  r a t i o  p in .  two . t e n d e d  d .v l . t l o n .  o n  «  a

c o n tro l fo r  com parison w ith  o th er groups •
mean maximum b reath in g  c a p a c ity  o f  160 men#

w ith in  t »  a tan d ard  d .v l . t l o n .  o f  p ro d lo ta d , o ov arln g  n ln a t ,-

f i v .  p a ro a n t  o f th o lr  group , 1 .  139 .97  l l t o r . .  and 1 *

poroau t o f  p ro d lo ta d  v a lu e . .  Th. 8 - 2  o f  t h l .  g r ~ P  1 .

v i t h  the s ta n d a rd  d e v ia t io n  o f  *5 5 1 *
g o i t  . l i d o ,  p le a a o . FTon th lo  d a ta , 1« I t  -  ! » ! •

. . . n  th a t  t h .  non . E - 2  o f t h . . .  713 ■ *>■ > ' ,* 1 1  “ l t h

t b .  moan E -2  o f t h .  1 6 0  non whoa, naan maxlBUB b re a th in g  

c a p a c ity  uao  97 .1 7  p a r e n t  o f  p ro d lo ta d  v a lu o . .  Th. only 

e x ce p tio n  waa In  t h .  Iron  foundry group and t h l .  d l f f o r .n o .  

. . .  only a l  i g h t ,  tho d i f fo r a n o .  b a ln g  .161p which 1» . H g t t -

ty ic e  th . .ta n d a rd  e r r o r  o f  the d i f f e r e d . .
IV more than twice* uu

OP t h e r e f o r . ,  th ere  la  J u a t  aa  many p a t h o lo g ic a l
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! - 2 . .  in  a l l  g ro u p s , and in s o f a r  as E-2 c o r r e l a t e  h i^ i ly  

w ith  maximum b re a th in g  c a p a c i ty ,  w  can s t a t e  th at th ere  aw  

ju a t  as many p eo p le  w ith low maximum b reath in g  cap ac ity  in 

the non-dusty tr a d e s  aa th ere  a re  in  the d u sty  t r a d e s .

The n ex t q u e stio n  we must a sk  o u rse lv e s  i s  what i i  

the percen tage  o f  men w ith in  the v ario u s groups who f e l l  

below two stan d ard  d e v ia t io n s  o f  the mean B-2 of 2 .8 3 6 . 

s l i d e ,  p le a s e .  From t h i s  c h a r t ,  we can  see  th at th ere  was 

one out o f f i f t y - s i x  in  the s t e e l  foundry or 1 .8  p e rc e n t, 

f iv e  p ercen t in  the iro n  fou n d ry , 31 p e rce n t in  the p o rce­

l a i n  d iv is io n ,  $ .8  in  t o o l  and dye, 8 .3  in  P*neh P ™ «

9 ,3  in  s a l a r i e d  p e rso n n e l. There were a s  many men in  the 

non-dusty t r a d e s  who f e l l  below two stan d ard  d e v ia tio n s as

th ere  were in  the dusty  t r a d e s .
T h is dem onstrates q u it e  < o n c lu s iv e ly  fo r  the grouj

s tu d ie d , t h i s ,  th a t  th ere  were a s  many men, i f  not more.

In the non-due ted  group who have a below normal B-2 a s  th a n

are  in  the d u sty  o c c u p a tio n s .
B ax t s l i d e ,  p l e a s e .  The mean A - 3 *l- l»  th a t  L*  “ ** *  

o f  a x p lr . t lo n  o » r  « r . .  o f  I n s p ir a t io n , from t l »  r a d io lo g ­

i c a l  f l lm a . from too  f i lm s  o f  tho .o  non H aring a normal 

*a * im u »  H r ..th in g  c a p a c ity . l a  .615  « l t h  a  atandard S a n a ­

t io n  o f  . 05? .  Sow, i t  1 .  reaao n ab le  to  . . .u rn . from t h l .  

in fo rm atio n , t h a t  t h a r .  1 . ■ <—  1 - c r .a a .  In ro o ld o a l l r  In  

foundry tod p o rc e la in  w o r t .r a , h u t not onough to  o to .a
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.  re d u c tio n  In  th . E -2 , and * 7  l n f . r . n c ,  t h .  « . ! - *  

h r .a th ln g  c a p a c i ty .  T h . nunbar o f  ~ n  In t h l .  sroup  vho 

h ay . .  p . th o lo g lc .1  1 -3 . 1 -1  - t l o .  in  o th .r  « o rd a . n o r .

« o  . t u r n e d  d o n a t io n ,  f r o .  t h .  « .n  o f n o r» a l » ■ “ .

l a  dem onstrated on the n ext e l i d e .
The e t e e l  foundry, 7 .9  p e rc e n t; Iron  foundry,

5 .8  p a r e n t ;  p o r c . l . l n  d i n . l o n .  S .9  p a r e n t ,  to o l » *  d j . .

1 .8  p a r e n t ,  punch p r a . . .  5 P - e n t ;  a a l a r l . d  p .r .o n n .1 .

2 p a r e n t .  H e ,  f r o .  t h l .  v .  can r e a d i ly  . . .  th a t  t h .  n u .-  

e r  o f  . a n  m o  h e .  an l n c r . a . . d  r . a l d e l  a i r  1 .  .U s h t lT

h igher In  t h .  d e e d  T .r a u . t h .  n o n - d e e d  g r o u p ..
low , in  c o n c lu sio n , I  sh ou ld  l ik e  to  eay th a t th li

h a . been  en e x p lo ra to ry  study  m ad. in  an e f f o r t  to  o b ta in

Information a .  to  th. degree of emphysema p re se n t  In  e . r -
,  mvw. v  ?  o f  a l l  grou ps was approxim atelyt a in  occupations. The E-2 or ^  F  *
. a -?tX-l r a t i o  in  the foundry and p o rce-the same, and the A 3*A A

lailn  d iv i s io n s  d ep arted  only s l i g h t l y  from th a t  

„ „ u p  o f  . a n  . .p lo y e d  lh  t h .  n o n - d e t y  t r a d e .  » « * »

_  h a .  a h igh  c o r r e la t io n  u lth  - a * -  h r e t h ln g  c a p a c ity
-i a.._  v<icyViiT w ith r e s id u a l  a i r ,  the A-3x A ll  r a t io  c o r r e la te s  h igh ly

- o+nHiaa in  maso survey w ill
i t  i s  e a sy  to  assume th a t  tn ese  s tu

a. .  4-0 the q u an tity  o f emphysemarender r e l i a b l e  in form ation  a .  to  the qu J

p r e s e n t  in  any p a r t i c u l a r  g ro u p .
T h e .  e t h o d .  f a i l e d  to  e e l  *ny » » ■ » “  ° f

s i g n i f i c a n t  change econg t h .  m l o »  I f
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B *  p „lm on .ry  d .p o . i t l o n  o f  d u .t  1 . t h .  . a w *  o f  on ! “ « “ •  

m  t h .  ln c ld .n o .  o f  « c p h j . . « a .  th .n  o n . would « * • • » .  f r < -  

to i .  l n T . i t l g . t l o n ,  to  f in d  I t  c l .u c l y  d . * o n . t r 1 > l . .  t h .  

a l f f « . . n c .  b o tw ..n  t h .  two g ro u p , . t u d l . d ,  . » o h  .  d l f f . r -  

•nc® was n o t ap p aren t.
in  o lo .I n g , I  ih ou ld  I l k .  to  r . l t . r . t .  th a t  t h l .

1 .  .  p r . l in ln .r y  r .p o r t  and thnt th . In fo rn o tlo n  to  d . t .  

.U g g .c t .  th a t  th .ro  1 . 3 u .t  . .  »mch .n p h y . . « .  In t h .  non- 

duotry t r .d a .  . .  In t h .  d u .ty  t r . d . . .  ThuJc you.

(A p p lau se )#

BY DOCTOR McCAKSt

D octor B r l . t o l * .  p . p «  »  °I>*“  f ° r  1<,B*

BY DOCTOR BZNKBTT:
D octor B en n ett, » . »  W rk  S t . t .  W orincn .. C o c .n -  

. . t l o n  H e r d .  X h . l l . . .  t h .  p a p «  and t h .  p r . . . n t . t l o n  

Of i t .  b l o . t » t l . t l o « l  d a ta  .h o u ld  h . . .  h .d  th . a g .  g r o ^ .  

r s f . r r o d  to . b .c a u . .  t h l .  may « o l l  th . u n lT .r .a l  . t . t l . -

t l c . 1  com putation, namely th . .tu d y  o f «»p b y ««n * In  »  

t P . d . . .  Ho—. T . r ,  t h .  a g .  group 1 . an  l n p o r t ^ t  th in g .

