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INTRODUCTION.

As m ight "be e x p e c te d , exposure t o  nox ious v ap o u rs  and fumes 

i s  no t an uncommon o ccu rrence  in  th e  chem ica l in d u s t r y .  In d eed , 

th ro u g h o u t in d u s try  as  a w hole, a c c id e n ts  due to  th e  in h a la t io n  o f 

to x ic  g ases  must be assum ing in c re a s in g  im p o rtan ce , fo r  most 

i n d u s t r i a l  p ro c e s s e s  a t  some s tag e  employ noxious l i q u id s  o r  g ase s  

t h a t  form a p o t e n t i a l  source o f danger to  th o se  coming in to  

c o n ta c t w ith  them . Some o f  th e se  su b s ta n c e s  a re  dangerous on 

account o f  th e  remote system ic e f f e c t s  t h a t  th e y  may p roduce , as 

fo r  exam ple, benzene and i t s  d e r iv a t iv e s  in  th e  p ro d u c tio n  o f  

to x ic  o r  a p l a s t i c  anaem ia, t r i c h lo r e th y le n e  and o th e r  s o lv e n ts  fo r  

t h e i r  e f f e c t s  a s  g e n e ra l a n a e s th e t ic s  and l i v e r  p o iso n s , carbon  

monoxide under i t s  v a r io u s  g u ise s  p roducing  corboxyhaem aglobin and 

so i n t e r f e r in g  w ith  th e  t r a n s p o r t  o f oxygen by th e  b lo o d , o r 

hydrocyan ic  a c id  gas t h a t  i n t e r f e r e s  w ith  th e  use o f  oxygen by th e  

t i s s u e s .  O ther to x ic  vapou rs a re  dangerous m ainly on account o f  

t h e i r  lo c a l  e f f e c t s ,  as f o r  exam ple, brom ine, h y d ro f lu o r ic  a c id  

and d ic h lo r - e th y ls u lp h id e ,  a l l  o f  w hich a f f e c t  th e  sk in  and e y e s .  

A nother c o n s id e ra b le  group o f to x ic  vapours a re  th e  lung i r r i t a n t s ,  

whose main danger l i e s  i n  th e  damage t h a t  th e y  do in  th e  r e s p i r a to r y  

t r a c t ,  q u ite  a p a r t  from any o th e r  harm fu l e f f e c t s  t h a t  th e y  may 

h ave . In  t h i s  group are  in c lu d ed  sim ple su b s tan ces  l ik e  ammonia, 

c h lo r in e ,  phosgene and su lp h u r d io x id e , as w e ll  as more complex 

m a te r ia ls  such' a s  c h lo ro p ic r in  and c h lo rsu lp h o n ic  a c id .

A lthough  t h i s  l a t t e r  group o f  compounds i s  r e f e r r e d  to  

g e n e r a l l y  a s  th e  lung  i r r i t a n t s ,  n o t  a l l  members a c t  i n  t h e  same



way. Ammonia, f o r  exam ple, c au ses  in te n s e  n e c ro s is  and sloug h in g  

o f  th e  t i s s u e s ;  c h lo r in e  te n d s  to  cause s u f fo c a t io n  o r prim ary  

asp h y x ia , w h ile  phosgene i s  renowned fo r  i t s  de layed  a c t io n  and i t s  

re a d in e s s  t o  produce pulmonary oedema. In deed , i t  seems to  be q u ite  

c l e a r  t h a t  th e se  s o - c a l le d  lung i r r i t a n t  g ases  must e x e r t  t h e i r  

e f f e c t s  in  many d i f f e r e n t  ways, and i t  i s  p ro b ab ly  on t h i s  aocount 

t h a t  so l i t t l e  i s  a t  p re s e n t known o f th e  in t im a te  pa th o lo g y  o f  th e  

i n j u r i e s  a s s o c ia te d  w ith  any p a r t i c u l a r  one o f  them .

One o f  th e  most in t e r e s t i n g  o f th e s e  lung i r r i t a n t s ,  and one 

t h a t  has been known fo r  a v e ry  long tim e , i s  phosgene, a sim ple 

compound n o to r io u s  f o r  i t s  c a p a c ity  to  produce f a t a l i t i e s  from 

oedema o f  th e  lungs i f  i t  i s  in h a le d  in  any c o n s id e ra b le  q u a n t i ty .  

In deed , i t  i s  m ainly because o f  i t s  w idesp read  use as a chem ica l 

w a rfa re  ag en t in  th e  c o n f l i c t  o f 191U-1918 t h a t  phosgene i s  so 

g e n e ra l ly  known, though i n d u s t r i a l l y  i t  has many a p p l ic a t io n s .  Yet 

in  s p i te  o f i t s  very  e x te n s iv e  use in  war and th e  g re a t  number o f 

c a s u a l t i e s  d e l ib e r a t e ly  induced  w ith  t h i s  su b s ta n c e , v e ry  l i t t l e  i s  

known fo r  c e r t a in ,  even now, o f  how phosgene a c t s  upon th e  body. 

M oreover, many m isapp rehensions have f o r  long e x is te d  among m ed ical 

w r i t e r s  even about th e  n a tu re  and p r o p e r t ie s  o f phosgene, many o f  

them d e s c r ib in g  i t  a s  an u n s ta b le  compound and m ost, i f  no t a l l ,  

d e sc r ib e  i t s  alm ost in s ta n ta n e o u s  and com plete h y d ro ly s is  on coming 

in to  c o n ta c t w ith  w a te r .  N e ith e r  o f  th e se  s ta te m e n ts  i s  however, 

u n re se rv e d ly  t r u e ,  y e t  i t  i s  on th e  second o f th e se  assum ptions th a t  

th e  c u r re n t concept o f  th e  patho logy  o f  phosgene g a ss in g  has been 

b u i l t  up, fo r  i t  i s  g e n e ra lly  b e lie v e d  th a t  h y d ro ly s is  ta k e s  p la ce  in  

th e  lungs w ith  l i b e r a t i o n  o f carbon d iox ide  and h y d ro c h lo r ic  a c id ,



and t h a t  th e  l a t t e r  su b stan ce  a c t s  upon th e  a lv e o la r  t i s s u e s  t o  cause 

lung  oedema. I t  i s  hoped t o  show i n  t h i s  p re s e n t  t h e s i s  t h a t  such an 

h y p o th e s is  i s  q u ite  u n ten ab le  and an a tte m p t w i l l  be made t o  f in d  an 

a l t e r n a t iv e  e x p la n a tio n . I t  i s  most rem ark ab le , how ever, t h a t  such 

an h y p o th e s is  should  have been h e ld  f o r  so long and s t i l l  be so 

g e n e ra l ly  a c c e p te d , when o f  a l l  th e  lung  i r r i t a n t s ,  phosgene has been 

s tu d ie d  more th a n  m ost.

The scope o f  t h i s  t h e s i s  i s  v e ry  l im i te d .  I t  has n o t been 

p o s s ib le  fo r  th e  w r i t e r  t o  in v e s t ig a te  th e  b io ch em ica l im p lic a tio n s  

o f  phosgene p o iso n in g , though much r e q u ir e s  to  be done i n  t h i s  f i e l d .  

C l in ic a l  o b s e rv a tio n  o f  a f f e c te d  p e rso n s  has made i t  ap p e a r, how ever, 

t h a t  th e re  are  c e r t a in  very  c o n s ta n t f e a tu r e s  which seem to  have 

co n s id e ra b le  s ig n if ic a n c e  in  a s s e s s in g  th e  s e v e r i ty  o r  p ro g n o s is  o f 

a  p a r t i c u l a r  case and in  p ro v id in g  a means o f c o n t ro l l in g  o r  ju d g in g  

th e  response  to  oxygen th e ra p y ; th e y  have a ls o  le d  to  f u r th e r  

rev iew  o f th e  supposed manner in  w hich phosgene gas p roduces i t s  

e f f e c t s  upon th e  body. Simple o b s e rv a tio n s  o f  the  p u ls e ,  r e s p i r a t io n  

and body te m p e ra tu re , and above a l l ,  th e  s e r i a l  re c o rd in g  o f th e  b lood 

p re s su re  have le d  to  th e  b e l i e f  t h a t  h e re in  l i e s  a method o f  a s s e s s in g  

s e v e r i ty ,  p ro g n o s is  and response to  tre a tm e n t w ith  c o n s id e ra b le  degree 

o f  a cc u racy . The re c o rd in g  o f  s e r i a l  blood p re s s u re  re a d in g s  more­

over le d  to  th e  r e c o g n it io n  o f  c o n s ta n t changes t h a t  ta k e  p la ce  in  

ca se s  o f d i f f e r in g  d eg rees  o f s e v e r i ty  -  changes t h a t  were no t 

e x p la in a b le  on c u r re n t  th e o r ie s  o f th e  pa th o lo g y  o f  phosgene p o iso n in g . 

This has n e c e s s i ta te d  some f u r th e r  e n q u iry  in to  th e  n a tu re  and 

p ro d u c tio n  o f pulmonary oedema in  g e n e ra l ,  and more p a r t i c u l a r l y ,  in to  

th a t  form of lung oedema found in  a s s o c ia t io n  w ith  c e r t a i n  forms o f



iv

h e a r t  d is e a s e  and v a r io u s ly  d e sc r ib e d  a s  acu te  pulm onary oedema, 

c a rd ia c  asthm a o r  n o c tu rn a l paroxysm al dyspnoea# In d eed , one o f  

th e  most s t r ik in g  f e a tu r e s  o f  phosgene p o iso n in g  i s  i t s  rem arkab le  

c l i n i c a l  s im i la r i ty  to  acu te  pulmonary oedema as above d efined#

Because o f  t h i s  s im i la r i ty  th e  two c o n d it io n s  have, to  some e x te n t ,  

been co n sid e re d  s id e  by s id e  in  t h i s  t h e s i s ,  i n  th e  hope th a t  an 

u n d e rs ta n d in g  o f  th e  one m ight le ad  to  some f u r th e r  knowledge o f ,th e  

o th e r#

Much o f  th e  l i t e r a t u r e  o f phosgene g a ss in g  has been based  on 

£he ex p erien ce  w ith  t h i s  substance  d u rin g  th e  G reat War, and i n  th e  

m i l i t a r y  c a s u a l t i e s  re p o r te d  th e re  was o f te n  c o n s id e ra b le  doubt as  

to  w hether o r not o th e r  su b s tan ces  had been in h a le d  a t  th e  same tim e# 

The s e r i e s  o f c a se s  on w hich th e  p re s e n t work i s  based a r e ,  how ever, 

in d u b ita b le  c a se s  o f  pure phosgene p o iso n in g . They were a l l  

p e r s o n a lly  in v e s t ig a te d  by th e  w r i t e r ,  when f o r  a p e r io d  o f c lo se  on 

f iv e  y e a r s ,  he was M edical O f f ic e r  to  a  group o f  f a c t o r i e s  engaged 

upon th e  m anufacture o f g e n e ra l heavy chem ica ls  and chem ical w a rfa re  

ag en ts  fo r  th e  pu rposes o f  th e  re c e n t  war# Most o f  th e  c a s u a l t i e s  

o ccu rred  in  th e  l a t t e r  p a r t  o f  194-1 and e a r ly  19^2 when th e  phosgene 

programme was a t  i t s  h e ig h t ,  and no r e a l l y  s e r io u s  in c id e n ts  were 

encou tite red  su b se q u e n tly . As a r e s u l t  o f t h i s ,  th e  re p o r te d  s e r i e s  

o f  c a se s  gave s u f f i c i e n t  o p p o rtu n ity  to  le a rn  som ething o f th e  

e f f e c t s  o f phosgene g a s s in g , and enough m a te r ia l  fo r  s p e c u la tio n  and 

th e  e la b o ra t io n  o f  th e o r i e s  on i t s  mode o f  a c t io n .  The la c k  o f 

subsequent c a s e s ,  how ever, p ro h ib i te d  th e  c a rry in g  out o f  somewhat 

more d e ta i le d  and e la b o ra te  in v e s t ig a t io n  t h a t  had been p lanned  and 

prov ided  f o r .

Owing to  the s tr a te g ic  d is p o s it io n  o f the fa c to r ie s  in  out o f



th e  way and r e l a t i v e l y  un im p o rtan t p la c e s ,  h o s p i t a l  f a c i l i t i e s  were 

n o t at. a l l  good. In  th e  sm all town where th e  p re s e n t  s e r i e s  o f  

c a se s  o c c u rre d , th e re  was on ly  a c o tta g e  h o s p i t a l  w ith  no f a c i l i t i e s  

f o r  p a th o lo g ic a l  in v e s t ig a t io n ,  h a rd ly  any t r a in e d  n u rs in g  p e rs o n n e l, 

and a v e ry  sc a n t and p re c a r io u s  supply  o f oxygen. I t  was th e re fo re  

e s s e n t i a l  t h a t  th e  fa c to ry  should  be s e l f - r e l i a n t  fo r  th e  tre a tm e n t 

o f i t s  g a ss in g  c a s u a l t i e s .  To t h i s  end a compact b u t rea so n ab ly  

w e ll  equ ipped  M edical Departm ent was e s ta b l i s h e d ,  w ith  a s t a f f  o f 

q u a l i f ie d  and ex p erien ced  n u rse s  co v erin g  th e  whole o f th e  2lj. h o u rs , 

and an u n lim ite d  supply  o f oxygen .’ T his arrangem ent proved e n t i r e l y  

s a t i s f a c to r y  and th e  only  d isad v an tag e  was t h a t  th e  sm all amount o f  

accommodation p rec lu d ed  th e  keeping o f p a t i e n t s  under p ro longed  

su p e rv is io n  fo r  th e  whole o f t h e i r  l a t e r  t r e a tm e n t .  T h e re fo re , as 

soon as  th e  p a t ie n t  no lo n g e r re q u ire d  s p e c ia l  ca re  o r  n u rs in g  

su p e rv is io n  he was se n t home under th e  charge o f h i s  own d o c to r ,  o r 

i n  one in s ta n c e ,  . t r a n s f e r r e d  t o  h o s p i ta l  some t h i r t y  m ile s  away.

Such, th e n  i s  the  background o f  th e  p re s e n t r e p o r t .



CHAPTER I 1 .

GEHERAL CONSIDERATIONS.

PROPERTIES OF PHOSGEHE.

Phosgene o r  ca rb o n y l c h lo r id e ,  COClg* i s  a c o lo u r le s s  

su f fo c a tin g  gas v iith  a d is a g re e a b le  sm ell t h a t  h as  been lik e n e d  to  

musty h ay . The com parison, how ever, i s  no t a  v e ry  a p t one, f o r  

th e  odour depends e n t i r e ly  upon th e  p u r i ty  o f th e  compound and th e  

c o n c e n tra t io n  in  which i t  i s  m et.

A lthough i t  e x i s t s  i n  th e  gaseous form a t  o rd in a ry  

te m p e ra tu re s , ca rb o n y l c h lo r id e  r e a d i ly  condenses to  a c o lo u r le s s  

m obile l iq u id  w hich b o i l s  a t  8 .2°C . The vapour i s  th re e  and a 

h a l f  tim e s  a s  heavy as a i r ,  w hile  th e  l iq u id  has  a s p e c i f ic  g ra v i ty  

o f  I J 4.32 a t  0°C. At a tem p era tu re  o f  -118°C phosgene assum es th e  

s o l id  form as a snowy w h ite  c r y s t a l l i n e  m ass.

Phosgene i s  a s ta b le  compound a t  o rd in a ry  te m p e ra tu re s  and 

in  absence o f  m o is tu re . At somewhat e le v a te d  te m p e ra tu re s  i t  te n d s  

to  r e v e r t  to  carbon  monoxide and c h lo r in e ,  th e  r e a c t io n  be ing  a 

sim ple s p l i t t i n g  o f th e  m o lecu le , th u s  -

COClg ------'--------- > CO + Clg

Even a t  101°C th e  d is s o c ia t io n  i s  on ly  and a t  l|00oC 21 .2 6 $ ;

n o t u n t i l  a te m p era tu re  o f  800°C has been reached  i s  th e  breakdown 

com ple te .

In  c o n ta c t w ith  w a te r ,  o r s t i l l  more e f f e c t iv e l y ,  h o t w a te r  

o r steam , th e  d i s in t e g r a t i o n  o f th e  m olecule ta k e s  p la c e  by h y d ro ly s is  

acco rd in g  to  th e  e q u a tio n

COCI2 + h2 °  * 2KC1 *  C02



The r e a c t io n  i s  n o t a v e ry  r a p id  one, p a r t i c u l a r l y  i f  th e  w a te r  i s  i n  

th e  vapour p h a se . Thus S a r to r i  ( l )  q u o te s  an experim en t i n  w hich 

1 o «c• o f phosgene gas was p la ced  in  a  ^ 0 0  c . c .  f l a s k  o f  a tm ospheric  

a i r  f u l l y  s a tu ra te d  w ith  m o is tu re .  The odour o f phosgene was s t i l l  

p re s e n t  a f t e r  15 d ay s . H y d ro ly s is  i s ,  o f  c o u rse , much more ra p id  

w ith  g r e a t  ex ce ss  o f w a te r  i n  th e  l i q u id  p h a se . I t  i s  f a r  from being  

in s ta n ta n e o u s , how ever, as  i s  commonly b e l ie v e d ,  fo r  phosgene can  

a c tu a l ly  be bubbled  slow ly  th ro u g h  w a te r  w ith  v e ry  l i t t l e  lo s s  from 

h y d r o ly s is .

Owing to  th e  m o b ili ty  o f  i t s  c h lo r in e  atom s, phosgene i s  a 

v e ry  r e a c t iv e  substance  and r e a d i ly  ta k e s  p a r t  i n  chem ical co m b in a tio n .

A lthough th e  s o lu b i l i t y  o f  phosgene in  w a te r  can no t be 

determ ined  w ith  any degree o f accuracy  on account o f th e  c o m p lica tin g  

h y d ro ly s is ,  i t  i s  r e a d i ly  Soluble in  o rg an ic  l iq u id s  such a s  to lu e n e ,  

benzene and carbon  t e t r a c h lo r id e  (2 ) ,  as  w e ll  as  i n  f a t s  and o i l s  ( l ) .  

From such s o lu t io n s  i t  can r e a d i ly  be removed by p a s s in g  a  c u r re n t  o f 

a i r .  Use i s ^ a d e  o f t h i s  f a c t  to  m arket phosgene i n  th e  form  o f  a 

30$  s o lu t io n  i n  to lu e n e ,  where on ly  sm a ll q u a n t i t i e s  a re  r e q u ir e d .

More g e n e ra lly  i t  i s  d i s t r i b u te d  i n  i r o n  c y l in d e r s .



HISTORICAL.

Phosgene was f i r s t  d isc o v e re d  in  1812 hy Davy, who made i t  by 

exposing  to  s u n lig h t  a m ix tu re  o f  e q u a l volum es o f  carbon  monoxide and 

c h lo r in e ,  and from t h i s  r e a c t io n  th e  r e s u l t in g  compound was g iv e n  th e  

name Phosgene, w hich means 11 th e  p roduo t o f  l i g h t ” •

i t  became one o f th e  p r in c ip a l  a sp h y x ia tin g  o r  lung i r r i t a n t  g ases  

used by a l l  b e l l i g e r e n t s ,  e i t h e r  a lone o r more u s u a lly  mixed w ith  

c h lo r in e  o r  m ustard  g a s .  Indeed i t  i s  p ro b ab ly  as  a ohem ioal w a rfa re  

agen t t h a t  th e  substan ce  i s  g e n e ra lly  b e s t  known.

R e c e n tly , however, a new i n t e r e s t  has been added, f o r  i t  has

c h lo r in a te d  hydrocarbons in  th e  p resence o f  a l im ite d  supply  o f  a i r  o r

F lu ry  (1+), speak ing  o f  th e  c h lo r in a te d  hydrocarbons w r ite  as  fo llo w s

” Through o x id a tio n  th e  hydrogen can be re p la c e d  by oxygen 
so t h a t  in  th e  methane s e r ie s  c h lo r in e  d e r iv a t iv e s  o f

“ F u r th e r  dangers  e x i s t  when carbon  te t r a c h lo r id e  i s  used 
as  a f i r e  e x t in g u is h e r .  In  t h i s  case p o iso n in g  can be 
caused by th e  p ro d u c ts  o f decom position  -  h y d ro c h lo r ic  
a c id  and phosgene” •

Now, carbon te t r a c h lo r id e  i s  th e  f lu i d  most e x te n s iv e ly  used

in  chem ical f i r e  e x t in g u is h e r s ,  and in  th e  s u i ta b le  c o n d itio n s  

m entioned above, th e  fumes evolved  d u rin g  th e  use o f  th e se  a p p lia n c e s

Though p re v io u s ly  used to  a l im ite d  e x te n t  in  in d u s tr y ,  

phosgene d id  no t come in to  prominence u n t i l  th e  war o f  19li4--19l 8 when

I
been shown th a t decom position  o f

oxygen ( 3 ) .  In  t h e i r  monograph on I n d u s t r i a l  S o lv e n ts , Lehman and

ca rb o n ic  a c id ,  ( th a t  i s ,  o f c h lo r- fo rm ic  a c id )  e s p e c ia l ly  
th e  h ig h ly  po isonous phosgene, can be fo rm ed .. . . . . ” (p .7 2 )

Im portan t among th e se  c h lo r in a te d  hydrocarbons i s  carbon  t e t r a c h l o r id e ,

speak ing  o f which Lehman and F lu ry  l a t e r  say (p .l l j .^ ) : -
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may c o n ta in  phosgene w hich h as  been  h e ld  to  be r e s p o n s ib le ,  a t  l e a s t  

i n  p a r t ,  f o r  th e  to x ic  e f f e c t s  such fumes a re  known t o  e x e r t  upon 

p e rso n s  exposed to  them  (5 )* Yant and h i s  co -w orkers  (6) found th a t  

th e  c o n c e n tra t io n  o f  phosgene w hich r e s u l t e d  from  sp ray in g  a  f i r e  

w ith  carbon  t e t r a c h lo r id e  v a r ie d  from I4. -  92 p .p .m . ( p a r t s  p e r  

m i l l i o n ) ,  w h ile  th e  sp ray in g  o f  re d  h o t s t e e l  produced a  c o n c e n tra t io n  

o f  119 p .p .m . However, i t  i s  m ainly  d u rin g  th e  use o f th e  gas i n  

i n d u s t r i a l  p ro c e sse s  t h a t  c a se s  o f  phosgene p o iso n in g  o c c u r , i n  norm al 

c irc u m s ta n c e s .
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MANUFACTURE OF PHOSGENE.

The methods by w hich phosgene can be p re p a re d  a re  num erous. 

Since Davy f i r s t  made i t  i n  th e  la b o ra to ry  by th e  a c t io n  o f  s o la r  

r a y s ,  v a r io u s  methods have been d ev ised  fo r  i t s  p ro d u c tio n  on a 

la rg e  s c a le .  S c h u ttz e n b e rg e r , i n  1868, made i t  by th e  a c t io n  o f  

carbon  te t r a c h lo r id e  on carbon  monoxide a t  a h ig h  te m p e ra tu re . I t  

has a ls o  been p rep a red  by r e a c t in g  anthim ony p e n ta c h lo r id e  w ith  

carbon  monoxide, under s u i ta b le  c o n d i t io n s ;  th e  r e a c t io n  ta k e s  

p la ce  in  accordance w ith  th e  e q u a tio n  -

CO + SbCl^ = COClg + SbCl^

T his method was used on a com m ercial sc a le  in  th e  w ar o f  1911+-1918. 

In  s e v e ra l  c o u n t r ie s ,  d u rin g  t h a t  w ar, phosgene was made, f o r  a  tim e 

a t  l e a s t ,  by a  method t h a t  was s im p le r  and q u ic k e r , though  more 

expensive  and le s s  e f f i c i e n t  a s  re g a rd s  o u tp u t , th a n  any o f  th e  

above. Fuming su lp h u r ic  a c id  c o n ta in in g  60-80$> o f  f re e  su lp h u r 

t r io x id e  was h ea ted  in  i ro n  b o i l e r s  f i t t e d  w ith  c o o lin g  c o i l s  down 

which carb o n  t e t r a c h lo r id e  was caused to  flo w . The r e a c t io n  to o k  

p la ce  a s  fo llo w s  -

CClj^ + 2 S0^ s  COCI2 + (p y ro su lp h u ry l c h lo r id e ) .

U n ti l  a few y e a rs  ago phosgene was made by d i r e c t  s y n th e s is  

from  carbon  monoxide and c h lo r in e  in  th e  p resence  o f  dry  an im al 

c h a rc o a l .  T his method has been g r e a t ly  im proved and made more 

e f f i c i e n t  o f  re c e n t y e a rs  by s u b s t i tu t in g  v e g e ta b le  fo r  an im al 

c h a rc o a l .  The method nowadays i s  to  m anufacture p ro d u cer gas by 

blow ing a i r  over red  h o t coke. This p roducer gas i s  th e  source o f  

carbon  monoxide. Mixed w ith  c h lo r in e  i t  i s  p assed  over beechwood 

c h a rc o a l w hich becomes h o t owing to  th e  exo therm ic n a tu re  o f  th e
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r e a c t io n  th a t  i s  slow a t  f i r s t ,  b u t w hich speeds up w ith  th e  g ra d u a l 

h e a tin g  o f  th e  c a t a l y s t .  The m ix tu re  o f  g a se s , m ain ly  phosgene and 

a tm ospheric  n i t ro g e n ,  i s  passed  th ro u g h  c o o lin g  to w ers  im pregnated  

w ith  cocoanut c h a rc o a l on w hich th e  phosgene i s  ad so rb ed . The 

phosgene i s  su b seq u en tly  removed from  th e  c h a rc o a l by h e a t in g .
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USES OF PHOSGENE.

On account o f  i t s  c a p a c ity  to  d i s s o c i a t e ,  phosgene i s  used  

in  th e  chem ica l in d u s try  fo r  tra n s fo rm in g  in to  c h lo r id e s  c e r t a in  

m in e ra l o x id e s , such a s  th o se  o f  th o riu m  and ce riu m . I t  can a ls o  

be used  to  form th e  c h lo r id e s  o f many m e ta ls .  H ydro ch lo ric  a c id  

i s  u s u a l ly  employed fo r  t h i s  p u rp o se , b u t by u s in g  phosgene th e  

fo rm atio n  o f w a te r  d u rin g  th e  r e a c t io n  i s  av o id ed , and t h i s ,  i n  

c e r t a in  in s ta n c e s ,  i s  o f  v e ry  g r e a t  ad v an tag e .

The g r e a te s t  q u a n ti ty  o f  phosgene i s  undoub ted ly  u sed , 

how ever, i n  th e  d y e s tu f f s  in d u s t r y .  Among such u se s  a re  th e  

fo llo w in g  -

(a )  W ith d im e th y la n ilin e  phosgene p roduces te t r a m e th y l

O ther exam ples o f th e  com m ercial a p p l ic a t io n  o f phosgene in c lu d e

diam ine benzophenone, a su b stan ce  known as  M ic h le r 's

k e to n e , o f  w hich th e  form ula i s  -

This ketone i s  used in  th e  m anufacture o f  dyes such a s

c r y s t a l  v i o l e t ,  e th y l  v i o l e t  and V ic to r ia  b lu e .

(b) By p ass in g  phosgene and su lp h u r d io x id e  gas over h ea ted

wood c h a rc o a l th io n y l  c h lo r id e ,  SOCl^, i s  form ed. 

T h ionyl c h lo r id e  i s  a ls o  used i n  th e  m anufacture o f

dye s t u f f s .

(c ) The r e a c t io n  o f  m o n o e th y lan ilin e  and phosgene p roduces 

sym m etrica l d ie th y 1-d ip h e n y l u re a  -



T his substance  i s  a ls o  known a s  e th y l  c e n t r a l i t e  o r  c a rb a m ite , and 

i s  used  a s  a s t a b i l i z e r  and p l a s t i o i s e r ,  e . g .  i n  th e  m anufacture o f  

c o r d i t e •

(d) E th y l c h lo ro fo rm a te , Cl.COO.CgHj-, i s  formed by th e  r e a o t io n  

o f  one m olecule o f  phosgene w ith  one m olecule o f  a lo o h o l .  

t h i s  compound i s  a lach rym ato ry  gas and i s  used a s  a  w arn ing  

ag en t f o r  leakage o f hydrocyan ic a c id  gas from  s to ra g e  

c y l in d e r s .  I t  i s  a ls o  an in te rm e d ia te  in  th e  m anufacture 

o f  o th e r  p ro d u c ts .  (For exam ples see b e lo w ).

(e )  D ie th y l c a rb o n a te , ^ H j - i s  formed by th e  r e a o t io n  

o f  one m olecule o f phosgene w ith  two m o lecu les o f  a lc o h o l .  

E th y l ca rb o n a te  i s  a n e u t r a l  s o lv e n t .

A part from th e  m anufacture o f  v a r io u s  dyes used in  b a c te r io lo g y  and 

h is to lo g y ,  phosgene i s  employed i n  th e  making o f  o th e r  m a te r ia ls  o f  

m ed ica l i n t e r e s t .  These in c lu d e  -
^ O H

( f )  S a lo l o r  pheny l s a l i c y l a t e ,  > i s  p rep a red
x c o o .c 6h5

from sodium phenate  and sodium s a l i c y la t e  i n  th e  p resence

o f  phosgene as  a condensing a g e n t .
^ 2

(g) U rethane o r e th y l  carbam ate , CO i s  made by r e a c t in g
X ° c2E5

e th y l  ch lo ro fo rm ate  (see (d) above) w ith  ammonia.

The B r i t i s h  P h arm aceu tica l Codex a ls o  d e s c r ib e s  th e  p re p a ra t io n  o f  

such su b stan ces  a s  g u a ia c o l c a rb o n a te , c re o so te  ca rb o n a te  and q u in in e  

e th y l  ca rb o n a te  by means o f r e a c t io n s  in v o lv in g  th e  use o f  phosgene 

( 7 ) .  The same gas has a ls o  been employed in  th e  m anufacture o f  

d ie th y lb a r b i tu r ic  a c id ,  o r b a rb ito n e , and i t s  hom ologues; o f .h e d o n a l; 

and o f co d e in , by r e a c tin g  m ethyl ch lo ro fo rm ate  w ith  morphine (8 ) .  I t



i s  a ls o  used  i n  th e  p re p a ra t io n  o f a c e ty l  c h lo r id e  w hich may in  tu r n  

he r e a c te d  w ith  s a l i c y l i c  a c id  to  produce a s p i r i n  (9)* Urea i s  a l s o  

m anufactured  on a  com m ercial s c a le  by r e a c t in g  phosgene w ith  ammonia 

( 10) , w h ile  Suramin (G erm anin), a s  d e sc r ib e d  i n  th e  B r i t i s h  

Pharmacopoea ( l l ) ,  a ls o  in v o lv e s  th e  use o f  phosgene.



TOXICOLOGY.

B efore p re s e n tin g  a s e r i e s  o f c a se s  o f phosgene g a s s in g , as  

w i l l  be done in  th e  n ex t s e c t io n ,  i t  i s  n e c e ssa ry  t o  c o n s id e r  b r i e f l y  

th e  g e n e ra l to x ic o lo g y  o f  th e  s u b s ta n c e .

Phosgene i s  a lung  i r r i t a n t  and a p rim ary  a sp h y x ia n t . I t s  

a c t io n  i s ,  t h e r e f o r e ,  s im i la r  to  t h a t  o f c h lo r in e ,  b u t acc o rd in g  to  

P r e n t i s s  (12) th e  to x i c i t y  i s  te n  tim es  t h a t  o f  c h lo r in e .  Po ison-, 

ing  by phosgene i s  alw ays more o r  le s s  a c u te .  There i s  a t  p re s e n t  

no ev idence t o  su g g est t h a t  p ro longed  o r  re p e a te d  exposure t o  m inute 

c o n c e n tra tio n s  has any cum ulative  e f f e c t .

As a r e s p i r a to r y  i r r i t a n t  phosgene has no t n e a r ly  suoh a 

severe  and im mediate e f f e c t  as  t h a t  due to  a  s im i la r  q u a n ti ty  o f  

c h lo r in e .  The l a t t e r  substance i s  much th e  more i r r i t a t i n g ,  w h ile  

th e  form er i s  by f a r  th e  more dan g ero u s. Because phosgene i s  so

much le s s  i r r i t a t i n g  i t  i s  p o s s ib le  to  rem ain fo r  some tim e i n  an

atm osphere c o n ta in in g  dangerous c o n c e n tra tio n s  o f  i t .  On th e  o th e r  

hand, a v e ry  sm all c o n c e n tra tio n  o f c h lo rin e  produces such im m ediate 

and p a in fu l  i r r i t a t i o n  th a t  i t  i s  no t p o s s ib le  to  rem ain  i n  i t  f o r

any le n g th  o f  tim e ; a perso n  f in d in g  h im se lf  in  an atm osphere

contam inated  w ith  c h lo r in e  would be im m ediately  aware o f  i t s  

presence and remove h im se lf  fo r th w ith  from th e  i r r i t a t i o n .  Even an 

im paired  sense o f sm ell cou ld  not p rev en t him from  re c o g n is in g  a t  

once th e  p resence  o f  c h lo r in e  v ap o u r. In  th e  case o f phosgene, 

however, an in d iv id u a l  w ith  a poor o r ab sen t sense o f sm ell m ight 

rem ain f o r  some tim e in  a dangerous c o n c e n tra tio n  o f  the vapour b e fo re  

th e  i r r i t a t i o n  o f h is  r e s p i r a to r y  p assag es  developed s u f f i c i e n t l y  fo r



him to  become aware o f  i t s  p re s e n c e . M oreover, th e  sm allest*  

c o n c e n tra t io n s  o f  phosgene d im in ish  and d i s t o r t  th e  s e n s a tio n s  o f  

sm e ll and t a s t e  (lj> ). ’ The b e s t  known example o f t h i s  i s  th e  

p e c u l ia r  f l a t  m e ta l l ic  t a s t e  ex p erien ced  by th e  in d iv id u a l  when he 

a tte m p ts  t o  smoke tobacco  a f t e r  having been exposed to  phosgene. 