BY DOCTCr. McCASgt
jtro th e re  any o th e r  conm entsf D octor Hugh-Jon®*

BY DOCTOR HUGE^JONES:
Bn. c h . l n .u i ,  I  would I l k .  to o o n g r .tu la t .  Doctor 

W l g ht .no Doctor B r i s t o l  on t h l .  -  on t h . l r  work. On. of 

d i f f i c u l t  t h in g . ,  ln d c .d , 1 . to  f in d  p r a c t i c a l .
the very
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f t .  on . c =  « .  m  « .  n . H .  - 4  t n . , T .  n *

.o n . th in g  - h lc h  1. . x c d i n s l y  d l f f l o u i t  to  do, —

„  r in d  .  a u l t a b le  contolnatlon or t h i n * .  t=  d a f t a .  P *  = i  - 

Og l0 a l  « ! « . .  * » T  » a v .  a . t  about do ing  ao n .th ln g  »  «

o th o r p .o p la  » . «  a lm lle r ly  t r ia d  to  d o , and on. o r *  

d i r n o u l t l . a  h a . boon a lu e y .  in  « l . t l n g  •  group o 

to  d . f l n .  a  p a r t ic u la r  .yndroma, I f  «  I l k . ,  m  t h l .  c a a .

• ^ ■ • “ ' . o . ,  on . o r t h .  d i r r i a u l t l a .  1 .  th a t  . t h o u g h  yon 

w  g . t  a  h ig h  . . r e l a t i o n  o f  any on . f t .  union t u n a t . ly .

th . .m o n  Of p r a d lc t lo n  1 . » r y  Could I  ~
m t  . 1 . 0  - l i b  t h .  b lack b o ard ! I f  you h a t .  a  r . l a t lo n a h lp  

P°  b a t » . .n  OO. ru n e tlo n  .uoh a . ,  a h a l l
u h lch  thoy dam onatratad ,

.a y , a  maxi—  roluntany . .n t l l . t l o n  and th . t i n .  o f
1 ton than you w i l l  f in d  a  o a r ta ln  a t a t l e  about

Y ^ ta l *
th# r e g r e s s i o n  l l n * .

U n fo r tu n a te ly ,  I f  th .  c o m .la t lo n  1 . lo u  o r —

a .  h ig h  a .  . 7 .  »h .n  you p r .d i a t  o n . Iron  tha

E. t  a  h igh  s c a t t e r  about t h l .  I f .  -  -
.  h a r a t l a d  to  uonk « *  -  « — » •  t h l .  d l f f l o u l ^

a . t  1 .  a t a t l a t l c a l l y ,  a  d l . c r l n i o a t .  fu n o tlc n  
i *  t o  us® wfaat 1 # » _

i ._  0f  t e s t s  to  maximize s  
and t h a t  i s  to  combine a  s e r i e s  o f  t

d i f f i c u l t y  o r  a d i f f e r e n c e .
H atte r  I  can  mate my p o in t c l e a r ,I  d o n 't  know whether 1  can

acceD t fo r  a  moment th a t  the c l i n i c i a n  can 
bu t i f  you v i l -  a c c e p t  r  ^ _________ __  ___ ____  ______



d.rin. gross ..phy-eme -  oo»p.r.d with the no™i. and 
Doctor Bristol ad.quat.Xy d.sdried that a. a possibility, 
teo you osn taka tb. different ts.ts, for a w l . ,  thay 
give »esdj»u» Tsntllatlon, r.sldusl capacity. Co.,. or th. 
ta.t. pro dieted fro. the., end find abet Win.tionlt 
„lght be,three t i e .  the predicted H. B. C„ pie four tl... 
th. predicted reside! ospe.lty fro. error of th. file, •* 
get a statistical function which mudmlsee the Cheng. fro.
normal to abnormal •

When th a t  I s  done, you e n o r .o u .ly  ls ip r o t . th . 

d i f f i c u l t i e s  o f a n , o n . t e s t  b e in g  . l a m e n t ,  and X would 

s u g g e .t  th a t  a .  a  mathod In  u s in g  th ese  p re d ic te d  t e s t s .

YOU can g e t  a  d isc r im in a te  fu n c tio n  which g l e e ,  the m e le m  

d if fe r e n c e  In  accep ted  n o r e l  and . . t r e e  emphysema, a=d 

then app ly  th a t  in  t h .  f i e l d  to  t h . . .  o th er t h in g . ,  u sin g  

the sim ple  p re d ic te d  t e . t s ,  Thanh you . 

b y  TWTTOR WeCAKNt
Are th e re  any o th er  com ment.* D octor F le tc h e r *

BV ryy.TOR FLETCHER?
!  Ju . t  want to  aek two simple q u e s t io n s . X » .

.  ̂ tn  th e age e t a n d a r d iz a t lo n . w hich, o f  coure«a l s o  in t e r e s t e d  in  tn e age “
. .  I you d id  t e l l  us th a t  some men wereperhapsis n o t v i t a l ,  1

- v e in<y t e s t e d ,  b u t you d id n » t  
a llo w ed  to  s ta n d  down from b e in g  ,

santaze o f  the t o t a l  p o p u la t io n  th a t took t e l l  u s tne p e rc e n ta g e  o i

ad van tage  o f  th a t  p r i v i l e g e .  __________  .

;



JS o i,

o th er s n a i l  p o in t  1 would J u t  m »  *

l t  J0Ur  e t e t . n . n t  t h . t  . .  f »  -  . « *  — "  «  “ n ° S” “ ; -

th a t  f i b r o s i s  1 .  e lw .y  l s “ d ’*l th  Whi° b  ’
q u ite  .  cowaon . . . d e l e t i o n ,  b u t  not 1 « J . .  |

BY tw “.TOR HUEPSHt
wl^et wee the le b o r  turn -over In  the v e r lo u e  grou 

JOU te e te d t  I  think In  d u e t* o c c u p .t lo n e . ro u  ehould » . -  

u e l l j  heve your h igh er tu rn -over end, th e re fo re , eh o rte r  

exposure tim e . I f  ydu « n  s t e t l s t l c s  th e t  » • !  T ,r r

b e a u t i f u l l y .  

by  DOCTOR HERMAN I
^ ^ — ^ n e r a  e t . t e . e n t  we. med. ebout d u .t r  dedu­

c t i o n . .  Bo th in g  . . .  . e l d  .b o u t th e  degree  o f  d u . t l n e . . .  

extreme d u s t in e s s ,  any comments to he .

nY DOCTOR McCASNx
n oo to r B r i s t o l#  would you  ^rvy o th e r  conmentsT D oow r &

l i k e  to  answ er th e se  q u e s t io n s ?

t̂ v DOCTOR BRISTOL: anawer th e se
I  sh o u ld  l i k e  to  have D o ctor Wr g

q u e s t io n s # a s  he i s  in  a  B e t te r  p o s i t i o n  to do so  th an  I  

a a . D octor W righ t.

a 0 2 £ S a i ^ ' . l l  r i g h t .  The q u e s t io n ,  neve .1 1  b e e n .

t or c o u r s e , v e r r  p e r t in e n t .  P o .to r  B r i s t o l  took « - - * > »  '

f -Mmlnarv r e p o r t  and when the f i n a l! t h i s  i s  a  p re lim in a r y  r  p __  ______________to  say



v- •

^02.

„ P„ r t  u  « * . .  - »  -  *>—  —  - u i  b -  7 1 ” ! :
ln  p a r t i c u la r  to . o n . .  t h .  d » t  “ P“ “  “ *  “ “  * '

bop tu r n - o r e r .
H. l t b . r  o r t o o . .  h av . boon t o .  . u b j . o t  o f . . r u t ­

,  . .  x . t  B a t .  1 *  a v a lla b lo  and 1 .  to  t o .  p r o c . . .  o f «>.-
i n ,  «  T . t .  ® *“  .  u r p
in g  lo o te d  a t .  I  «an  - *7  « “ *  t o .  to  r  
n^ „  o r  . . .  I  d t m p t o d  to * «y t o .  v a a t  n . J o r i t y  in

duaty t o a d . . .  th a t  bad b . .n  to  - * * » - » *  

m . ,  t h ir t y  y .a r a .  I  to —  « • »  V° SbUr^ '  ’* *
r iT . ,  w  * * T 4 t t i .  ware in form ation  on
i „  t o .  a u d l .n c . ,  can  g l v .  you *  l l t a *  » ”

t l  p e r so n a lly *
th a t ,  i f  « y o n o  w ants to  awe y

in  the f i n a l  r e p o r t .
t t .  a g .  d l . t o ib u t io n .  I  can t o l l  T ° *  roughly

abou t I t  . t o  t o -  ap p ron in ato ly  t t e n t y - f iv .  to  m - W  ^
ab o u t* c o n tro l gro u p , t o  have the
. .  t o o l  p a in ,  to  ehooatog our c o n tro l grou p ,

. « » •  age d i s t r ib u t io n .
* « ,  t o .  n a tto r  o r to ta to to g  r o l u n f r .  t o  t o .  

woX and d y . -  punoh p r . . a ,  to  th . d u .to d  t r a d . . . , -
, „  o r t o .  p .o p l .  . x c .p t  toe t o  t o .  fou n d ry , and

o b tain ed  - 1  o f  ,  ^  ^  p e o p l.  uho „ „  . . . y  on

r *  m * * - *  » » .  * * •
a  x L - t  totoh to a t  our ................................ .. t o p U r .d

"  Xaelc o f  t o o . ,  ton I n d i v i d u a l  t o .r o  - o r .  r . l . t i v . l |

f .u  in d iv id u a l ,  -ho r . f u . o d  vh .n  m u * . t o d .  to  “ “  “
1 x , _„_r, 1 a and then  th e-That was a random sam ple ana ^  
dye and punch p r e s s .  T hat was ___________ ___ ________________



p .o p l .  p l .k .d  w ar. . . t o d  I f  thay would a o lu n ta a r . O a r .

„ . r .  .o n *  r . f u . 1 . ,  I  c a n 't  t . H  you p r . c l - . l j  »< "  » *n y .

I . ,  a f r a id  th at mayba wa w on 't b .  f c l .  to  t a l l  

J0U th a t  a t  a l l ,  b . o . u , .  I 'm  n ot aura th a t  r . c o r d .  w .r . 

k . p t  a .  to h o . .- n y  r . f u a .d ,  b u t I  w i l l  lo o k  In to  th a t .

I t 'a  a  good q u .8 t lo n  and, f o r  th . . . k .  o f  o o . p l . t a n . . . ,  w.

should  hare i t *
D octor B ugh -Jones* su g g e st io n  ! ■  *  & °° on* # 

w l l l  . . .  in  th . n a a t  p a p .r  th a t  w. a t t a n p t .d  to  g a t  a t  th a t

to  . 0. .  a x ta n t  by  f u l l  t i n .  o o r r . l . t l o n  p r o o .d u r . .  I -  no 

ear t a in  th a t  t h a t ' ,  th . . « • •  th in g  h a 'a  M ik in g  ab o u t. 

M 1 l . a .  th a t  h i .  p ro o .d u r . 1 .  a  U t t l .  b i t  d l f f . r a n t  and I t

1 .  o n . th a t  X -  n o t f a n l l i - *  - 1 t h .  I  o a r ta ln ly  1 1 1  g .
. i f  u «  can ’ t  improve out

to g e th e r  w ith  you a fte rw ard . «nd see  i f  v .  c ^

d a ta *
D id I  le a v e  anybody o u tt 

rvirTQR BRIST<g.t
Ihe co m p lication  o f  conglom erate.

pv nfifiTOR WRIGHT I
-- ---------- 1 Z 7 '.. p arh ap . D octor B r l . t o l  d id n 't  - a h . I t

i e l . a r  enough. I  think he d id  .a y .  oommonly o r alm oat

| w ay.. in  re g ard  to  c p h y .a m . *  c « p l l c . t l o n  o f oon-

g lo m e r .t ,  d l . e a . . .  W. c .r t o ln ly  b ay . bad t h .  . a p . r l . n o .  In

,  lo rlty  of c o n g lc a r a t , . l l l c o t l o a ,  of dem on.tra- F the vast m a jo r ity  or
1 _ -r -a.tVgl A aVi A A A.

*-1® A vldences o f  emphysema. We have one,





BY DOCTOR WRIGHTt
0„  ,1 1  o f  t b . . .  p .o p l * .  I  th ink  th »  rapl0;rm aat 

re c o rd . . i l l  -how they b a r .  b . . «  tb .r o  t » .n t y ,  t . . » t , - f l «

y e a r s *

BY DOCTOR PRIEPMM* ,
m d  you know b o . many y « *™  tboy »ork cd  In  b o «*rd -

our o o n c n t r . t i o n  b o . many 7 ‘ * * ‘  » o t»

BY DOCTOR VfRIQHTt
y e s ,  we have a l e t t e r  - we have a l l  th a t  in fo r -

„ t l o n  on co r do, ond i t  1 .  b . ln g  gon . o t . r  n o ..  * » t  . i l l

be In  the f i n a l  r e p o r t .

BY DOCTOR KoCJUnf*
I f  tb .r o  1 .  no fn r th a r  d l .c u .o lo n ,  v .  w i l l  p r o . * *

to  t b .  n o it  p opor. ond . . • »  going to  o b » g .  t b .  o r d .r  « f

t b .  p r o g r -  . o  t b o t  D octor W r lg b f .  p .p . r  . i l l  p r .o .d .  th a t

Of D octor G re g o ire . D octor V r lg k * .

b y  nnnrQR  WRIGHT:
| k p .  chairm an. L a d le s  and Gentlemen: B efore  p r e -

I so n tin g  tb .  - U r l l  in  ay  P - P ~ .  I  -o n ld  1 U »  to  o n .

ccoxaent to  a x p l l f y .  to  . . .  « t . n t .  o n . o f t b ,  th in g , tb o t
.. .  - a n r ta n t  th a t was "brought out toy ourX th ink  waa ra th e r  im portan t w

, - ,_ *  «_ the im portance o f the c l in ic ia n  In 
Chairman, and th a t

»nd the p o s it io n  th a t  gad getearin g  th ese  v a r io u s  s t u d ie s ,  ana une v
- xrii-vi some p r e c is io n  has In such and attem pts to m easure w ith  some p r

atu d iea  as we are m aking. ___________
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y r  D0C70B
Brfor. p c . - t t o «  to .

„ t « t o l  to  >7 I*p«r. I  w old lito  to - t o  »  « — *  to  *w“ f *

to  »  .* « * ,  —  or to . W W  1,* ° rte°*

t o ., « ,  O roo*t ~ t  *  «  ® o « o . -  « "  *  « "  ta»ort“ "  ■ * 

t t ,  .u ototoo  to  tt—  torloto  rt» U ~ , - a  to . * « lt lo . toot

gto £ rt~ rf^  « *  .ttto p t. to  — « •  * « “  •—  “ • *■

tosh. cto&lM U W » «  Bftkinf.

i



I  r in d  m y i . l f  in  f u l l  agreement w ith  h in  on tb s  ^

q u e st io n  o f t h .  in p o r t .n o . o f  tb s  o l i n i . l «  

to  r . l y  on la b o r s to r y  p r o c e d u r . . .  T b l .  r . l l a n o . ,  In  o l in -  

l c . l  n s d l . l n s ,  1 . a  m . n l f . . t . t l o n  p a r t i ,  o f  tb s  t r .n sn d o u . 

bn rd sn  th a t  1 .  po t on a  p h y s ic ia n . I  th in k  i f .  a l s o ,  to  

sons e x te n t , a f a l s .  r . l i a n a ,  in  th a t  w  O K . . .  f i g o r . .  

and n n d srstan d  g lg u r a . n o r .  . . . i l ,  th «>  -  can t b .  th in g .

th a t  go in to  form ing an o p in io n .
I  do b . l i . T . ,  h o w .t .r ,  th a t  D ootor became vonld

b .  t h .  f i r s t  to  . a ,  th a t  v .  n « .d  t b . . .  g a d g .ta  Mid t b . . .  

nothoda o f  » . a a u r .n .n t  i f  f o r  no o th .r  r .a a a o n  tfcMi to  ap­

p ly  a  a n . . o r t  o f  .  t s . t  to  our c l i n i c a l  a c c o u n t.,  our e l ln -

i e a l  a b i l i t i e a #
c l in i c i a n  h a .  b .a n  going on f o r  , o a r .  . x p r . . . -  

1o€ o p in io n .,  and la c k in g  a l l  -  » . t  1 » . y .  — t in g  to  know, 

b u t  la c k in g  n o r .  p r o c lo .  » t b o d a  o f  c o n firn ln g  h i .  o p l n i « ,

^  I  would th in k  th a t  p o rh ap . on . o f  t b .  g r . a t . a t  fu n c tio n .