In deed , t h i s  so c a l le d  “ to b acco  phenomenon” w hich i s  v e ry  ty p i c a l  o f 

phosgene i s  w e ll  reco g n ise d  by th o se  who h a b i tu a l ly  come in to  c o n ta c t 

w ith  th e  g a s , and i t  has been u sed : e x te n s iv e ly  as  a rough t e s t  fo r  

th e  p resen ce  o f th e  vap o u r, b o th  by w orkers in  th e  chem ica l in d u s try  

and by s o ld ie r s  i n  th e  f i e l d .

In  th e  m a tte r  o f  e f f e c t iv e  c o n c e n tra tio n s  o f phosgene gas in

th e  atm osphere, th e re  ap p ea rs  to  be g e n e ra l agreem ent among th e

s e v e ra l  w r i t e r s ,  as w i l l  be seen from th e  fo llo w in g  t a b l e s .  The

v a r io u s  a u t h o r i t i e s  use d i f f e r e n t  u n i t s ,  and so fo r  p u rposes o f

com parison th e y  are  reco rded  here in  th e  e q u iv a le n t m g m s ./ l i t r e ,  as

w e ll  as  in  th e  o r ig in a l  form quoted from th e  a u th o r  conce rned .

B r i t i s h  f ig u r e s ,  ta k e n  from a r e p o r t  by th e  Departm ent o f  S c ie n t i f i c

and I n d u s t r i a l  R esearch  (ll+), are  as fo llo w s

mgms. o f  phosgene v o l .  o f phosgene
p e r  l i t r e  o f  a i r  p e r  v o l .  o f a i r  E f fe c t

0 .7  1 in  6 ,000  Very severe  lung in ju ry
in  a l l  c a se s  i n  2 m inu tes 
w ith  JCf/o d e a th s .

0 .1 4  1 i n  50,000 Very dangerous i n  2
m inutes w ith  r i s k  o f 
s e r io u s  lung in ju r y .

0 .02  1 in  200,000 P robab ly  f a t a l  i n  JO  m ins.

0 .008 1 in  500*000 Dangerous to  l i f e  i f
p ro lo n g ed .

O.OOk 1 in  1 ,000 ,000  Maximum p e rm is s ib le  fo r
pro longed ex n o su re .



A merican f ig u r e s  acc o rd in g  t o  Henderson and Haggard ( 15 ) a re  a s  

fo llo w s

mgms. o f  phosgene p a r t s  phosgene p e r
p e r  l i t r e  o f  a i r  m i l l io n  o f  a i r  E f fe c t

0 . 021+ 5 .6

0.017 U

0.0125 5 .1

0.02  ? 1+.8

0 . 001+ 1

0 .1  25

g r e a te r  th a n  g r e a te r  ^
0 .1  25

RECORDED CASES.

D uring th e  War o f  1911+-1918 a la rg e  number o f  c a se s  o f 

phosgene g a ss in g  among s o ld ie r s  -mere r e p o r te d .  From th e  c l i n i c a l  

p o in t  o f  v iew , most o f th e s e  r e p o r ts  a re  u n s a t i s f a c to r y  because o f  

th e  obvious d i f f i c u l t y  o f  g e t t in g  such c a se s  in  t h e i r  e a r ly  s ta g e s  

under m ed ica l o b se rv a tio n  in  an y th in g  lik© reaso n ab le  su rro u n d in g s , 

o r  w ith  adequate  f a c i l i t i e s  fo r  p ro p e r c l i n i c a l  in v e s t ig a t io n  and 

r e c o rd in g . F urtherm ore , acco rd in g  to  th e  M edical H is to ry  o f  th e  

War ( l o ) ,  i t  was never c e r t a in  th a t  a p a t ie n t  had been exposed on ly  

to  phosgene, fo r  t h i s  gas was u s u a lly  used w ith  c h lo r in e  as  a  d i lu e n t  

o r  mixed w ith  m ustard g as , t e a r  g as , o r to x ic  smokes.

L east c o n c e n tra t io n  
d e te c ta b le  by o d ou r.

L east c o n c e n tra t io n  
c au s in g  im m ediate 
i r r i t a t i o n  o f  e y e s .

L east c o n c e n tra tio n  
ca u s in g  im m ediate 
i r r i t a t i o n  o f  t h r o a t .

L east c o n c e n tra t io n  
re q u ire d  to  cause 
coughing .

Maximum p e rm is s ib le  fo r  
p ro longed  ex p o su re .

Dangerous even  f o f  
s h o r t  p e r io d s .

R ap id ly  f a t a l .
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In  th e  o f f i c i a l  p u b l ic a t io n  o f  th e  I n te r n a t io n a l  Labour 

O ffice  (17) i t  i s  m entioned th a t  th e  p a th o lo g y  o f  phosgene p o iso n in g  

i n  in d u s try  had been s tu d ie d  by B rdaudat as  e a r ly  as  1892, by Trummel 

i n  I 896 and Schumberg i n  1898, though r e fe re n c e s  a re  n o t g iv en  and i t  

h as no t been p o s s ib le  to  t r a c e  th e se  r e p o r t s .  M ention i s  a ls o  made 

o f  tw elve n o n - f a ta l  and two f a t a l  c a se s  o f  i n d u s t r i a l  p o iso n in g  

re p o r te d  try v a r io u s  a u th o rs  between th e  y e a rs  1906 and 1917* Two 

f a t a l  c a se s  o f  g a ss in g  o f ch em is ts , when a s to ra g e  c y l in d e r  o f  l iq u id  

phosgene b u r s t  over them and drenched t h e i r  c lo th in g ,  were b r i e f l y  

reco rd ed  by D elepine i n  19^3 (18 )• A unique o p p o r tu n ity  o f  o b serv in g  

c a se s  o f  phosgene g a ss in g  o ccu rred  a t  Hamburg on 2 0 th  May 19^8, when 

an e x p lo s io n  o ccu rred  in  a depot c o n ta in in g  about e le v e n  to n s  o f 

com m ercial ca rb o n y l c h lo r id e .  In  a l l ,  about JQQ p e rso n s  were 

a f f e c te d  and th e re  were te n  f a t a l i t i e s .  H eg ler ( 19) r e p o r ts  on 195 

o f  th e se  p a t i e n t s  seen  a t  th e  H o sp ita l o f  S t.G eo rge , i n  Hamburg. Of 

th e se  c a se s  17 were s e r io u s  ( in c lu d in g  7 f a t a l i t i e s ) ,  and 15 s e v e re ly  

a f f e c te d ,  th e  rem ainder b e in g  co m p ara tiv e ly  t r i v i a l .  More re c e n t 

c a se s  o f  s im i la r  i n d u s t r i a l  p o iso n in g  have been re p o r te d  by Jo n es  

(2 0 ) , Shaw (21) and S te e l  (2 2 ) .



CHAPTER I I

CLINICAL SECTION

PRESENTATION OF CASES.

The c l i n i c a l  r e p o r t s  p re se n te d  in  t h i s  s e c t io n  a re  d e r iv e d  

from p e rs o n a l o b s e rv a tio n  o f 13 c a se s  o f phosgene p o iso n in g . None 

o f them  was f a t a l .  A ll  were known fo r  c e r t a in  to  be a f f e c te d  by 

phosgene and no th in g  e l s e .  The s e r i e s  i s  d e sc r ib e d  i n  two groups -  

th o se  m ild ly  a f f e c te d  and th o se  s e v e re ly  g a sse d .

Only s ix  m ild ly  a f f e c te d  c a se s  w i l l  be d e sc r ib e d  and th e y

are  v ery  t y p i c a l  o f t h i s  g ro u p . Mild and t r i v i a l  c a se s  were seen  in

c o n s id e ra b le  num bers, b u t th e re  were no s p e c ia l  f e a tu r e s  t h a t  made any 

o f th e  o th e rs  more w orthy o f  in c lu s io n  in  t h i s  r e p o r t  th a n  th e  s ix  

chosen f o r  i l l u s t r a t i v e  d e s c r ip t io n ,  and th e y  are  s u f f i c i e n t  to  

exem plify  th e  symptomatology o f th e  g roup .

Seven s e r io u s  c a se s  a re  a ls o  d e s c r ib e d . These were n o tic e d

to  f a l l  r e a d i ly  in to  two sub-g roups -  c a s u a l t i e s  who re p o r te d  fo r

tre a tm e n t im m ediately  a f t e r  ex p o su re , and th o se  who d e layed  f o r  some 

tim e b e fo re  doing so . As w i l l  l a t e r  be a p p a re n t, t h i s  d e lay  caused  

i n  g e n e ra l a  g r e a te r  s e v e r i ty  o f  symptoms and a g r e a te r  tendency  to  , 

c o m p lic a tio n s .

The d iv i s io n  o f  th e  s e r ie s  in to  two g roups, d e s ig n a te d  

r e s p e c t iv e ly  as  "m ild" and “ se v e re " , was made on p u re ly  c l i n i c a l  

g ro u n d s. I t  i s  no t p o s s ib le  to  d e fin e  a c c u ra te ly  th e  two ty p e s ,  

though i t  l a t e r  became ap p a re n t th a t  th e  b lood p re s su re  cu rv es  were 

were q u ite  c h a r a c t e r i s t i c  f o r  each g roup . T h is , however, was n o t th e  

o r ig in a l  b a s is  on which th ey  were c l a s s i f i e d .  The fo llo w in g  b r i e f  

g e n e ra l d e s c r ip t io n  o f each  o f th e  two ty p e s  g iv e s  some id e a  o f th e  

main d if f e r e n c e s  between them .



15.

M ild C ases .

In  g e n e ra l ,  th e  m ild  c a se s  had h u t a sh o r t  exposure to  phosgene 

v ap o u r, and to  low c o n c e n tra t io n s  o f  i t .  In  a  few in s ta n c e s ,  how ever, 

exposure was sharp  and s h o r t ,  f o r  th e  p a t ie n t  was q u ic k ly  aware t h a t  th e  

atm osphere had become con tam inated  w ith  phosgene. He th e r e f o r e ,  

removed h im se lf  fo r th w ith  from th e  danger and re p o r te d  a t  once fo r  t r e a t ­

m ent. A l l  th e  m ild ly  a f f e c te d  p a t i e n t s  reco v e red  q u ic k ly  w ith  r e s t ,  

w arm th, and oxygen th e ra p y . None o f them  developed c l i n i c a l  s ig n s  o f  

pulm onary oedema, and no case gave any cause fo r  a la rm  in  r e s p e c t  o f  

i t s  c l i n i c a l  c o u rse , o r a t  any s tag e  r a is e d  doub ts  about i t s  e v e n tu a l 

re c o v e ry . In  th e  course  o f tim e , how ever, i t  became ap p aren t t h a t  

c e r t a in  c o n s ta n t ly  r e c u r r in g  s ig n s  were t y p i c a l  o f  th e  group -  nam ely, 

a  h o t f lu sh e d  sk in  b u t no s ig n  o f  c y a n o s is , a norm al body te m p era tu re  

and p u lse  r a te  (though sometimes th e  p u lse  was no ted  to  be s lo w ), and 

l i t t l e  o r  no d e v ia tio n  in  s e r i a l  b lo o d -p re ssu re  re c o rd in g s .  Where 

any s ig n i f i c a n t  change in  b lood  p re s s u re  was n o te d , i t  was alw ays 

tow ards a s l ig h t  and t r a n s i e n t  f a l l .  A bnorm ally r a is e d  b lo o d - 

p re s s u re s  do no t occur among m ild ly  a f f e c te d  c a s e s .

Severe G ases.

The se v e re ly  a f f e c te d  c a se s  a l l  developed pulm onary oedema, 

though in  v a ry in g  d e g re e s . A ll  were o b v io u sly  v e ry  s ic k  p a t i e n t s ,  

and in  some in s ta n c e s  i t  d id  a t  f i r s t  appear th a t  th e  case would end 

f a t a l l y .  Exposure to  phosgene vapbur had , in  t h i s  group , been 

e i t h e r  very  heavy o r v ery  p ro lo n g ed . There had been a c tu a l  

co n tam in a tio n  w ith  l iq u id  phosgene in  some in s ta n c e s .  A l l  se v e re ly  

gassed  p e rso n s e x h ib ite d  a m ix tu re  o f p a l lo r  and c y a n o s is .  In  most 

in s ta n c e s  th e  body tem p era tu re  became e le v a te d  a sh o rt w h ile  a f t e r  

ex posu re , even though no s e p tic  or in f e c t iv e  r e s p i r a to r y  c o m p lica tio n s
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ap p ea red . Some o f  th e se  s e v e re ly  a f f e c te d  c a se s  d id ,  how ever, develop  

co m p lica tin g  lung c o n d i t io n s ,  v a ry in g  from a m ild  acu te  b r o n c h i t i s  to  

a bronchopneum onia. As a r u l e ,  th e  p u lse  was ra p id  and in  a l l  in s ta n c e s  

s e r i a l  b lo o d -p re s su re  re c o rd in g s  showed c o n s id e ra b le  e le v a t io n s  o f  

p re s su re  above th e  le v e l  norm al fo r  th e  in d iv id u a l  conce rn ed .

M oreover, in  t h i s  group two se p a ra te  c la s s e s  a re  ap p are n t -  

th r e e  c a se s  who re c e iv e d  tre a tm e n t im m ediately  a f t e r  ex p o su re , and fo u r ,  

who fo r  one re a so n  o r a n o th e r , de layed  in  r e p o r t in g  fo r  tre a tm e n t u n t i l  

t e n  or tw elve  hours had e la p s e d . The d i s t i n c t i o n  i s  an im p o rtan t one, 

f o r  th e  symptoms o f  th o se  who delayed  in  seek ing  tre a tm e n t were 

co m p ara tiv e ly  more se v e re , r e s p i r a to r y  in f e c t io n s  en sued , and absence 

from  w ork was more p ro lo n g ed .

Having th u s  b r i e f l y  o u tl in e d  th e  main f e a tu r e s  o f  th e  two ty p e s  

o f  case e n co u n te red , i t  rem ains t o  d e sc r ib e  th e  t o t a l  s e r i e s  o f  t h i r t e e n  

c a s u a l t i e s  i n  g r e a te r  d e t a i l ,  and t h i s  w i l l  be done under th e  fo llo w in g  

head ings

A. Six m ild ly  a f f e c te d  c a s e s .

B. Seven se v e re ly  a f f e c te d  cases

(a ) th re e  o f whom re p o r te d  a t  once fo r  t r e a tm e n t,

(b) fo u r  o f  whom delayed  b e fo re  seek in g  t r e a tm e n t .

MILDLY AFFECTED CASES.

Case M .l. C .B ., Male, aged 36* p ro c e ss  la b o u re r  in  f i l l i n g  p l a n t .

H is to ry  The p a t ie n t  re p o r te d  a t  4 .30 one m orning, com plain ing  o f

cough and t i g h tn e s s  o f  th e  c h e s t .  He had been w orking 

s in ce  10 p.m . on the  p re v io u s  n ig h t a t  th e  f i l l i n g  c a b in e t .  H is jo b  

was to  screw  down th e  p lug  o f th e  coo led  c o n ta in e r  th a t  had been f i l l e d  

v ;ith  l iq u id  phosgene. do r e s p i r a t o r  was worn a t  t h i s  jo b  as th e
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- f i l l i n g  c a b in e t was so d esigned  and v e n t i l a t e d  a s  to  re n d e r  th e  use o f  

a gas mask u n n e c e ssa ry . During th e  course  o f  th e  s h i f t  t h i s  man had 

a ls o  removed from th e  s to ra g e  s e c t io n  o f  th e  p la n t  seven c o n ta in e rs  

found to  be le a k in g .  He wore a gas mask fo r  t h i s  work and s ta t e d  t h a t
i

he b e lie v e d  th e  mask to  be e f f i c i e n t .  At h is  pre-em ploym ent 

exam in a tio n  th e  b lo o d -p re s su re  was no ted  to  be 132/ 90*

C l in ic a l  The p a t i e n t  com plained p r in c ip a l ly  o f  coughing and

R e p o rt. t i g h tn e s s  o f  th e  c h e s t ,  bu t a ls o  o f  some i r r i t a t i o n  o f

th e  th r o a t  and sm arting  o f  th e  e y e s . The cough was u n p ro d u c tiv e .

There was s l i g h t  f r o n t a l  headache b u t no nausea o r v o m itin g . The eyes

were n o t in je c te d  no r were any p h y s ic a l  s ig n s  o f  ab n o rm a lity  d e te c te d  

in  th e  c h e s t .  Skin s l i g h t l y  f lu s h e d , Temp.97, p u lse  80, r e s p .1 8 ,

B .P . 1^0/90 on f i r s t  r e p o r t in g .

The p a t ie n t  was p u t to  bed w ith  h o t w a te r  b o t t l e s  and was g iven  

ho t d r in k s .  A sim ple l in c tu s  was p re s c r ib e d  t o  a l la y  th e  i r r i t a t i n g  

cough. Pure oxygen was ad m in is te re d  c o n tin u o u s ly  by means o f  a B .L .B . 

mask du rin g  th e  f i r s t  fo u r  hours and in t e r m i t t e n t ly  t h e r e a f t e r .

During t h i s  tim e no f u r th e r  symptoms developed  and tw elve  hours a f t e r  

h i s  a c c id e n t he was f i t  to  go home. He re tu rn e d  t o  work on th e  

fo llo w in g  day com ple te ly  re c o v e re d .

S e r ia l  re c o rd in g s  o f  b lo o d -p re s s u re , p u lse  r a t e ,  te m p era tu re  

and r e s p i r a to r y  r a t e ,  and a reco rd  o f  th e  sequence o f oxygen 

a d m in is tr a t io n ,  f o r  t h i s  and th e  o th e r  m ild ly  a f f e c te d  c a s e s  w i l l  be 

found in  Table 1 .

Case M .2. H .C ., Male, aged 'pO, p ro c e ss  la b o u re r  in  f i l l i n g  p l a n t .

H is to ry . The p a t ie n t  was exposed to  fumes from a le a k in g  phosgene

c o n ta in e r .  The leakage was no t a v e ry  bad one, and 

indeed  was only  d isco v ere d  when th e  p a t ie n t  began to  com plain o f d ry n ess
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o f  th e  th r o a t  w ith  a s e n s a tio n  o f  t i g h tn e s s  and p a in  i n  th e  ch es t*  The 

maximum d u ra tio n  o f  exposure i n  t h i s  case was about 1+ h o u rs , w hich 

i l l u s t r a t e s  w e ll  th e  in s id io u s ly  i r r i t a t i n g  p r o p e r t i e s  o f  th e  gas* As

soon a s  he was aware o f  what had happened th e  p a t ie n t  re p o r te d  f o r  

t r e a tm e n t .  At h i s  pre-em ploym ent ex am in a tio n  th e  b lo o d -p re s su re  was 

no ted  t o  be 100 /66 .

C l in ic a l  On f i r s t  coming f o r  tre a tm e n t th e  p a t i e n t  com plained o f

R e p o r t .  a d ry  t i c k l i n g  cough and o f p a in  i n  th e  c h e s t ,  m ain ly  in

th e  mid l i n e .  He a ls o  s ta te d  t h a t  h i s  c h e s t f e l t  t i g h t .  There was

s l i g h t  headache b u t no nausea o r v o m itin g .

On exam ination the sk in  was noted to  be flu shed  on face and body 

and the p a tien t looked e x c ite d .  There was no r e a l dyspnoea, but some 

wheezing was p resen t. P h ysica l exam ination o f the chest revea led  a 

few rhonchi a n te r io r ly  and p o s te r io r ly . No s ig n s  o f pulmonary oedema 

were e v id e n t, nor did th ey  subsequently d evelop . Temp.97*8, p u lse 80, 

re sp .2 i|, B .P . 100/75«

The p a t ie n t  was p u t to  bed w ith  ho t w a te r  b o t t l e s ,  a  sim ple 

l i n c tu s  was p re sc r ib e d  and oxygen th e ra p y  was i n s t i t u t e d  by means o f  a 

6 .L .B . mask.

W ith t h i s  tre a tm e n t th e  s e n s a tio n  o f  t ig h tn e s s  i n  th e  c h e s t 

q u ic k ly  subsided  and an hour l a t e r  th e  p a t ie n t  had dozed o f f  to  s le e p ,  

and s le p t  f i t f u l l y  fo r  about one h o u r. At th e  end o f  s ix  ho u rs  he 

was ob v io u sly  v e ry  much b e t t e r  and the  rhonch i were v e ry  few in d e e d .

The p u lse  r a te  by t h i s  tim e had dropped to  56 and r e s p i r a t i o n s  to  l6  

p e r  m inu te , th e  b lood p re ssu re  being  lOO/oO. The p a t ie n t  s t i l l  

com plained o f  headache. He was now ab le  to  tak e  a l i g h t  meal o f  t e a  

and t o a s t .  A f te r  nine h o u rs , h is  g e n e ra l c o n d itio n  being  s t i l l  good, 

oxygen th e ra p y  -was stopped and an hour l a t e r  th e  p a t ie n t  was se n t home
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by c a r .

He rem ained away from  w o rt on th e  fo llo w in g  day on accoun t o f  

headache and f e e l in g  t i r e d ,  h u t re tu rn e d  to  du ty  th e  fo llo w in g  m orning . 

B efore s t a r t i n g  work he was a g a in  exam ined. The c h e s t was c l e a r  and 

no ab n o rm a lity  o f any k ind  cou ld  be d e te c te d .  P ro g re ss  re c o rd  in  

Table 1 .

Case M.3 . U .K ., M ale, aged P ro cess  chargehand .

H is to ry . W hile working a t  th e  f i l l i n g  cab in et a le a k  developed in

one o f  th e  v a lv e s  on the  phosgene p ipe  l in e  and th e  

p a t i e n t  in h a le d  phosgene fumes w hile  t r y in g  t o  b r in g  th e  escape under 

c o n t r o l .  He re p o r te d  a t  once fo r  tr e a tm e n t .  The b lood  pressure noted  

a t  h i s  pre-em ploym ent exam ination  was 126/78 .

C l in ic a l  The p a t ie n t  com plained th a t  h is  eyes were sm artin g , o f

R e p o r t .  t i g h tn e s s  in  th e  c h e s t and t h a t  he f e l t  n a u se a te d , though

he n ever a c tu a l ly  became s ic k .  Headache was on ly  s l i g h t .

On exam in a tio n  th e re  was some redden ing  o f th e  c o n ju n c tiv a s  

w ith  w a te rin g  o f th e  eyes and th e  sk in  was g e n e ra l ly  r a th e r  f lu s h e d .

He had s l ig h t  cough which he a sc r ib e d  to  i r r i t a t i o n  o f th e  t h r o a t ,  bu t 

th e  fauces appeared normal. No p h y sica l s ig n s  were d e tec ta b le  in  the  

c h e s t .  Temp.98.1+, Pulse 70, R esp .20, B .P .130/ 9 0 . He was put to  bed 

and oxygen therapy was in s t itu te d  in  the u sual way.

A fter  four hours the p a tien t in s is t e d  th a t he was very much 

b e t te r ,  apart from headache, and he wanted to  return  to  work a t once.

As he could not be persuaded to  remain in  bed any longer nor to  

continue w ith  oxygen in h a la t io n s , he was sen t home by c a r . The 

fo llo w in g  day was h is  normal day o f f  duty and he reported fo r  work as  

u sua l the day a f te r ,  saying th a t he f e l t  conqpletely w e l l .  On 

exam ination no abnormality could be d e te c te d . Progress report in  t * 4 t e
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Case M .4. C .H ., Fem ale, aged 50 .  S te n o i l  p a i n t e r .

T h is woman had been  d i r e c te d  in to  in d u s try  under a  w artim e 

c o n s c r ip t io n  o r d e r .  She s u f fe re d  from c h ro n ic  b r o n c h i t i s  and was 

su b se q u en tly  d isc o v e re d  to  be a ch ro n ic  a l c o h o l ic .  Since a  jo b  had 

t o  be found fo r  h e r  she was employed on s t e n c i l - p a in t in g  b a tc h  numbers 

on phosgene c o n ta in e r s .  She had been  d r in k in g  b e fo re  coming t o  w ork 

on th e  day o f h e r  a c c id e n t ,  b u t th e re  i s  no doubt t h a t  by a  r a r e  m ishap , 

she was a c tu a l ly  exposed t o  phosgene fum es.

H is to ry . Four h ou rs a f t e r  th e  commencement o f  h e r  s h i f t  th e  p a t ie n t  

r e p o r te d  t o  th e  m ed ica l departm ent i n  a  v e ry  b r e a th le s s

s t a t e ,  say ing  th a t  she had been a f f e c te d  by phosgene. I t  was

confirm ed by th e  foreman th a t  she had been  exposed to  fumes from a  

c o n ta in e r  t h a t  had suddenly  sprung a le a k  b u t t h a t  ex p o su re , though  

sudden and sh a rp , had been  co m p ara tiv e ly  s l i g h t .  The p a t i e n t  was p u t

t o  bed and ro u tin e  tre a tm e n t i n s t i t u t e d .  Blood p re s su re  a t  p r e -

employment ex am in a tio n  1I4.0/ 9O.

C l in ic a l  The nurse  re p o r te d  t h a t  when th e  p a t ie n t  f i r s t  a r r iv e d  she

R e p o r t .  looked grey  and f r ig h te n e d  and com plained o f  p a in  i n  th e

l e f t  s id e  o f  th e  c h e s t .  Her b re a th  sm elled  s tro n g ly  o f  a lc o h o l ,  b u t 

n u rse  d id  n o t c o n s id e r  h e r  to  be in to x ic a te d .  The p a t i e n t  vom ited a 

l i t t l e  d a rk  f lu id  s h o r t ly  affcer ad m issio n . Temp. 97# P u lse  74#

R esp .2 8 , B .P . II44/ 9O. She was examined by me one hour affcer ad m issio n . 

Her subsequen t h i s to r y  i s  a s  fo llo w s

1 Hour. When f i r s t  seen  th e  p a t ie n t  had improved somewhat f o r  h e r  

s k in  was now s l i g h t l y  f lu s h e d , though  she was s t i l l  r a th e r  

b r e a th le s s .  Cough was s l ig h t  and th e re  was v e ry  l i t t l e  sputum . I t  

was no ted  th a t  she sm elled  s tro n g ly  o f  a lc o h o l b u t she answ ered q u e s tio n s  

c o h e re n tly  and one cou ld  no t say th a t  she was d ru n k . The p u p il s  were
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normal in  s i z e ,  equal and reacted  normally t o  l i g h t .  On exam ination  

the ch est was ra th er emphysematous and coarse rhonchi were aud ib le  

throughout. No m oist sounds were heard . Temp. 97*6# Pulse 80,

Resp. 26, B .P. 120/75* Oxygen therapy was ordered to  be continued  

throughout the n ig h t.

2 Hours. Nurse’ s reports Breathing ra th er more easy  and no fu rth er  

s ic k n e s s . Temp. 97, Pulse 80, R esp .26 , B .P ,1 1 0 /6 0 .

4  Hours. N urse's reports Has s le p t  f i t f u l l y  a t in t e r v a ls .  Cough 

s t i l l  troublesome and ex p ecto ra tio n  co n tin u es , though  

s l i g h t .  Recordings as in  ta b le  I .

7 Hours. By t h i s  time ( i . e .  the fo llo w in g  morning the p a tie n t  had 

g r e a tly  improved and the t ig h tn e s s  in  her c h e s t , though

s t i l l  p resen t, was causing l e s s  com plaint. She was s t i l l  coughing a t

in te r v a ls  w ith  ex p ecto ra tio n  o f  a l i t t l e  mucus. Oxygen therapy had been  

continued w ithout in terr u p tio n  a l l  n ig h t . On exam ination o f  the ch est  

no impairment o f  the p ercu ssion  note was d e tec ta b le  and apart from a 

few sca ttered  rhonchi, no abnorm alities were found.

10 Hours. The p a tien t was by now moving f r e e ly  about the bed and

appeared to  be q u ite  com fortab le. Oxygen therapy had been

in term itten t during th e p ast three hours w ithout producing 

undue d is t r e s s .  I t  was now f in a l ly  stopped .

12 Hours. For the past hour the p a tie n t had been a sleep  and was now 

much re fresh ed . She had no com plaints but was in s is t e n t  

th a t  she should go home.

14 Hours. Apart from a few rhonchi, no abnormal s ig n s  were p resen t in  

the ch est and arrangements were made fo r  the p a tie n t to  be

sent home. Temp. 97*8, Pulse 70 , Resp.2 0 , B .P .1J4.0/ 9O.



9th  Day. The p a t ie n t ,  affcer being discharged  horns did not retu rn  to

work. She was v i s i t e d  in  her home by one o f  the nurses who 

found her up and about but f u l l  o f  vague com plaints and demanding 

com pensation fo r  her in ju r y . She was not r e c e iv in g  any form o f  t r e a t ­

ment from her panel doctor and indeed had not reported  to  him. However, 

on the n in th  day affcer her accid en t she reappeared a t the m edical depart­

ment, obviously  having been d rin k in g , and sa id  th a t she f e l t  bad, th a t  

her ch est had been permanently damaged, th a t she was q u ite  unable to  

work again  and th a t she would have to  be paid com pensation.

Examination revea led  no abnorm ality apart from an o cca s io n a l 

rhonohus in  both lu n g s. The blood pressure was normal. She refu sed  

to  resume work.

Of the subsequent h is to r y  nothing i s  known. The woman never 

returned t o  work as she had been forced  in to  employment in  the f i r s t  

p la c e , and she had dreams o f  a large sum in  compensation fo r  the  

a lle g e d  permanent damage to  her c h e s t .  She was e v en tu a lly  re lea sed  

from her o b lig a tio n s  under the in d u s tr ia l  co n scr ip tio n  orders and was 

never seen  or heard o f  aga in .

Case R .H ., Fem ale, aged i+l* S te n c i l  p a in te r .

H isto ry . A fter  having been at work fo r  two hours the p a tie n t

complained o f smarting o f  the th roat and eyes o f  

t ig h tn e s s  in  the c h e s t . A search was made and i t  was d iscovered  th a t  

she had been working near a leaking phosgene co n ta in er .

C lin ic a l  The p a tie n t reported to  the m edical department fo r  treatm ent

R eport. as soon as she d iscovered  th a t she had been exposed to

phosgene fumes. Her complaint was o f  smarting e y e s , pain  in  the th r o a t, 

cough and t ig h tn e s s  o f  the c h e s t . Temp. 97*6, Pulse 6 0 ,  R esp .24 ,

B .P . IOO/6 5 . Treatm ent was begun in  th e  usual way. She was seen  by



25.
me one hour affcer ad m ission .

1 Hour. The p a tie n t  was g e n e r a lly  flu sh ed  and was p ersp ir in g  s l i g h t l y .

She complained m ostly o f  a dry unproductive cough and t o  a 

le s s e r  d egree , o f  headache and t ig h tn e s s  in  the c h e s t , although she 

v o lu n teered  the in form ation  th a t the ch est symptoms had improved very  

con sid era b ly  s in ce  beginning oxygen th erap y . Her ey es  appeared to  be 

p e r fe c t ly  normal and she no longer complained th a t th ey  were p ain ing h e r . 

Exam ination o f  the ch est revea led  nothing abnormal apart from an 

o c c a s io n a l coarse rhonchus.

4  Hours. Cough s t i l l  presen t and p a tie n t brin g in g  up a l i t t l e  

tenaceous mucus. Chest exam ination a s  b e fo r e .

8, Hours. C ondition very  s a t is fa c to r y .  Oxygen therapy had been  

in terru p ted  fo r  an hour w ithout any i l l  e f f e c t s .

10 Hours. P a tien t s ta te d  th a t she f e l t  q u ite  w e ll  a g a in . Colour 

normal, sk in  c o o l and no sw eatin g . A ttacks o f  coughing 

were by t h i s  time few and fa r  between and very  l i t t l e  ipucus 

was being  brought up. On exam ination the ch est was found 

t o  be c le a r  and oxygen therapy was stopped . Temp.9 8 .2 ,

P u lse 6 0 , R e sp .l6 . ,  B .P . 1 0 0 /60 . On account o f  the la te n e s s  o f  the  

hour, the p a t ie n t  was deta ined  o vern igh t, though she required  no fu rth er  

trea tm en t.

20 Hours. The p a tie n t had s le p t  soundly a l l  n ig h t , and now made no

complaints beyond s lig h t  headache for which Veganin (a sp ir in , 

phenacetin and codein compound) was prescribed . There was no 

abnormality detectab le in  the chest and the p a tien t was sent home by- 

car •• Temp. 98# Pulse 84, Resp.2 4 , B .P . 110/60*

On the fo llo w in g  morning the p a tie n t  resumed work.



Case M.6. C .L ., Male, aged 57* P rocess labourer*

H istory* The p a tie n t had been working a t the f i l l i n g  cab in et fo r  s ix

hours when he began to  f e e l  s ic k  and d izzy* He had not 

sm elled any escape o f  phosgene or notioed  any meohanioal d e fe c t  in  the  

f i l l i n g  machine* A very  sm all leak  on the feed  pipe was subsequently  

found but the exact duration  o f  the man's exposure remained uncertain*  

C lin ic a l  On a rr iv in g  a t the m edical department the p a tie n t complained

Report* o f  nausea, d iz z in e s s  and weakness o f the le g s  w ith  a f e e l in g

o f  t ig h tn e s s  in  the chest*  He was very  flu sh ed  and was sw eating  

p rofu se ly*  An ir r i t a t in g  unproductive cough was noted and retch in g  

took  p lace o c c a s io n a lly  though he did not a c tu a lly  vomit* Treatment was 

begun in  the u su a l way. Temp* 97# Pulse 72# R esp .22 , B .P .105/ 6 5 .

1 Hour* The gen era l co n d itio n  o f  the p a tie n t was s t i l l  as d escribed

above# He s ta ted  th a t he could ta s te  phosgene even now*

He s t i l l  su ffered  from headache but had not been d izzy  s in ce  ly in g  down* 

No abnorm ality was found on exam ination o f  the chest*  Temp.98, Pulse 72 , 

Resp*22, B .P . 100 /70 .

2 Hours. The response to  oxygen therapy and r e s t  had been very

s a t is fa c to r y  during the previous hour. The sk in  by now 

was l e s s  flu sh ed  and f e l t  co o ler  and sweating had apparently stopped.

The p a tien t was most anxious to  go home but w ith  d i f f i c u l t y  was persuaded  

to  s ta y .

4  Hours. The genera l co n d itio n  remained s a t is fa c to r y  and th ere was

but l i t t l e  cough or ex p ecto ra tio n . The ch est was s t i l l  

c le a r  on exam ination. Oxygen therapy was stopped.

6 Hours. During the previous two hours the p a tie n t had remained w e ll

w ithout in h a la tio n  o f  oxygen. The sk in  co lour was normal 

and the ch est c le a r .  As the p a tien t in s is t e d  on going hon»



he was sent o f f  by car. Temp.97, Pulse 78, Resp.22,

B .P .1 20 /80 .

On th e morning o f  the second day th e p a tie n t  reported  back fo r  work, 

s ta t in g  th a t  he had not done so on th e previous day because he f e l t  

t ir e d  and shaky. P h y sica l exam ination revealed no abnorm ality and the  

p a tie n t  was allow ed t o  return  t o  h is  jtob.
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COMMENTARY ON MILDLY AFFECTED CASES.

I t  i s  d esired  t o  draw a t te n t io n  to  the fo llo w in g  main fe a tu r e s  o f  t h i s  

group o f  p a tie n ts

1 . M ild ly a f fe c te d  c a se s , as w i l l  be seen  from Table I ,  show l i t t l e  

d e v ia tio n  o f  the blood pressure from normal. When blood pressure  

changes do take p lace th ese  changes are in  the nature o f  a s l ig h t  

f a l l .  Such a f a l l  i s  evidenced by ca ses  1 , i±, J and 6 , and v a r ie s  

between 10 m.m. and JO m.m. o f  mercury.

2 .  I t  w i l l  a lso  be n o ticed  in  Table I .  th a t in  some in sta n c e s  (oases 2 ,  

1+ and 5 ) th ere i s  a marked slow ing o f the pu lse t o  J 0-60  b eats per 

m inute. This drop in  p u lse rate occurred w ith  marked improvement 

o f  the p a t ie n t 's  co n d itio n ; in  f a c t ,  i t  w i l l  be seen th a t slow ing  

o f  the pu lse u su a lly  occurred about the time when the p a t ie n t 's  

co n d itio n  warranted a red u ction  in  the amount o f  oxygen being  

adm in istered . ( i t  w i l l  be shown la te r  in  the t h e s i s  th a t t h i s  

e f f e c t  i s  d ir e c t ly  due to  oxygen therapy and not to  phosgene 

g a ssin g ; moreover, the phenomenon has p rev io u sly  been d escribed

in  the l i t e r a t u r e . )

J% No p a tien t among the m ild ly  a ffe c te d  ca ses  developed even a m ild  

p y rex ia .

i+. No com plications in  the way o f  resp ira to ry  in f e c t io n s ,  ensued  

among the m ild ly  a ffe c te d  c a se s , and none o f them developed  

pulmonary oedema.

Seven more se r io u s ly  a ffe c te d  ca ses  w i l l  now be described  

under two headings -  three who reported for  treatm ent im m ediately a f t e r  

exposure and four who delayed fo r  se v e r a l hours before doing s o . I t

w i l l  be seen a t a la t e r  stage th a t t h is  d iv is io n  i s  not q u ite  an



2 8 .

a rb itra ry  one, fo r  g en era lly  speaking, d e lay  in  r e c e iv in g  treatm ent i s  

not w ithout s ig n if ic a n c e  in  th e subsequent course o f  the i l l n e s s .

Case S*l* W.H.A*, Male, aged 11.5 ,  P rocess labourer*

Since t h i s  p a tien t showed in  a marked degree a l l  the  

outstanding fea tu res  o f  a r e a l ly  sev ere , but uncom plicated, case o f  

phosgene p o ison in g , h is  case h is to r y  w i l l  be presented  in  con sid erab le  

d e ta il*

Exposure * While d ischarging  a leak ing con ta in er the p a tie n t was

drenched from head to  fo o t w ith  liq u id  phosgene* The 

h a ir  and c lo th in g  were soakBd by the liq u id  which escaped under 

pressure*

H isto ry . This accid en t r e su lted  from the im perfect technique adopted

by the p a tie n t in  d isp osin g  o f  a leak ing  phosgene container*  

Normally when such a con ta in er i s  d iscovered  i t  i s  p laced in  a 

r e fr ig e r a to r  and cooled  to  a temperature o f  l e s s  than 8°C. At t h i s  

tem perature, phosgene w i l l  remain in  the liq u id  s ta te  even a t  

atmospheric p ressu re , and so the con ta in er may be s a fe ly  opened* Above 

t h i s  tem perature, th e phosgene vap ou rises rap id ly  a t atm ospheric 

p ressu re , b u ild in g  up a tremendous in te r n a l pressure th a t may cause a 

severe e x p lo s io n . A fter  c o o lin g , the phosgene cy lin d er  should be 

taken  t o  a s p e c ia l cab inet fo r  opening* This cab in et c o n s is t s  

e s s e n t ia l ly  o f  a cupboard w ith  a g la s s  top  and doors at e i th e r  s id e ,  

the fron t and back being s o l id ,  apart from a sm all fron t hatch capable 

o f  adm itting a hand* I t  i s  v e n t ila te d  by an exhaust current o f  a ir ,  

so th a t  the fumes gradually  evolved  in  the cupboard are drawn o f f  to  

an a lk a lin e  n e u tr a lis in g  b ath . Opening o f  the p a r tic u la r  type o f  

con ta in er in  q u estion  i s  performed by unscrewing a threaded plug from 

the base o f  the in verted  cy linder*  The standard procedure adopted



2 9 .

fo r  t h i s  job  i s  to  p lace the in v er ted  c y lin d e r , p rev io u sly  coo led  in  

a r e fr ig e r a to r , c lo se  to  an opened door o f  the c a b in e t . The second 

door on the opposite sid e  o f  the cab in et i s  kept c lo se d . The 

op erator, wearing a gas-mask, unscrews th e  plug so far  and th en  s l id e s  

the c y lin d e r , which i s  s i t t in g  on a runner, in to  the cab in et and c lo s e s  

the door. By reaching through the sm all fron t hatch removal o f  the  

plug i s  completed under d ir e c t  v is io n  through the g la s s  top o f  the  

cupboard. The hatch i s  then  c lo sed  and the phosgene can be drawn o f f  

t o  a storage tank, or i f  the con ta in er i s  a sm all one, the con ten ts  

may be allowed gradually  to  b o i l  o f f  and the vapour i s  drawn away to  

the n e u tr a lis in g  bath .

In t h i s  in s ta n c e , the operator W.H.A., c o r r e c t ly  p laced  

the con ta in er in  the r e fr ig e r a to r  to  be co o led . He did not make 

o e r ta in , however, th a t the refiigerator was w orking. I t  had, in  f a c t ,  

been switched o f f  so th a t the cy lin d er  was not oooled to  th e r e q u is ite  

low  tem perature• The next stage o f  the job was c o r r e c t ly  performed 

by W.H.A. beginning to  unscrew the plug w ith  the con ta in er properly  

p o s itio n ed  ou tsid e the c a b in e t . He did n o t, however, wear h is  

r e s p ir a to r . A fter  a few turns the plug shot out w ith  great forde 

because o f  th e  h igh in te r n a l p ressu re , and narrowly m issing  the  

op erator, struck  the ro o f and landed 2 0  or more f e e t  away. The p a tien t  

was drenched in  liq u id  phosgene, some o f  which probably en tered  h is  

r ig h t  e y e .

His o v e r a lls  were qu ick ly  removed by h is  workmates, 

wearing r e sp ir a to r s;  he was then wrapped in  b lan k ets and transported  

by s tr e tc h e r  to  the m edical department on th e factory  s i t e .  Here he 

was com pletely undressed and put to  bed.



30.
Symptoms and C lin ic a l  Course.

By the time the p a tie n t had been brought to  the m edical 

s ta t io n ,  the phosgene had, fo r  the most p a r t, evaporated from h is  h a ir ,  

but as i t  s t i l l  sm elled h ea v ily  o f  the vapour, the head was a t once 

washed w ith  soap and warm w ater.

On adm ission , the p a tie n t was pale and cold  and sh iv er in g  

and complained o f  t ig h tn e s s  in  the ch est and pain  in  the r ig h t e y e .

He was in  a s ta te  o f  great fea r  and a g ita t io n , r e a l is in g  as he d id , 

th a t he had been very  h ea v ily  exposed to  a h ig h ly  dangerous su bstan ce. 

He was put to  bed w ith  a radiant heat cradle and oxygen therapy was 

in s t i t u t e d ,  using a B .L .B . mask. The temperature on adm ission was 

9 6 J4., Pulse 70 ,  r e sp . and B .P . 150/ 90 .

Three quarters o f  an hour affcer adm ission he was f i r s t  

seen by me. By t h i s  time the temperature had r is e n  to  9 8 .2 °F . and 

the resp ira to ry  rate had dropped to  22  per m inute, the p u lse being  

regu lar a t 72 b eats  per m inute. B lood-pressure 135/90* The p a tien t  

complained o f  a s l ig h t  dry cough but no pain  or t ig h tn e s s  in  the c h e s t ,  

though h is  r ig h t  eye was causing him some discom fort in  sp ite  o f  having 

been ir r ig a te d  w ith  warm bicarbonate s o lu t io n . The eye was very  

in f e c t e d . His co lour was good, there being n e ith er  cy an osis  nor 

p a l lo r .  No abnormal p h y sica l s ig n s  were found in  the c h e s t , and 

resp ira to r y  movements were regu lar and seem ingly e f f o r t l e s s .

Oxygen therapy was continued w ithout in terr u p tio n  and a 

short w hile  la t e r ,  a f t e r  a warm drink , the p a tien t s le p t  com fortably  

fo r  two hours.

5 Hours. When seen again f iv e  hours affcer the a cc id en t, the

p a tien t* s  temperature had r ise n  to  9 9 . 2 °F . and the b lood -  

pressure to  2 l 0/ l l 0 ,  though the p u lse and r e sp ir a t io n  r a te s  were s t i l l



on ly  80 and 21+ per minute r e s p e c t iv e ly .  Cough was s t i l l  p resen t but 

unproductive and the p a tien t complained o f  pain  and t ig h tn e s s  in  the  

c h e s t , and o f  fr o n ta l headache. The sk in  was pale and clammy, but 

th ere  was no cy a n o s is . The eye was rather more inflam ed *nri liq u id  

p a r a ff in  drops were i n s t i l l e d .  On exam ination o f  the ch est a few  

harsh rhonchi were noted a n te r io r ly  and p o s te r io r ly , but no other  

abnorm ality was found.

7 Hours. Seven hours a f te r  exposure the p a tie n t was s t i l l  f a ir ly

com fortable and had been rec e iv in g  continuous in h a la tio n s  

o f  oxygen a l l  the w h ile . He complained, however, o f  nausea and 

headache and h is  cough was now more p rod u ctive , a l i t t l e  muous being  

brought up. Rhonchi were s t i l l  present throughout the c h e s t , and 

some m oist r a le s  were audible at both b a se s . Breathing was e a sy , but 

the p a tie n t s t i l l  complained o f  t ig h tn e s s  in  the c h e s t .

10 Hours. Though he had been trea ted  con tin u ou sly  w ith  in h a la tio n s

o f  oxygen from the o n se t, the p a tien t a f te r  about te n  hours 

had become a l i t t l e  cyanosed on the l i p s ,  the lob es o f  the ea rs  and 

under h is  f in g e r  n a i l s ,  the r e s t  o f  the body being o f  a g rey ish  co lo u r . 

He had vomited once, the vom itus c o n s is t in g  o f  some te a  th a t he had 

drunk. His r ig h t eye by now was very  inflam ed and w atery, and the  

p u p il was sm aller than on the l e f t .  Guttae hyoscine hydrobromide 

were i n s t i l l e d  and a l i t t l e  liq u id  paraffin.

13 Hours. The breathing by now was laboured, being shallow  and rapid  

and the blue cyanosis o f the t ip s  o f  the ears and nose and 

o f  the l ip s  and f in g ers  had become more marked, the remainder o f  the  

integument being a pale grey . The sk in  f e l t  very co ld  and sweating  

was p ro fu se . The tem perature, taken in  the a x i l l a  did not r e g is t e r

on the c l i n i c a l  thermometer, w hile  the pulse ra te  had r ise n  to  100



b ea ts  per minute and was o f  poor volume and th read y . The blood  

pressure was 21+0/110. R esp ira tio n s were now at the ra te  o f  30 P©** 

minute and vom iting had ooourred a fu rth er th ree t im e s . Cough had 

become more marked and p e r s is te n t  and a great d ea l o f th in  mucoid f lu id  

was being exp ectorated .

Examination o f  the ch est at t h i s  stage revea led  a g r o ss ly  

im paired percu ssion  note throughout, w ith  dim inished frem itus and 

resonance. Bubbling r a le s  were audible throughout both lu n gs.

Oxygen therapy was meanwhile con tin u in g .

By t h is  time a lso  the conjunctiva  o f  the r ig h t eye had 

become in te n se ly  hyperaemio, sw ollen  and oedematous, and was 

protruding from between the l i d s ,  com pletely obscuring the orb i t s e l f .  

The v e s s e ls  were g r e a tly  congested and the larger  ones were r e a d ily  

v i s ib l e  aga in st the dark red background o f  gen era l hyperaeraia. The 

l i d s  them selves were ten se  and sh iny , being very sw ollen  w ith  oedema.

A pale straw -coloured s t ic k y  f lu id  dripped from the eye in  copious 

q u a n tit ie s  and was soaking the p illo w  on which the p a tien t was to s s in g  

r e s t l e s s l y .  The p a tien t was, o f  course, kept w e ll  propped up as 

breath ing was e a s ie r  in  th a t p o s it io n .

M entally the p a tien t was c le a r  and w e ll  aware o f  the th in g s  

going on around him, but he was r e s t le s s  and a g ita ted  in d eed . Morphia, 

gra in  l / 6 ,  was g iven  hypoderm ically w ith  some e f f e c t  in  th a t i t  

quietened the p a tien t a l i t t l e .

if I Hours. E xpectoration  was now copious and continuous and a th in ,

fro th y , blood sta in ed  f lu id  flowed co n sta n tly  from between 

the p a t ie n t ’ s l i p s .

The e n tir e  sk in  was in te n se ly  pale w ith  a superadded cyan otic



t i n t  g iv in g  a g en era lised  s t e e ly  grey appearance, although on the l i p s ,  

e a r s , f in g e r s  and to e s  the cyan osis assumed a d e f in it e  purple co lo u r . 

The p a tie n t was bathed in  sweat and was s tru g g lin g  fo r  b reath . 

Considerable d i f f i c u l t y  was experienced  a t t h i s  stage w ith  the B .L .B . 

mask on account o f the p a t ie n t’ s r e s t le s s n e s s .  This n e c e s s ita te d  the 

hold ing o f  th e  mask in  p o s it io n  by hand so th a t oxygen was being  

adm inistered rather a f te r  the fash ion  o f  an a n a esth e tic  from a B oy le’ s 

machine•

The pulse was s t i l l  rapid a t 100 b eats per minute and very  

th read y . No cardiac enlargement was c l in i c a l ly  d e tec ta b le  and there  

were no s ig n s  o f con gestion  or engorgement o f the great v e in s  in  the  

neok. N either l iv e r  nor sp leen  was p a lp a b le . The heart sounds were 

ndrmal. No cutaneous or sub-cutaneous oedema was seen . The lung 

was not examined beyond a u scu lta tio n  a n te r io r ly , which revealed  an 

abundance o f  bubbling sounds. N either was the blood pressure recorded.

Blood withdrawn fo r  a c e l l  count showed the red blood c e l l s  

to  be 6 ,7 2 0 ,0 0 0  per cub.m.m., the haemoglobin being -e.li+G^ (H aldane).

15  Hours. The p a tien t was now a l i t t l e  q u ie ter  but was s t i l l

exp ectoratin g  copious amounts o f blood sta in ed  f lu id ,  and 

f lu id  s t i l l  dripped from the e y e .

16 Hours, R esp ira tion s were s t i l l  shallow  and occurred at the ra te

o f  32 per m inute. Pulse rate 100 . B .P .160/ 13O.

E xpectoration  s t i l l  abundant and blood s ta in e d , and vom iting had 

occurred again .

18 Hours. The resp ira tory  rate had now r is e n  to  i+0 per minute and the  

breathing was very shallow . The pu lse was very thready, 

and running a t 118 per m inute. B .P . 170/ 1 3 0 .



19 Hours. The p a tien t by now had grown very  q u iet and appeared to  be

exhausted, the pu lse being d i f f i c u l t  to  p a lp a te . One cub ic  

centim etre o f  Coramine (25 /  so lu t io n  Nikethamide B .P .)  was g iven  

subcutaneously . Oxygen therapy had meanwhile been continued w ithout 

in te r r u p tio n .

20 Hours. A fter  the in je c t io n  o f  Coramine the pu lse ra te  rose to  130

per minute and was f u l l  and bounding. R esp ira tion  s t i l l  

very shallow  a t a ra te  o f  1+0 per m inute. The gen era l co n d itio n  had 

improved considerab ly  but the p a tien t was s t i l l  ex p ectora tin g  f r e e ly ,  

though l e s s  co p io u sly , and the f lu id  was le s s  blood s ta in e d . The 

eye co n d itio n  remained as p rev iou sly  d escr ib ed , save th a t very muoh 

l e s s  f lu id  was now flow ing from i t .

21 Hours. Breathing had now become l e s s  d i f f i c u l t  and the resp ira to ry

rate had fa l le n  to  32. The sk in  appeared to  be l e s s  b lood­

le s s  and g rey . Cyanosis was however, s t i l l  presen t on mouth, ea rs  and 

f in g e r s .  P ersp ira tio n  was a t t h i s  time very f r e e .  The p a tie n t

complained o f great t h ir s t  but was drinking w e ll  o f  u n restr ic te d

g lu c o se -sa lin e  flavoured w ith  lemon j u ic e .

22 Hours. During the past hour the p a tien t had dozed f i t f u l l y .  He

was s t i l l  p ersp ir in g  but the ex p ectora tion  had become muoh

l e s s .  B .P . 180/32 .

28 Hours. The p a tien t had s le p t  o f f  and on during the la s t  s ix  hours.

His genera l con d ition  had g r e a tly  improved and the cyan osis  

had considerab ly  le ssen ed . Examination o f the ch est revea led  an 

impaired percu ssion  note and m oist sounds were s t i l l  audible throughout. 

30 Hours. The pulse had now become rather weaker though the p a tien t  

appealed to  be more com fortable. E xpectoration  o f  mucoid 

f lu id  continued and the sputum was now only o c c a s io n a lly  streaked w ith



blood# The eye con d itio n  was much improved and the sw e llin g  had 

receded considerably# Coramine, 1 c .c #  was again  adm inistered  

hypoderm ically w ith  good e f fe c t#  The p a tie n t complained o f  f e e l in g  

hungry and partook o f  sw itched egg in  milk# This he was able to  

r e ta in  w ithout d if f ic u l ty #

32 Hours# Having had two hours unbroken s leep  the p a tie n t awoke muoh 

refreshed# Coarse r a le s  were s t i l l  audible throughout the  

ch est and the percussion  note was s t i l l  impaired# A ir en try  seemed, 

however, t o  be considerab ly  improved# Temperature 979 Pulse 100# 

R esp ira tio n  ra te  26 per minute and breathing was now muoh l e s s  shallow#  

B .P . li+O/llO.

36 Hours. C lin ic a l ly  the p a tie n t was very much improved. He was s t i l l  

exp ectoratin g  fr e e ly  and breath ing was much more e a sy . The 

p ercu ssion  note was s t i l l  impaired at both b ases but the a ir  en try  was 

very markedly improved. Cyanosis had g r e a tly  dim inished and by now 

the gen era l co lou ra tion  o f  the sk in  was p r a c t io a lly  normal. Some 

co n gestion  and inflam m ation was s t i l l  present in  the r ig h t  eye but 

th ere was com paratively l i t t l e  d isch arge .

Oxygen therapy had been in terrup ted  fo r  about 20 m inutes 

but was res ta r ted  as the p a tien t was not so com fortable w ithout i t .  

Temp.97.6j Pulse 96 ,  R esp.28, B .P .li+ O /ll^ .

1j4  Hours. The p a tien t had apparently s le p t  w e ll  during the n igh t and 

was much refreshed  by i t .  There was by now very l i t t l e  

exp ecto ra tio n  and no blood s ta in in g ; exp ecto ra tio n  was now more 

d i f f i c u l t  and the sputum had to  be d e f in it e ly  coughed up. The 

p a tie n t  complained th a t h is  th roat was sore from coughing. No 

abnorm ality was foupd, however, beyond some reddening o f  the fauoes  

and simple lin c tu s  was prescribed  as n ecessa ry .



36.
Examination o f  the ch est s t i l l  showed s l ig h t  impairment o f  

p ercu ssion  note towards the b ases p o s te r io r ly . Some f in e  r a le s  were 

s t i l l  audib le in  th ese  reg ion s and coarse rhonchi were heard throughout 

the lu n g s . Oxygen therapy had been in term itten t during the n ight*  

Temperature 98, Pulse 86 ,  Resp.2l+.

50  Hours. The p a tie n t could now take l ig h t  meals o f  custard  or

switched egg , te a  and t o a s t .  His co lour was q u ite  normal. 

E xpectoration  s t i l l  th ic k  and mucoid and wan being brought up w ith  

d i f f i c u l t y .  Chest con d ition  remained unchanged. Oxygen was by now 

being adm inistered only at in te r v a ls ,  e s p e c ia l ly  a f te r  bouts o f  

coughing which l e f t  the p a tien t very b r e a th le s s . Temp.97*6, Pulse 80, 

Resp.21+, B .P .138 /112 .

68  Hours. The p a tien t by t h is  time was saying th a t he f e l t  p e r fe c t ly  

f i t .  There was s t i l l  some cough, but ex p ectora tion  was 

now r e la t iv e ly  e a sy . The cough was s t i l l  occurring in  in frequent 

bouts which l e f t  him rather b r e a th le s s . A fter  th ese  a tta ck s  he lik e d  

to  have an in h a la tio n  o f oxygen, but otherw ise did not require i t .

For p r a c t ic a l purposes oxygen therapy had by now cea sed . Temp.97*8 , 

Pulse 82, R esp.22 , B .P .I32/H O .

80 Hours. By the time th a t e ig h ty  hours had e lap sed  a f te r  the i n i t i a l  

exposure the p a tien t was very com fortable, and beyond a 

s l ig h t  and s c a n t ily  productive cough, had no com plaints. His co lour

was again  p e r fe c t ly  normal and he was breathing e a s i l y .  There was

now no impairment o f  note on percussing the c h e s t .  Some m oist r a le s  

w ere, however, s t i l l  present a t both bases and rhonchi remained 

sca ttered  throughout both lu n gs. The eye was very much improved, and 

most o f the oedema had gone, though the con ju n ctiva  was s t i l l  badly  

in fe c te d . A rgyrol 10^ ( s i lv e r  v i t e l l i n a t e )  was i n s t i l l e d .  The



37.

p a t i e n t  s t a t e d  t h a t  he f e l t  co m fo rtab ly  t i r e d  and f e l t  l i k e  s e t t l i n g  f o r  

th e  n ig h t .  Temp.9 8 .2 . P u lse  83. R esp .22.

92 Hours Throughout th e  n ig h t th e  p a t i e n t  had  s l e p t  so u n d ly , and no

oxygen had been  a d m in is te re d  d u rin g  th e  p re v io u s  tw elve  h o u rs . 

On exam ination  o f  th e  c h e s t on ly  a  few s c a t t e r e d  rh o n ch i were a u d ib le  

and th e  m o is t sounds had d isa p p e a re d  from  th e  b a se s  o f  th e  lu n g s . There 

was s t i l l  s l i g h t  cough b u t l i t t l e  e x p e c to ra tio n . The eye rem ained  r a th e r  

b lo o d sh o t b u t had o th e rw ise  h e a le d  and th e  p a t i e n t  s t a t e d  th a t  i t  was 

s c a r c e ly  p a in fu l .  He had  ta k en  a  l i g h t  b r e a k fa s t  and en joyed  i t ,  and 

s t a t e d  t h a t  he was anx ious to  g e t home th a t  day, i f  p o s s ib le .  Temp. 97* 4; 

p u ls e  70; re sp . 20.

100 Hours The p a t i e n t  rem ained co m fo rtab le  a l l  day and was s t i l l  very  

keen  to  go home. E xam ination  o f  th e  lungs re v e a le d  no ab n o rm a lity  

beyond a  few  s c a t t e r e d  rh o n ch i. The h e a r t  was norm al and th e  b lo o d  

p re s s u re  had resum ed i t s  u s u a l  l e v e l ,  b e in g  now I 36/ 9O. Temp. 9 8 .2 ; 

p u ls e  70; r e s p .20.

The p a t i e n t  was s e n t  home i n  th e  f a c to r y  ambulance to  be u nder th e  c a re  

o f  h i s  own d o c to r. Twelv e  days a f t e r  M s a c c id e n t th e  p a t i e n t  r e p o r te d  

to  th e  f a c to ry  M edica l D epartm ent to  a sk  i f  he would be  allow ed  to  resume 

work. He had been  u nder th e  ca re  o f  h i s  own d o c to r  f o r  th e  p a s t  f iv e  days 

and b een  g iven  a  b o t t l e  o f m edicine f o r  b r o n c h i t i s .  No cough was now 

p re s e n t  and th e  p a t i e n t  looked very  f i t .  No a b n o rm a li t ie s  w ere found on 

c l i n i c a l  exam ination . In  view o f  th e  s tren u o u s  i l l n e s s  th a t  he had  so 

r e c e n t ly  been  th rough , arrangem ents were made f o r  the  p a t i e n t  to  spend  a 

f o r tn ig h t  a t  a co n v a le scen t home.



On th e  tw e n ty s ix th  day a f t e r  h i s  a c c id e n t th e  p a t i e n t  r e tu rn e d  to  work 

lo o k in g  very f i t  and re f re s h e d  by h i s  h o lid a y . The c h e s t  was p e r f e c t ly  

c l e a r  and th e  b lo o d  p re s s u re  was 130/90 , and th e  p a t i e n t  was th e re fo re  

a llo w ed  to  r e tu r n  to  h i s  form er job .

Case S .2. D.McA., M ale, aged  23. P ro c e ss  la b o u re r .

Exposure The ex ac t d u ra t io n  o f  exposure i n  t h i s  case  i s  n o t c e r t a in ,

though i t  i s  p ro b ab le  t h a t  i t  ex ten d ed  o v e r a  p e r io d  o f  r a th e r  

more th a n  th re e  h o u rs . Towards th e  end o f  th e  n ig h t  s h i f t  th e  p a t i e n t  

became aware o f  th e  f a c t  t h a t  he had  b een  exposed to  phosgene fumes 

e sc a p in g  from  under th e  door o f  th e  f i l l i n g  c a b in e t w hich c o n ta in e d  a 

le a k in g  gas c y l in d e r .  I t  was v e r i f i e d  t h a t  th e  escape had b een  q u i te  a 

c o n s id e ra b le  one.

History The p a t i e n t ,  a  keen i n t e l l i g e n t  man, had w orked a l l  nigjht i n

th e  phosgene p la n t  and had sp e n t th e  l a s t  3 to  4  hours n e a r  th e  

f i l l i n g  c a b in e t  from w hich phosgene fumes had b een  escap in g . Im m ediately  

he became aware o f  h i s  exposure he r e p o r te d  to  th e  m ed ica l departm en t. 

Symptoms and C l in ic a l  Course On f i r s t  r e p o r t in g  th e  p a t i e n t  com plained 

t h a t  he f e l t  f a i n t ,  and weak in  th e  le g s ,  o f  a  f e e l in g  o f  s u f fo c a t io n ,  

and o f  t ig h tn e s s  i n  th e  c h e s t. He was p u t to  bed  and k e p t warm by means

o f  an  e l e c t r i c  c ra d le .  Oxygen th e rap y  was i n s t i t u t e d  and he was g iven

h o t d r in k s  and sim ple l in c tu s  f o r  th e  dry  cough o f  w hich he com plained. 

Temp subnorm al; p u ls e  128; re sp . 24-» B .P . 178/118.

1 Hour When f i r s t  seen  one hour l a t e r  th e  p a t ie n t  was r a th e r  p a le  and 

th e re  was no s ig n  o f cy an o s is . N e ith e r  was he p e r s p ir in g .  The 

p u ls e  was r a th e r  r a p id  and f u l l ,  b u t  r e g u la r .  An u n p ro d u c tiv e  cough was
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p re s e n t  and  he was com plain ing  o f  p a in  b eh in d  th e  s ternum , and a ls o  o f  

th e  f a c t  t h a t  h i s  th r o a t  f e l t  d ry  and i r r i t a t e d .  There was no headache 

b u t he s t a t e d  th a t  he co u ld  " t a s t e  p hosgene ."  C l in ic a l  exam in a tio n  

re v e a le d  no abno rm ality  a p a r t  from a  few c o a rse  rh o n ch i on b o th  s id e s  o f  

th e  c h e s t .  Temp.971 p u lse  124; re s p . 22. B .P. I 64/ I I 8 .

3 Hours The cough by now was much more troublesom e and had become

somewhat p ro d u c tiv e , a  l i t t l e  tough mucus b e in g  e x p e c to ra te d .

The e x p e c to ra tio n  was n o t b lo o d s ta in e d . The p a t i e n t  com plained o f  f r o n ta l  

headache and nausea b u t  had  b een  unab le  to  vom it.

E xam ination  o f  th e  c h e s t  showed no s ig n  o f  c o n s o l id a t io n  in  th e  lu n g s.

A few c r e p i ta t io n s  w ere a u d ib le  a t  th e  b ases  and rh o n ch i w ere s c a t t e r e d  

th ro u g h o u t. B re a th in g  was a  l i t t l e  la b o u re d  w ith  a  c o n s id e ra b le  

e x p ira to ry  wheeze. Oxygen th e ra p y  was c o n tin u in g  w ith o u t in t e r r u p t io n .  

Temp.9 9 ;  p u lse  102; r e s p . 24. B .P. 130/110.

3 Hours The p a t i e n t  was now d e f in i t e l y  cyanosed on th e  l i p s ,  e a r s  and 

d ig i t s  w hich w ere o f  a  p u rp le  c o lo u r. The rem ainder o f  th e  

s k in  was a  le a d e n  grey c o lo u r, due to  a  m ix tu re  o f  p a l l o r  and c y a n o s is . 

Sw eating had become very  p ro fu se . The p a t i e n t  was r a th e r  a g i ta te d  and 

r e s t l e s s  and was b r in g in g  up c o n s id e ra b le  q u a n t i t i e s  o f  th i n  f l u i d  w ith  

o c c a s io n a l f le c k s  o f b lood . B rea th in g  was d i f f i c u l t  and had become 

more sh a llo w . Some im pairm ent o f  th e  p e rc u s s io n  no te  was found a t  th e  

b a se s  o f  b o th  lungs and on a u s c u l ta t io n  co a rse  b u b b lin g  r a l e s  w ere h ea rd  

th ro u g h o u t th e  c h e s t ,  b u t  w ere more marked and p ro fu se  a t  th e  b a se s .

There was no en largem ent o f  th e  h e a r t  d e te c ta b le ,  and no s ig n s  o f  venous 

c o n g e s tio n  o r engorgem ent, o r  o f subcu taneous oedema. E xam ination  o f
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the b lood  showed Red b lood  c e l l s  6 ,2 60 ,000  per cub.m.m. Haemoglobin, 

120% (H aldane). Tem p.98.8; p u lse  100; r e s p .28. B.P. 180/120.

6 Hours The genera l co n d itio n  remained much about th e same. Qyanosis 

was s t i l l  v e iy  marked in  the ea rs , l ip s  and f in g e r s ,  and the gen era l 

sk in  co lour was s t i l l  grey. M oist sounds were aud ib le throughout the  

c h est  and th e lungs were obviously  v e iy  w et. E xp ectoration  had been  

copious during the p a st hour, and was s t i l l  streaked  w ith  b lood . The 

p a t ie n t  vomited once and was sw eating p ro fu se ly . Temp. 9 8 .6 ; p u lse  9 6 ; 

resp . 30; B .P. 176/120.

8  Hours By now the p a tie n t* s  co n d itio n  appeared to  be improving and the  

amount o f  ex p ectora tion  to  be d im in ish ing , though i t  was s t i l l  q u ite  

abundant. The general skii>6o lou r was s t i l l  grey w ith the purple  

cyan osis  o f  the e x tre m itie s  as p rev iou sly  described . Oxygen therapy had 

been continued w ithout in terru p tio n .

Temp.98; p u lse  90; r e s p .28; B.P. 160/118.

10 Hours A fter  the lap se  o f  ten  hours from the time he f i r s t  began  

treatm ent the p a tie n t  began to  say th a t he f e l t  very much 

b e t te r  and th a t h is  b reath ing  had become e a s ie r .  In a c tu a l fa c t  there  

seemed to  be l i t t l e  or no dyspnoea. His co lou r was much b e t te r  and the  

cyan osis  o f  the ex tre m itie s  was v e iy  much l e s s .  He had no headache now 

no p a in , apart from th roat i r r i t a t io n  due to  coughing. On 

exam ination o f  the ch est the p ercu ssion  note and a ir  en tiy  were 

dim inished a t  both bases and m oist sounds were s t i l l  gen era lly  au d ib le , 

though again  mainly a t the b a se s . A few rhonchi were heard in  the upper 

part o f  th e  ch est a n te r io r ly .

Temp.98; p u lse  92; resp . 22; B.P. 146/110.



41.

12 Hours D uring th e  p re v io u s  two h o u rs  th e  p a t i e n t  had  s l e p t  co m fo rtab ly

and c o n tin u o u s ly . H is c o lo u r  was now p r a c t i c a l l y  norm al. The 

p u ls e  was r e g u la r  and o f  good volume, th e  r a t e  b e in g  86 b e a ts  p e r  m inu te . 