-  n o r . p r e c i s .  » . « u r . n . n t  -  1 . th a t o f  ap p ly in g  - o r t

Of t s . t .  to  c l i n i c a l  a b l l l t i . . .  “ 1 «  1 *  in  * “ *
„ l n  th a t  our work h a . boon carried out Mid t h .  stu dy  th a t

I  am to r e p o r t  t h i s  morning was done. .
May I  have the r i r a t  aliHoT B e o * * * *  tH ls i .  a  j

, „ a._ 4.nifa iviat a few moments to  | m ixed au d ien ce , I  am g o in g  to  take ju au
,  ̂ fn r  the con sen ts th at I am go in g  to  ip rep are  some background f o r  the coon j

. . _  tH at my m edical c o lle a g u e s  w i l l  fo rg iv eand I  have hopes th a t  my w  ___

__________________________________SOlu

make ,
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a .  fo r  t h i s  crude diagram  which, to  my mind, p o r t r a y ,  in  an 

• a t i l y  u n derstood  manner, the v i t a l  fu n c tio n , o f r e s p i r a t i o n  

The r e s p ir a to r y  ap p aratu s i s  in  e s s e n c e , a  b e llo w s , 

an a i r  pump through which blood c i r c u la t e s  f o r  the purpose 

o f  b e in g  v e n t i la t e d .  A ir  e n te rs  in to  a  be llo w s and the a c t jo n  

o f  th a t  b e llo w , i s  a l l  im p o rtan t. The a i r  i s  then d i s t r i b ­

u ted  through the f  lows and b e in g  c o n sta n tly  r e p la c e d , mail -  

t a in s  i t s  way, w ith  a h igh er p r e s su r e  o f  oxygen and a  lower 

p re s su re  o f  carbon d io x id e  than e x i s t e d  in  the blood  th a t

flo w s through i t *
Tb» MinouB b lo o d  return©  to  tb» lu n g  from th . 

p a r lp h .IT , c a rry in g  •  h ig h  lo a d  o f  odrbon d lo x ld .  .n d  b .ln g  

lo v  in  oxygen . A . th . b lood  c l r c u l a t . .  through th . b . l l o - . ,  

f U  a c r o s s  .  c r y  th ic k  . . . b r a n .  which . .p u - x ta x  t h .

b lo o d  p h c .  f r o .  th . g » .  p h M . Of t h .  lu n g , oxygon g »m g  

in to  th . h lo o d  Ahd c r h o n  d lo x ld .  coming o u t .  Th. b lood  

t t . h  r e tu r n , to  t h .  l . f t  . I d .  o f  t h .  h . « t  .n d  1 .  pum ,.d out 

through the t i s s u e s .
you have, in  e ssen ce  h e re , a  pump and a  d i f fu s io n  

s e r v ic e .  T hat i s  the lu n g  p ro p e r , and then we have, o f 

c o u rse , a system  th a t  i s  in t im a te ly  in v o lv ed , i t  sim ply can 

n ot be se p ara te d  from the lu n g , nam ely, the c i r c u la to r y  

sy stem , a pumping system  which pumps the b lo o d  in to  the lu n g , 

a c c e p ts  b lo o d  back from the lu n g  and then pumps i t  out to

1
the t i s s u e s .
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How. th .  v u ln erab le  p o in t .  o f n c h  an ap p aratu s 

o f  e o u r .e , i ^ d i a f l y  ap p a re n t . The a p p a ra tu . i .

▼ulnar able from the p o in t o f  riew  o f a i r  flow  Into
krcr airw ay ohb tr u e t lo r  „ . - » ! *  from the p i p e . *  W  ^o f the lu n g , namely, irom  *  *

« m ,  vary o b v io u sly , i » t . r f . r .  w ith  th . o t  t t l *  '

a p p a ra tu . to  behave a .  an a i r  Pu «p .
p r o p e r  d i s t r ib u t io n  o f  s «  In  t b l .  h . l lo w . « m

X . .d  to  re g io n a l poor v . n t l l . t l o n  *n d  , « • ■ “ * *  • « “  “

. . t u e l i y  i t  4 0 . .  occur -  « . . .  • *  « ■ »  « “ *  ~  ” D tl*

L f d  . t  1 1 .  I t  « • «  « • “  «  “ U 1  C lr ° U l* W4- 
T.U ,o u . M ood th a t  f l o u .  through .u c h  « . . .  d o . .  * °  “  “

p u rp o s . u h .t s o .v s r ,  Th. b . l l o v .  '
1 .  .  punp in  th . sen s t h . t  « r  o th .r  n . c h « l o . l  pump

o p e r a te s ,  Loo. o f p o v .r  o r  -  d . f o r n .b l l i t y  *  —

or b e in g  c h « g . d  in  v o l t - . ,  - i l l  ctoviou.1 7  i » P . i r

. C t i T l t J  »  •  P W  * »  • » • * “  ^  T ,r7  .
th in  man—  uhleh . . P « . « .  t h .  t lo o d  f r o .  t h .  g «

I f  l t  b .c o n .s  thicken®d o r o t h . r - 1 . .  ° h « g . d ,  7 ~  «  — “ l
 ̂ miiT have tro u b le  in  g e t t in g  aer©MI ly  understand th a t g a .s e a  may have I

<4 then o f  c o u rse , the c i r c u la to r y  MjnUm i t -  
t h is  b a r r i e r  and then,

_  +v_  to t a l  a r e a  which can re c e iv e  b lo o d
s e l f  1 .  v u ln e ra b le , the t o t a l  a re
o ,  « .  cross- se c t io n a l  « . .  of t h .  T a s u u l «  b .d  - 7  h .  4 1 -

mlnlshed, .0 t h .  b lood  i .  P-p.d «  - i t h  d i f f i c u l t y .  | 
B1ood nay dsn back in  th . lu n g , b e c au se  o f  f . l l u r .  o f  th .  

pump on th . l . f t  . i d .  to  m o,, the b lo o d  l o n g  a s  i t j l . a v s .



i the lu n g . The c i r c u la to r y  a s p e c t  i a  goin g  to  ba covered  

! by D octor McCann.
| I  d o n 't ,  however, in  our p r e se n ta t io n , want you

I to  lo s e  s ig h t  o f  the f a c t  th a t  a  lung ia  n ot ju s t  an a i r  

! pump; i t ' s  in t im a te ly  a s s o c ia t e d  with the c i r c u la t io n .

I How, fo r  a  good many y e a r s ,  the -  th ese  in tim ate

and d i s t i n c t  fu n c tio n s o f  r e s p i r a t io n  ware not amenable to 

i Tery  p r e c is e  stu d y , bu t durin g  the p a s t  twenty y e a r s ,  meth­

ods have been developed which w i l l  perm it a  f a i r l y  p r e c ise  

measurement o f  the a c t i v i t i e s  o f  the r e s p i r a t o r y  apparatus 

e s p e c ia l ly  the stu d y  o f  the v u ln erab le  p o in ts  th at I  have

ju s t  m entioned.
I  would l ik e  to  s a y ,  a t  t h is  p o in t ,  th at D octor 

McCann and h is  grou p , D octor K o t le r ,  who i s  in  the au d isn ca  

wore and continued to  be p io n e e rs  in  th is  s tu d y . A re a lly  

tremendous amount o f  the work th a t we are  t a lk in g  about 

today stems from i t ,  t h e ir  own lab o rfi-o ry , and I  Ju s t  th in k  

t h i s  i s  a  r a th e r  a p p ro p r ia te  tim e to  reco gn ize  th e ir  r o le  

| m  s tu d ie s  o f  r e s p i r a t io n  in  th is  country and abroad.

I How, some th ir te e n  y e a r s  ago , D octor Gardner b e ­

came Interested  in  the fu n ction al aspects o f  the e f f e c t *

' th a t  the in h a la t io n  o f d u s t  m ight have on lu n g  and c i r c u l a -  

| t io n  and i t  was b e cau se  o f  t h i s  i n t e r e s t  th a t  I  came h e r e .

j! i  m ight say  a lso  th a t  i t  g iv e s  me seme p le a s u r e  to  say  t h a i  
; I

i t  was through D octor M cCann's m ffo r t s  th a t  t h i s  was made j



p o s s ib le *  I  doubt i f  many o f you know th a t  the I n i t i a l  

b u ild in g  o f  the la b o ra to ry  came about a s  a  r e s u l t  o f  con­

t r ib u t io n s  fo r  a number o f  y e a r s  from the D epartaen t o f 

M edioine, not only o f money, b u t  o f  time and h e lp fu l  in s t r u c ­

t io n . We began  our s tu d ie s  in  the on ly  way th a t  we lojew 

how a t  the tim e, namely, to  s tu d y  the in d iv id u a l a e t io n s  

o f the r e s p ir a to r y  a p p a r a tu s . These p ro ced u res a re  those 

th at you have been to ld  about h ere  by o th e rs  th a t  have 

ta lk e d  on the su b je c t  o f  pulm onary fu n o t io n *

Ve measured the s iz e  o f  the b e llo w a , the s o - c a l l a i  

pulmonary volume; we m easured the s tro k e  volume o r  t h is  a i r  

pump, then the v i t a l  c a p a c i ty .  We m easured th e  power th a t  

th is  pump has to  d e liv e r  a i r  p e r  m in ute, nam ely, the m axi­

mum b re a th in g  c a p a c ity . We have a ttem p ted , w ith r e l a t i v e l y  

l i t t l e  s u c c e s s ,  to  measure the d i s t r ib u t io n  and m ixing o f 

g a s s e s  in  the lu n g . With some g r e a t e r  s u c c e e s , we have b e e r  

ab le  to  m easure the im pairm ent, i f  a n * ,  f o r  the p a s sa g e  o f 

g a s s e s  from  the g a s  phase to th e  b lo o d  p h ase , and t h i s  i s  

done in  two w ays, by stu d y in g  the b lo o d  g a s s e s  o f  the b lo o d  

sT te r  i t  has emerged from  the lu n g , namely the degree to  

which the hemoglobin i s  s a tu r a te d  with oxygen and the degree 

to which carbon d io x id e  h as been  removed from  the b lo o d , anc. 