The s k in  f e l t  r a th e r  c o o l and clammy b u t b re a th in g  was easy  and r e g u la r  

a t  22 r e s p i r a t io n s  p e r  m inu te. Oxygen th e ra p y  was s t i l l  c o n tin u in g .

13 H ours When seen  a g a in  th re e  h ou rs l a t e r  th e  p a t i e n t  s t a t e d  t h a t  he

f e l t  ve iy  co m fo rtab le  and ready  to  s e t t l e  down fo r  th e  n ig h t .  

H is  c o lo u r  had rem ained v e iy  good in d eed , and he was now e x p e c to ra tin g  

f r e e l y  a  t h in  mucoid m a te r ia l .  He a ls o  s t a t e d  t h a t  h i s  c h e s t  f e l t  q u ite  

easy  and th e  f e e l in g  o f  t ig h tn e s s  had gone, th e re  b e in g  no p a in  o f  a ry  

k in d , a p a r t  from th e  s l i g h t  th r o a t  i r r i t a t i o n  th a t  accom panied b o u ts  o f  

coughing. Exam ination  o f  th e  c h e s t  r e v e a le d  no d e te c ta b le  im paiim ent o f  

p e rc u s s io n  n o te , b u t m o is t sounds w ere s t i l l  a u d ib le  a t  b o th  b ases  and a 

few  rh o n ch i were s c a t t e r e d  th roughou t b o th  lu n g s . I n s t r u c t io n s  w ere 

g iven  th a t  oxygen in h a la t io n  m ight now be red u ced  a s  much a s  p o s s ib le  

d u r in g  th e  course  o f  th e  n ig h t .

Temp. 98; p u ls e  36; re s p . 20; B .P. 146/120.

97, Hours The p a t ie n t  s l e p t  w e ll  a l l  n ig h t and oxygen had b een

ad m in is te re d  only  a f t e r  b o u ts  o f  coughing. He had  had  no 

oxygen a t  a l l  d u rin g  th e  p a s t  th re e  h ou rs and h is  c o lo u r  was q u ite  norm al. 

There was ncr d i f f i c u l t y  i n  b re a th in g  and e x p e c to ra t io n  on ly  o c c u rre d  a f t e r

paroxysms o f  coughing. Some f in e  c r e p i ta t io n s  w ere a u d ib le  a t  b o th

b a se s  and an  o c c a s io n a l rhonchus cou ld  be h e a rd  i n  th e  u pper p a r t s  o f  th e

th o ra x . The p a t i e n t  was now most anx ious to  g e t home.

T em p .9 7 .2 ; p u lse  34; r e s p .18; B .P .128/96.



32 Hours The c o n d itio n  had  rem ained  e n t i r e l y  s a t i s f a c t o i y  and  cough was 

on ly  s l i g h t .  The c h e s t  was c l e a r  a p a r t  from  a  few  rh o n c h i. In  

o rd e r  to  d em onstra te  h i s  f i t n e s s  to  go home th e  p a t i e n t  was moving h im s e lf  

v e iy  v ig o ro u s ly  abou t th e  bed.

Temp.97*4; p u lse  74; resp . 18; B.P. 150/116.

The p a t i e n t  was s e n t  home by c a r  and h i s  own d o c to r  was inform ed .

On th e  f i f t h  day a f t e r  th e  a c c id e n t th e  p a t i e n t  r e p o r te d  back f o r  work ! 

and  a s  he had  h i s  own d o c to r 's  p e rm iss io n  to  do so  he was a llo w ed  to  

r e tu r n  to  l i g h t  d u t ie s .  On exam in a tio n  th e  c h e s t  was p e r f e c t ly  c l e a r  and 

no cougjh was p r e s e n t .  B .P. 130/90.

Case S .3 . P .P . ,  M ale, aged  27, P ro c e ss  la b o u re r .

T his case  i s  in c lu d e d  a s  an  example o f  s h o r t  and heavy ex posu re , 

though n o t overwhelm ing a s  o ccu rred  in  case  S. 1. T reatm ent was begun 

v e iy  prom ptly  in d eed , and fra n k  oedema o f  th e  lungs d id  n o t develop . 

E xposure and  H is to ry  While unscrew ing  th e  p lu g  o f  a  supposed ly  empty

c o n ta in e r ,  l i q u id  phosgene s p u r te d  o u t and soaked 

th e  u p p er p a r t  o f  h i s  c lo th in g .  I t  d id  n o t, however, re a c h  h i s  h a i r .

The con tam ina ted  garm ents were in s t a n t ly  removed by th e  man h im s e lf ,  who 

was th e n  w rapped i n  a b la n k e t  and tra n s p o r te d  to  th e  f a c to iy  m ed ica l 

departm ent by am bulance. |

C l in ic a l  Course On adm ission  th e  p a t i e n t  was r a th e r  p a le  and f r ig h te n e d

and was coughing a good d e a l  w ith o u t a c tu a l ly  b r in g in g  up 

a iy  sputum. He com plained th a t  h i s  c h e s t f e l t  t i g h t  and so re  and th a t  he 

was very  d izzy . The f o u l  t a s t e  o f phosgene was a ls o  one o f h i s  co m pla in ts
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and he had  f r o n t a l  headache. Temp. 9 8 .4 ; p u lse  78; r e s p .  20. B .P .1 7 0 /1 1 0 .

He was a t  once p u t to  bed  and oxygen th e ra p y  was i n s t i t u t e d ,  some sim ple 

l i n c tu s  b e in g  g iv en  to  a l l a y  th r o a t  i r r i t a t i o n  and cough.

When exam ined s h o r t ly  a f te rw a rd s  i t .w a s  n o te d  th a t  he was s t i l l  r a th e r  

p a le  b u t th e re  was no ev idence o f  accompanying c y a n o s is . B re a th in g  was 

easy  and th e re  were no p h y s ic a l  s ig n s  i n  the  c h e s t beyond a  few h a rsh  

rh o n ch i e a s i l y  d is p e l le d  by coughing.

Temp.98.6 ;  p u lse  72; r e s p .22; B .P. 1 5 2 / 1 0 0 .

3 Hours By th e  tim e th a t  th re e  hours had e la p se d  a f t e r  exposure th e

p a t i e n t  was e x p e c to ra tin g  th ic k  mucus f r e e l y ,  b u t was n e i th e r  

b r e a th le s s  n o r cyanosed. The s k in  was p erh ap s a l i t t l e  f lu s h e d  and th e re  

was no sw eating . A part from  d if fu s e  co a rse  rh o n ch i no abnorm al p h y s ic a l  

s ig n s  w ere d e te c ta b le  i n  th e  c h e s t.

Temp.9 8 .8 ; p u lse  80; r e s p .22; B .P .140/96.

L& h o u rs  The p a t i e n t 's  c o lo u r was now r a th e r  p a l e r  b u t th e re  was no

evidence o f  c y a n o s is . He was s t i l l  e x p e c to ra tin g  f r e e l y ,  b u t  

th e  t h i n  mucoid sputum c o n ta in e d  no v i s ib l e  b lo o d . E xam ination  o f  th e  

c h e s t r e v e a le d  an  abundance o f  m o ist medium r a l e s  a t  b o th  b a se s , b u t  th e  

p e rc u s s io n  no te  was n o t im paired  n o r co u ld  o th e r  c l i n i c a l  s ig n s  o f  

c o n s o lid a tio n  be d e te c te d . Numerous co arse  rh o n ch i w ere s t i l l  a u d ib le  

ov er m ost o f  th e  c h e s t.  There was no dyspnoea.

T em p .9 9 .0 ; p u lse  80; r e s p .24; B .P .160/100 .

6 Hours The g e n e ra l c o n d itio n  rem ained much th e  same and th e  p a t i e n t  made 

no co m p la in ts . Oxygen th e ra p y  co n tin u ed  w ith o u t in te r r u p t io n .  

Temp.99*4; p u lse  88; R esp .22; B .P. 150/84*
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Hours E x p e c to ra tio n  had by now c o n s id e ra b ly  le s s e n e d  was s t i l l  f r e e  

from  b lo o d  s ta in in g *  The s k in  c o lo u r  was norm al and  th e  

p a t i e n t  was sw ea tin g  p ro fu s e ly . In  th e  c h e s t  no ev idence o f  

c o n s o lid a tio n  was no ted  and th e  b a s a l  r a l e s  w ere v e iy  much d im in ish ed  in  

number. The p a t ie n t  had no co m p la in ts .

Temp.97*4; p u lse  70; r e s p .2 0 ; B .P . 140/34.

10 Hours The p a t i e n t  s t a t e d  th a t  he f e l t  q u ite  co m fo rtab le  b u t  t i r e d  

and th a t  he thou g h t he would s e t t l e  down f o r  th e  n ig h t .  Cough was s t i l l  

p r e s e n t  b u t o ccu rred  in  l e s s  f re q u e n t b o u ts , and th e  sputum was much le s s  

and somewhat th ic k e r .  A part from a  few c r e p i ta t io n s  a t  b o th  b a s e s , and 

some s c a t t e r e d  rh o n c h i, exam ination  o f  th e  c h e s t was n e g a tiv e .

I n s t r u c t io n s  were g iven  th a t  oxygen th e ra p y  sh o u ld  be reduced  and i f  

p o s s ib le  d is c o n tin u e d  d u rin g  th e  n ig h t .

Temp.97*6; p u ls e  70; re s p .2 0 ; B .P .140 /80 . 1
I

23 Hours The p a t i e n t  was moving f r e e ly  abou t the  bed , p r o te s t in g  t h a t  he 

f e l t  q u ite  w e ll  and w anted to  go home. He had had  no oxygen 

d u rin g  th e  p a s t  6 o r  7 h o u rs . A s l i g h t  cough was s t i l l  p r e s e n t  and i t  

was b u t  s c a n t i ly  p ro d u c tiv e . Exam ination  o f  th e  c h e s t  r e v e a le d  on ly  an  !

odd c r e p i t a t io n  a t  th e  b a ses  and a  few s c a t t e r e d  rh o n ch i. The p a t i e n t  

was a llow ed  to  go home by c a r .  j
j

Temp.9 8 .0 ; p u lse  74; r e s p .2 0 ; B .P. I 4O/84. ]

Two days l a t e r  th e  p a t ie n t  r e p o r te d  back  to  work com ple te ly  reco v e re d  

and was a llo w ed  to  r e tu r n  to  h is  foxmer jo b .

Case S .4 , P .B .,  M ale, aged 46, P ro cess  la b o u re r .

This case  dem o n stra tes  w e ll  th e  f a l s e  sense  o f  s e c u r i ty  engendered  by



th e  s o - c a l le d  " l a t e n t  p e r io d ,"  f o r  th e  p a t i e n t  w ent home a f t e r  known 

exposure  to  phosgene and d id  n o t seek  tre a tm e n t u n t i l  15 h o u rs  l a t e r .

He became v e iy  i l l  and had  to  be a d m itte d  to  h o s p i ta l ,  h av in g  developed  

a  broncho-pneum onia.

Exposure The p a t i e n t  was exposed to  th e  fumes from  a b ad ly  le a k in g

c o n ta in e r  b e s id e  w hich he had  been  w orking  f o r  7 h o u rs  o f  th e  

n ig h t  s h i f t .  I t  i s  n o t known f o r  how long  th e  c o n ta in e r  had been  

le a k in g  d u rin g  t h i s  p e r io d .

H is to ry  Towards th e  end o f  h i s  s h i f t  th e  p a t ie n t  began to  f e e l  a  

d ry n ess  i n  h i s  th r o a t ,  s l i g h t  headache and e x c e ss iv e  t i r e d n e s s .  On 

s e a rc h in g  he d isc o v e re d  a le a k in g  phosgene c o n ta in e r  and t h i s  he removed. 

He th e n  w ent f o r  a  s h o r t  w alk o u ts id e  th e  b u i ld in g  and rem ained  on th e  

f a c to r y  s i t e  f o r  a n o th e r  hour u n t i l  th e  end o f  the  s h i f t .  He d id  n o t 

r e p o r t  to  th e  m ed ica l departm ent f o r  tre a tm e n t b u t went o f f  home, where 

he f e l t  unab le  to  e a t  h i s  supper and went s t r a i g h t  to  bed . That same 

ev en in g , 15 h o u rs  a f t e r  he had become aware o f exposure to  phosgene 

vapour, he came to  th e  f a c to ry  m ed ica l departm en t f o r  ad v ice  and tre a tm e n t 

r a th e r  th a n  go to  h i s  own d o c to r .

C l in ic a l  Course

15 Hours On f i r s t  r e p o r t in g  f o r  tre a tm e n t th e  p a t i e n t  com plained o f

sev e re  headache, a  f e e l in g  o f  t ig h tn e s s  and  o p p re ss io n  in  th e  

c h e s t ,  o f  g id d in e ss  and o f  weakness i n  th e  le g s .  He looked  ash en  g rey , 

and th e re  were beads o f  sw eat on h i s  fo reh ead . Cough was se v e re  and th e re  

was much e x p e c to ra tio n  o f  mucus which was n o t ,  however, s tre a k e d  w ith  

b lo o d . He was a t  once p u t to  b ed  w ith  th e  e l e c t r i c  c ra d le  and warn
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d r in k s  and oxygen th e ra p y  was i n s t i t u t e d .

Temp.9 8 .2 ; p u ls e  100$ re s p .2 8 ; B .P .150 /105 .

Hours On exam ination  an  hour a f t e r  adm ission  th e  p a t i e n t  was vexy 

g rey , and haggard  i n  ap pearance , w ith  deep c y an o s is  o f  hands, 

l i p s ,  nose, e a rs  and f e e t .  H is tem p era tu re  had  r i s e n  to  9 9 .2 °  and 

b re a th in g  was vexy lab o u red  b u t sha llow . E x p e c to ra t io n  was abundan t. 

E xam ination  o f  th e  c h e s t gave an  im p aired  p e rc u s s io n  n o te  o v e r  th e  low er 

p a r t s  o f  b o th  lungs and on a u s c u l ta t io n  th e  whole c h e s t was b u b b lin g  w ith  

c o a rse  m o ist r a l e s .  The p a t i e n t  was sw ea tin g  p ro fu s e ly .  He com plained 

on ly  o f  headache, nausea and b r e a th le s s n e s s  and had vom ited a l i t t l e  

d a rk  f l u i d  s h o r t ly  a f t e r  adm ission . The b lo o d  p re s s u re  was a s  p re v io u s ly  

s ta t e d .

18 Hours The tem p era tu re  had  by now r i s e n  to  101 .2° and th e  p u lse  was 

bounding a t  a  r a t e  o f  112 p e r  m inu te , th e  r e s p ir a to x y  r a t e  

b e in g  26. B re a th in g  was d i f f i c u l t  and th e  p a t i e n t  looked  vexy i l l  

in d eed . H is c o n d it io n  was o th e rw ise  unchanged and he r e l i e d  e n t i r e l y  

upon th e  oxygen he was r e c e iv in g  from th e  B .L .B . mask, f o r  he became 

in te n s e ly  b lu e  when i t  was sh u t o f f  f o r  a  few  moments. The b lo o d  

p re s s u re  was now 140/110. I n s t r u c t io n s  w ere g iven  f o r  oxygen th e ra p y  

to  co n tin u e  th roughou t th e  n ig h t.

26 Hours The p a t ie n t  had s l e p t  f i t f u l l y  f o r  in t e r v a l s  d u r in g  th e  n ig h t

and b re a th in g  was now le s s  lab o u re d  a t  a r a t e  o f  24 r e s p i r a t io n s  

p e r  m inute. There was l i t t l e  e x p e c to ra tio n  by t h i s  tim e and th e  sputum 

had  become ru s ty  i n  c o lo u r. The tem p era tu re  had r i s e n  to  100.2° w ith  a 

th re a d y  p u lse  o f  120 b e a ts  p e r  m inu te. C yanosis was s t i l l  p re s e n t  round 

th e  l i p s  and e a r s ,  and th e  a la e  n a s i were moving d u rin g  r e s p i r a t io n .



On ex am ination  o f  th e  c h e s t th e re  was a  d u l l  p e rc u s s io n  n o te  e l ic i t e d ,  

o v e r th e  base  o f  th e  l e f t  lu n g  and c o n s id e ra b le  im pairm ent o v e r th e  

r i g h t .  A ir  e n try  was very  poo r ov er b o th  th e se  re g io n s  and d e f in i t e  

tu b u la r  b re a th in g  cou ld  be h e a rd  on the  l e f t  s id e . C oarse r a l e s  w ere 

a u d ib le  th roughou t m ost o f  b o th  lu n g s . The b lo o d  p re s s u re  was now 

170/ 124.
I t  was co n s id e re d  th a t  a lth o u g h  s t i l l  s u f f e r in g  from  th e  e f f e c t s  o f  

phosgene g a ss in g  th e  p a t ie n t  was m ainly  a f f e c te d  by a  pneumonic c o n d it io n  

r a th e r  th a n  a pu re  pulmonary oedema. S ince p ro lo n g ed  tre a tm e n t i n  b ed  

was l i k e ly  to  be n ecessa ry  i t  was d ec id ed  to  a rran g e  f o r  th e  p a t i e n t 's  

adm ission  to  h o s p i t a l  i n  th e  c i t y ,  some m ile s  away.

Two grammes o f  sulphapyr&dine (4 ta b le ts  M.& B. 693) were 

adm inistered, oxygen therapy continuing.

32 Hours The tem p era tu re  had now dropped to  99*4, th e  p u lse  rem ain ing

a t  120 and the  r e s p i r a to r y  r a t e  a t  28. The c l i n i c a l  c o n d it io n  

was o th e rw ise  unchanged, save f o r  a  s l i g h t  drop i n  b lo o d  p re s s u re  which 

was now I 6O /I3O. One gramme o f  su lp h ap y rad in e  was g iven  o r a l l y  and th e  

p a t i e n t  l e f t  by ambulance f o r  h o s p i ta l ,  oxygen th e ra p y  to  co n tin u e  en  

ro u te .

The p a t i e n t  was t r e a t e d  in  h o s p i t a l  f o r  broncho-pneum onia and  rem ained 

th e re  f o r  19 days a f t e r  w hich he was s e n t  f o r  two weeks to  a 

co n v a le scen t home. The nex t f o r tn ig h t  he sp e n t under th e  c a re  o f  h i s  

p a n e l d o c to r  i n  h i s  own home, re tu rn in g  to  h i s  norm al work, com ple te ly  

reco v e re d , 6 weeks and 5 days a f t e r  h i s  a c c id e n t .
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Case S«5* H.McA., M ale, aged  48 . P ro c e ss  la b o u re r .

T h is ca se  a ls o  d em o n stra tes  th e  d e lay ed  a c t io n  o f  phosgene and the  

tendency  to  a  more p ro lo n g ed  in v a l id i t y  'when e a r ly  tre a tm e n t i s  n o t 

o b ta in e d . I t  i s  a ls o  o f i n t e r e s t  t h a t  t h i s  case  was co m p lica ted  by th e  

p re sen ce  o f  ch ro n ic  emphysema.

Exposure The a c tu a l  exposure i n  t h i s  in s ta n c e  was d i f f i c u l t  to  a s s e s s .

Judg ing  from  th e  cou rse  o f  th e  subsequen t i l l n e s s ,  exposure 

co u ld  no t have been  very  se v e re . A ll  th a t  cou ld  be a s c e r ta in e d  was th a t  

th e  p a t i e n t  had  been  in  c o n ta c t w ith  le a k in g  phosgene c y l in d e rs  d u r in g  

th e  course  o f  th e  day p rev io u s  to  h is  coming under m ed ica l o b se rv a tio n . 

H is to iy  A lthough w e ll  aware t h a t  he had been  exposed to  and a f f e c te d  by 

phosgene fumes, th e  p a t i e n t  went home a t  th e  end o f  h i s  w orking 

s h i f t  r a th e r  th a n  r e p o r t  to  th e  m e d ica l departm en t, s in c e  he was u n w ill in g  

to  ru n  th e  r i s k  o f b e in g  d e ta in e d  f o r  o b se rv a tio n  and tre a tm e n t. Some 

n in e  o r  te n  hours l a t e r  he summoned h i s  own d o c to r  on accoun t o f  

d ev e lo p in g  c h e s t symptoms, m ain ly  dyspnoea, w ith  p a in  and c o n s t r i c t io n  

i n  th e  th o ra x , and cough. The d o c to r  d iagnosed  "gas p o iso n in g '1 and 

asked  th a t  th e  p a t ie n t  be ta k e n  over by th e  f a c to ry  m ed ica l o rg a n is a t io n . 

A ccord ing ly  th e  p a t ie n t  was b ro u g h t by ambulance and ad m itted  to  th e  

s ic k  b e r th .

C l in ic a l  Course I t  was re p o r te d  th a t  on adm ission  th e  p a t i e n t  was very

b re a th le s s  and had c o n s id e ra b le  e x p ira to ry  dyspnoea. He 

was grey  in  c o lo u r and s l i g h t ly  cyanosed and looked  a s  i f  he had b een  

e x e r t in g  h im se lf  unduly . He com plained o f  p a in  and t ig h tn e s s  i n  the  

c h e s t ,  headache, and a  f o u l  t a s t e  o f  phosgene b e in g  c o n s ta n t ly  i n  h i s  

mouth. "Hie p a t i e n t  m s  p u t to  b ed  w ith  w am th ; oxygen th e ra p y  was begun,



and s im p le  l in c tu s  was g iv en  to  a l la y  coughing. Temp. 9 7 .4 ; p u ls e  34; 

r e s p .2 4 ;  B .P . 260/86. As n e a r ly  as  co u ld  be e s tim a te d , th e  p a t i e n t  came 

u nder our c a re  about 12 h ou rs a f t e r  exposure had  c ea se d . I

14 Hours Two hours a f t e r  adm ission  th e  p a t i e n t  was seen  by me f o r  th e

f i r s t  tim e. P ropped h ig h  up in  bed he was o b v io u s ly  h av in g  ; 

c o n s id e ra b le  d i f f i c u l t y  w ith  h i s  b re a th in g  -  p a r t i c u l a r ly  e x p i r a t io n .  i 

H is s k in  c o lo u r  was g rey , w ith  cy an o sis  o f  l i p s ,  e a r s  and f in g e r s .  Cough 

was f re q u e n t and h a rsh  and he was e x p e c to ra tin g  c o n s id e ra b le  amounts o f  

th e  mucoid sputum. There were no s ig n s  o f  venous c o n g e s tio n  o r  g en era lised

oedema and no ab n o rm ality  was d e te c te d  in  th e  h e a r t .  The c h e s t ,  however, :
■

was m arkedly b a r r e l  shaped, and th e  p a t i e n t  wa3 u s in g  a l l  h i s  a c c e sso ry  I

m uscles o f r e s p i r a t io n .  He s t a t e d  th a t  he was tro u b le d  a  g re a t  d e a l  by j
t

w in te r  coughs, b u t th a t  h is  c h e s t  was "no t too  b ad  a t  t h i s  tim e o f  y e a r  

(A u g u st)" . A loud  e x p ira to ry  wheeze was a u d ib le  a t  some d is ta n c e  from !

th e  p a t i e n t .  P e rc u ss io n  re v e a le d , a t  a ry  r a t e ,  no g ro ss  im pairm ent, j
i

though a ry th in g  le s s  th a n  t h i s  would have been  d i f f i c u l t  to  d e te c t  on j
j

accoun t o f  th e  emphysema p re s e n t .  M oist sounds were abundant and a u d ib le  J
!

th ro u g h o u t th e  c h e s t ,  p a r t i c u l a r ly  a t  th e  b a se , w ith  some d ry  rh o n ch i j
I

a n te r io r ly  i n  th e  upper re g io n s  on b o th  s id e s .  Temp. 97*8; p u ls e  84;

re s p .  26; B .P . 260/96. The a d m in is tr a t io n  o f  oxygen was co n tin u ed  w ith o u t !

in t e r r u p t io n .

16 Hours The p a t i e n t ’s c o n d itio n  was unchanged a p a r t  from  th e  f a c t  t h a t
I

he was sw eating  p ro fu se ly  w h ile  th e  tem p era tu re  had r i s e n  a  1

l i t t l e  to  99° P. and th e  b lood  p re s su re  was now 166/100.

20 Hours By t h i s  tim e th e  b re a th in g  had become much le s s  d i f f i c u l t  and

th e  u a t ie n t  was more com fo rtab le . He was s t i l l  coughing a  good



d e a l ,  however, and  e x p e c to ra tin g  f r e e l y .  The grey  c o lo u r  o f  th e  s k in  

had  now n e a r ly  gone and c y an o s is  was only  s l i g h t .  Numerous r a l e s  were 

s t i l l  p r e s e n t  th ro u g h o u t th e  c h e s t  and co a rse  rh o n ch i were a u d ib le ,  

though th e  lungs d id  seem r a th e r  l e s s  w et th a n  when l a s t  exam ined. The 

p a t i e n t  s t a t e d  t h a t  he f e l t  ve ry  t i r e d  as  he had  n o t s l e p t  d u r in g  th e  

p re v io u s  n ig h t and looked fo rw ard  to  do ing  so now. I n s t r u c t io n s  were 

g iv en  f o r  oxygen th e ra p y  to  be co n tin u ed  d u rin g  th e  n ig h t.

Temp.98; p u ls e  73; r e s p .22; B .P . 146/ 86.

28 Hours The p a t i e n t  was re p o r te d  a s  h av in g  p a sse d  a  very  good n ig h t  

and s l e p t  f o r  long  in t e r v a l s .  Gough was now much l e s s  

troub lesom e, o c c u rr in g  on ly  i n  o c c a s io n a l spasms, and e x p e c to ra tio n  was 

v e iy  much reduced .

Temp.97*6; p u lse  70; re s p .2 0 ; B .P . 145/90.

30 Hours On exam ination  th e  p a t i e n t  was seen  to  be o f  norm al good

co lo u r  and th e re  was no tr a c e  o f  c y a n o s is . B re a th in g  was easy 

and o f  more normal d ep th . Cough was s t i l l  p re s e n t  b u t  was accom panied by 

l i t t l e  e x p e c to ra tio n , and w hat sputum was b ro u g h t up ap p ea red  to  come 

away w ith  l i t t l e  e f f o r t .  A s l i g h t  e x p ira to ry  wheeze was a u d ib le  w henever 

a  deep b re a th  was tak en .

In s p e c tio n  and p e rc u s s io n  o f  th e  c h e s t re v e a le d  no o th e r  s ig n s  th an  

th o se  o f  c h ro n ic  emphysema, w h ile  a u s c u l ta t io n  showed th e  p resen ce  o f  

numerous and d if fu s e  h a rsh  rh o n ch i and some f in e  b a s i l a r  c r e p i ta t io n s .  

Oxygen th e ra p y  was s topped  in  view o f  th e  improved g e n e ra l c o n d it io n  and 

th e  n o tic e a b le  drop in  th e  p u lse  r a t e ,  in s t r u c t io n s  b e in g  g iv en  f o r  i t s  

co n tin u an ce  a g a in  i f  th e  p a t ie n t  shou ld  r e q u ire  i t .

Temp.97; p u lse  60; re sp .2 0 ; B.P.150/1O 8.



36 Hours The p a t i e n t 1 s c o lo u r  was s t i l l  norm al and  th e re  was no tr a c e

o f  c y a n o s is , a lth o u g h  he had  had no oxygen d u r in g  th e  l a s t  s ix  

h o u rs . He s t a t e d  th a t  he f e l t  f in e  and would l i k e  to  go home, a s  he 

was b r e a th in g  norm ally  ag a in . There w ere, in d eed , no s ig n s  o f  r e s p ira to a y  

em barrassm ent. A u sc u lta t io n  of th e  lungs re v e a le d  th e  u s u a l  s c a t t e r e d  

rh o n c h i, and an  odd c r e p i t a t io n  co u ld  be h e a rd  a t  th e  b a s e s . P e rm iss io n  

was however g iv en  f o r  th e  p a t i e n t  to  be s e n t  home to  rem ain  th e re  u n d er 

th e  c a re  o f  h i s  own d o c to r.

Temp.97*2; p u ls e  74; re sp .2 0 ; B .P .136/96.

Twelve days a f t e r  exposure th e  p a t i e n t  resum ed work, h av in g  meanwhile 

been  tinder th e  c a re  o f  h is  own d o c to r w ith  an  a t ta c k  o f  a c u te  b r o n c h i t i s .  

He had, however, reco v ered  com plete ly  and was ab le  to  r e tu r n  to  h i s  

norm al d u t ie s .

Case S .6, A .T ., M ale, aged 39, P ro cess  la b o u re r .

T h is ca se  to o  d em onstra tes  th e  " l a t e n t  p e rio d "  t h a t  fo llo w s  phosgene 

g a ss in g , and p ro b ab ly  because  o f th e  tim e th a t  e la p se d  b e fo re  r e c e iv in g  

tre a tm e n t t h i s  p a t ie n t  a ls o  developed  a  co m p lic a tin g  b r o n c h i t i s .

Exposure The p a t ie n t  was exposed to  a f a i r l y  heavy c o n c e n tra t io n  o f

phosgene vapour from a  d e fe c tiv e  v a lv e  on th e  p ip e  l in e  o f  th e  

f i l l i n g  a p p a ra tu s . The d u ra tio n  o f  exposure may have been  a s  lo n g  a s  

fo u r  h o u rs .

Histoiy Ten hours b e fo re  coming fo r  tre a tm e n t, th e  p a t i e n t  had f i r s t  

become aware o f  hav ing  been  exposed to  phosgene. He had  been  engaged in



f i l l i n g  phosgene c o n ta in e rs  and had a l s o ,  f o r  a tim e , been  d is p o s in g  o f  

le a k in g  c y l in d e r s .  F o r th e  l a t t e r  job  he had  worn a  r e s p i r a t o r ,  a  

norm al p r a c t ic e  i n  th e  p a r t i c u l a r  work, and he b e l ie v e d  th e  gas mask to  

be  e f f i c i e n t .  No r e s p i r a t o r  was worn a t  h i s  n ex t job  on th e  f i l l i n g  

m achine, no r was i t  norm al p r a c t ic e  to  do so , a s  th e  f i l l i n g  c a b in e t  was 

so  d es ig n ed  and v e n t i l a t e d  a s  to  re n d e r  t h i s  inconven ience  u n n ecessa ry . 

S m arting  o f  th e  eyes and i r r i t a t i o n  o f  th e  th r o a t  a f t e r  w orking a t  t h i s  

job  drew th e  p a t i e n t 's  a t t e n t i o n  t o  the  f a c t  t h a t  he had been  exposed to  

phosgene vapour, and s e a rc h  re v e a le d  th a t  one o f  th e  v a lv e s  on th e  p ip e  

l i n e  was le a k in g  b ad ly . The le a k  must have e x i s t e d  f o r  some tim e, 

p ro b ab ly  g e t t in g  worse a l l  th e  w h ile . The d u ra tio n  o f  th e  p a t i e n t 's  

exposure was p robab ly  as  lo n g  a s  fo u r  h o u rs .

L u lle d  in to  a f a l s e  sense  o f  s e c u r i ty  by th e  f a c t  t h a t  th e  sm artin g  o f  

h i s  eyes had  co n s id e ra b ly  le s se n e d  a f t e r  a s h o r t  w h ile , th e  p a t i e n t  d id  

n o t r e p o r t  to  th e  m ed ica l departm ent b u t in s te a d  w ent home a t  th e  end o f 

h i s  s h i f t .

Ten hours l a t e r  he re tu rn e d  to  th e  m ed ica l departm en t i n  a  very  

d i s t r e s s e d  c o n d itio n  to  o b ta in  adv ice  and tre a tm e n t.

C l i n i c a l  Course On a r r i v a l  the  p a t i e n t  was re p o r te d  as b e in g  i n  v e iy

poo r c o n d itio n , ex trem ely  grey and c y a n o tic , w ith  r a p id  

sh a llo w  b re a th in g  and c o n s id e ra b le  p a in  i n  th e  c h e s t .  He was coughing a 

g r e a t  d e a l  and b r in g in g  up copious q u a n t i t i e s  o f  t h i n  w atery  f l u i d ,  

o c c a s io n a lly  t in g e d  w ith  b lood . The u su a l tre a tm e n t w ith  r e s t ,  warmth 

ariri oxygen was begun a t  once. Temp. 100; p u lse  130; re sp .3 0 ; B .P .260/220.



11 Hours ./hen f i r s t  exam ined, p ro b ab ly  about 11 h ou rs a f t e r  exposure

had  ceased , th e  p a t i e n t 's  g e n e ra l appearance and c o n d itio n  w ere 

as  d e sc r ib e d  above, the  te m p era tu re , p u l s e  r a t e ,  r e s p i r a to r y  r a t e  and 

b lo o d  p re s s u re  b e in g  unchanged. The degree  o f  cy an o s is  was se v e re  and 

b re a th in g  was vexy lab o u red , b e in g  r a p id  and sha llow . Sw eating was 

p ro fu se  and th e  p a t ie n t  com plained o f r e t r o - s t e r n a l  p a in  and headache.

He had vom ited once.

There were no s ig n s  o f venous co n g e s tio n  o r  g e n e ra l oedema, and no 

c a rd ia c  ab n o rm a lity  cou ld  be detected , a p a r t  from  th e  v e iy  r a p id  r a t e  o f  

th e  h e a r t 's  b e a t in g . P e rc u ss io n  over the  lungs showed a marked 

im pairm ent on b o th  s id e s ,  p a r t i c u l a r ly  a t  the b a s e s . On a u s c u l ta t io n  

co arse  b u b b lin g  r a l e s  were a u d ib le  th roughou t th e  e n t i r e  c h e s t .

Veganin ( a s p i r in ,  p h e n a c e tin  and cod e in  compound) was p r e s c r ib e d  f o r  

headache and one f l u i d  drachm o f  l in c tu s  diam orphinae B .P . C. on accoun t 

o f  th e  v e ry  d is tu rb in g  cough. Oxygen th e ra p y  c o n tin u ed  w ith o u t 

in t e r r u p t io n .