in  a  l i t t l e  more p r e c is e  way, we have m easured the p r e s su r e , 

head th a t  e x i s t s  between the oxygen and carbon d io x id e  in 

the gas phase and the oxygen and carbon  d io x id e  in  the blood
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p h ase * -
One o f  the g r e a t  sh ortco m in gs, and I  th ink  i t  i s

s t i l l  a  shortcom ing, a lth ou gh  a l o t  o f  work i s  be in g  don® !

on i t ,  i s  th a t  we have n ot been ab le  to  m easure w ith  n e a r ly

the o n e  degree o f  ac c u rac y , the r o le  o f the c ir c u la to r y

a p p a r a tu s . I  aw ait w ith  g r e a t  e ag e rn e ss  the day whsn Baxd>

mum c a r d ia c  ou tp u ts can be m easured, and when the p re ssu re

r e la t io n s h ip s  about which D octor McCann w il l  t e l l  you, t h a t

govern the flow  o f  b lo o d  through the lu n g , can be measured

under c o n d itlo n s  o f  s t r e s s .
^ f t a r  about fo u r  y ears  o f  work, m easuring th e  a s

r a r io u a  thing®, th e se  in d iv id u a l  fu n ctio n s o f the lung, we 

„ Em,  to  the r e a l i s a t i o n  th a t  we were not r e a l l y  doing what 

ve had s e t  out to  d o . I t  i s  through, w® cou ld  r e c o g n ise , 

f a i l u r e  o f the b lo o d  to  be p ro p e rly  v e n t i la t e d .  V® could  

re c o g n ise  Impairment o f  the pumping a c tio n  o f  the lung or 

the r e s p ir a t o r y  a p p a r a tu s . We cou ld  re c o g n ise  poor d i s ­

t r ib u t io n  o f  g a s s e s ,  and I  have been g u i l t y ,  ae have o th e rs , 

o f  c a l l i n g  th ese  d i s a b i l i t i e s ,  and th ereby , we have confused  

some o f  our le g a l  f r ie n d s ,  b ecau se  we have f a i l e d  to be 

p re c ise , and say th e se  wars d i s a b i l i t i e s  : or c e r t a in  th in g s .

A low maximum b re a th in g  c a p a c ity  i s  a  d i s a b i l i t y  

fo r  b re a th in g  power. A poor a r t e r i a l  s a tu r a t io n  i s  a  d i s ­

a b i l i t y  fo r  b lood  gas t r a n s f e r  and th a t I s  a l l  th a t the

have m easured, and we and jd i s a b i l i t y  i s .  T h at's  a l l  we
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o th ers have sometimes not been c a r e fu l  to say  whether or 

n ot t h i s  d i s a b i l i t y  to  b re a th in g  power i s  a d i s a b i l i t y  in

terms o f  a  m an's a b i l i t y  to  work*

A fte r , as I  s a y , about fo u r  y e ars  o f e f f o r t  alon g

th ese  l i n e s ,  we were re p e a te d ly  s t r u c k  w ith  the f a c t  th a t  

c e r t a in  men were rem aining on tne Job doing a  f u l l  d ay *a 

work who had c o n sid e ra b le  impairment o f b re a th in g  power, 

who had some degree o f  a r t e r i a l  u n sa tu r a t io n , who had ab­

n o r m a lit ie s  o f  the pulmonary volum ena, and th ick-headed  as 

we w ere, to o k  a long time to r e a l i s e  th a t we sh ou ld  be  much 

more c a r e fu l  in  the u se  o f  th a t  word d i s a b i l i t y ,  and should 

d e fin e  i t  p r e c i s e ly  every  tim e th a t  i t  i s  u se d .

The word i t s e l f  means e x a c t ly  what i t  s a y s ,  lo a s  

o f  an a b i l i t y ,  and we sh ou ld  bo c a r e fu l  to  say  what a b i l i t y .  

Beoauee o f  t h i s  d isc re p a n c y , we, a s  have many o th e rs  before 

u s ,  c a s t  ab ou t f o r  soae  way o f  t r y in g  to  r e l a t e  th e se  sp e c ­

i f i c  d i s a b i l i t i e s  to the g e n e ra l a b i l i t y  o f  a  p erso n  to p e r­

form  as a  p h y s ic a l  en g in eer -  e n g in e .
How, you may u se  v a r io u s  p roced u res in  t h i s  r e g a r c .

The e a rn in g  power o f a  man i s  the -  to  .one e x te n t ,  a  meas­

ure o f  h i s  a b i l i t y  to  perform  a s  a  p h y s ic a l  engine, bu t i t  

i s  n ot a very  p r e c is e  one, and many f a c t o r s  are in v o lved  

in  th a t ,  perh aps I ' l l  have o c c a s io n  to  say more about th a t

th is  a fte rn o o n .
Xs  d o c to r s , we w ere, o f c o u r se , in te r e s t e d  in  th e
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human body, and th e r a fo r e , i t  i s  o r  would be n ice  i f  we 

co u ld  f in d  some way o f  m easuring the in te g ra te d  man, what 

he can do in  the way o f p h y s ic a l  perform ance. Some work 

h as been done alon g  th ese  l i n e s ,  m easuring peak a b i l i t i e s  

to  -  f o r  p h y s ic a l  ou tp u t, fo r  exam ple, the w onderful r e ­

co rd s th a t  have been s e t  in  d is ta n c e  running and in  other 

form s o f  p h y s ic a l  f e a t s ,  i s ,  in  a se n se , a m easure of an

a b i l i t y .
There i t  a more p r e c is e  way of g e t t in g  a t  i t .  The 

human engine i s  a  g re a t  d e a l  l ik e  an o rd in ary  in te rn a l com­

b u st io n  en g in e . F u e l i s  burned, oxygen i s  re q u ire d  in  th a t  

b u rn in g , and carbon d io x id e  i s  the r e s u l t  o f  th a t  bu rn ing , 

and J u s t  a s you m ight r a te  the power output o f  any engine 

in  te rn s  o f i t s  oxygen consum ption, the human body can be

s tu d ie d  in  e s s e n t i a l l y  the same way.

j h .  n ex t s l i d e ,  p l s a s s .  Ons csn  s t u d ,  s m Imi—

perform ance e b l l l t l e .  by having th s  In d iv id u a l w alk on •  

t r e e d n l.l l  s e t t e r  -  c i r c u la r  c n . - » l l .  t r a c k , end

trenendous — cunts o f  e x c e l le n t  kork he. been don . in  the

Peck Leboretory  e t  H arvard. s tu d y in g  f i n .  e t h l s t e .  sod s c .  

o f  th a t  d a te  I  k i l l  »hOk you in  Ju s t  e messent.
Ve have studied  ecu  fror- the p o in t  o f  v le k  of 

h e i r  g r e a t e s t  a b i l i t y  to  pu t out p h y sica l en ergy , by h av- 

rag then » a lk  on a  tr a a d n ll l .  We chose th a t  r a th e r  than th^ 

,1 c ,c le  becau se  in  th is  cou n try , our people are  n ot accustom ed



o r id in g  .  b i c y c l e .  I "  a d d it io n , t h .  e x . r e l a .  In volved  la

Ot u  fr®® as i t  i t  In  w alk in g .
T tiB  l a  aimply a p ic tu r e  o f  a man w alking on a

^ a d m i l l  vhifc® ra r io u a  measurement® ar® b®lng mad®. Next

a i d . .  S tudyin g th . In d iv id u a l In  t h l .  way, a t  t e a r . a . t a g  

L n te n a lt l .a  o f  p h y .lc a l  a x a r t lo n , c e r t a in  . . a n r - n t .  can 

a .  x a d a , a .  r .p r . a .n t a d  In  * 1 .  - U d a .  T h l. 1 .  o f  a  p . r . «  

aha h a . b .e n  . . I k i n g  o r  who h a .  h .an  w a lk .d  a t  a  o o n .tu r t  

ap aad , a .  you . a . .  In t h .  forw ard  r ig h t-h an d  oolunn, au ra , 

and a  h a l f  » l l a »  «n hour, b u t in o ra aa ln g  tha la v a l  on whieh 

h .  walked u n t i l  f i n e l y  «  K > v .l 1 .  raaoh ad  whloh 1 .  th . u t -  

« . t  th a t  h .  can aoooR pllah i In  o th er w ord ., a  h lgh ar la v a l .  

t b .  „ e lk  ta  t M . l n . t a d  a t  an  a a r l l . r  p e r io d  than « .  hav. 

o r  h&d ohofltn#
T h a t, w alk . w ar. a l l  o f  a l l  n ln u tea d u ratio n  and, 

t y  In o ra aa ln g  t h .  g ra d , on which th . Ran w a lk ., - a  f i n e l y  

^ t  to  a  p o in t  w h .r. t h .  nan car, n ot w alk f o r  th . f u l l  a l l  

R ln u t .a ;  h .  - u a t  g a t o f f  and o orn al I n d iv id u a l . ,  b a c .u a .  

o f  . or.  a e v e r . lo g  w eakn..= • ” « d ,g r ' °  ° f  b " a th l” “ '

How, I t ' a  ap p aren t th a t  tha hunan engine l a  q u i t ,  

s im i la r  to  t h .  In te rn a l conhuation a n g in a . Th. oxygen up­

t a k e . a .  ,= u  would - a l l  « P < "= t , ' “ own In th . f a r  ! • »  o o l-  

nnn, In c r e a se , ar.d g o t . up to  a peak oxyg.n  uptake o f 2 ,950

-rartf̂ r~.a t*s of oxygon#
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1 .  the g r e a t e s t  . h i n t , '  th a t  t h l .  In d iv id u a l had Tor oxygen 

u p take* I f  you would p lo t  th a t o u t, you would e e .  th a t ae 

the l a s t  two e x e r c is e s  were c a r r ie d  out and a  p la te a u  was 

reach ed , th e re  I s  eery l i t t l e  Increment In  th o se  l a s t  two 

e x e r e l s e s ,  and hare eon. d a ta  to  show a .  In  o th e r s , th a t  

.  p la te a u  I .  reach ed  In oxygen uptake a t  a  t i n .  when the 

minimum v e n t i la t io n  o r b re a th in g  f a c i l i t y  o f the lungs oan 

s t i l l  be augmented and t h l .  h a . le d  along w ith o th er e r l -  

dence, to  the co n c lu sio n  th a t  In  the normal man, the c i r ­

c u la t io n  1 .  th e  govern ing f a c t o r  fo r  peak p h y s i o l  output 

o f  m oderate d u r a t io n . V . ' r .  n ot ta lk in g  now shout sh o rt

b u r s t *  of energy output#
I  b e l ie v e  th a t  I  won’ t  need to la b o r  the po in t

.n y  fu r th e r ,  bu t can sim ply s f
th a t  th e  -  o n . o f the m easure, mid p s r b .p .  on . o f  the b e s t  

S t  p r s . s n t  a v a i l a b le ,  o f  .  man’ ,  a b i l i t y  to  perform , «  en 

In te g r a te d  b a ln g , 1 .  t h .  h e ig h t t e  which he cm. m e r e . . .  

o r r a i s e  h i .  oxygen « p te k e . T h l. 1 .  c e r t a in ly  a  fu n c tio n  

n ot only o f  r e .p i r . t l o n  b u t  o f  c i r c u la t io n ,  mid I  b a i l e e .

! .  p r im a r ily  a  fu n c tio n  o f c ir c u la t io n  o r c h l . f l ,  . . .

The o th er  ta b le s  th a t  I  w il l  ahow you, w i l l  In ­

d u e s ,  . s  D octor K otley  e t a t .d ,  th a t  . .  have onors»ue r . e -  

p i r . t o r y  r e s e r v e . ,  f e r  g r e a te r  thm, w. do c i r c u la to r y .

Sow, w. have chosen ae  our measure o f  the a n i l i t y

, „  tn  m rfo rm , th is  peak oxygen u p tak e , o f t h i s  human engine to  periorro , ____r ______________________
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and each  man stu d ie d  in  the d a ta  th a t I  w i l l  show you was 

c a r r ie d  in  a  s e r i e s  o f w alks o f t h i s  s o r t  to the peak oxygen 

u p tak e . The f i r s t  two or th ree  e x e r c is e s  can be done in  on* 

day . subsequent ones, e s p e c ia l ly  those re q u ir in g , when you| 

g e t  n ear the top , you c a n 't  do more than two in  one d ay , b e l  

cause i t ' s  Yery stren u ou s work. I t ' s  very  tim e-consum ing, 

a s you can se e , so  th a t  what w i l l  be r e fe r r e d  to a s  maximum 

oxygen u p tak e , i s  th is  bottom  f ig u r e  on the le f t- h a n d  s id e ,  

your le f t- h a n d  s id e ,  and ex p re sse d  in  sq u a re  m eters o f  s u r ­

fa c e  a r e a , l i t e r s  per m inute, and what we have attem pted  to  

do or what we have accom plished In our stu dy  over the l a s t  

ten y e a r s ,  i s  to run v a r io u s  t e s t s  o f  s p e c i f i c  r e sp ir a to r y  

fu n e tio n  in  con junction  w ith  th is  measurement o f  peek o xy gei 

u p tak e ,
Mext s l i d e .  How, here are fo rty -o n e  normal man 

c a r r ie d  to  the peak oxygen uptake on the t r e a d m il l .  On the, 

on the l e f t  you see p lo t t e d  on the o r ib t ,  the oxygen uptake 

in  l i t e r s  p e r  square m eter o f  body s u r fa c e ,  and here the 

age in  y e a r s .  There i s  a l o s s  o f  a b i l i t y ,  as the man b e ­

comes o ld e r ,  which i s  only conmon se n se , th at f i t s  in  with 

what you a l l  know.
The degree o f sp read  i s  in te r e a t in g  in  th a t  I  didj 

a n t ic ip a te  there would be a g r e a te r  v a r ia t io n .  I t  i s  a  ; 

good s iz e d  v a r ia t io n , s tan d ard  d e v ia tio n  i s  approxim ately  j 

th ir te e n  p ercen t o f the mean and th at means th a t an in d iv id u a l

.
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n i g h t __w e ll ,  1*11 eay more about th a t  th is  a ftern oo n  —

r e a l ly  w ith  normal mean b e a r in g .

The next s l i d e  shows some abnormal in d ir ld u a ls  In

r e sp e c t  to  peak oxygen u p tak e , I  m ight a ls o  say  th a t  the 

r e s t in g  oxygen uptake i s  in d ic a te d , the amount o f  oxygen 

in tak e  f o r  a le v e l  w alk i s  a lso  In d ic a te d  showing what re ­

se rv e s  we p o s s e s s .  These a re  abnormal in d iv id u a ls  and, to 

confirm  the n o tio n  th a t  peak oxygen uptake i s  a  p r e t ty  good 

measure o f  a man* a a b i l i t y  to  p erfo rm , I  have p lo t te d  d a ta  

taken  from  a paper th a t  appeared in  So ien ce , by Robinson 

D i l l ,  end th e ir  oo-w orkera, on peak power o f p h y s ic a l  p er­

formance o f  some o f  our f in e  a t h l e t e s .

The very top f ig u r e  i s  the d a ta  from Don Leech , 

whoa many o f  you w i l l  remember was our very f in e  two n a i l s  

ru n n er, and v ery  f in e  c ro ss-c o u n try  run ner. The th ree  th at 

are p lo t t e d  below  him a r e  Glen -  Gene Benske, Glen Cunning­

ham and A rch ie  San Romani, who were a ls o  very f in e  d is ta n c e  

ru n n e rs . They have a  p e r fe c t ly  phenomenal a b i l i t y  fo r  oxy­

gen u p ta k e . Laach  co u ld  s u s t a in  th a t le v e l  not f o r  f iv e  o r

e ix  minutee b u t  f o r  twenty m inutee.