12 Hours The g e n e ra l c o n d itio n  o f th e  p a t i e n t  rem ained v e iy  much th e  same 

ex cep t t h a t  th e  r e s p i r a to iy  r a t e  had  become slow  and i r r e g u l a r ,  

b e in g  r a th e r  g asp ing  i n  type b u t n o t tru e  C heyne-Stokes b re a th in g . The 

e n t i r e  s k in  was in te n s e ly  grey , due to  a f a i n t  g e n e ra lis e d  purpb cy an o sis  

m ing led  w ith  p a l l o r ,  and a  deeper b lu e  cy an o sis  o f  hands and f e e t ,  l i p s ,  

e a r s  and nose. Sw eating was ve iy  p ro fu se  and la y  i n  g r e a t  beads on h is

r a th e r  c o o l sk in .

Temp.9 9 .2 ; p u ls e  122; re sp . 12. B .P. 260/200.

N ote: In  no o th e r  case has t h i s  slow  gasp ing  r e s p i r a t i o n  b een  no ted .

At t h i s  tim e th e  p a t i e n t 's  lungs were v e ry  w a te r- lo g g e d  and ano x ia  was



se v e re ; th e re  was a  dusky c y an o s is . l e t  the  f a c t  rem ains t h a t  th e  

p a t i e n t  had  had one f l u i d  drachm o f l in c tu s  diam orphinae B .P. C ., w hich 

c o n ta in s  3/13 g ra in  o f h e ro in . 7 /h ile  such  a dose does no t u s u a l ly  have 

apy v e iy  marked e f f e c t  on r e s p i r a t io n ,  and e s p e c ia l ly  when g iv en  o r a l l y ,  

i t  may he th a t  th e  d rug , i n  c o n ju n c tio n  w ith  the  ano x ia  and s e r io u s  

i r r i t a t i o n  o f  th e  r e s p i r a to iy  c e n tre  (a s  w i l l  be d is c u s se d  l a t e r )  d id  i n  

f a c t  c o n tr ib u te  to  th e  p ro d u c tio n  o f  a slow  g asp in g  type  o f  r e s p i r a t io n .  

H ero in  was no t employed in  t h i s  type o f  case on subsequen t o c c a s io n s , and 

i t  i s  th e re f o r e  no t p o s s ib le  to  give f u r th e r  in fo rm a tio n  on th e  p o in t .

13 Hours The p a t i e n t 's  c o n d itio n  had now somewhat im proved. He looked 

l e s s  grey  and haggard , b u t cy an o s is  was s t i l l  p r e s e n t  i n  the  

e x t r e m it ie s .  He was e x p e c to ra tin g  f r e e ly ,  and sputum was n o t now b lo o d ­

s ta in e d .  The headache had gone and th e  p a t ie n t  s t a t e d  t h a t  he f e l t  much 

more co m fo rtab le . He was s t i l l  sw ea tin g  s l i g h t l y ,  b u t b re a th in g  more 

e a s i l y  th an  on adm ission ; th e  r e s p i r a to iy  r a t e  had  r e tu rn e d  to  28 p e r  

m in u te , and th e  r e s p i r a t io n s  w ere r e g u la r  and shallow . M oist sounds 

w ere s t i l l  a u d ib le  th roughou t the  c h e s t ,  though th e  lungs d id  n o t seem 

q u ite  so w et. The p a t ie n t  now f e l t  p rep a red  to  s e t t l e  f o r  th e  n ig h t .

Temp.99; p u ls e  94; r e s p .28; B .P. 160/100.

17 Hour3 The n ig h t nurse re p o r te d  th a t  th e  p a t i e n t  had  been  s le e p in g  a t  

i n t e r n a l s  and seemed to  be very  co m fo rtab le . He was v e iy  

t h i r s t y  and had been  d r in k in g  w e ll  and e x p e c to ra t in g  f r e e ly ,  no f u r th e r  

b lo o d  hav ing  app ea red  in  th e  sputum, w hich had co n s id e ra b ly  le s s e n e d  in  

amount. R e sp ira t io n s  were s t i l l  r e g u la r ,  b u t much le s s  r a p id .  Sw eating 

had  been  p ro fu se  and th e  p a t ie n t  f e l t  b e t t e r  a f t e r  te p id  spongeing .

Oxygen th e ra p y  co n tin u in g . Temp.97-8; p u lse  92; re s p . 22; B .P . 140/80.



2-4 Hours The fo llo v /in g  morning th e  p a t i e n t  was v e iy  much more composed, 

was o f  good norm al c o lo u r  and a l l  c y an o s is  had gone. He had 

r e s p i r e d  oxygen a l l  n ig h t , though t h i s  had been  s to p p e d  f o r  a s h o r t  tim e 

w h ile  he had  a l i g h t  b r e a k fa s t  o f egg sw itch ed  in  m ilk  w ith  t o a s t .  Oxygen 

had th e n  been  r e s t a r t e d ,  b u t a t  a g r e a t ly  reduced  r a t e  o f  flow .

B re a th in g  was now easy  and r e g u la r ,  cough very  s l i g h t  and mucus was 

b e in g  e x p e c to ra te d  i n  sm a ll q u a n t i t i e s  only  a f t e r  b o u ts  o f  coughing. The 

p a t i e n t  was moving f r e e l y  about th e  bed .

No im pairm ent o f  no te  was dem onstrab le  on p e rc u s s in g  th e  c h e s t .  A ir  

e n t ry  was good and on ly  an odd c r e p i t a t i o n  was a u d ib le  a t  th e  b a se s  w ith  

some rh o n ch i to  be h e a rd  a t  a l l  p a r t s  o f  th e  c h e s t .  I n s t r u c t io n s  g iv en  

f o r  oxygen th e ra p y  to  be s to p p ed  g ra d u a lly . Temp.97*2; p u lse  80, re s p .2 0 ; 

B .P . 150/98.

32 Hours F or th e  p re v io u s  s ix  hours th e  p a t i e n t  had had  no in h a la t io n  

o f  oxygen and th e  c e s s a t io n  o f  t h i s  tre a tm e n t had  b een  w ith o u t 

th e  s l i g h t e s t  i l l  e f f e c t .

E xam ination  re v e a le d  no abno rm ality  i n  th e  c h e s t a p a r t  from o c c a s io n a l 

h a rsh  rh o n ch i w hich p e r s is te d .

As th e  p a t i e n t  was most anx ious to  g e t home a g a in , he was s e n t  by c a r , 

and h i s  own d o c to r  was inform ed.

Temp. 9 7 .6 ; p u lse  78; re sp . 20; B.P. 143/30.

On th e  t h i r d  day a f t e r  exposure th e  p a t i e n t  re tu rn e d  to  the  f a c to ry ,  

a sk in g  to  be a llow ed  to  resume work. He had a c tu a l ly  come in  s p i t e  o f  

h i s  own d o c to r  h av ing  c e r t i f i e d  th a t  he was s u f f e r in g  from  b r o n c h i t i s .

T h is was c o n f i r m e d  by c l i n i c a l  exam ination  and th e  p a t i e n t  was se n t home



a g a in  w ith  in s t r u c t io n s  n o t to  r e tu r n  u n t i l  h i s  d o c to r  had  g iv e n  him 

p e rm iss io n  to  do so.

On th e  tw e l f th  day a f t e r  exposure th e  p a t i e n t  p re s e n te d  h im se lf  

a g a in . He had reco v e re d  co m p le te ly , and was th e re f o r e  a llo w ed  to  r e tu r n  

to  h i s  norm al employment.

Case S. 7* J .K . , Male, aged 36. P ro cess  la b o u re r .

In  t h i s  c a se , exposure had no t been unduly  heavy and th e  case  was no t 

a  v e ry  severe  one. Y et, th e  " l a t e n t  p e rio d "  i s  w e ll  marked, th e re  b e in g  

a  d e lay  o f  te n  h ou rs b e fo re  tre a tm e n t began. I t  i s  p ro b ab le  t h a t  w ith  

e a r ly  tre a tm e n t th e  symptoms would have been  l e s s  se v e re  and th e  

c o m p lic a tin g  b r o n c h i t i s  m ight have been  avoided .

Exposure A f te r  b e in g  a t  work f o r  two h o u rs , th e  p a t i e n t  ex p e rien ced  so re  

th r o a t ,  cough and sm arting  o f  th e  ey es , w ith  s l i g h t  f r o n t a l  

headache. Upon se a rc h in g , he found a  le a k in g  phosgene c o n ta in e r  c lo se  to  

w here he had  been  w orking. Exposure was o f two h o u rs ' d u ra t io n  and to  

vapour on ly .

H-S Rt.nry Having found the  le a k in g  v e s s e l  w hich h is  e a r ly  symptoms caused 

h-im to  seek , th e  p a t ie n t  d isp o sed  o f  i t ,  w ent o u t f o r  a  s h o r t  w h ile  in to  

th e  open a i r  and th e n  had a  cup o f  te a  i n  th e  can teen . He re tu rn e d  to  

h i s  jo b , worked f o r  a n o th e r fo u r  hou rs  and th e n  went home. E a r ly  in  the  

even in g , abou t te n  hou rs  a f t e r  exposure had  ceased , th e  p a t i e n t  r e tu rn e d  

to  th e  f a c to ry  to  seek  m ed ical ad v ice  and tre a tm e n t because  h i s  symptoms 

had  become more se v e re . He was ad m itted  to  th e  s ic k  bay and  oxygen

th e ra p y  was begun.



57.

C l in ic a l  Course

10 h o u rs  On a r r i v a l  th e  p a t i e n t  com plained o f  cough, t ig h tn e s s  i n  th e  

c h e s t ,  and headache, w ith  a  f o u l  t a s t e  o f  phosgene i n  h i s  mouth. He a ls o  

s t a t e d  t h a t  h i s  th r o a t  f e l t  dzy.

In  appearance he was r a th e r  p a le  w ith  s l i g h t  c y an o s is  o f  th e  

e x t r e m it ie s  and was o b v io u sly  h av ing  some d i f f i c u l t y  w ith  b re a th in g .  The 

fa u c e s  w ere r a th e r  in je c te d ,  a  c o n d itio n  p ro b ab ly  w orsened by th e  cough 

from  w hich th e  p a t i e n t  s u f fe re d .  E x p e c to ra t io n  was, how ever, n o t g re a t  

i n  amount.

On exam ination  th e re  was d e f in i te  d im in u tio n  o f a i r  e n tz y  in to  th e  

lu n g s , though a c tu a l  im pairm ent to  p e rc u s s io n  co u ld  n o t be d e te c te d .

M oist sounds were a u d ib le  th roughou t th e  c h e s t ,  a lth o u g h  th ey  were by f a r  

more numerous a t  th e  b ases  o f  th e  lu n g s . Some sonorous rh o n ch i were 

a u d ib le  i n  th e  upper a re a s  o f  b o th  lungs.

Temp*99} p u lse  110; r e s p . 26; B.P. 160/100.

12 H ours Coughing was now much more easy  and had become more p ro d u c tiv e ,

a  good d e a l  o f  th in  f  lu id  b e in g  b ro u g h t up. There was no

b lo o d  s ta in in g  o f  th e  sputum.

In  th e  lu n g s , some im pairm ent o f  p e rc u s s io n  n o te  was e l i c i t e d  a t  th e  

l e f t  basejk, w h ile  a u s c u l ta t io n  showed t h a t  the  m o ist sounds had  become 

more abundant, e s p e c ia l ly  i n  th e  upper p a r t s  o f th e  lu n g s . B re a th in g  was 

r a th e r  sha llow .

Temp.100 .6 ; p u lse  100; re s p . 28; B.P. 160/100.

14 h o u rs  The p a tie n t*  s  c o n d itio n  rem ained unchanged. B re a th in g  was

s t i l l  v e iy  sh a llo w , b u t r e g u la r ,  and he was b r in g in g  up a  gpod

d e a l  o f  sputum. The s k in  m s  s t i l l  p a le  w ith  cy an o sis  o f  th e  l i p s  and



e a r s ,  and he was p e r s p ir in g  f r e e l y .  E xam ination  o f  th e  lu n g s r e v e a le d  

no change.

Temp.101; p u ls e  100; re s p . 28; B .P. 156/100.

I n s t r u c t io n s  w ere g iven  f o r  oxygen th e ra p y  to  be c o n tin u ed  d u r in g  th e  

n ig h t .

22 h o u rs  By th e  fo llo w in g  m orning th e  p a t i e n t  s t a t e d  th a t  he f e l t  mnrth 

b e t t e r  and he had s l e p t  f o r  i n t e r v a l s  d u rin g  th e  n i $ i t .  The 

b r e a th in g  was much e a s ie r  and th e re  was now no s ig n  o f  c y a n o s is  o r  

p a l l o r .  The headache and t ig h tn e s s  i n  th e  c h e s t  had  b o th  d isa p p e a re d .

E xam ination  o f  th e  lungs re v e a le d  some d e f ic ie n c y  i n  a i r  e n t iy  a t  th e  

l e f t  b a se  b u t th e  p e rc u s s io n  no te  i n  t h a t  re g io n  c o u ld  n o t be re g a rd e d  as  

abnorm al. M oist sounds were now v e iy  sp a rse  and a u d ib le  on ly  a t  th e  

b a s e s . Cough had g r e a t ly  d im in ished  and th e  p ro d u c tio n  o f  sputum was 

v e iy  much l e s s .

Temp. 99* 8; p u lse  86; re s p . 22; B .P. 140/90.

26 Hours Exam ination  cf th e  c h e s t now showed on ly  a n  o c c a s io n a l m o is t 

sound a t  th e  b a se s  w ith  some rhonch i s c a t t e r e d  th ro u g h o u t th e  lu n g s . The 

p a t i e n t  s t a t e d  th a t  he f e l t  very  co m fo rtab le . Oxygen th e ra p y  was now 

sto p p ed .

Temp.9 8 .6 ; p u ls e  83; r e s p .20; B .P.1 4 0 /9 0 .

30 ho u rs  Cough and e x p e c to ra tio n  now on ly  o c c u rre d  a t  lo n g  in t e r v a l s  

and ap p ea red  to  be i n  th e  n a tu re  o f  c le a r in g  th e  th r o a t  r a th e r  th a n  due 

to  a  more deep ly  s e a te d  cause. The p a tie n t*  s c o n d it io n  had been  e n t i r e l y  

s a t i s f a c t o i y  d u rin g  th e  p rev io u s  fo u r  h o u rs , i n  w hich he had  n o t had a ry

oxygen in h a la t io n .

On exam ination , a  few  c r e p i ta t io n s  were d e te c te d  ov er b o th  b a s e s ,  and



rh o n ch i a s  b e fo re ,  w ith  a i r  e n try  q u ite  un im paired  a t  a ry  p a r t .

as th e  p a t i e n t  was v e iy  anx ious to  g e t home, he was ta k e n  th e re  by c a r  

and h i s  own d o c to r  was n o t i f ie d .

Temp.9 8 .6 ; p u ls e  90; re s p .2 0 ; B .P .130/90.

N ine days a f t e r  exposure th e  p a t i e n t  r e tu rn e d  to  work, b r in g in g  a  

c e r t i f i c a t e  from  h is  own d o c to r  th a t  he had  had  an  a c u te  b r o n c h i t i s .  

However, reco v e iy  had  been  com plete , and th e  p a t i e n t ,  f r e e  from  a l l  

ab n o rm a lity , was a llow ed  to  r e tu r n  to  h i s  fo rm er o ccu p a tio n .

A s e r i a l  r e c o rd  o f  b lo o d -p re s su re , p u lse  r a t e ,  r e s p i r a t i o n  r a t e  and 

body tem p era tu re  changes i n  th e  seven  s e v e re ly  a f f e c te d  ca se s  d e sc r ib e d  

above w i l l  be found i n  Table 2.



TABLE 2. SEVPRhlLT U'PBGTjjP CAd.aib.
p

r  C '\ou.

Case Nc). Normal+ 
Blood 
P re  ssu re

F i r s t  X 
R e p o rtin g  
f o r  T rea t-

H O U R S
-ment

3 U B S E Q U E N T
f A F T E R Z E R O

3 .1 .
S.H.A.

132/90 Time
B .P .
P u ls e
Temp.
Resp.

0
150/90

70
9 6 .4

36

1
135/90
72
9 3 .2
22

5
210/110
30
9 9 .2
24

15
240/110
100

30

16
I 6O/1 3 0
116
97 .6
32

18
170/130
118
9 7 .6
40

22
130/132
118
9 6 .4
34

32
140/110
100
9 7 .0
26

a a
36 50 

140/115 133/112 
96 30 
9 7 .6  97 .6  
23 24

X
63

132/110
32
9 7 .3
22

ICO
136/90
70
9 3 .2  
20

S. 2 
D.McA.

122/36
Time
B .P.
P u lse
Temp.
Resp.

0
173/113
128

24

1
164/113
124
97
22

3
150/110
102
99

. 2k -  ____

5
180/120
100
9 3 .8
23

6
176/120
96
9 3 .6
30

8
160/113
90
9 3 .0
28

10
146/110
92
9 3 .0
22

15
146/120
36
9 3 .0
20

24 e  x  32
123/96 150/116 
34 74 
9 7 .2  9 7 .4  
18 13

S. 3
P .P .

140/36 Time 
J3 • J- * 
P u ls e  
Temp. 
Resp.

0
170/110
73
9 8 .4
20

1
152/100
72
93 .6  
22

3
140/96
30
9 3 .3
22

5
160/100
80
9 9 .0
24

6
150/34
33
9 9 .4
22

3
140/84
70
9 7 .4
20

10
12,0/80
70
9 7 .6
20

23 X
140/84
74
9 8 .0
20

S.A 
F .B . 126/76

Time
B .P.
P u ls e
Temp.
Resp.

15
150/105
100
9 3 .2  , 
23

16
150/105
104
9 9 .2
26

18
140/110
112
101 .2
26

26
170/124
120
100.2
24

32
160/130
120
9 9 .4  

-  28

3 .3
H.McA.

120/80 Time
B.P.
P u ls e
Temp.
Resp.

12
260/36
34
9 7 .4
24

14
260/96
34
9 7 .3
26

16
166/100
34
9 9 .0
26

20 
146/  36 
73 
9 8 .0  
22

23
148/90
70
9 7 .6
20

30 X 
150/108 
60
9 7 .0
20

36
136/96
74
9 7 .2
20

S. 6 
A. TV

123/74 Time
B.P.
P u lse
Temp.
Resp.

10
260/220
150
100
30

12
260/200
122
9 9 .2
12

13
160/100
94
9 9 .0
28

17
140/30
92
9 7 .8
22

24 ©
150/98
30
9 7 .2  

—  20

32 X
142/30
73
97 .6
20

S. 7 
J .K .

130/90 Time
B.P.
P u lse
Temp.
Resp.

10
160/100
110
9 9 .0
26

12
160/100
100
100.6
23

14
I56/IOO
100
101
23

22
140/90
36
9 9 .3
22

© 26 X 
140/90
88
93 .6  

—  20

30
130/90
90
9 3 .6
20

+ Recorded a t  pre-em ploym ent ex am in a tio n . Q  Oxygen flo w  red u ced  o r  a d m in is te re d  in t e im i t t e n t l y

X A ll  a c c id e n ts  o c c u rre d  and exposure  cea sed  a t  ze ro  h o u r ^  Oxygen th e ra p y  f i n a l l y  s to p p ed .



COMMENTART ON SEVERELY xmmrnt-n CASES

I t  i s  d e s i r e d  to  draw a t t e n t i o n  p a r t i c u l a r l y  to  th e  fo llo w in g  p o in ts  in ;  

co n n e c tio n  w ith  t h i s  group o f  p a t i e n t s : — :

1* w i l l  be seen  from  ta b le  2, e le v a t io n  o f  th e  b lo o d  p re s s u re  i s  a
I

c o n s ta n t f e a tu r e  among th e  se v e re ly  a f f e c te d  c a se s . Each e x h ib i t s  i t  i n  1 

a  d e f i n i t e  and marked d eg ree , th e  a c tu a l  e x te n t  o f  th e  r i s e  b e in g  g r e a te r  I 

i n  th e  more s e r io u s  c a s u a l t i e s ,  and tends to  be h ig h e s t  a t  th e  h e ig h t  o f
j

th e  i l l n e s s .

2. In  some in s ta n c e s ,  i f  no t a l l ,  th e re  i s  a  t r a n s i e n t  r i s e  i n  b lo o d  ? 

p re s s u re  im m ediately  fo llo w in g  exposure , fo llo w ed  q u ick ly  by a drop  and
i

th e n  by a  secondaiy  r i s e  as th e  p a t i e n t 's  c l i n i c a l  c o n d itio n  w orsens. The ■ 

i n i t i a l  r i s e  i s  p ro b ab ly  p u re ly  em o tio n a l i n  o r ig in ,  and i s  w e ll  shown t
J' .

i n  c a se s  1, 2 and 3 . In  th e  o th e r  c a se s  i t  i s  n o t a p p a re n t, s in c e  th e y  « j
i j

were n o t seen  u n t i l  a co n s id e ra b ly  l a t e r  s ta g e  o f  th e  i l l n e s s .  The : j

seco n d a iy  r i s e  o c c u rr in g  a t  th e  h e ig h t o f  th e  i l l n e s s  i s  a p p a re n t i n  a l l  i j
- I

th e  c a s e s  d e sc r ib e d , and i t  i s  th i s  one w hich i s  t y p i c a l  o f  sev e re  

phosgene p o iso n in g . ■■■

3. The body tem p era tu re  i s  e le v a te d  a t  some s ta g e  o f  th e  i l l n e s s  in  e v e iy  i < 

c a se , and t h i s  occurs q u ite  i r r e s p e c t iv e  o f  th e  developm ent o f  in f e c t iv e  \ 

lu n g  c o m p lica tio n s . The p y re x ia , however, qu ick ly  su b sid ed  i n  a l l  c a s e s ,  • 

save i n  th e  in s ta n c e  o f case S .4 , where i t  p e r s i s t e d  f o r  many h o u rs , and
-t

m erged in to  th e  p y re x ia  o f  a  d ev e lo p in g  pneumonia. | ,

4 . I n  g e n e ra l i t  may be s ta t e d  th a t  p a t ie n t s  r e c e iv in g  tre a tm e n t ;!

im m ediately  a f t e r  exposure reco v ered  more q u ic k ly , d id  n o t develop  

in f e c t iv e  c o m p lica tio n s , and were ab sen t a  s h o r te r  tim e from  work. jj



5« Dyspnoea was a  c o n s ta n t f e a tu r e  o f  th e  sev e re  c a se s  and took  th e  foim  

o f  r a p id  sh a llo w  b re a th in g .

6. The c o lo u r  o f  th e  s e v e re ly  g assed  p a t i e n t  i s  c o n s ta n t ly  a  g e n e ra l is e d  

le a d e n  g rey . T h is i s  seen  to  be made up o f  a  m ix tu re  o f  in te n s e  p a l l o r  

and o rd in a iy  c y a n o s is . On th e  no im ally  b e t t e r  c o lo u re d  p a r t s  o f  th e  

body, e s p e c ia l ly  th e  l i p s  and e a r s ,  th e  c y an o s is  i s  th e  u s u a l b lu e  ty p e , 

unmixed o r  b u t l i t t l e  mixed w ith  p a l lo r .  The g e n e ra l is e d  b lu e  and 

co n g es te d  type o f  case  reco rd ed  in  th e  l i t e r a t u r e  h as  no t been  seen .

7. Between th e  c e s s a t io n  o f  exposure and th e  developm ent o f  s e r io u s  

symptoms, e s p e c ia l ly  lu n g  oedema, th e re  i s  a  p e r io d  o f  s e v e r a l  h o u rs  

when th e  p a t i e n t  rem ains com para tiv e ly  w e ll .  T his i s  th e  w e ll  known 

" l a t e n t  p e r io d "  o f phosgene p o iso n in g , and i s  m entioned  c o n s ta n t ly  

th ro u g h o u t th e  l i t e r a t u r e ,  and i t  i s  shown by a l l  th e  c a se s  d e s c r ib e d  

above.

These ard. th e  o th e r  main f e a tu r e s  o f  phosgene g a s s in g  w i l l  be 

s e v e r a l ly  c o n s id e re d  d u rin g  a  d e ta ile d  d is c u s s io n  o f  th e  c o n d it io n  i n  

th e  n e x t and subsequen t c h a p te rs .



63.

C H A P T E R  I I I  

D isc u ss io n  o f  Phosgene Poisoning;

A e tio lo g y

There i s  no doubt b u t t h a t  t h i s  gas a c t s  c l i n i c a l l y  a s  a  lung  i r r i t a n t .  

H i th e r to  i t  has been  g e n e ra lly  a c c ep ted  t h a t  t h i s  a c t io n  i s  s o le ly  a  

l o c a l  and d i r e c t  one, b u t i t  i s  hoped to  show in  th e  p re s e n t  s tu d y  t h a t  

t h i s  e x p la n a tio n  cannot be acc ep ted  a s  a l to g e th e r  com plete and  c o r r e c t .

I n  th e  l i t e r a t u r e  th e re  i s  g e n e ra l agreem ent th a t  among f a t a l  c a se s  th e  

conm onest cause o f  d e a th  i s  pulmonary oedema. T his oedema i s  known to  

be due to  th e  escape  o f  plasm a from  th e  lung  c a p i l l a r i e s  in to  th e  

a lv e o la r  sp aces . A lthough I  have n o t had th e  o p p o rtu n ity  o f  o b se rv in g  

d i r e c t l y  th e  phenomena o f  plasm a ex u d a tio n  from th e  membranes o f th e  !
t

r e s p i r a t o iy  t r a c t ,  I  have seen  them i n  v a ry in g  d eg ree s  o f  s e v e r i ty ,  i n  

th e  c o n ju n c tiv a  o f  th e  eye. These o b se rv a tio n s  have a lre a d y  been  ■

d e s c r ib e d  in  th e  case  h i s t o r i e s  p re se n te d . I t  seems re a so n a b le  th e n  to  • 

a c c e p t t h a t  a  s im i la r  ex u d ativ e  p ro c e ss  a ls o  ta k e s  p la c e  i n  th e  i ,

pulm onary t i s s u e s  and i s  th e  p rox im ate  cause o f  th e  lu n g  oedema th a t  i s
f

such  a  prom inent f e a tu r e  o f  th e  s e v e re r  c a se s  o f  phosgene p o iso n in g . ^

On th e  assum ption  t h a t  th e  pulmonary oedema i s  cau sed  s o le ly  by a  !

lo c a l  e f f e c t  upon th e  t i s s u e s  o f  th e  lung , two p o s s ib le  modes o f  a c t io n
i

o f  th e  gas have been  sug g ested . Some w r i te r s  b e l ie v e  t h a t  th e  su b stan ce  

i s  in h e re n t ly  a  s tro n g  i r r i t a n t ,  capab le  o f  causing  sev e re  damage to  j

c e r t a i n  t i s s u e s ,  p a r t i c u la r ly  th o se  o f  the lu n g s , w hich a re  r i c h l y  endowedj 

w ith  a  netw ork o f  com para tive ly  s u p e r f i c i a l  and hence r e a d i ly  damaged 

c a p i l l a r y  b lo o d -v e s s e ls . O thers s t a t e  th a t  th e  gas owes i t s  i r r i t a n t  ,

p r o p e r t i e s  to  th e  f a c t  th a t  i t  h y d ro ly ses  in  th e  p resen ce  o f  m o is tu re



to  p roduce carbon  d io x id e  and h y d ro c h lo r ic  a c id ,  and t h a t  i t  i s  th e  

l a t t e r  su b s tan ce  w hich cau ses  th e  a c tu a l  damage to  th e  b lood  v e s s e ls  and 

t i s s u e s .  There a r e ,  however, very  s e r io u s  o b je c tio n s  to  b o th  o f  th e se  

mechanisms su g g es ted  f o r  th e  p ro d u c tio n  o f lu n g  oedema by phosgene 

g a ss in g . These o b je c tio n s  w i l l  be d e sc r ib e d  and d is c u s s e d  more 

c o n v e n ie n tly  i n  subsequen t s e c t io n s ,  where i t  i s  hoped to  show th a t  th e  

a c t io n  o f  phosgene i n  p ro d u c in g  oedema o f  th e  lu n g  canno t be e n t i r e l y  a  

l o c a l  one.

P a th o lo g y

A. MORBID ANATOM!

B efore e n te r in g  upon a  d is c u s s io n  o f  th e  chem ica l o r  p h y s io lo g ic a l  

p a th o lo g y  o f  phosgene p o iso n in g , i t  i s  n ece ssa ry  to  have some c l e a r  

p ic tu r e  o f  th e  an a to m ic a l changes th a t  take  p la c e  i n  th e  lu n g s . In  th e  

p r e s e n t  s e r i e s  o f  case s  th e re  have been  no d e a th s , and hence no 

o p p o r tu n i ty  o f  o b serv in g  p e rs o n a lly  th e  m orbid anatomy o f th e  c o n d itio n . 

The s u b je c t  h a s , however, been  w e ll  covered  by o th e r  w r i te r s .

A ccord ing  to  th e  M edical Manual o f  Chemical W arfare ( 23) ,  th e  

e s s e n t i a l  le s io n s  a re  pulmonary oedema, ru p tu re  o f  th e  a lv e o l i  and 

c o n c e n tr a t io n  o f  th e  b lood , w ith  in c re a se d  v i s c o s i ty  and  a  tendency  to  

th ro m b o sis . The e a r l i e r  th a t  d ea th  occurs a f t e r  exposure, th e  g r e a te r  

th e  d eg ree  o f  pulmonary oedema. In  th e  e a r ly  s ta g e s  th e  lungs a re  

volum inous, oedem atous, ana congested  w ith  b lo o d , w h ile  a e r a te d  p a tc h e s  

o f  emphysema a l t e r n a t e  w ith  p a tch es  o f  c o l la p s e ,  p a r t i c u l a r ly  a t  th e  

lu n g  edges. F ro th y  sero u s  f l u i d  m ingled w ith  b lo o d  d r ip s  from  th e  

c u t  s u r fa c e  o f  th e  lungs and p e t i c e h i a l  haem orrhages may be p r e s e n t



i n  th e  s u rfa c e  o f  th e  p le u ra .  The p le u r a l  c a v i ty  i t s e l f  u s u a l ly  c o n ta in s  

a  sm a ll amount o f  b lood  s ta in e d  e f fu s io n . In  l a t e r  c a se s  t h a t  come to  

au to p sy  th e re  i s  le s s  pulmonary oedema, and commencing bronchopneum onia 

may in d ic a te  t h a t  b a c t e r i a l  in v a s io n  has ta k e n  p la c e .

Shaw Dunn (24-) s t a t e s  th a t  " th e  l e s io n  produced  by phosgene must be 

’’r e le g a te d  to  th e  ca teg o ry  o f  a c u te  in flam m ation  . . .  I n i t i a l  damage i s  

"very  un ifo rm  in  d i s t r i b u t io n ;  much more so th a n  in  le s io n s  a r i s i n g  from  

" b a c t e r i a l  i n f e c t io n ."  The same a u th o r  f u r th e r  s t a t e s  th a t  " . . .  d e a th  

"d u rin g  th e  f i r s t  1 $  hours i s  a s s o c ia te d  w ith  extrem e deg rees  o f  

"pulm onary oedema, and  th e  g r e a te r  p a r t  o f  th e  r e s p i r a to r y  a re a  i s  o u t 

"o f  a c t io n  p u re ly  as a  r e s u l t  o f  f l u i d  in  th e  a lv e o la r  spaces" . . . "  i t  ■ 

" i s  th e  b u lk  o f  t h i s  f l u i d  w hich c o n s t i tu te s  th e  grave f a c t o r  i n  th e  

"average  ca se . I t  a c t s  i n  m echanical fa s h io n  by f i l l i n g  up th e  a lv e o l i  

" to  th e  e x c lu s io n  o f a i r . "  The p ic tu r e  th u s  p re s e n te d  i s  one i n  w hich 

d e a th  i s  due to  anox ia  consequent upon th e  p a t i e n t  drowning i n  h i s  own 

s e c r e t io n .

F u r th e r  l i g h t  has re c e n t ly  been  throw n on th e  p a th o lo g y  o f  phosgene 

g a s s in g  by McG-ibbon (2 5 ) , w h ile  in v e s t ig a t in g  th e  e f f e c t s  o f  

b ronch o sco p ic  a s p i r a t io n  o f  s e c re t io n s  and b ronchoscop ic  in s u f f l a t i o n  o f  

oxygen and  carbon  d io x id e  in  g o a ts  su b je c te d  to  phosgene g ass in g . The 

common f in d in g  i n  th o se  an im als which d ie d  o r  were k i l l e d  a t  th e  

e x p i r a t io n  o f  th re e  days, was a  v a r ia b le  degree o f  " c o n so lid a tio n "  o f  j

th e  lu n g s . I t  was e s ta b l is h e d  t h a t  two ty p es  o f  inflam m atory f l u i d  a re  

p roduced  in  th e  low er r e s p i r a to iy  t r a c t  as  a  r e s u l t  o f  phosgene a c t in g  ,

on th e  tra c h e o b ro n c h ia l mucous g lands and on th e  e p ith e liu m  o f  th e



r e s p i r a to r y  u n i t . " G rea tly  in c re a s e d  raucous s e c r e t io n  occurs i n  th e  

p ro x im al a irw ay s, and an  e x c e ss iv e  o u tp o u rin g  o f  c l e a r  oedema f l u i d  in  

th e  more d i s t a l  " r e s p i r a to iy  u n it"  sp aces . Prom b ronchoscop ic  

o b s e rv a t io n  and from  th e  e f f e c t s  o f  b ronchoscop ic  a s p i r a t io n  o r  p o s t ­

mortem exam ination  i t  i s  sug g ested  t h a t  th e  mucous s e c r e t io n  form s p lu g s  

in  th e  s m a lle r  b ro n ch i and b ro n c h io le s  w hich, p o s s ib ly  a id e d  by s w e llin g  

o f  th e  mucous membrane and by b ro n c h io la r  spasm, cause  o b s tru c t io n  and 

r e te n t io n  01 th e  oedema f l u i d  in  th e  lung  sp aces . This c o n d itio n  o f  

f l u i d  r e t e n t io n  i s  r e f e r r e d  to  by th e  a u th o r  as  " c o n s o l id a t io n ." He 

found  t h a t  i n  phosgene p o iso n in g  the o b s tru c t iv e  ag en t i s  tough mucus, 

w hereas i n  c h lo r in e  and " b l i s t e r in g  gas" p o iso n in g  th e  o b s tru c t io n  i s  

cau sed  by shed and n e c ro t ic  mucous membrane.