Row, th is  i s  an a b i l i t y  th a t  i s  f a r  beyond any­

th in g  th a t i s  p o s se s s s d  by the r e s t  o f  us mere m o r ta ls .  The 

average normal In d iv id u a l , a s  in d ic a te d  by the very heavy 

l i n e .  These are some p a th o lo g ic a l  s u b je c t s .  The sq u a re s , 

f i l l e d  In  sq u a r e s , are  emphysemas. There is  one



pneumonectomy over h are , who e t i l l  p o s se s se s  a  q u it#  good 

a b i l i t y .  Some o f  the s i l i c o s i s  and a s b e s to e is  o a se s  era  

s c a t t e r e d  around,
Hext s l i d e .  Now, I  would l ik e  to  show you a s e r ­

i e s  o f  c o r re la t io n  o o - e f f i c ie n t s  in  which we attem pted  to  

d i s c lo s e  or f in d  out which o f  th e se  s p e c i f i c  measurements 

seem t o  p a r a l l e l  a m an's g r e a t e s t  a b i l i t y  fo r  oxygen uptake 

and, by  in fe re n c e , h is  a b i l i t y  to  perform  as a p h y s ic a l  

e n g in e . The v i t a l  c a p a c ity  c o r r e la te d  in  a  r a th e r  s u r ­

p r i s in g ly  good fa sh io n . I have been on* who. in  the l a s t  

te n  y e a r s ,  has b e lab o re d  the p o s i t io n  of the v i t a l  c a p a c ity  

m easurem ent. I'm  not r e t r a c t in g  a l l  that I  s a id  about i t ,  

b u t  I  must say  th a t  t h i s  gave me some reason  fo r  s u r p r is e  

. a d  I  think D octor Hugh- Jo n e s , in  h i s  paper the o th er d ay , 

a l s o  s a id  th a t  they were eomewhat su r p r is e d  to  r in d  a way 

in  which v i t a l  c a p a c ity  c o r r e la te d  w ith a b i l i t y  o f a  man to

p erfo rm .
This d a ta , I  must Bay, th a t  1 ,TB 6o t » iB o b ta ln ad  

on 180 ln d ia id u a la , and ambracea n i l  « n «  e t  pulmousrj- 

d i s s s s s .  Thara a r .  a a rc o ld , th a w  a r a  pulmonary glanulom a*

o u p h ja .u a , b r o n c h ie c ta se s , n o n - a p .a i f ic  pnaum oconloal. th a t  

» .  v a ra  » b l .  to  d lagn oao , . i l i a " - ! . ,  a a b a a to a ia . »

d u a t, man w ith l ln a a r  a x p o .u r . and so  on, a conglom orat. 

group and ranges a l l  th s v .y  from p a o p l. »ho can Ju a t  b e r a -  

w  walk on tha l . v . l  a t  on. and a  h a l f  m lla . an hour f o r
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f iv e  m in u te *, to  men who had astounding a b i l i t i e s  to  p e r ­

form , and i t  i s ,  I  b e l ie v e ,  going to  be p o s s ib le  w ith  fu r th e r  

working o f  our d a ta  to  f in d  out th a t  th ere  a re  s p e c i f i c  d i s - 

e a s e s  in  which the v i t a l  c a p a c ity  does g iv e  the erroneous 

in fo rm atio n , and o th e rs  in  which the in fo rm atio n  i s  more r e ­

l i a b l e .
J i t  you run down, you can see  th a t th e re  i s  very 

l i t t l e  improvement in  the c o r r e la t io n  when th e  v i t a l  cap ac­

i t y  i s  e x p re sse d  a s  a p ercen t o f  the p r e d ic te d , in  o th er 

w ords, where you attem pt to  c o r r e c t  fo r  age and su r fa c e  a r e i -  

How, the r e s id u a l  c a p a c ity , o r the r e s id u a l  a i r  a l s o  c o r r e -  

i a t e s  w ith a  <iuite h igh  c o r r e la t io n , a s  you would w e ll ex­

p e c t ,  and a s  those  have shown in  the normal in d iv id u a ls ,  the 

c o r r e la t io n  i s  very p o o r; in  order to  d i s c lo s e  the c o rre ­

l a t i o n ,  one must add in  o th er p eo p le , nam ely, th o se  who havi 

had seme impairment o f  th e ir  r e s id u a l  c a p a c i t y .

I t « s  ra th e r  in t e r e s t in g  to thow what Doctor 

G m e o lr . " H I  l « t » r  ■ w * .  th a t  In a a b e .t o a la ,  th en . 1 .  no

correlation w hatsoever.
Maximum breathing capacity correlate* somewhat

h a t t e r  than does the v i t a l  c a p a c ity .
The next s l i d e .  S p l i t t in g  up the maximum b r e a th ­

in g  c a p a c ity , you see th a t  lm — 1 in d iv id u a ls ,  the c o r r e ­

l a t io n  drops c o n sid e ra b ly , and I  th ink  t h i s  i s  fu r th e r  e v l -  

dence th a t we p o sse ss  f a r  g r e a te r  re se r v e s  f o r  b rea th in g
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power than we do fo r  c i r c u la t io n .  I f  the maximum b re a th in g  

c a p a c ity  In  normal men was a  stro n g  determ inant o f a b i l i t y  

to perform , the c o r r e la t io n  should  be h igh er and I'm  su re  

th a t  when we are  ab le  to  m easure c a rd ia c  output during peak 

e x e r c is e ,  we w il l  f in d  a  very h igh c o r r e la t io n .  However, 

when you have impairment o f  the b re a th in g  pump as o ccu rs in  

a s b e s to s la  and s i l i c o s i s ,  the c o r r e la t io n  I s  somewhat im­

proved , e s p e c ia l ly  in  s i l i c o s i s .
Hext s l i d e .  The a b i l i t y  o f  the lung to  remove 

carbon d io x id e  from the b lo o d  i a ,  I  th in k , one of the very 

im portant o n es, and we were cu rio u s ae to  how tn at might 

c o r r e la t e ,  and th ere  i s  a  c o r r e la t io n ,  b u t  i t  i s  o f  a  ra th e i 

low o r d e r . Very poor c o r r e la t io n , ae you se e , between 

a e r t e r i a l  hemoglobin sa tu r a t io n  d u rin g  e x e rc ise  -  th e se  wert 

b lood  sam ples removed w hile the man was w alking on the m ill  

-  very  low c o r r e la t io n  between any o f  the gas exchange » » * * "

urements and peak a b i l i t y  to  work.
I  r a th e r  w ish th a t  Doctor M otley were h ere  b ecau sr

he could  c o r r e c t  me i f  I'm  wrong in  my im pression  th a t  he 

l e f t ,  th a t  perhaps I*m wrong in  t h i s ,  because as I under- ■ 

stan d  what he s a id ,  h ie b e l i e f  ie  th a t  the s in g le  b e s t  in -  , 

d ic a t io n  o f  whether a man i s  normal o r n ot fram a resp im  -  J 
tory  p o in t  o f view, i s  whether h ie  b lood  g a s se s  are norm al, | 

and I  th ink  you see  here a f a i r l y  con v in cin g  dem onstration  j

that a  m an's a b i l i t y  to  work depends r e l a t iv e ly  l i t t l e  on j



h i8 a r t e r i a l  s a t u r a t io n .
This i s  not d i f f i c u l t  to  understand i f  on. w i l l

r . « l l  t h .  g r e a t  c l v l l l t » t l o n .  h are  been  b u i l t  a t  a l t i t u d e ,  

whar. av .ry  on . »aa  u n a a tu ra ttn . and today aom. o f our p ro -  

a n c t lv .  m ine, o p .r a t .  w ith a h a . p h y .lc a l  - o r g y  .z p .n d .d  

on t h .  p a r t  of th . non, a t  a l t l t u d . .  w har. . r . r y o n .  1 . to 

( W  , x t . n t .  u n . a t u r . f d .  To b .  . u r . ,  c o m p .n a .t lo n . on 

th . p a r t  of th . b o d , do oocu r, b u t  t h .  .am. th in s  1 . t r u .  

j p  t h .  d l a . a a .d  man, a .  P o o f  r  McCann w il l  u n d o u b f d ly  d . . -  

c r i b ,  f  you, ao th a t  a r t e r i a l  b lo o d  g . . . . .  « • «  a u r p r U -

in g ly  p o o rly  c o r r e la te d *
HOW, th . 02V, that la  a f  rm that I  anat d .f ln .

Her you. and oould apply  on o n . o f  t h .  p r .v lo u .  a l l d . . .  I t  

1 .  what » .  r . f . r  M  a . th . v e n t i la t io n  e q u iv a le n t . I t  1 .  

o b ta in e d  by d iv id in g  t h .  minimum v .n t l l a t l o n  by oxyg.n  up- 

f j c ,  and . * p r . « a . d .  I f .  a ln p l J  «  .x p r o .s lo n  o f  th . b r . a t l  

lu g  lo a d . I f .  th . amount o f  a i r  th a t  a  man an at b r e a th , 

fo r  a c e r t a in  .mount o f  .m any e a p .n d .d , m d  I t  1 .  a u r p r l . -  

jn g ly  c o n a f n t  In  normal p . o p l . ,  h a . a  v ery  narrow ra n g .

o f T a r ie t io n *
How,' you . . .  h e r . a f a i r l y  h igh  c o r r e la t io n , 

h e re in  h igh er than w. had a n t ic ip a t e d ,  - .6 0 . and I  .h a l l  

junp now, just to the wery last one, in  which we had a 

m u ltip le  correlation. Incidentally, we had m u ltip le  c o r r . -  

lation, w ith m o.t o f th..., »d I -  nhovlog t h l ,  o n ^
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h e c a u s . i t  i f  the h lg h e .t  th a t  w. o b ta in ed . I f  on . com­

b in e s  maximum b re a th in g  c a p a c ity  and v e n t i la t io n  e q u iv a le n t  

a s  a  s in g le  f a c t o r ,  and I  w i l l  show you some sc a tte rg ra p h s  

in  a moment on th at to  p o in t th a t  o u t, then the c o r r e la t io n  

e q u iv a le n t  1 . a  s u r p r is in g ly  h igh  one, .901,. This came as 

somewhat o f a su r p r ise  to  me. I  s t i l l  have d i f f i c u l t y  in  

b e l ie v in g  th a t  i t  means what i t  seems to  su g g e s t , nam ely, 

th a t  there i s  th is  very h igh  dependence on H .B .C . and 02V 

vhen one w ishes to study peak a b i l i t i e s  to perform .