A s im i la r  type o f  b ro n c h ia l o b s tru c t io n  in  pneumonia has been d e s c r ib e d  

by C o iy llo s  (2 6 ) , and th e  developm ent o f  " c o n so lid a tio n "  i n  th e  u n d ra in e d  

p o r t i o n  o f  th e  lung  in  a cu te  b r o n c h io l i t i s  in  c h i ld r e n  by Hubble and 

O sborn ( 27) .  Such a n a lo g ie s  betw een pneumonic c o n d itio n s  and phosgene
c lh j.

i r r i t a t i o n  o f  the lungs i-s in  agreem ent w ith  Shaw Dunn1 s s ta te m e n t, t

a lre a d y  quoted , th a t  " th e  e f f e c t  o f phosgene g a ss in g  m ust be r e le g a te d  , 

to  th e  ca teg o ry  o f  acu te  in flam m atio n ."

B. PHYSIOLOGICAL AND CHEMICAL PATHOLOGY

The in h a la t io n  o f  phosgene gas p roduces a w e ll  d e f in e d  c l i n i c a l  .

p i c tu r e ,  v a iy in g  o f course  to  some e x te n t  w ith  th e  degree  o f  exposure . 

C e r ta in  m ajor f e a tu r e s  o f  t h i s  c l i n i c a l  p ic tu r e  p ro v id e  th e  b a se s  on ( 

w hich th e  p h y s io lo g ic a l  and  chem ical pa th o lo g y  o f  phosgene g a s s in g  a re



m ost e a s i l y  d isc u sse d . These c a rd in a l  f e a tu r e s  a re :

1) The l a t e n t  p e r io d  betw een exposure and th e  developm ent o f  th e  ty p i c a l  

symptoms;

2) Pulm onary oedema: i t s  p ro d u c tio n  and developm ent;

3) Changes i n  th e  p e r ip h e r a l  c i r c u la t io n  and i n  th e  b lo o d  pressure;

4 ) Q yanosis, anox ia  and dyspnoea;

5) A l te r a t io n s  in  th e  body te m p era tu re ;

6) The d e le te r io u s  e f f e c t  o f  e x e rc is e .

To th e s e  must be added, f o r  com pleteness, a  b r i e f  c o n s id e ra tio n  of th e

p ro c e s s  by w hich pulmonary exudates undergo r e s o lu t io n .

1. The L a te n t P e r io d :

One o f  th e  p e c u l i a r i t i e s  o f  phosgene p o iso n in g  rem arked by a l l  w r i te r s  

on th e  s u b je c t  i s  th e  s o - c a l le d  "L a ten t P e r io d ." By t h i s  i s  meant th e  

i n t e r v a l  o f  s e v e ra l  h o u rs , u s u a lly  4 -12 , o r  even a s  long  as 24, t h a t  

e la p s e s  betw een exposure and th e  o n se t o f  se v e re  pulm onary symptoms, 

e s p e c ia l ly  lung  oedema. I t  m ust, however, be r e c a l le d ,  i n  t h i s  connexion, 

t h a t  owing to  th e  in s id io u s  n a tu re  o f  th e  g as , exposure may have 

co n tin u e d , i n  c e r t a in  c ircu m stan ces , f o r  some c o n s id e ra b le  tim e b e fo re  

th e  p a t i e n t  becomes aware o f h i s  exposure from  th e  appearance o f th e  

i n i t i a l  symptoms. But i t  i s  no t to  t h i s  p e r io d  o f d e lay ed  a c t io n  t h a t  

th e  d e s ig n a t io n  o f  "L aten t P erio d "  s t r i c t l y  a p p l ie s .  Even a f t e r  

exposure  has ceased , th e  f u r th e r  developm ent o f  symptoms w i l l  tak e  

p la c e ,  and  th e se  may n o t reac h  th e i r  f u l l  s e v e r i ty  f o r  maiy h o u rs . I t

i s  to  t h i s  in t e r v a l  between c e s s a tio n  o f exposure and developm ent o f  

symptoms t h a t  th e  te rm  "L a ten t P erio d "  i s  p ro p e r ly  g iven . In g e n e ra l 

i t  may be s a id  th a t  th e  e x a c t d u ra tio n  o f t h i s  l a t e n t  p e r io d  depends



on th e  s e v e r i t y  o f  th e  exposure -  th e  g r e a te r  th e  ex posu re , th e  s h o r te r  

th e  l a t e n t  p e r io d .

That such  an  i n t e r v a l  e x i s t s  i s  n o t, o f  c o u rse , to  say  th a t  th e  

p a t i e n t  i s  e n t i r e l y  f r e e  from  symptoms d u rin g  th i s  tim e. Indeed , he i s  

a  s i c k  man from  th e  o u ts e t  and cannot b u t co n tin u e  to  be aware o f  h av in g  

been  exposed to  th e  gas. Headache, u s u a lly  f r o n t a l ,  a f o u l  t a s t e  i n  th e  

m outh, p a r t i c u l a r l y  n o tic e a b le  on a t te m p tin g  to  smoke to b acco , a  s l i g h t  

i r r i t a t i o n  o r  f e e l in g  o f  d ryness i n  th e  th r o a t ,  a  la ry n g e a l  “t i c k l e ” 

accom panied by some degree o f  u n p roductive  cough, a re  a l l  p r e s e n t ,  a s  a  

r u l e ,  from  th e  b eg in n in g , and become more marked as th e  l a t e n t  p e r io d  

e la p s e s ,  t i l l  f i n a l l y  they  a re  sev ere  and merge w ith  a d d i t io n a l ly  

dev e lo p ed  symptoms in to  th e  ty p ic a l  syndrome o f  se v e re  phosgene 

p o iso n in g .

The re a so n  f o r  t h i s  l a t e n t  p e r io d  has never b een  a d eq u a te ly  e x p la in e d . 

I t  i s  c u s to m a rily  s t a t e d  to  be due to  hydro ly s i s  o f  phosgene w ith in  th e  

a l v e o l i ,  w ith  th e  p ro d u c tio n  o f  carbon  d iox ide  and h y d ro c h lo r ic  a c id ,  

and t h a t  th e  l a t t e r  damages th e  a lv e o la r  w a lls  and a llo w s plasm a to  

e scap e . I t  i s  a ls o  assumed th a t  t h i s  damage ta k es  some tim e to  

dev e lo p  and th a t  u n t i l  th e  in ju ry  to  the  a lv e o la r  w a lls  and  c a p i l l a r i e s  

re a c h e s  a  c e r t a in  s ta g e  oedema does n o t ensue (2 8 , 29). At f i r s t  s i g h t ,  

such  an  e x p la n a tio n  seems to  be an  e n t i r e ly  s a t i s f a c to r y  one, b u t 

f u r t h e r  c o n s id e ra tio n  and though t shows th a t  i t  i s  q u ite  u n te n ab le .

E f f e c t s  i n  th e  lu n g  o f  H ydro lysis  and H ydroch lo ric  A cid Form ation

Of a l l  th e  m in e ra l a c id s ,  h y d ro ch lo ric  i s  th e  l e a s t  r e a c t iv e  on th e  

human s k in ,  and y e t  th e  a b d i c a t i o n  o f  a  kO%  s o lu t io n  o f  th e  a c id  i n



w a te r  w i l l  cause  cu taneous byperaem ia i n  30 seconds ( 3) -  and th e  s k in  

i s  a  h ig h ly  r e s i s t a n t  organ as  compared w ith  th e  pulm onary e p ith e liu m . 

The r a t e  o f  developm ent o f  th e  le s io n  o f  cou rse  depends b o th 'o n  th e  

s t r e n g th  o f  th e  a c id  and th e  s i t e  o f  i t s  a c t io n .  In  t h i s  connexion  one 

can  p r o f i t a b ly  r e c a l l  how a s p la s h  in to  th e  eye o f  0 .1 N  o r  even  0 .0 1  N 

h y d ro c h lo r ic  a c id ,  such as  i s  u sed  in  c l i n i c a l  la b o r a to r ie s ,  soon causes 

p a in ,  c o n g e s tio n  and w a te rin g  o f  th e  eye u n le s s  i t  i s  im m ediately  and 

th o ro u g h ly  washed o u t. I t  i s ,  th e n , v e iy  d i f f i c u l t  to  b e l ie v e  t h a t  such  

a  d e l i c a t e ,  t h i n  and s e n s i t iv e  s t r u c tu r e  a s  th e  a lv e o la r  w a ll  i s  so 

in s u s c e p t ib le  to  b u rn in g  by h y d ro c h lo r ic  a c id  t h a t  i t  tak es  a n y th in g  up 

to  24 h ou rs f o r  a  le s io n  to  develop . M oreover, th e  symptoms o f  d ry n ess  i  

th e  th r o a t ,  la ry n g e a l  i r r i t a t i o n  and cough, a s  m entioned  above, a re  a ls o  

a t t r i b u t e d  to  th e  same a c id  e f f e c t ;  y e t  th ey  a re  p re s e n t  from  th e  

b eg in n in g  and mary h ou rs b e fo re  th e  s ig n s  o r  symptoms o f  a lv e o la r  damage 

make t h e i r  appearance. A gain, a n y  a c id  th a t  m ight be form ed from 

h y d ro ly s is  w ith in  th e  a lv e o l i  would c e r t a in ly  n o t be more d i l u t e  th a n  

t h a t  form ed in  th e  upper r e s p i r a to r y  p a ssag es , f o r  th e  l a t t e r  c o n ta in  

a  v e ry  g re a t  d e a l  o f m o is tu re  w hich would d i l u t e  a t  once, and  to  a  very  

c o n s id e ra b le  deg ree , th e  a c id  p ro d u c ts  o f  h y d ro ly s is ,  w hereas th e  

a lv e o la r  sp aces  te n d  norm ally  to  d ry n ess  and a iy  a c id  form ed th e r e in  

would rem ain  i n  a  much more c o n c e n tra te d  s t a t e .  As lo n g  ago a s  1836 

t h i s  n a tu r a l  tendency  to  d ryness o f  th e  a lv e o l i  was w e ll  dem on stra ted

by C o lin  (31) who succeeded in  a d m in is te r in g  21 l i t r e s  o f  w a te r
«*

i n t r a t r a c h e a l l y  to  a  h o rse  in  3 i  h o u rs . He d e s c r ib e s  th e  experim ent 

th u s : -

’’A f te r  hav ing  f ix e d  w ith in  th e  tra c h e a  o f  a  h o rs e , by means o f  an



o pen ing  th ro u g h  one o f  th e  t r a c h e a l  r in g s ,  a  tube  o f  1 cm. d ia m e te r , I  

p o u red  in  warm w a te r  (30° -  35° C .) a t  th e  r a t e  o f  6 l i t r e s  p e r  ho u r.

The an im al p a n te d  and r e s p i r a t io n  was deepened th ro u g h o u t th e  3s- h o u rs ' 

d u ra t io n  o f  th e  experim ent. S ubsequen tly  th e  an im al was s a c r i f i c e d ;  th e  

t r a c h e a  and b ro n c h i w ere empty, a l l  th e  l i q u id  in je c te d  had  d isa p p e a re d .

" In  l i k e  manner I  i n s t i l l e d  in to  th e  r e s p i r a to r y  p assag es  o f  a  second  

h o rse  25 l i t r e s  o f  w a te r  i n  6 h o u rs , p e rfo rm in g  a t  th e  same tim e th r e e  

v e n e se c tio n s  a t  tw o-hourly  in t e r v a l s  and w ithdrew  6 k i lo s  o f  b lo o d . The 

r e s p i r a to r y  mucosa abso rbed  a l l  t h i s  q u a n tity  o f  f lu id  w ith o u t th e  

an im al seem ing g re a t ly  em barrassed  by i t . "

The e x p la n a tio n  o f  t h i s  n a tu r a l  tendency to  d ry n ess  i n  th e  a l v e o l i  ha£ 

been  a d e q u a te ly  g iv en  by D rin k e r (3 2 ). Throughout th e  body, b o th  in  

sy stem ic  and pulmonary v e s s e ls ,  th e  osm otic p re s s u re  o f  th e  b lood  

c o l lo id s  i s  about 25-30 mn. o f  m ercury; t h i s  o sm otic  p re s s u re  te n d s  to  

draw f l u i d  from  th e  t i s s u e  spaces  in to  th e  lumen o f  th e  v e s s e l .  I n  th e  

s y s t^ T  c c i r c u la t io n  th e  c a p i l l a r y  b lood  p re s su re  te n d in g  to  fo rc e  f l u i d  

o u t o f  th e  v e s s e l  in to  th e  t i s s u e  spaces i s  o f  th e  same o rd e r ,  i . e .

25 -  30 mm. o f m ercury. Thus th e re  i s  i n  e f f e c t  no preponderance in  th e  

flow  o f  f l u i d  in  e i th e r  d i r e c t io n  betw een c a p i l l a r i e s  and t i s s u e s .  In  

th e  pulm onary c i r c u la t io n ,  however, a  d i f f e r e n t  s e t  o f c ircu m stan ces  

o b ta in s .  Here th e  osm otic a t t r a c t i o n  o f  f l u i d  in to  th e  lung  c a p i l l a r i e s  

s t i l l  co rresp o n d s to  a  mercury p re s s u re  o f  25 -  30 mm. w h ile  th e  

c a p i l l a r y  b lo o d  p re s su re  te n d in g  to  fo rc e  f l u i d  o u t o f  th e  v e s s e ls  and 

in to  th e  pulmonary t i s s u e s  i s  found to  be on ly  ab o u t 10 urn. o f  m ercury.



Even a llo w in g  f o r  th e  n e g a tiv e  p re s s u re  o r  s u c tio n  a c t io n  o f  th e  lu n g

d u r in g  o rd in a ry  r e s p i r a t i o n  a s  b e in g  —5 to  -10 ram. o f  m ercury, th e

b a la n c e  i s  s t i l l  i n  fav o u r o f  d ry n ess  o f  th e  a lv e o la r  sp aces .

The n e t t  r e s u l t  o f  t h i s  in h e re n t  tendency to  d ry n ess  i n  th e  a l v e o l i  

i s  tw o fo ld . F i r s t l y ,  a ry  h y d ro ly s is  o f  phosgene ta k in g  p la c e  i n  th e  

a l v e o l i  m ust be m inim al under th e  l e s s  fav o u rab le  c o n d itio n s  e x i s t in g  

th e r e ,  and most o f  th e  h y d ro ly s is ,  i f  no t a l l ,  w i l l  ta k e  p la c e  i n  th e  

m o is t u p p er r e s p i r a to r y  p assag es . Secondly, a ry  a c id  t h a t  i s  form ed 

w ith in  th e  a lv e o l i  canno t be d i lu te d  to  th e  same e x te n t  a s  w i l l  o ccu r i n  ! 

th e  u pper r e s p i r a to r y  t r a c t ;  y e t  th e  l a t t e r  shows e a r l i e s t  th e  s ig n s  and j 

symptoms o f a c id  i r r i t a t i o n .  I t  would th e re fo re  appear th a t  th e  common 

th e o ry  o f  th e  h y d ro ly s is  o f  phosgene to  an i r r i t a n t  a c id  n e i th e r  e x p la in s
iI

th e  co u rse  o f  th e  pulm onary le s io n s ,  nor ta k e s  in to  accoun t th e  e x is te n c e  j 

o f  th e  w e ll  re c o g n ise d  " l a t e n t  p e r io d ."  j

S o lu b i l i t y  F a c to rs  in  r e l a t i o n  to  Lung I r r i t a n t s  I

In  c o n s id e r in g  th e  a c t io n  o f  lu n g  i r r i t a n t  g ases , th e  q u e s tio n  o f  

s o l u b i l i t y  i s  a  fundam ental one. In  t h e i r  monograph on th e  Noxious 

G ases (p . 112 e t  s e q . ) ,  H enderson and Haggard (15) remark: |

"To e x e r t  i t s  a c t io n ,  an i r r i t a n t  gas must be ta k en  up by th e  s u r fa c e  j

" t i s s u e s  and be d is s o lv e d  in  th e  f l u i d  which b a th e s  them. The s e v e r i ty  |j
11

"o f th e  e f f e c t  i s  g r e a te s t  upon th e  su rfa c e s  w hich a re  most e a s i l y  Jj

" p e n e tra te d  and p a r t i c u l a r l y  upon th o se  which a re  m oist . . .  Aiy gaseous 

" i r r i t a n t  w hich i s  h ig h ly  so lu b le  i n  w a te r  i s  absorbed  from th e  in s p i r e d  

" a i r  by th e  f i r s t  m o is t t i s s u e  w hich i t  reach es  in  th e  r e s p i r a to iy  

"p assa g es . As a  consequence, th e  upper t r a c t  b e a rs  th e  b ru n t o f  the  !



" a c t io n ;  th e  lungs a re  r e l a t i v e l y  l i t t l e  a f f e c te d  s in c e  th e  

c o n c e n tra t io n  o f  i r r i t a n t  "which, reach es  them i s  g r e a t ly  reduced  by 

a b s o rp tio n  in  th e  upper p assag es . Y/ith those  gases w hich have- a  low 

" s o l u b i l i t y ,  th e  upper r e s p i r a to r y  p assag es  s u f f e r  l i t t l e ,  f o r  l i t t l e  i s  

"ab so rb ed , and th e  m ain damage i s  deep in  th e  lu n g s. A gas o f  m oderate 

" s o l u b i l i t y  e x e r ts  i t s  a c t io n  more o r  le s s  un ifo rm ly  th ro u g h o u t th e  

" e n t i r e  r e s p i r a to r y  t r a c t .  Thus a s  a  g e n e ra l r u le  th e  i r r i t a n t  g ases  

" a re  dangerous in v e rs e ly  to  t h e i r  s o l u b i l i t i e s ;  th e  l e s s  so lu b le  any o f  

"them i s ,  th e  more in s id io u s  i t s  a c t i o n . "

A f te r  d e s c r ib in g  b r i e f l y  some experim ents in  suppo rt o f  th e  above 

s ta te m e n ts , th e s e  a u th o rs  co n tin u e .

"The p r in c ip le s  d e f in e d  h e re  as to  the  lo c u s  o f  a c t io n  i n  r e l a t i o n  to  

" s o l u b i l i t y  do n o t a rp ly  to  i r r i t a n t s  w hich a re  abso rbed  w ith o u t 

" a l t e r a t i o n ,  such  a s  th e  vapours o f e th y l  e th e r .  The g r e a te r  p a r t  o f  

" th e  i r r i t a n t  a c t io n  occu rs  i n  th e  upper r e s p i r a to iy  p a ssa g e s , b ro n c h i and 

" b ro n c h io le s , w h ile  th e  lung  a lv e o l i  and a t r i a  a re  r e l a t i v e l y  l i t t l e  

" a f f e c te d .  Such amounts o f  gas as  reach  th e  lungs them selves a re  

"absorbed  and a re  th e  cause o f  system ic b u t n o t o f  pulm onary symptoms.

"The s p a r in g  o f  th e  deeper p o r t io n s  o f  th e  lungs i s  due to  th e  a c t iv e  

" a b s o rp tio n  in to  th e  b lood  w hich p re v e n ts  th e  accum ula tion  of th e  

" i r r i t a n t  i n  th e  a lv e o l i  and so m a in ta in s  th e re  a  low er c o n c e n tra t io n  

" th a n  in  th e  u p p er r e s p i r a to iy  passages.

In  view  o f  th e  obvious im portance o f  th e se  g e n e ra l p r in c ip le s ,  f u r th e r  

b r i e f  c o n s id e ra t io n  must be g iven  to  such p h y s ic a l  and ch& nical p r o p e r t i e s  

o f  phosgene a s  m ight have a  b e a r in g  on th e  a p p l ic a t io n  o f  th e se  

p r in c ip le s  to  c a se s  o f  phosgene g ass in g .



C oncerning  th e  s o l u b i l i t y  o f the  gas in  w a te r , th e  e x a c t c o e f f i c i e n t  

has n o t been  d e term ined  ( 33) on accoun t o f  th e  s ig n i f i c a n t  amount o f  

h y d ro ly s is  t h a t  ta k e s  p la c e  when th e  gas i s  b ro u g h t in to  p ro lo n g ed  and 

in t im a te  c o n ta c t w ith  a g re a t  excess o f  w a te r in  th e  l i q u id  phaze. This 

e f f e c t  so co m p lica te s  the  ex p erim en ta l d e te rm in a tio n  o f  th e  s o l u b i l i t y  

c o e f f i c i e n t  as  to  re n d e r  in a c c u ra te  a ry  f ig u r e  th a t  m ight be o b ta in e d , 

f o r  such  a  f ig u re  would re p re s e n t  th e  s o lu b i l i t y  o f  phosgene to g e th e r  

w ith  i t s  d e g ra d a tio n  p ro d u c ts , r a th e r  th a n  o f  th e  gas i t s e l f .  That i s  

n o t to  sa y , however, th a t  phosgene undergoes alm ost in s ta n ta n e o u s  

h y d ro ly s is  when in  c o n ta c t w ith  w a te r , as i s  so commonly b e lie v e d .

In deed , the  gas can  be bubb led  th rough  w a te r  a t  o rd in a ry  te m p era tu re s  

w ith  v e iy  l i t t l e  lo s s ,  a s  has been p e rs o n a lly  observed . The s o l u b i l i t y
i

o f  phosgene i n  w a te r  i s  s l i g h t ,  and though th e  r a t e  o f  ly d r o ly s i s  may be ! 

a p p re c ia b le ,  i t  i s  f a r  from  b e in g  in s ta n ta n e o u s . »vhere i t  i s  d e s i r e d  to  

n e u t r a l i s e  o r  absorb  phosgene d u rin g  chem ica l experim en ts  o r  m anufacturingj 

p ro c e s s e s ,  i t  i s  q u ite  u s e le s s  to  a ttem p t t h i s  m erely  by p a s s in g  th e  gas 

in to  w a te r  i n  an  e f f o r t  to  hy d ro ly se  o r  d is s o lv e  i t ;  a  s o lu t io n  o f
I

c a u s t i c  soda o r  s im i la r  s tro n g  a l k a l i ,  which b reak s  down th e  m olecu le  and  j 

n e u t r a l i s e s  i t s  c o n s t i tu e n ts ,  i s  n ece ssa ry  f o r  th e  p u rp o se . j

g a te  o f  I n s p ir e d  Phosgene j

F o llo w in g  th e  in h a la t io n  o f  phosgene a  c e r t a in  amount o f  h y d ro ly s is  j 

m ust undoub ted ly  ta k e  p la c e ,  b u t t h i s  w i l l  be m ain ly  i n  th e  w etness o f  th e  

u p p er r e s p i r a to r y  passage w here, indeed , a c id  i r r i t a t i o n  i s  ex p erien ced  

r e l a t i v e l y  soon a f t e r  exposure commences. The p ro c e ss  o f  h y d ro ly s is  b e in g ,



74.

how ever, v e iy  f a r  from  com plete , one i s  fo rc e d  to  conclude th a t  m ost o f  

th e  in s p i r e d  gas re a c h e s  th e  a lv e o la r  spaces unchanged to  m ingle w ith  j
)i

th e  a lv e o la r  a i r  and become, f o r  a tim e , a t  a ry  r a t e ,  a  s i m p l e  c o n s t i tu e n t  jj 

o f  i t .  M oreover, on accoun t o f  th e  r e l a t i v e  d iy n e ss  o f  th e  a l v e o l i ,  and  f

b ecau se  th e  gas canno t rem ain th e re  f o r  an  i n d e f in i t e ly  p ro lo n g ed  p e r io d ,  F

l i t t l e  o r  no f u r th e r  h y d ro ly s is  can ta k e  p la c e . Y et th e  a c t io n  o f  jj

phosgene i s  upon th e s e  deep t i s s u e s  o f  th e  lung , and one m ight th e re fo re  i;

be tem pted  to  assume th a t  th e  substance  i s ,  o f  i t s  very  n a tu re ,  a  lj

p rim ary  lu n g  i r r i t a n t  o f  low s o lu b i l i t y  and th a t  i t  th u s  a c ts  in  *

accordance w ith  th e  p r in c ip le s  as s e t  f o r th  by Henderson and Haggard, and  1 

quo ted  above. T his c o n c lu s io n  th a t  th e  phosgene m olecule a c t s  by tj

d i r e c t l y  damaging th e  a lv e o la r  w a ll  appea rs  to  be an  e rroneous one, f o r  

th e  fo llo w in g  reaso n s
i

Once exposure to  th e  vapour has ceased , th e  amount o f  phosgene j

p r e s e n t  in  th e  a lv e o l i  w i l l  d im in ish  r a p id ly  and d isa p p e a r; some o f  i t  [ j

w i l l  be e x p ire d  in  th e  b r e a th  and th e  rem ainder w i l l  behave w ith  th e  

o th e r  r e s p i r a t o iy  gases -  t r a n s g re s s in g  th e  a b e o la r  w a ll  to  combine w ith  | 

o r  d is s o lv e  i n  th e  b lo o d  o f  th e  pulmonazy c i r c u la t io n .  Yet mary h o u rs  

w i l l  e la p se  b e fo re  i t s  f i n a l  and com plete d isap p ea ran ce  from  th e  a lv e o l i  I;

and th e  developm ent o f  lung  oedema. Thus th e  gas i s  e i t h e r  n o t a  p rim ary  ;
r

lu n g  i r r i t a n t  i n  s p i t e  o f  th e  f a c t  th a t  i t  p roduces maximum damage deep 

i n  th e  lung , o r ,  b e in g  a  t r u e  p rh n a iy  i r r i t a n t ,  th e re  must be som ething j 

in h e re n t ly  p e c u l ia r  in  th e  v e iy  essence o f  a su b stan ce  t h a t  cau ses  a  

l e s i o n  to  develop  long  a f t e r  th e  substance  i t s e l f  has l e f t  th e  s i t e  o f  

o p e ra t io n . In  th e  l a t t e r  c a se , no f a r th e r  e x p la n a tio n  o f the L a te n t



P e r io d  i s  needed, f o r  none i s  p o s s ib le .  I f  th e  form er be t r u e ,  th e n  some 

re a s o n  m ust be sough t t h a t  w i l l  e x p la in  how phosgene p roduces i t s  e f f e c t  j!
i 1'

on th e  lu n g  i n  s p i t e  o f  th e  f a c t  th a t  i t  cannot be a  prim azy i r r i t a n t .
*  l i

• • t;J:
This new problem  w i l l  become a s u b je c t  f o r  d is c u s s io n  i n  a  subseq u en t I'!

s e c t io n .  The q u e s tio n  th a t  p re s e n ts  i t s e l f  a t  th e  moment i s  why th e  I:

e f f e c t  shou ld  be delayed . H

F a te  o f  Phosgene in  th e  A lv e o li ! j
f j

So f a r  a s  th e  f a t e  o f  phosgene i n  th e  a lv e o l i  i s  concerned , i t  ap p ea rs  fJ
I''

th e n  to  behave r a th e r  i n  th e  manner o f  th e  a n a e s th e t ic  vapours to  which 

we have p re v io u s ly  r e f e r r e d .  Substances such as  e th e r  and ch lo ro fo im , J 1 ;
p o o rly  s o lu b le  i n  w a te r  though they  a re ,  i r r i t a t e  p r im a r ily  th e  upper 

r e s p i r a t o iy  p assag es  and sp a re  the  a lv e o l i  because they  d i f fu s e  q u ic k ly  j
I

th ro u g h  th e  w a lls  to  d is so lv e  in  th e  l ip o id s  o f  th e  b lood  and a re  thus 

r a p id ly  c a r r i e d  away to  produce a  sy stem ic  e f f e c t .  T h e ir  accum ula tion  in  j; 

th e  a l v e o l i  i s  th e reb y  p re v e n te d , and t h e i r  c o n c e n tra tio n  th e re  and j

c a p a c ity  f o r  i r r i t a t i o n  i s ,  a t  a ry  moment, l e s s  th a n  i n  th e  upper i
j . '

r e s p i r a t o iy  t r a c t .  Phosgene appears to  behave i n  a somewhat s im i la r  j.j 

fa s h io n . T his i s  n o t,  however, s u rp r is in g  in  view o f th e  s o lv e n t  j-

p r o p e r t i e s  i t  has in  common w ith  th e  a n a e s th e t ic  vapours m entioned  — a 

h ig h  deg ree  o f  m is c ib i l i ty  w ith  o rg an ic  l iq u id s  auch a s  to lu e n e , benzene, -j 

and  carbon  te t r a c h lo r id e  ( l )  as  w e ll  as  a ready  s o lu b i l i ty  i n  l i p o id s ,
! f

f a t s  and o i l s  ( l ) .  In  view o f  t h i s ,  and o f  th e  p o in ts  d isc u sse d  b e fo re ,  

th e  p o s s ib le  f a t e  o f  phosgene th a t  has reached  th e  a lv e o l i ,  a p a r t  from 

b e in g  ex h a led  i n  th e  b re a th ,  must f a l l  under one o r  more o f  th e

fo llo w in g  h e a d in g s :-



(1 ) A sm a ll p o r t io n  may co nce ivab ly  undergo ly d r o ly s i s  w ith in  th e  a l v e o l i ,  

l i b e r a t i n g  h y d ro c h lo r ic  a c id  and carbon d io x id e . The f i r s t  m entioned 

a c id  c o u ld  th e n  a c t  d i r e c t l y  upon th e  a lv e o la r  w a lls  and damage them.

T h is  e f f e c t  would be r a p id ,  a s  on o th e r  t i s s u e s ,  and would n o t r e q u ire
x

th e  lo n g  d u ra t io n  o f  th e  l a t e n t  p e r io d  f o r  i t s  f u l l  developm ent. Such 

a p ro c e s s  o f  ly d r o ly s i s  w ith in  the  a lv e o l i ,  as  we have seen , m ust in  any >
M i

case  be m inim al, i f  indeed  i t  does ta k e  p la c e  to  any s ig n i f i c a n t  deg ree  

a t  a l l .  ;

(2 ) A p o r t io n  o f  th e  a lv e o la r  phosgene th a t  tr a n s g re s s e s  th e  %

r e s p i r a to r y  membrane may e n te r  a t  once in to  d i r e c t  chem ical com bination  -;|
L . j

w ith  one o r  more c o n s t i tu e n ts  o f  the  b lood . This p o s s i b i l i t y  w i l l  be
ji

f u r t h e r  examined i n  d e t a i l  a t  a l a t e r  s ta g e . jf
i

(3 ) In  view  o f  i t s  v e iy  ready  s o lu b i l i ty  in  l ip o id s  and f a t s ,  p a r t  o f

th e  phosgene w ith in  th e  a lv e o l i  (and  p ro b ab ly  th e  g r e a te r  p a r t )  w i l l

behave l i k e  an  a n a e s th e t ic  vapour and p ass  in to  s o lu t io n  in  th e  l ip o id s

o f  th e  b lo o d  and t i s s u e  f l u i d s .  I t  i s  in e v i ta b le ,  however, th a t  phosgene

w hich has th u s  e n te re d  in to  s o lu t io n  in  th e  l ip o id s  m ust e v e n tu a lly  and

by a  g ra d u a l p ro cess  d i f fu s e  evenly  th roughou t th e  f lu i d s  o f  th e  b lood

and t i s s u e s ,  th e re  to  be hyd ro ly sed , o r in  v i r tu e  o f  i t s  c o n s id e ra b le
3 !

r e a c t iv e  pow ers, to  e n te r  in to  chem ical com binations as p re -su p p o sed  i n  

(2 ) above. The n e t t  r e s u l t  would be a g rad u a l developm ent, over a p e r io d  r-

o f  tim e and even a f t e r  exposure had ceased , o f  th e  v a r io u s  chem ica l r e ­

a c t io n s  th a t  may ta k e  -place between phosgene and th e  c o n s t i tu e n ts  o f  th e  ‘

body f l u i d s ,  e s p e c ia l ly  th e  b lood . Such a sequence o f ev e n ts  would 

ad e q u a te ly  e x p la in  th e  phenomenon o f  th e  l a t e n t  p e r io d  i f  i t  can  a ls o  be 

shown th a t  th e se  r e s u l t in g  chem ical r e a c tio n s  w ould in  f a c t  cause a



pulm onary oedema to  develop . B efore a tte m p tin g  to  do so i t  w i l l  be 

n e c e ssa ry  f i r s t  o f  a l l  to  d is c u s s  th e  v a r io u s  p a th o lo g ic a l  mechanisms 

th a t  a re  concerned  i n  th e  p ro d u c tio n  o f  lu n g  oedema.

2a. ACUTE PUIMONAIff OEDEMA. I t s  P ro d u c tio n  and Development

In  se v e re  o r  f a t a l  c a se s  o f  phosgene g a ss in g  th e  most s e r io u s  and 

m ost c o n s ta n t f e a tu r e  o f  th e  p a th o lo g ic a l  p ro c e ss  i s  th e  developm ent 

o f  pulm onary oedema. As p re v io u s ly  s ta t e d ,  t h i s  ev en t has  in  th e  p a s t  

been  a t t r i b u t e d  to  damaging o f  the a lv e o la r  w a lls  by th e  a c id  p ro d u c ts  

o f  phosgene h y d ro ly s is  p e rm itt in g  th e  escape o f  plasm a in to  th e  a iv e o la r  

sp a c e s . l e t  a s  t h i s  th e o ry  has proved incom patib le  w ith  th e  phenomenon 

o f  th e  l a t e n t  p e r io d , so too  i s  i t  u n te n ab le  as an e x p la n a tio n  o f th e  

o r ig i n  and o n se t o f  lung  oedema, and f o r  much th e  same re a so n s . Indeed , 

th e  f a c to r s  re sp o n s ib le  f o r  th e  e x is te n c e  o f  th e  l a t e n t  p e r io d  and f o r  

th e  p ro d u c tio n  o f  pulmonary oedema a re  so in e x tr ic a b ly  m ixed and so  

in te rd e p e n d e n t th a t  th ey  may be alm ost reg ard ed  as b u t two a s p e c ts  o f  

th e  same problem , f o r  i f  a l l  were known o f  the  one i t  would p re -su p p o se  a 

more o r  l e s s  co n p le te  u n d ers tan d in g  o f  th e  o th e r .  A part from  th e  

p h y s ic a l ,  p h y s io lo g ic a l  and chem ical o b je c tio n s  a lre a d y  r a is e d  in  

d is c u s s in g  th e  l a t e n t  p e r io d , th e re  a re  a d d i t io n a l  o b je c tio n s  t h a t  may 

be r a i s e d  a g a in s t  th e  th eo ry  i n  connexion w ith  th e  p ro d u c tio n  o f

pulm onary oedema.

I n  th e  chem ical f a c to r i e s  w ith  which th e  w r i t e r  has been  a s s o c ia te d ,  

he h as  from  tim e to  tim e seen  persons whose lungs have been  a f f e c te d  by 

v a r io u s  i r r i t a n t  g a se s , a s  f o r  example, h y d ro c h lo r ic  a c id  and su lp h u r  

d io x id e , y e t  n e i th e r  o f  th e se  have produced oedema o f th e  lung ,



c l i n i c a l l y  d e te c ta b le ,  even in  th e  most s e v e re ly  a f f e c te d  c a se s . 

C h lo r in e , on th e  o th e r  hand , has u s u a lly  caused  some deg ree  o f "wetnes 

o f  th e  lu n g s , though cases  o f  f ra n k  oedema have no t been  p e rs o n a lly  

o b served , p ro b ab ly  because t h i s  vapour i s  an overpow ering r e s p i r a to r y  

i r r i t a n t  and th e  im mediate p a in fu l  s t im u la t io n  en su res  t h a t  exposure 

w i l l  be s h o r t .  B ro n c h itis  and bronchopneumonia have, however, been  

common seq u e la e  in  cases  o f exposure to  a ry  o f th e  th re e  g ases  j u s t  

m entioned . From the  f ig u re s  quoted in  ta b le  3 which s e t s  f o r t h  th e  

com parative  s o l u b i l i t i e s  o f th e se  gases in  w a te r (3 4 ) , i t  w i l l  be seen  

t h a t  i t  i s  th e  r e l a t i v e l y  in so lu b le  c h lo r in e  which ten d s  to  cause  lung  

oedema, w h ile  th e  two more so lu b le  g ases do n o t. This o f  cou rse  i s  

f u l l y  i n  confo rm ity  w ith  th e  g e n e ra l p r in c ip le s  l a id  down by H enderson 

and H aggard (15) and quoted a t  some le n g th  in  th e  p rev io u s  s e c t io n .

Gas: c c .s  o f gas so lu b le  in  
1 cc. o f w ater a t  20° C.

H ydroch lo ric  
a c id . HC1. 442 .0  c. c.

S ulphur d iox ide
so2 39 *4 c . c .

C h lo rin e . CI2 2.26 c . c .

TABLE 3-



Y et m  view  o f th e  fo re g o in g  o b se rv a tio n s  on r e l a t i v e  s o l u b i l i t i e s  

i t  i s  m ost rem arkable th a t  n e i th e r  th e  vapour o f  m ustard  gas nor t h a t  o f  

l e w i s i t e ,  b o th  very  pow erfu l v e s ic a n ts ,  have ev e r been  seen  to  p roduce 

lu n g  oedema among th e  many cases  o f  in h a la t io n  p e rs o n a lly  observed . The 

r e s p i r a t o iy  symptoms have v a r ie d  from th o se  o f  m ild  l a iy n g i t i s  to  acu te  

t r a c h e o -b ro n c h i t is  and even broncho-pneum onia, b u t i n  s p i t e  o f  t h e i r  

p o w e rfu lly  i r r i t a n t  and d e s tru c t iv e  n a tu re ,  th e se  su b s tan ces  a p p a re n tly  

do n o t p roduce lung  oedema. The s o lu b i l i t y  o f  m ustard  gas i s  ex trem ely  

low, b e in g  on ly  0 . 063%  acco rd in g  to  W ilson and h i s  co-w orkers (3 5 ) . On 

th e  grounds o f s o lu b i l i t y  a lone  th e  h ig h ly  i r r i t a n t  m ustard  gas sh o u ld  

p roduce pulm onaiy oedema mary tim es more r e a d i ly  th a n  does c h lo r in e ,  i f  

low s o l u b i l i t y  were th e  so le  d e te rm in in g  f a c t o r  f o r  th e  p ro d u c tio n  o f  

pulm onaiy oedema by an i r r i t a n t .  O bviously , th e n , i t  cannot be so . This 

c l i n i c a l  o b se rv a tio n  i s ,  m oreover, in  agreem ent w ith  th e  reco rd ed  

ex p e rien ce  w ith  v e s ic a n t  g ases  d u rin g  th e  war o f  1914, a-nd t h i s  

p e c u l i a r i t y  was commented upon by an  e d i t o r i a l  a r t i c l e  i n  th e  B r i t i s h  

M ed ica l J o u rn a l ( 36) in  th e  e a r ly  days o f  th e  r e c e n t w ar. In  t h i s  

a r t i c l e  re fe re n c e  was made to  c a se s  o f  m ustard  gas p o iso n in g  so sev e re  

a s  to  produce th e  most d e s t r u c t iv e  n e c ro s is  o f  t i s s u e ,  ex ten d in g  from 

th e  la ry n x  to  th e  sm a lle s t  b ro n c h io le s  and p e rm itt in g  secondary  b a c t e r i a l  

in v a s io n  w ith  s e p t i c  pneumonia -  b u t never ca u s in g  pulmonary oedema.

There m ust th e n  be more th a n  p u re ly  chem ical i r r i t a t i o n  o r  b u rn in g  o f  

lu n g  t i s s u e  re q u ire d  f o r  th e  p ro d u c tio n  o f  lung  oedema.

F o r a  p ro p e r u n d e rs tan d in g  o f  the  problem  i t  may be h e lp fu l  to  

en q u ire  in to  th e  p ro d u c tio n  o f  acu te  pulmonary oedema in  o th e r  c o n d itio n s



and d is e a s e s .  O u ts tan d in g  among such morbid s t a t e s  i s  th e  one known 

v a r io u s ly  as  c a rd ia c  asthm a, a c u te  pulmonary oedem a.or n o c tu rn a l ’

paroxysm al dyspnoea acco rd in g  to  th e  p redom inating  f e a tu r e  o f  th e  i
S i

p a r t i c u l a r  c a se . This d is e a s e  c o n d itio n  h as  maiy f e a tu r e s  i n  common w ith
;'j

phosgene p o iso n in g . These in c lu d e  th e  sudden o n se t o f  lung  oedema, th e

dyspnoea, le ad en  co lo u red  c y a n o s is , sw eating , e le v a t io n  o f  b lo o d  p re s s u re  j
! j

and body tem p era tu re  and th e  o f te n  in e x p lic a b le  o n se t o f  th e se  symptoms t

w h ile  th e  p a t i e n t  i s  a t  r e s t . j
A cute Pulm onaiy Oedema o r  C ard iac Asthma

On th e  g e n e ra l m a n ife s ta t io n s  o f  th e se  a t ta c k s ,  and th e  c o n d itio n s  

n e c e ssa ry  f o r  t h e i r  o ccu rren ce , a l l  a u th o r i t i e s  a re  ag reed . They o ccu r 

a s  a r u le  i n  p a t i e n t s  s u f f e r in g  from  h igh  b lood  p re s s u re  and alw ays in  

th o se  w ith  a  damaged l e f t  v e n t r i c le .  The commonest cause o f  a  damaged 

l e f t  v e n t r i c le  i s  o f  course  h y p e rte n s io n , e i t h e r  th e  s o - c a l le d  e s s e n t i a l  

ty p e  o r  th e  secondary form due to  v a rio u s  ca u se s , e s p e c ia l ly  ch ro n ic  

n e p h r i t i s .

A ccording to  c l a s s i c a l  th e o ry  th e se  a t ta c k s  a re  a t t r i b u t a b l e  to  a c u te  

f a i l u r e  o f  th e  l e f t  v e n t r ic le  in  t r a n s f e r r in g  b lo o d  from  th e  pulm onary 

to  th e  sy stem ic  c i r c u la t io n .  This le ad s  to  s t a s i s  in  th e  lu n g s , and  a f t e r  

an  in t e r v a l ,  to  th e  tra n su d a tio n  o f  plasm a from th e  engorged lung  

c a p i l l a r i e s ,  th e reb y  producing  pulmonary oedema. T his e x p la n a tio n  s t i l l  

f in d s  a u th o r i t a t iv e  supp o rt (37a, b , o ) ,  h u t th e re  i s  a  very  c o n s id e ra b le  

and growing w e ig i t  o f  evidence a g a in s t  t h i s  s im ple  th e o ry .

A r e c e n t  a n n o ta tio n  in  the  B r i t i s h  M edical Jo u rn a l (33) drew a t t e n t i o n  

to  th e  f a c t  t h a t  th e  c l a s s i c a l  th eo ry  o f backward p re s s u re  in  th e  lungs



can  no lo n g e r be c o n s id e re d  a s  e s ta b l is h e d ,  and c i t e s  th e  work o f 

L u isad a  (3 9 ) , who em phasises t h a t  pulm onary oedema cannot be p roduced  

e x p e rim e n ta lly  by o v e rlo a d in g  th e  l e f t  v e n t r i c l e ,  nor by a ry  m ech an ica l 

p ro ced u re  t h a t  m ight be ex p ec ted  to  cause  pulm onary co n g es tio n . L u isada  

m oreover su g g e s ts  t h a t  th e  p rim ary  f a c t o r  i s  a  neu ro g en ic  one, and th a t  

o n ly  when t h i s  i s  p re s e n t  can  sim ple m echan ica l changes i n  th e  c a rd io ­

v a s c u la r  system  produce pulm onary oedema. This o b se rv a tio n  i s  su p p o rted  

by th e  reco rd s , o f  p rev io u s  a u th o rs  who have o b serv ed  th e  developm ent o f  

pulm onary oedema i n  p a t i e n t s  s u f f e r in g  from  v a r io u s  le s io n s  o f  the 

nervous system . Langeron (4-0) r e p o r ts  i t s  o ccu rren ce  i n  an  e p i l e p t i c ,  

p ro b ab ly  n e u r o s y p h i l i t i c ,  and  rev iew s 16 s im i la r  c a se s  in  th e  l i t e r a t u r e  

w here a t ta c k s  o f  pulm onary oedema o c c u rre d  i n  e p i l e p t i c s ,  many of them 

d e f i n i t e l y  s u f f e r in g  from  n e u ro s y p h il is .  M o u tie r ( 41) a ls o  r e p o r ts  i t s  

occu rren ce  i n  s o ld ie r s  w ith  n o n -p e n e tra tin g  i n j u r i e s  to  th e  s k u l l ,  and 

F a rb e r  (42) observ ed  i t  i n  a  s e r i e s  o f  c h i ld r e n  w ith  e n c e p h a l i t i s ,  

p o l io e n c e p h a l i t i s ,  m e n in g it is  and b r a in  ab scess  and tum our, w h ile  

Weisman ( 43) found  i t  i n  7O'Jo o f  h i s  p a t ie n ts  dy ing  o f i n t r a c r a n i a l  

haem orrhage, tra u m a tic  o r  o th e rw ise . A ccording to  JCaufmann (4 4 ) ,  a c u te  

pulm onary oedema i s  a w e ll  re c o g n ise d  co m p lic a tio n  o f  head  in ju r y .  

L u isada  ( 39) concludes t h a t  th e r e  i s  a  neu ro g en ic  f a c t o r  o p e ra t iv e  in

I c a se s  o f  oulmonary oedema fo llo w in g  exposure to  i r r i t a n t  g a se s , and t i ia t
1
| th e  c o n d it io n  i s  n o t due s o le ly  to  d i r e c t  damage to  th e  lu n g  c a p i l l a r i e s .  

More r e c e n t ly  Wasserman and Goodman (45,/, i n  an  ex p e rim e n ta l rev iew  ox 

th e  s u b je c t ,  a ls o  came to  th e  c o n c lu s io n  th a t  a  neu ro g en ic  f a c t o r  io  o f 

fundam ental im portance i n  th e  p ro d u c tio n  o f  an  a t ta c k  ox c a rd ia c  ao oii.ia 

o r  a c u te  pulm onary oedema.



M oreover, i t  must be remembered th a t  a t ta c k s  o f  c a rd ia c  asthm a -  

pulm onary oedema a re  r e c u r r e n t .  S e l tz e r  (4-6) r e p o r ts  a  case  where "d u rin g  

'*the e n t i r e  seven  months p e r io d  o f  th e  te rm in a l i l l n e s s  th e  p a t i e n t  

"underw ent 146 a t ta c k s  o f  acu te  l e f t  v e n t r i c u la r  f a i l u r e ,  c h a r a c te r i s e d  

"by pulm onary oedema o f  g re a t deg ree  and i t s  accompanying symptoms and 

" p h y s ic a l  s ig n s ."  I t  i s  d i f f i c u l t  to  b e l ie v e  t h a t  a cu te  f a i l u r e  o f  th e  

l e f t  v e n t r i c u la r  m uscle p r e c ip i t a t e s  th e se  a t ta c k s ,  f o r  t h i s  would mean 

th a t  acu te  v e n t r i c u la r  f a i l u r e  must suddenly  occur a t  each s e p a ra te  

ep iso d e  and th a t  such a  h e a r t  can re p e a te d ly , and in  r a p id  su c c e s s io n , 

a l t e r n a t e l y  f a i l  and reco v e r normal fu n c tio n . In  a d d i t io n  th e re  m ust be 

ta k e n  in to  c o n s id e ra tio n  th e  o f te n  reco rd ed  f a c t  th a t  d u rin g  th e  

a t t a c k  th e re  i s  a rem arkable r i s e  in  th e  s y s to l i c  b lood  p re s s u re  (4 7 a ,b ) 

w hich i s  v e iy  co n s ta n t and which does no t r e a d i ly  f i t  in  w ith  th e  

concep t o f  a l e f t  v e n t r ic le  th a t  i s  supposed to  be f a i l i n g  a c u te ly .

C h r is t i e  ( 48) reg a rd s  t h i s  phenomenon o f  g r e a t ly  in c re a s e d  p re s s u re  in  a  !

h e a r t  supposedly  s t r a in e d  to  b reak in g  p o in t  as  b e in g  "a r a th e r  j

" e x tra o rd in a ry  f a c t . "
j

A v ery  e x c e lle n t  d is c u s s io n  on th e  e t io lo g y  o f acu te  pulm onaiy 

oedema, o r  paroxysm al n o c tu rn a l dyspnoea as  tney  more f re q u e n tly  c a l l  

i t ,  and one th a t  throws c o n s id e ra b le  l i g h t  on th e  n a tu re  and lo c u s  o f  

a c t io n  o f  th e  p o s tu la te d  neurogenic f a c to r ,  i s  c o n ta in ed  i n  th e  j
monograph on C ard io v ascu la r D iseases by S ch erf and Boyd (49) • A gainst -

th e  c l a s s i c a l  concep tion  o f lung  oedema produced by s t a s i s  and c o n g e s tio n  ,

th ey  adduce th e  fo llo w in g  evidence.

(1 ) The a t ta c k s  occur u s u a l ^  a t  n ifih t w h ile  th e  p a t i e n t  i s  s le e p in g ,



and when th e re  i s  l e a s t  s t r a i n  on h is  damaged l e f t  v e n t r i c le .

(2 ) I f  pulm onary oedema were due to  s t a s i s  in  th e  lungs th e se  a t ta c k s  

sh o u ld  be very  f re q u e n t in  advanced m i t r a l  s te n o s is  w ith  co n g e s tiv e  

c a rd ia c  f a i l u r e ,  w hereas in  f a c t  they  very r a r e ly  appearj i f  th e y  do 

o ccu r i n  t h i s  d is e a s e  i t  i s  d u rin g  a  p e r io d  o f e x e r t io n  and n ev er w hile  

th e  p a t i e n t  i s  q u ie t a t  n ig h t .

0 )  " I f  a c u te  weakness o f  th e  l e f t  v e n t r i c le  a c tu a l ly  r e le a s e d  th e se  

a t ta c k s  one would expec t th e  b lood  p re s su re  to  f a l l  d u rin g  th e  ep iso d e , 

o r  w here com pensatory r e g u la t io n s  were i n s t i t u t e d  to  rem ain  u n a l te re d . 

However, b o th  s y s to l ic  and d ia s t o l i c  p re s s u re  r i s e s  in  th e  a t ta c k  and 

t h i s  in c re a s e  o ccu rs  so r e g u la r ly  th a t  an a t ta c k  in  w hich th e  b lood  

p re s s u re  rem ains u n a l te re d  o r a c tu a l ly  f a l l s  i s  a su re  in d ic a t io n  th a t  

te rm in a l  oedema i s  p re s e n t ,  o r th a t  an  a t ta c k  o f c a rd ia c  asthm a -  pulm onary 

oedema c o - e x is t s  w ith  a re c e n t  coronary  th rom bosis o r a p ro fo u n d ly  

damaged m yocardium ."

(4 ) W hile m orphia has a  most b e n e f i c ia l  e f f e c t  i n  th e se  a t ta c k s  i t  h as  no 

d i r e c t  o r  b e n e f i c i a l  e f f e c t  on th e  muscle o f th e  l e f t  v e n t r i c le .

H aving th u s  r a is e d  s e r io u s  o b je c tio n s  to  th e  c l a s s i c a l  th e o ry  o f  

backw ard p re s s u re ,  s t a s i s  and co n g es tio n  a s  th e  cause o f  an a t ta c k  o f  

pulm onary oedema, S cherf and Boyd go on to  propound a newer concept o f  

th e  mechanism, summed up in  th e  p ro p o s itio n  th a t  "paroxysm al n o c tu rn a l 

"dyspnoea o r ig in a te s  in  an  abnormal s t a t e  and abnorm al fu n c tio n  o f  th e  

" r e s p i r a to r y  c e n tre s .  " T h e ir  evidence in  fav o u r o f  such  a ’r e s p i r a to r y  

c e n tre  th e o ry ’ may be b r i e f l y  s ta te d  as fo llo w s:

( l )  The e x c e l le n t  e f f e c t s  o f  morphia bo th  in  the  a t ta c k  and p ro p h y la c t i -  

c a l l y ;



(2 ) The occurrence o f  c a rd ia c  asthm a and pulmonary oedema i n  o rg a n ic  

c e r e b r a l  le s io n s ,  e s p e c ia l ly  s k u l l  traum a;

(3 ) The a t ta c k s  a re  independent o f  th e  degree o f  pulm onary s t a s i s  

p r e s e n t ,  and w ith in  c e r t a in  l im i t s ,  independen t o f  o th e r  s ig n s  o f  

decom pensation;

( 4 ) C ard iac  asthm a o ccu rs  e x c lu s iv e ly  in  th e  same c o n d itio n s  as  th o se  a 

i n  w hich Cheyne-Stokes b re a th in g  i s  found and th i s  i s  known to  be due 

to  a  d is tu rb a n c e  o f  th e  r e s p ir a to ry  c e n tre ;

(5 ) The m a n ife s ta t io n s  o f  th e  a t ta c k ,  p a r t i c u l a r ly  the  very  sudden o n se t 

and th e  ap p a re n t p u rp o se le ssn ess  o f th e  gasp ing  r e s p i r a t io n  e x h ib i t  an  

e n t i r e ly  d i f f e r e n t  c h a ra c te r  from th e  dyspnoea o f  pulm onary s t a s i s ;

(6 ) A norm al oxygen s a tu r a t io n  o f  th e  b lood  and a b s o lu te ly  no ex cess  o f 

ca rb o n  d io x id e  i n  th e  b lood , e i t h e r  d u rin g  th e  a t ta c k s  o r i n  th e  

i n t e r v a l s  betw een them, in d ic a te s  th a t  the  c o n d itio n s  in  th e  lungs a re  

norm al, ( i t  i s  o f  i n t e r e s t  to  no te  th a t  C h r is t ie  (50) and Haldane and 

P r i e s t l e y  (51) have drawn a t t e n t io n  to  th e  f a c t  t h a t  th e  same s t a t e  o f 

a f f a i r s  o b ta in s  in  cases o f  phosgene g ass in g  -  namely, th a t  th e r e  i s  no 

r e t e n t i o n  o f  carbon d io x id e ; indeed , i t  i s  u s u a lly  below  norm al u n le s s  

d e a th  i s  im m inent);

(7 ) The p a l l o r ,  a n x ie ty , sw ea tin g  and o th e r  accan p ary in g  phenomena as 

w e l l  a s  th e  f re q u e n t absence o f  o th e r  s ig n s  o f c a rd ia c  w eakness and t h e i r  

sudden appearance i n  in d iv id u a ls  a t  r e s t  and who a re  e n t i r e ly  f r e e  from  

co m p la in ts  d u rin g  th e  day a lso  deserve n o tic e .

C o n s id e ra tio n  o f  the  above p o in ts  in  fav o u r o f  th e  " r e s p i r a to r y  

c e n t r e  th eo ry "  o f  c a u sa tio n  o f  acu te  pulmonary oedema adds f u r th e r  l i g h t



on th e  e t io lo g y  o f  the  c o n d itio n . dLnce i t  i s  g e n e ra lly  a cc ep ted  th a t  

paroxysm al n o c tu rn a l dyspnoea occurs in  case s  o f  l e f t  v e n t r i c u la r  f a i l u r e  

i t  i s  w e l l  to  co n s id e r  how l e f t  v e n t r ic u la r  f a i l u r e  can b r in g  abo u t th e se  

changes i n  th e  r e s p i r a to iy  c e n tre  re s p o n s ib le  f o r  i n i t i a t i n g  th e  a t ta c k .

The l e f t  v e n t r ic le  su p p lie s  b lood and oxygen to  th e  t i s s u e s  and 

removes m e ta b o li te s  from  them. F a ilu re  o f the  l e f t  v e n t r i c le  th e re fo re  

r e s u l t s  in  an  accum ula tion  o f  m e ta b o li te s  in  the  t i s s u e s  because b lood  

flo w  i s  d e f ic ie n t .  'Hie d e f ic ie n c y  i n  b lood  flow  a ls o  r e s u l t s  i n  an  

e x c e ss iv e  fo rm atio n  o f  m e ta b o li te s , in  th a t  m etabolism  i n  th e  t i s s u e s  i s  

in co m p le te  because o f  d e f ic ie n t  oxygen supp ly , th e  n e t t  outcome b e in g  th e  

accu m u la tio n  in  the  t i s s u e s  o f  ex ce ss iv e  amounts o f  a c id  breakdown p ro d u c ts  

m ain ly  n o n -v o la t i le  a c id s ,  such as l a c t i c  and p y ru v ic  a c id . That t h i s  

s t a t e  o f  a f f a i r s  e x i s t s  in  cases  o f  l e f t  v e n t r i c u la r  f a i l u r e  i s  re c o g n ise d  

by S h e rf  and Boyd ( l o c . c i t . ,  p .10) in  th e se  words:

" In  decom pensated p a t i e n t s ,  no t only a  d ec re ase  i n  th e  m inute volume b u t
|

"an  accu m u la tio n  o f n o n -o x id ised  m e tab o lic  p ro d u c ts  and a  d is tu rb a n c e  o f 

" th e  m e ta b o lic  s ta tu s  o f  th e  t i s s u e s  can  be dem onstra ted . "

M oreover, in  t h i s  d is e a s e  th e  lungs a re  norm al betw een a t ta c k s  and 

gaseous in te rc h a n g e s  a t  th e  a lv e o l i  ta k e  p la c e  norm ally . The r a t e  o f  

b lo o d  flo w  i s  reduced  by th e  f a i l i n g  l e f t  v e n t r i c le ;  t i s s u e  o x id a tio n  

p ro c e s se s  a re  slow ed and in c o n p le te , and an  a l t e r a t i o n  tow ards t i s s u e
j

a c i d i ty  ta k e s  p la c e . In  s h o r t ,  i t  i s  n o t th e  q u a l i ty  o f th e  b lo o d  t h a t  

p roduces t i s s u e  a l t e r a t io n s  in  cases  o f v e n t r ic u la r  f a i l u r e ,  b u t r a th e r  

th e  r a t e  o f  flow . Of co u rse , in  o th e r  m orbid p ro c e s se s  th e  same e f f e c t  

o f  a l t e r i n g  t i s s u e  a c id i ty  m i ^ t  w e ll  be produced by changes i n  th e  

q u a l i ty  o f  th e  b lo o d , and no t by any d im in u tio n  i n  i t s  r a t e  o f  flow .



I n  e i t h e r  in s ta n c e  th e  f i n a l  r e s u l t  could  be th e  same -  an in c re a s e  o f

t i s s u e  a c i d i ty  le a d in g  to  the  development o f  an a t ta c k  o f  c a rd ia c  asthm a

o r  a c u te  pulm onaiy oedema. That the  same type o f  mechanism o p e ra te s  f o r  !

th e  p ro d u c tio n  o f  lung  oedema in  cases  o f phosgene g a s s in g  seems reaso n ab le j
j

to  e x p e c t. The p ro b ab le  changes in  th e  b lood  ch e m is tiy , fo llo w in g  th e  

in h a la t io n  o f phosgene, th a t  would b r in g  abou t th is  s t a t e  o f  a f f a i r s ,  w i l l  i
j

be d is c u s se d , however, a t  a l a t e r  s ta g e . [

So f a r  a s  th e  a c tu a l  p r e c i p i t a t io n  o f the' a t ta c k  i s  concerned , th e  

n o c tu rn a l  n a tu re  o f th e  ep isodes p ro v id es  th e  c lu e , and adds f u r th e r  

c o n f irm a tio n  to th e  th eo ry  th a t  th e  fundam ental cause i s  an in c re a s e  i n  

t i s s u e  a c id i ty .  Normally carbon d io x id e  (CO ) accum ulates i n  th e  body 

d u r in g  s le e p  because o f a l t e r e d  i r r i t a b i l i t y  ( s e n s i t i v i t y )  o f  th e  

r e s p i r a t o iy  c e n tre .  This normal in c re a se  in  b lood  C02 ( i . e .  a l t e r a t i o n  

o f  th e  b lo o d  tow ards th e  s id e  o f a c id i ty )  may be s u f f i c i e n t  to  t i p  th e  

s c a le s  and  p r e c ip i t a t e  an  a t ta c k ,  when ta k en  in  c o n ju n c tio n  w ith  th e  

a lre a d y  p re s e n t  excess a c id i ty  due to  in c re a se d  p resen ce  o f m e ta b o li te s ,  

as  o u t l in e d  above. I t  i s  f u r th e r  notew orthy th a t  th e  s e n s i t i v i t y  <£ th e  

r e s p i r a t o iy  c e n tre  to  carbon d io x id e  i s  g re a t ly  in c re a s e d  by th e  lo c a l  

accu m u la tio n  o f  excess o f  a c id  su b s tan ces , so th a t  i n  l e f t  v e n t r i c u la r  

f a i in r f t  th e  r e s p i r a to iy  c e n tre  becomes unduly s e n s i t iv e  to  th e  norm al 

in c re a s e  o f  C02 d u rin g  s le e p , th e reb y  f u r th e r  enhancing  th e  f a c i l i t y  w ith  

w hich a  v e iy  sm a ll in c re a se  i n  a c id i ty  may a l t e r  th e  r e s p i r a to iy  c e n tre

and p r e c i p i t a t e  an  a t ta c k .

B efore le a v in g  t h i s  q u es tio n  o f  v e n t r i c u la r  f a i l u r e  and d ec re ase  in  th e

r a t e  o f  b lood  flow , i t  must be no ted  in  p a re n th e s is  t h a t  m  a l l  c a rd ia c
AMmt-

1 • or, in  the  c i r c u la t io n  t i s s ue th e  r a t e  o fc o n d itio n s  p roducing  an  in c re a se  in  one



flo w  th rough  th e  lungs i s  much more a l te r e d  th a n  th e  r a t e ^ in  th e  system ic  

c i r c u la t io n .  C onsiderab le  in v e s t ig a t io n s  have been  made in to  t h i s  p o in t  

by v a r io u s  a u th o rs  (52a, b , c , d ) ,  and a l l  o f them show th a t  i n  c a rd ia c  

f a i l u r e  i n  g e n e ra l,  and l e f t  v e n t r ic u la r  f a i l u r e  in  p a r t i c u l a r ,  th e  

p ro lo n g a t io n  o f  th e  c i r c u la t io n  tim e in  th e  l e s s e r  c i r c u la t io n  i s  

r e l a t i v e l y  g r e a te r  th a n  in  th e  m ajor c i r c u la to r y  system . This 

o b s e rv a tio n  may have a b e a r in g  on cases  o f  phosgene g a ss in g  in  t h a t ,  i f  

th e  b lood  w ere a l t e r e d  in  such a way th a t  i t  would e x e r t  a  lo c a l  e f f e c t  

upon th e  c a p i l l a r i e s ,  c ircum stances m ight cause th e  b ru n t o f  such  e f f e c t  

to  f a l l  m ain ly  on th e  pulmonary v e s s e ls ,  b o th  because o f t h e i r  b e in g  the  

s i t e  o f  p r i o r  a c t io n  from ary  phosgene-blood compound so formed and 

becau se  o f  t h e i r  lo n g e r exposure to  i t .

Anoxic and O ther F a c to rs  in f lu e n c in g  the  P ro d u c tio n  o f hung Oedema.

Of param ount im portance i n  re s e a rc h  in to  th e  p ro d u c tio n  of pulmonary 

oedema i s  the  work o f D rin k e r, ex tend ing  over maty y e a r s ,  and 

com prehensively  ep itom ised  in  h is  re c e n tly  p u b lish e d  monograph (5 3 ).

H is s tu d ie s  a re  no t so much concerned w ith  th e  prim ary  cause o f  th e  

c o n d itio n , b u t  r a th e r  w ith  th e  a c tu a l  mechanism o f  f l u i d  p ro d u c tio n  and 

o f  r e s o lu t io n  o f  oulmonaiy exudates. One f a c to r  t h a t  he does s t r e s s ,  

however, and w hich he re g a rd s  a s  b e in g  o f th e  h ig h e s t  im portance , i s  

th e  p a r t  p lay ed  Oy an o x ia , and more p a r t i c u la r ly ,  by anox ia  o f th e  

pulm onary c a p i l l a r i e s .  Not only does oxygen’la c k  cause in c re a s e d  

c a p i l l a r y  p e rm e a b il i ty  everywhere in  th e  body, b u t U rin k e r has shown 

t h a t  th e  m inute v e s s e ls  o f th e  lu n g  are  e s p e c ia l ly  s u s c e p t ib le  to  anox ia .



Thus n o t only  i s  an o x ia  capab le  o f  p ro d u c in g  pulm onary oedema, b u t th e  

oedema f l u i d  once form ed (w hatever th e  cause o f  i t s  i n i t i a l  p ro d u c tio n  

may be) p re v e n ts  oxygen from re a c h in g  the  c a p i l l a r i e s  and th i s  le a d s  to  

th e  developm ent o f  f u r th e r  oedema and an o x ia , th e  p ro c e ss  te n d in g  to  

co n tin u e  i n  a  v ic io u s  c i r c l e .  In  t h i s  connexion i t  i s  im p o rtan t to  

remember j u s t  how dependent a re  the  lung  c a p i l l a r i e s  on the  a lv e o la r  

a i r  f o r  th e  supp ly  o f  oxygen to  meet t h e i r  norm al req u ire m en ts . The t i r y  

v e s s e ls  them selves c o n ta in  venous b lo o d . In  norm al r e s t i n g  c o n d itio n s  

th e  i n t r a c a p i l l a i y  venous b lo o d  may s t i l l  c o n ta in  s u f f i c i e n t  oxygen f o r  

th e  v i a b i l i t y  o f  th e  c a p i l l a r i e s  th em selves, even w ith  b lo ck ed  o r  

p a r t i a l l y  b lo ck ed  a lv e o l i  su rro u n d in g  them; a ry  f u r th e r  s t r ip p in g  o f 

oxygen from  th e  venous b lo o d , as  by e x e rc is e ,  f o r  exam ple, may so t i p  

th e  s c a le  as to  produce a s ig n i f i c a n t  anox ia  o f  th e  c a p i l l a r i e s ,  c a u s in g  

them to  become d i l a t e d  and perm eab le , p e rm itt in g  th e  tra n s u d a t io n  o f 

p lasm a and a llo w in g  th e  developm ent o f  f u r th e r  lung  oedema to  ta k e  p la c e .

W hile th e  work o f D rin k e r r i g h t ly  s t r e s s e s  th e  im portance o f  lo c a l  

an o x ia  o f  th e  lu n g  t i s s u e s  in  th e  p ro d u c tio n  o f pulm onaiy oedema t h i s  

does n o t as a  r u le  c a s t  much l i g h t  upon the  p rim ary  cause . Anoxia may 

b e g e t anox ia  and te n d  to  keep going  th e  p ro c e ss  o f  oedema fo rm atio n ; 

i t  does n o t ,  however, i n i t i a t e  th e  p ro c e ss  excep t in  th e  ra re  case  o f  

pu re  anox ic  asph y x ia . Dor th e  in d u c tio n  o f  pulmonary oedema i n  

ex p erim en ta l an im als  D rin k er d e sc r ib e s  in  h is  book th e  use of a  drug  

w hich, when g iven  by mouth o r  in je c te d  su b cu tan eo u sly , in tra m u s c u la r ly , 

in tra v e n o u s ly  o r  in t r a p e r i t o n e a l ly  q u ick ly  produces an acu te  and even 

f a t a l  oedema o f th e  lungs and n o th in g  e l s e .



Post-m ortem  ex am in a tio n  r e v e a ls  no change in  a ry  o rgan ; th e  an im al i s  

a p p a re n tly  norm al i n  every  way, ex cep t t h a t  i t  has  d ie d  o f  a p u re , acu te  

pulm onaiy oedema. Though th e  n a tu re  o f  th e  d rug  i s  n o t d is c lo s e d  in  h i s  

monograph, th e  su b stan ce  i s  in  f a c t  a lp h a  n ap h th y l th io u re a ,  a  su b stan ce  

d e r iv e d  from u re a : d isc o v e re d  d u rin g  th e  re c e n t w ar, i t s  c o n s t i tu t i o n  

co u ld  n o t be d is c lo s e d  a t  th e  tim e o f  p u b l ic a t io n  o f  t h i s  work on accoun t 

o f  N a tio n a l S e c u r ity  R eg u la tio n s  (5 4 ) . The su b stan ce  i s ,  however, now 

w idely  u sed  as a r a t  poison^ and a c t s  e n t i r e ly  in  th e  manner d e sc r ib e d .