On the o th er hand, i t  i s  somewhat common se n se , 

l . n ' t  I t ,  becau se  neximns b re a th in g  c a p a c ity  l a .  In  a a a a n c ,  

b re a th in g  power, y . n t l l . t l o n  e q u iv a le n t l a ,  in  e s se n c e , 

b re a th in g  lo a d  and the a b i l i t y  o f an o rd in ary  angina to 

p o r fo rn  l a  c e r ta in ly  d l r . c t l y  r e la te d  to  the power o f  the

ongino and to  the lo a d  th a t  one puta on i t .
S o r t  s l i d e .  How. wo ware I n te r e s te d  in  whether

o r  not th is  c o r r e la t io n  would h old  up, o f M. B . 0 .  and 02V 

r o r .u a  oxygon up t a t  e when o n . d iv id ed  the d s t s  by d i s c s , . . ,  

„ d  you w i l l  . . .  th at t h .  c o r r e la t io n  d id  h old  u p . i g a l n .  

f o r  n om el in d iv id u a ls ,  t h .  c o r r e la t io n  1 . nowhere hear t h .  

^ l o h  w. found in d ise a se d  in d iv id u a ls -  This was anoth er 

evidence th a t  b rea th in g  r e s e r v e ,  are  sruch g r e a te r  then 

c ir c u la to r y  r e s e r v e s .
Hext s l i d e .  Now, i t ' s  a lw ays w e l l  to lo o k  a t  

s c a t t e r g r a p h s ,  becau se  a s  D octor E ugh-Jones p o in te d  out ,
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the c o r r e la t io n  c o - e f f i c ie n t s  u s u a l ly  look much b e t t e r  than 

do the s c a t te r g r a p h s , and the s c a t t e r  w il l  show you a t  once 

| the wide r a r i a t io n  which can a l s o ,  o f c o u rse , be e x p re ssed  

by the stan d ard  d e v ia tio n  which I  w i l l  show you . T h is i s  

|| v i t a l  c a p a c ity  v e rsu s maximum oxygen uptake and th ere  i s ,

|| o f c o u rse , t h i s  gen era l s l a n t ,  which i s  d e fin ed  by the c o r -

| r e la t io n  c o - e f f i c i e n t .
j The stan d ard  d e v ia t io n  i s  l a r g e ,  a s  i s  shown by

f t h i s  wide s c a t t e r ,  making i t ,  o f  c o u rse , very d i f f i c u l t  to 

use the v i t a l  cap ac ity  a s  a good measurement in  an in d iv id -  

| u a l ,  bu t fo r  c l a s s  s tu d ie s  o r group s t u d ie s ,  i t  i s  a  b e t t e r

j| to o l*
I Hext s l i d e *  T h is shows a  maximum b re a th in g  c a ­

p a c ity  a g a in s t  peak oxygen u p tak e , and you w i l l  se e  a t  on e . 

th a t  th ere  i s  a -  somewhat l e s s  s c a t te r e d  e f f e c t ,  s t i l l  ovei 

l a r g e ,  and there are  some ex cep tio n s th at a re  alw ays more 

in t e r e s t in g .  Here, we f in d  thx. e in d iv id u a ls  way down here 

a l l  a lo n e . These three p erso n s were c a se s  o f  pulmonary 

j granuloma in  b ery lliu m  w orkers, who p o sse s se d  a normal

maximum b re a th in g  c a p a c ity , b u t  whose a b i l i t y  to e x e r c ise  

was very l im ite d  because  o f  the very high v e n t i la t io n  e q u iv  

a le n t .  and when you c o r r e c t  the v e n t i la t io n  e q u iv a le n t, they 

f a l l  back  in to  the body o f  the c h a r t ,  as you w ill  see  in  

J the next s l i d e .  Leave th is  one on ju s t  a moment.

\ You se e , i f  you taka above the average peak  oxyge*
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| uptake above 1 .3 ,  the s c a t t e r  la  tremendous, much more so  

i than i s  tru e  In  the low er p ercen tage s h ere , in d ic a t in g  th a t  

I r e sp ir a to r y  r e s e r v e s  a re  f a r  g r e a te r  than c ir c u la to r y  or 

I a t  l e a s t  in  r e la t io n  to  work. T h is shows you the M. B . C.

I and 02V combined a s  a f a c t o r ,  and h ere  you have a s c a t t e r  

th a t i s  c e r ta in ly  f a r  l e s s ,  a g a in  more s c a t te r e d  in  the 

range o f  norm al, because  the H. B . C. h as undue weight a t  

I th is  or in  t h i s  p o r tio n  o f the d i s t r ib u t io n  o f  our d a ta .

But here we have a  q u ite  n ice  d i s t r ib u t io n .

The n ex t s l i d e .  As I  s a y ,  i t ' s  one th a t su rp rised  

b» .  I  throw t h is  on p r im a r ily  so  t h a t  you can  see  the co ­

e f f i c i e n t  o f  v a r ia t io n  which d e f in e *  m ath em atically  the d e ­

gree  o f  s c a t t e r  around the r e g r e s s io n  l i n e .  V ita l  c a p a c ity  

twenty-one, 1,98J+ maximum b r e a th in g  d ap ac ity  and very g r e a t  

-  very  g r a t i f y in g ly ,  much sm a lle r  f o r  the com bination o f

H. B . C. and 02V.
The n ex t s l i d e  b r in g s  you back ag a in  to the same 

d i s t r ib u t io n  o f  M. B . C. over 02V u s in g , coming down now 

to  aero  in s te a d  o f  stan d in g  a t  th r e e , with a  draw ing o f  a  

g r id  which combines the r e g r e s s io n  l in e  and the stan d ard
e
I d e v ia t io n  on the two a id e s .
: The n ex t s l i d e  — o r , t h a t 's  a l l ,  I  th in k . I

I want to  summarise th is  ra th e r  long p e r io d  o f work by say in g  

I th a t  a s one would alm ost have a n t ic ip a te d , and 1 presume

: i f  I  had gone to  an engineer and s a i d ,  "How, lo o k , we would



525.

l i k e  to  know what determ ines peak oxygen u p ta k e " , he would 

e a y , "W ell, w h a t ’ s the lo ad  and w hat’ s the pow er", and we 

Oo u ld  have avo ided  a l l  th is  work, because  i t ’ s Ju s t  a  com­

mon sense  c o r r e la t io n .  I  b e l ie v e  th a t the c o r r e la t io n  i s  a  

r a th e r  su r p r is in g  one. I  can  c e r ta in ly  say  i t * s  a s u r p r i s ­

in g  one to me. I  don’ t  un derstand  why i t » s  so h ig h . I  woul' 

th in k  th a t  c i r c u la t io n  should  have en tered  in to  th is more 

than  i t  d id . We had no one in  the s e r i e s  who had been in  

o r was in  congested  f a i l u r e .  I«m sure we had some e a r ly  

c o r  pulmonale a in  the group . U ndoubtedly, we have had sosae 

c a r d ia c  p a t ie n t s  in  th is  s e r i e s ,  sev ere  c a r d ia o s ,  we would 

have found a l i t t l e  d i f f e r e n t  r e s u l t .

I b e l ie v e  th at th is  type of stu d y  a p p lie d  to  the 

c a r d ia c  group would be very rew ard in g . In  c lo s in g , I  would 

l i k e  to  say  th a t  tMs study I s  the end r e s u l t  o f  the la b o r s  

£  la r g e  number o f  p e r so n s . X s impl y  have the p le a su re  

o f  p re se n t in g  i t  to  you. I t ’ s been  c a r r ie d  on over the p a s t  

ten  y e a r s  and the men who have worked in  the la b o ra to ry  hav« 

. n  taken a p a r t  in i t .  Thank y o u .

(A p p lau se ).

B1 DOCTOR KcCANKt
cince the next sp e a k e r ’ s m a te r ia l  covers a r e a s  

-  much the same a re a , I  think i t  would be b e t te r  to d e f^ r  

the d is c u s s io n  on the two p ap ers u n t i l  we can have the two

p ap e rs  to g e th e r , so I ’ l l  now ask  D octor G rego ire  to p r e s e n t
I