A noxia, however, i s  n o t th e  only f a c t o r  a c t in g  lo c a l ly  th a t  can  cause  

c a p i l l a iy  p e rm e a b il i ty  and th e  escape o f f l u i d  in to  th e  t i s s u e s .  Thus 

a c c o rd in g  to  Samson W right (55) " i t  i s  b rough t abou t by th e  p ro d u c ts  o f 

t i s s u e  a c tiv ity , i . e .  m e ta b o li te s  . . .  maybe C O ^o r  in c re a se d  if^ ion  

c o n c e n tra t io n ."  ( l o c . c i t . , p . 4 6 1 ), by chem icals  such as u re th a n e  ( i b i d . ,  

p . 4 ^ 2 )and by in c re a s e d  in t r a c a p i l l a i y  p re s s u re  ( i b i d . ,  p . 474), though 

D rin k e r (53) does n o t b e l ie v e  t h a t  t h i s  p la y s  a s ig n i f i c a n t  p a r t  i n  the  

case  o f  pulm onaiy oedema. S je rn in g  (56) has a c tu a l ly  induced  pulm onaiy 

oedema i n  c a ts  and dogs by th e  in tra v e n o u s  i n j e c t i o n  o f  ch loram ine and 

subsequent in j e c t i o n  o f  u re th a n e . The amount o f  f l u i d  a c tu a l ly  p re s e n t  

i n  th e  lu n g  a t  th e  tim e i s  a ls o  o f im portance. Thus i n  co n g es tiv e  h e a r t  

f a i l u r e  from  m i t r a l  s te n o s is  th e re  i s  no pulm onaiy oedema, f o r  th e  lungs 

c o n ta in  le s s  f l u i d  th a n  norm al ( th e  "dry  lung" o f p a th o lo g is t s ) ,  and in  

a d d i t io n ,  th e  membranes o f  th e  lu n g  a re  p ro b ab ly  l e s s  perm eable on 

accoun t o f  c h ro n ic  f i b r o s i s .

To sum m arise, th e  f a c to r s  in f lu e n c in g  th e  p ro d u c tio n  o f  lu n g  oedema, 

and o f p o s s ib le  s ig n if ic a n c e  in  phosgene p o iso n in g , a re  th e se :



(1 ) An abnorm al response  o f  th e  r e s p i r a to r y  c e n tre  to th e  accu m u la tio n  o f  

a c id  su b s ta n c e s .

(2 ) Anoxia o f  th e  r e s p i r a to r y  c e n tre  enhancing  th e  e f f e c t s  o f  ( l )  above.

(3 ) L ocal an o x ia  o f  th e  lu n g  c a p i l l a r i e s  le a d in g  to  in c re a se d  p e rm e a b il i ty  

t r a n s u d a t io n  o f  f l u i d ,  b lockage o f  th e  a lv e o l i  and th e  b e g e t t in g  o f  

f u r th e r  an o x ia .

( 4 ) The lo c a l  a c t io n  o f  a c id  su b s ta n c e s  on th e  lu n g  c a p i l l a r i e s .

(5 ) The s p e c i f i c  a c t io n  o f ch em ica ls , such  as  u re th a n e  and a lp h a -n a p h th y l 

th io u re a ,  upon the  c a p i l l a r i e s .

(6 ) The e x is te n c e  o f  s u i t a b le  c o n d itio n s  i n  th e  lungs such  a s  norm al o r  

in c re a s e d  f l u i d  c o n te n t and p e rm e a b il i ty  o f th e  a lv e o la r  t i s s u e s .

2b. PHOSGENE IN THE PRODUCTION OF HJIA10NARST OEDEMA

In  d is c u s s in g  th e  L a te n t P e r io d  in  c a se s  o f  phosgene g a ss in g  a  ch a in  

o f  ev e n ts  was p o s tu la te d  t h a t  would a d eq u a te ly  e x p la in  t h i s  phenomenon i f  

i t  co u ld  be shown th a t  th e  r e s u l t in g  chem ica l re a c t io n s  betw een th e  b lood  

o r  t i s s u e  f l u i d s  and th e  phosgene th a t  had tr a n s g re s s e d  th e  r e s p i r a to r y  

e p ith e liu m  m ixed w ith  th e  a lv e o la r  a i r ,  c o u ld  in  f a c t  cause pulm onary 

oedema to  develop . In  o rd e r  to  show th a t  th e  p o s s ib le  chem ical r e a c t io n s  

cou ld  in d eed  i n i t i a t e  th e  p ro c e s s  o f  oedema fo rm a tio n , i t  w i l l  f i r s t  o f 

a l l  be n ece ssa ry  to  c o n s id e r  a  l i t t l e  o f  th e  ch em istry  o f  phosgene and 

i t s  r e l a t e d  compounds o r d e r iv a t iv e s ,  to g e th e r  w ith  t h e i r  r e le v a n t  

p h y s io lo g ic a l  a c t io n s  where known, and from t h i s  to  d e r iv e  som ething o f 

th e  p o s s ib le  re a c t io n s  betw een th e  gas and th e  norm al c o n s t i tu e n ts  o f  th e

b lood .



Chem ical R eac tio n s  o f  Phosgene and .Related S ubstances

S t r u c tu r a l ly  th e  phosgene m olecu le  i s  r e p re s e n te d  by th e  fo rm ula  
Cl

0 = rC  and th e  su b stan ce  may th e re fo re  be re g a rd e d  as  th e  a c id
Cl 0 Ii

c h lo r id e  o f  c a rb o n ic  a c id  0 = r C ^  , more f a m i l i a r ly  re p re s e n te d  by i t s
0 II

e m p iric  form ula R r p O y

A cid c h lo r id e s  a re  form ed by re p la c in g  w ith  C l th e  OH r a d ic le  o f  an  

a c id . As can  be seen , t h i s  i s  th e  r e la t io n s h ip  betw een phosgene and 

c a rb o n ic  a c id .

A ll  a c id  c h lo r id e s  s t i l l  r e t a i n ,  b u t in  an  enhanced d eg ree , some o f th e  I 

r e a c t io n s  o f  th e  p a re n t a c id  i n  th a t  they  can  combine, f o r  exam ple, w ith  

a lc o h o ls  and p heno ls  to  form  e s te r s  w ith  th e  e v o lu tio n  o f  h y d ro c h lo r ic  ac id . 

The fo llo w in g  examples w i l l  make t h i s  c le a r .

(1 ) 0 1 ,0 0 .0 1  + C ^ O H  = CHzCOOCgHpj + HC1 
a c e ty l  e th y l  e th y l
c h lo r id e  a lc o h o l a c e ta te

+ 2 CgE^CK = ( C ^ ) 2C03 + 2HC1 

ca rb o n a te

U su a lly  th e  a c id  c h lo r id e s  a re  p re p a re d  by th e  in te ra c tio n  o f  an  a c id  

w ith  phosphorus p e n ta c h lo r id e ,  th u s

GĤ OCXH + PClj. = CH^COCl + POCl^ + HC1
a c e t i c  a c e ty l
a c id  c h lo r id e

(2 ) CO.Cl 
phosgene



P hosphorus t r i c h lo r id e ,  a  g as , may however be more co n v en ien tly  used  in

p la c e  o f  th e  s o l id  p e n ta c h lo r id e  f o r  t h i s  pu rpose . A l te rn a t iv e ly ,  a c id

c h lo r id e s  a re  f r e q u e n t ly  p re p a re d  from  th e  p a re n t  a c id  and t h i o r y l

c h lo r id e  SOCI2, l a t t e r  b e in g  s t r u c t u r a l l y  analogous to  phosgene i n  
Cl

th e  fo rm ula 0 = S N . T hionyl c h lo r id e  i s  o f  cou rse  i t s e l f  th e  a c id  
Cl OH

c h lo r id e  o f  su lphu rous a c id  0 = Sx , more f a m i l i a r ly  w r i t t e n  H 30.
OH 2 3

The p r e p a ra t io n  o f a c id  c h lo r id e s  by th e  use  o f  t h i o r y l  c h lo r id e  i s

e x e m p lif ie d  in  th e  fo llo w in g  re a c t io n :

CH COQH + S0Clo = CHCOCl + S0o + HC1
3 2 3  2

The above r e a c t io n  i s  a  p a r t i c u l a r ly  u s e f u l  one in  th a t  th e  by e -p ro d u c ts  

a re  b o th  gaseous and can  be d r iv e n  o f f  to  leav e  th e  pu re  a c id  c h lo r id e  

beh ind .

As would be ex p ec ted , phosgene can  ta k e  th e  p la c e  o f  t h i o r y l  c h lo r id e  in  

th e  above r e a c t io n ,  th u s :

CĤ COQH + C0C12 = GH^COCl + C02 + HC1.

Indeed , a c e ty l  c h lo r id e ,  used  f o r  th e  m anufacture o f  a sp ir in ,h a s  been  

p re p a re d  com m ercially  by means o f  t h i s  r e a c t io n  in v o lv in g  th e  u se  o f 

phosgene ( 9 ) .  I t  shou ld  be p a r t i c u l a r ly  n o te d  t h a t  i n  t h i s  method o f 

p re p a r in g  th e  h ig h ly  r e a c t iv e  a c id  c h lo r id e  a  f r e e  a c id  and an  a c id  

anhydride  a re  evo lved  in  th e  p ro cess .



By means o f  a iy  o f  th e  above r e a c t io n s ,  in c lu d in g  th e  one where phosgene 

i s  u sed , th e  a c id  c h lo r id e s  o f  am ino-acids can a ls o  be form ed a t  o rd in a ry  

te m p e ra tu re s . In  th e  case  o f  am in o -ac id s, however, th e  amino group a ls o  

ta k e s  p a r t  i n  th e  r e a c t io n  and th e  h y d ro c h lo rid e  o f  th e  am ino-acid  

c h lo r id e  i s  a c tu a l ly  produced , in s te a d  o f  th e  am ino-ao id  c h lo r id e  i t s e l f  

(57)* Hie r e a c t io n  may be reg a rd ed  as  ta k in g  p la c e  in  two s t a g e s : -  j

( i )  th e  fo rm a tio n  o f  an  am ino-acid  c h lo r id e  w ith  th e  e v o lu tio n  o f

h y d ro c h lo r ic  a c id ,  and j

I
( i i )  th e  a ttachm en t o f  th e  h y d ro c h lo r ic  a c id  so form ed to  th e  f r e e  amino j 

group to  produce th e  h y d ro ch lo rid e  o f th e  am ino -ac id  c h lo r id e .

T his ty p e  o f  compound in  r e l a t i o n  to  th e  p a re n t am ino-acid  i s  shown below:

R   CH.COOH. R------------------CH.C0C1.
t  I
m  RH , HCi.

2 2

Amino a c id  h y d ro c h lo rid e  o f am ino-acid  c h lo r id e

F urtherm ore , l i k e  ar*y o th e r  a c id  h a l id e ,  phosgene r e a c t s  w ith  

ammonia ( o r  a  s u b s t i tu t e d  ammonia) to  form an  a c id  amide ( o r  s u b s t i tu t e d  

a c id  am ide). The g e n e ra l r e a c t io n  betw een an a c id  c h lo r id e  and ammonia 

may b e  re p re s e n te d  th u s :
H

x ____________C0C1 :+ H— = X  C0. NH2 + HC1
XH

a c id  c h i r id e  ammonia a c id  amide



W ith a  s u b s t i tu t e d  ammonia the  r e a c t io n  would be:
Hn R,

X— G0C1 + H— = X— CO.N/  ^ + HC1

\  o

In  common w ith  th e  o th e r  a c id  c h lo r id e s  phosgene r e a c t s  th u s  w ith  

ammonia to  form  th e  a c id  amide. Both c h lo r in e  r a d ic le s  a re  re p la c e d , and

th e  compound so fonned i s  carbam ide o r  u re a , th u s : -  
C1 NH2

0 = c C  + 2 KH = 0 = . c C  + 2HC1
Cl 3 mh2

a c id  c h lo r id e  ammonia u re a
(phosgene)

I t  sh o u ld  be p a r t i c u l a r ly  n o te d  th a t  a c id  h a l id e s  (w hich in c lu d e  a c id  

c h lo r id e s )  r e a c t in g  w ith  ammonia o r  a  s u b s t i tu te d  ammonia, form  an  e n t i r e ly  

new group o f  compounds -  th e  a c id  amides -  w ith  th e  e v o lu tio n  o f  f r e e  

h y d ro c h lo r ic  a c id ,  as  ex em p lif ied  above; th e  p a re n t a c id , on th e  o th e r  

hand, r e a c t s  w ith  ammonia o r  a  s u b s t i tu te d  ammonia sim ply by add ing  i t

on -  to  produce a  n e u t r a l  ammonium s a l t ,  th u s :
OH

0 — G /  + 2HH = (HH ) CO,
\«tt 3 v 3'OH

p a re n t  a c id  n e u t ra l  ammonium s a l t
(c a rb o n ic )  (ammonium ca rb o n a te )

As p re v io u s ly  m entioned, a c id  ch lo rid e s  r e a c t  w ith  a lc o h o ls  o r  p h e n o lic  

h y d roxy l groups to  form  e s te r s .  Phosgene g iv e s  t h i s  r e a c t io n ,  b u t b e in g  

a  d ic h lo r id e  g iv e s  th e  r e a c t io n  i n  two s ta g e s ,  f i r s t  form ing e th y l  

c h lo ro fo rn a te  -  th e  h a l f  e s t e r ,  h a l f  a c id  c h lo r id e ,  th u s : -
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Cl Cl
1 s t  s ta g e :  0 = c (  + CUHnOH = O^srC^ + HC1

C l  * 0 U c 2h 3

e th y l  e t l \y l
a lc o h o l ch lo ro fo rm ate

and u nder more d r a s t i c  c o n d itio n s  th e n  p roceeds to  form  the  com plete 

e s t e r ,  nam ely, d ie t lv / l  c a rb o n a te .

d  O .C L
2nd s ta g e :  0 =  0 ^  + C?H OH = 0 =  d  2 ^ + HC1

O.C2H3 ^ 0 . 0 ^ 5

d ie th y l
carb o n a te

The second  s ta g e  o f  th e  above r e a c t io n  can , however, be re p la c e d  by th e  

r e a c t io n  w ith  ammonia, a s  p re v io u s ly  d e s c r ib e d , to  form  e th y l  carbam ate -  

th e  h a l f  e s t e r ,  h a l f  a c id  amide -  th u s :

C l nh2
(2nd s ta g e )  0 = 0 ^  + NH = 0 = c '  + HC1

o.C2H5 ^ 0 . C2h5 .

e th y l  carbam ate 
(u re th a n e )

E th y l  carbam ate i s  th e  e th y l  e s t e r  o f  a  h y p o th e tic a l  carbam ic a c id  w hich,
OH

i f  i t  w ere s ta b le ,  would have th e  fo rm ula 0 = C ("  b u t  i t  i s  n o t known
Mi

to  e x i s t  in  th e  f r e e  s t a t e .  The s a l t s  o f  t h i s  a c id  a re ,  how ever, w e ll  knowi 

under th e  name o f  carbam ates and i t s  e s te r s  a r e  g e n e r ic a l ly  known a s  the  

u re th a n e s ,  th e  e th y l  e s t e r  b e in g  th e  conmon u re th a n e  o f  the E haraacopoei a.



The im p o rtan t p o in ts  to  be no ted  from th e  fo re g o in g  d is c u s s io n  on  th e  

chem ica l r e a c t io n s  o f  phosgene a re ,  f i r s t l y ,  th a t  i t  i s  a n  ex trem ely  

r e a c t iv e  su b s ta n c e , and seco n d ly , t h a t  i n  a l l  i t s  r e a c t io n s  f r e e  

h y d ro c h lo r ic  a c id  and sometimes a l s o  th e  a c id  anhyd ride  , carbon  d io x id e , 

a re  l i b e r a te d .  Thus phosgene no t on ly  r e a c t s  w ith  and n e u t r a l i s e s  b a s ic  

su b s ta n c e s  b u t a c tu a l ly  ev o lv es  a c id  compounds i n  so  do ing .

Chem ical R eac tio n s  o f  Phosgene in  th e  Blood

I t  has p re v io u s ly  been shown th a t  once phosgene vapour has reach ed  th e  

a l v e o l i  l i t t l e  or no f u r th e r  h y d ro ly s is  can ta k e  p la ce  and th a t  i t  must 

th e re fo re  behave a s  a component o f  th e  a lv e o la r  g a ses , c ro s s in g  w ith  

them in to  th e  b lood . Some o f  i t  may undergo h y d ro ly s is ,  and some may 

r e a c t  im m ediately  w ith  c e r t a in  chem ical c o n s t i tu e n ts  o f  th e  b lo o d , w h ile  

th e  t h i r d ,  and  p ro b ab ly  v e iy  c o n s id e ra b le  p a r t ,  may rem ain  unchanged f o r
^iehv

a tim e , d is s o lv e d  i n  th e  l ip o id s  o f  th e  body f lu id s ,^ w h ic h  i t  w i l l  

g ra d u a lly  d if fu s e  and r e a c t  w ith  th e  b a s ic  su b stan ces  o f  th e  b lood . The 

p r in c i p a l  b a s ic  su b stan ces  a r e ,  o f  co u rse , the sodium b ic a rb o n a te  and the 

am pho teric  a m in o - a c id s .  Prom a  knowledge o f  th e  chem ica l p r o p e r t ie s  and

a c t i v i t y  o f  phosgene a lre a d y  d e sc r ib e d , th e  v a r io u s  r e a c t io n s  t h e o r e t i c a l ly
■iietrcL

p o s s ib le  betw een i t  and th e  p r in c ip a l^ b a s e s  in c lu d e  th e  fo l lo w in g :-

A. R eac tio n s  w ith  B icarb o n ate  Base

1) Some o f  the  phosgene i s  hydro lyzed  by th e  body f lu i d s  to  h y d ro c h lo r ic  

a c id  ana carbon d io x id e ; th e  h y d ro c h lo r ic  a c id  th e n  r e a c ts  w ith  

b ic a rb o n a te  to  form  sodium c h lo r id e  and more carbon  d io x id e , th u s  

2NaHC02 + COCI2 + H20 2NaHC0^+ 2HC1 + C02 2NaCl + ZHgO + 3CO2



One m olecule  of* phosgene has th u s  n e u t r a l i s e d  two m olecu les of* b ic a rb o n a te  

b a s e , and i n  a d d i t io n  has produced th re e  m o lecu les  o f th e  an h y d rid e  o f  th e  

d ib a s ic  c a rb o n ic  a c id .

2) The phosgene may r e a c t  d i r e c t l y  w ith  th e  b ic a rb o n a te  to  produce sodium

c h lo ro fo rn a te .
OH 01

0=-C ^ + C OClp = 0 »  c x + HC1 + C02
ONa V0Na

b ic a rb o n a te  c h lo ro fo rn a te

In  t h i s  r e a c t io n  one m olecule o f  phosgene has n e u t r a l i s e d  one m olecu le  o f  

b ic a rb o n a te  b ase  and i n  a d d i t io n  has produced one m olecule o f  th e  

monobasic h y d ro c h lo r ic  a c id  and one m olecule o f  the  a c id  anhyd ride  o f 

th e  d ib a s ic  c a rb o n ic  a c id . The f r e e  h y d ro c h lo r ic  a c id  w i l l  th e n  

n e u t r a l i s e  a  f u r th e r  amount o f  b ic a rb o n a te  w ith  th e  e v o lu tio n  o f  carbon  

d io x id e  o r  may r e a c t  w ith  'and n e u t r a l i s e  th e  b a s ic  amino r a d ic le  o f  the  

am photeric  am ino -ac id s.

3 ) Sodium ch lo ro fo rm ate  as form ed i n  th e  p re v io u s  r e a c t io n  may th e n  r e a c t  

w ith  amino groups, th e  c h lo r in e  r a d ic le  o f  the  ch lo ro fo rm ate  com bining 

w ith  a  hydrogen atom o f th e  amino r a d ic le .  The amino groups a r e  th o se

o f  th e  am in o -ac id s. This ty p e  o f r e a c t io n  would ta k e  p la c e  i n  th e  

fo llo w in g  way -

/ C1R CH.COCH + '0 = s C ^  = R----- GH.C00H + HC1
I N ONa |
m 0 m

2 /
0= s C  N

ONa
am ino-acid  ch lo ro fo rm ate



I t  w i l l  be n o t ic e d  th a t  the  s id e  c h a in  o f th e  am ino-acid  h as  in  e f f e c t

become a  carbam ate and such ty p e s  of compounds may w e l la c h ib i t  th e  u re th a n e ;
!

e f f e c t  o f  in c re a s in g  c a p i l l a r y  d i l a t a t i o n  and p e rm e a b il i ty .  F u rth erm o re , j

t h i s  type o f  r e a c t io n  h as  n e u t r a l i s e d  th e  a lk a l in e  amino r a d ic le  o f  th e  j

am ino -ac id , le a v in g  i t  w ith  a  f r e e  c a rb o x y lic  a c id  group and h as  a l s o  I

produced a f u r th e r  m olecule o f  h y d ro c h lo r ic  a c id .  Both th e se  a c id s  a re  ;

th e n  f r e e  f o r  th e  f u r t h e r  n e u t r a l i s in g  o f  a v a i la b le  b ase .

B. D ire c t  R eac tions  w ith  -Amino-acids !

1) Phosgene may combine d i r e c t l y  w ith  am ino-acids i n  two w a y s ,  one 

m olecule o f  phosgene r e a c t in g  w ith  e i th e r  one o r two m o lecu les o f  am ino- 

a c id ,  th u s :

a) R CH. COOH + C0C19 = R  CH.COOH
I 2 '
m 9 NH + HCl

/
0=rC ^

Cl

A lm ost c e r t a in l y ,  however, such a  r e a c t io n  would p ro ceed  a  s ta g e  f u r th e r ,  ^  

f o r  th e  c h lo r in e  r a d ic le  o f th e  compound formed i s  a v a i la b le  f o r  r e a c t in g  

w ith  more b ase  -  amino groups f o r  p re fe re n c e , th u s :

b ) 2 .R— CH.COOH = R—-CH.COCH
| + C0C1
MT 2 1NH + 2HC1

2 /0*C y
NH
I

R— CH.COOH

Complex sym m etrica l 
u re a  d e r iv a t iv e .



By r e a c t in g  w ith  two am ino-acids n o t o f  the same com position  th e  r e s u l t i n g  '

compound w ould, o f  co u rse , be an  unsym m etrical u re a  d e r iv a t iv e .  j
I

Of a l l  th e  r e a c t io n s  d e sc r ib e d  under th e  head ings A and B above, tho se  j
!

in v o lv in g  com bination  w ith  f r e e  amino groups w i l l  p ro b ab ly  ta k e  p la c e  j
|

p r e f e r e n t i a l l y  to  th o se  re a c tio n s  betw een phosgene and w ate r o r in o rg a n ic  j 

b ase . The h y d ro c h lo r ic  a c id  form ed in  th e se  r e a c t io n s ,  however, w i l l  j

p ro b a b ly  r e a c t  p r e f e r e n t i a l l y  w ith  in o rg a n ic  b ase .

3) I t  i s  a ls o  t h e o r e t i c a l l y  p o s s ib le  th a t  phosgene may combine d i r e c t l y  

w ith  a  s in g le  am ino-acid  to  form  th e  iy d ro c h lo r id e  o f th e  am ino-acid  

c h lo r id e ,  a s  p re v io u s ly  d e sc r ib e d  i n  th e  g e n e ra l c h em is tiy  of a c id -  

c h lo r id e s ,  th u s : -  

R -  CH.COCH
|  . + C O C lp  = R  -  C H .C 0 C 1  + CO

* 2  I .
NH„HC12

In  such  a  r e a c t io n  the  amino a c id  n o t on ly  lo s e s  i t s  am photeric b a s ic  j

p r o p e r t i e s ,  b u t  i t  becomes a  f r e e  a c id  c h lo r id e  capab le  o f  f u r th e r  

r e a c t io n  w ith  b a s ic  su b s tan ces  aid a t  th e  same tim e th e  a c id  anhydride j

o f c a rb o n ic  a c id  i s  a ls o  formed.

The r e a c t io n s  betw een phosgene and th e  b a s ic  su b s ta n c e s  o f  th e  b lood  

as d e s c r ib e d  above a re  n o t in te n d e d  to  be ex h au s tiv e  n o r to  r e p re s e n t  

o r e c is e ly  th e  ch em ica l changes th a t  ta k e  p la c e . Ra.ther a re  they  in te n d e d  

to  ty p i fy  th e  s o r t  o f  re a c tio n s  th a t  one can  ex p ec t o r p r e d ic t .  Of a l l  

th e  ty p e s  d e sc r ib e d , th o se  o c c u rrin g  under head ing  B. 1, and e s p e c ia l ly



th e  com pleted  form under h ead in g  3 .1 b , would be by f a r  th e  commonest, 

th e  m ost e a s i ly  p roduced  and c e r t a in ly  th e  most in t e r e s t in g .  Chem ical 

changes o f  t h i s  ty p e  r e s u l t in g  in  th e  fo rm atio n  o f  complex u re a  d e r iv a t iv e s  

a re  no t unknown in  m edicine . Indeed , th ey  a re  used  i n  th e  p r e p a r a t io n  o f 

sym m etrica l u re a  d e r iv a t iv e s  such  as Suramin B .P . ( l l )  and S .U .P .36 and 

s im i la r  d ru g s (5 6 ). Unsym m etrical u re a  d e r iv a t iv e s  form ed by th e  same 

ty p e  o f  r e a c t io n  a re  re p re s e n te d  by u re th an e  B .P .(59) and by a lp h a -n a p h tb y l 

tld?u rea , b o th  th e se  d ru g s b e in g  known to  cause marked c a p i l l a iy  

p e rm e a b il i ty  le a d in g  to  th e  escape o f  plasm a in to  th e  t i s s u e s ,  and th e  

l a t t e r  a s  hav ing  a  s p e c i f i c  e f f e c t  upon th e  v e s s e ls  o f th e  lung  le a d in g  to  

th e  developm ent o f  a  g ross and even f a t a l  pulm onary oedema (53# 54)*

At a ry  r a t e ,  w hatever be th e  e x a c t n a tu re  o f th e  chem ical r e a c t io n s  

p roduced  by phosgene in  th e  body, th e  fo llo w in g  very  im po rtan t g e n e ra l  

co n c lu s io n s  may be drawn: -

1. W hether by h y d ro ly s is  in  th e  b lood  stream  o r by d i r e c t  chem ical 

com bination  w ith  b a s ic  su b stan ces  in  th e  body, h y d ro c h lo r ic  a c id  i s  

form ed and sometimes a ls o  th e  ac id  anhydride  CĈ *

2. The a c id s  so  form ed a re  f r e e  to  r e a c t  w ith  f u r th e r  a v a i la b le  b a se .

3 . By r e a c t in g  w ith  th e  amino r a d ic le  o f the am photeric  am ino -ac id s t h e i r  

b a s ic  p r o p e r t ie s  a re  d es tro y ed  and th ey  become f r e e  o rg an ic  a c id s  ad d in g  

f a r t h e r  to  th e  ”a c i d i ty ” o f th e  blood.

4 . One m olecule o f  phosgene may r e a c t  to  produce s e v e r a l  m olecules o f  

a c id , i . e . ,  l i b e r a te  s e v e ra l  a c id  r a d ic le s  which absorb  f a r t h e r  amounts 

o f  b a se  f o r  t h e i r  n e u t r a l i s a t io n .

5 . Some o f th e  compounds formed a re  them selves a c id  c h lo r id e s  and  w i l l  

r e a c t  f a r t h e r ,  w ith  n e u t r a l i s a t io n  o f  a d d i t io n a l  b a se , ldoreover, th e
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a c id  c h lo r id e s ,  in c lu d in g  phosgene, a r e  a l l  i r r i t a n t s  cap ab le  o f  c a u s in g  

v a s o d i l a ta t io n  and in c re a s e d  c a p i l l a r y  p e rm e a b il ity  by t h e i r  l o c a l  a c t io n  

on b lood  v e s s e ls ,  a s  can  be a p p re c ia te d  frcm  d i r e c t  o b s e rv a tio n  o f  t h e i r  

b eh av io u r a s  lach ry m ato rs  and eye i r r i t a n t s .

6. O ther compounds form ed may be  o f  th e  u re th a n e  ty p e . U rethane i t s e l f  

has b een  u sed  in  e x p e rim en ta l physio logy  f o r  th e  p ro d u c tio n  o f lung  oedema, 

and o th e r  compounds o f  th e  same type may w e ll  have s i m i l a r  p r o p e r t i e s .

7* In  v i r tu e  o f i t s  powers o f  l in k in g  am ino-acids to g e th e r  very  complex 

b o d ie s  may be form ed by th e  a c t io n  o f  phosgene i n  th e  b lo o d . Complex 

u re a  d e r iv a t iv e s  ch em ica lly  analogous to  a lp h a  n ap h th y l th io u re a  and 

p o s s ib ly  hav ing  th e  same s p e c i f i c  p r o p e r t ie s  o f  p rod u cin g  pulm onary oedema 

may be form ed. L ikew ise, complex lin k ag es  betw een am ino-acids w i l l  r e s u l t  

i n  th e  fo rm a tio n  o f  compounds in  th e  n a tu re  o f  p e p t id e s  and p ep to n es , and 

such  compounds a re  w e ll  known to  produce in c re a s e d  c a p i l l a r y  p e rm e a b il i ty  

and oedema. (C onsider a l l e r g i c  and ’’shock th e ra p y ” r e a c t io n s  t h a t  may be 

p roduced  by p e p to n e s ) .

8. No m a tte r  i n  what way phosgene may r e a c t  w ith  th e  c o n s t i tu e n ts  o f  the 

b lo o d  i t  w i l l  always r e s u l t  in  a  very  profound d is tu rb a n c e  o f  th e  a c id /b a s e  

e q u ilib r iu m . T his d is tu rb a n c e  -w ill p roduce many p h y s io lo g ic a l  r e a c t io n s ,  

e s p e c ia l ly  on th e  a c id  s e n s i t iv e  r e s p i r a to r y  and vaso-m otor c e n tre s .

There i s  a l s o  a  very  g r e a t  d e a l  o f  ev idence to  show t h a t  such  d is tu rb a n c e s  

r e s u l t  d i r e c t l y  i n  th e  fo rm a tio n  o f  pulmonary oedema.



R eac tio n  o f Phosgene on Blood Pigm ents

While th e re  i s  no c l i n i c a l  evidence th a t  th e  b lo o d  p ig jnen ts a re  i n  any 

way a l t e r e d  in  c a se s  o f  phosgene p o iso n in g , i t  has been  c l aimed t h a t  th e  

gas d oes, i n  f a c t ,  modify th e  b lood  p ig n e n t in  some d eg ree . Thus Meyer 

(60 ) s t a t e s  t h a t  p a r t  o f th e  c i r c u la t in g  haem oglobin i s  d is ru p te d  to  form  

haem atin . He id e n t i f i e d  t h i s  su b stan ce  s p e c tro s c o p ic a l ly  i n  th e  b lo o d  o f 

56 p a t i e n t s  examined d u rin g  tire Hamburg d i s a s t e r  o f  1928, and quo tes the  

w orks o f  s e v e ra l  o th e r  German a u th o rs  who had p re v io u s ly  d e te c te d  th e  

pigm ent i n  c a se s  o f  phosgene g ass in g  d u rin g  the  1914 w ar.

H aem atin ( a c id  haem atin) i s  formed ac c o rd in g  to  Whitby and B r i t to n  ( 6 l )  

by th e  a c t io n  o f  d i l u te  h y d ro c h lo ric  a c id  on haem oglobin. The p re sen ce  

o f  t h i s  p ig n e n t i n  th e  c i r c u la t io n  i n  c a s e s  o f  p>hosgene g a s s in g  th e re fo re  

adds f u r th e r  p ro o f th a t  phosgene must reac h  th e  b lood  s tream  and  give r i s e  

to  th e  fo rm a tio n  o f  h y d ro c h lo r ic  a c id  and o th e r  c h lo r in e  compounds th e re in .

3 . BLOOD PRESSURE ALTERATIONS

Among th e  c a se s  o f  phosgene g ass in g  d e s c r ib e d  in  t h i s  th e s i s  one of th e  

most c o n s ta n t and n o tab le  c l i n i c a l  f e a tu r e s  i s  th e  a l t e r a t i o n  th a t  ta k e s  

p la c e  in  th e  le v e l  o f  th e  b lo o d  p re s s u re .  T his a l t e r a t i o n  i s  p a r t i c u l a r ly  

m arked and o f  g r e a te r  s ig n if ic a n c e  among th e  s e v e re ly  a f f e c te d  c a se s .

B efore p ro c e e d in g  to  d is c u s s  th e se  m a tte r s ,  how ever, i t  would be p r o f i t a b le  

to  rev iew  b r i e f l y  th e  mechanisms f o r  norm al vasom otor and  b lo o d  p re s s u re  

c o n t ro l .  The fo llo w in g  accoun t i s  b ased  upon t h a t  o f  Samson W right in  

h i s  tex tb o o k  o f  A pplied  Physio logy  (6 2 ).



R e g u la tio n  of* Normal Blood. P re s su re

Blood p re s s u re  v a r ie s  d i r e c t l y  as  th e  p ro d u c t o f c a rd ia c  o u tp u t and 

p e r ip h e r a l  r e s is ta n c e :  in c re a s e  in  e i t h e r  o f  them produces a  r i s e  i n  

te n s io n ,  and d ec re a se  p roduces a  f a l l .  The mechanisms a r e  m ain ly  chem ica l 

b u t nerve r e f le x e s  a ls o  p la y  t h e i r  p a r t .  Of th e  two f a c t o r s ,  i t  may be 

s t a t e d  h e re ,  i n  p a r e n th e s is ,  t h a t  a l t e r a t io n s  in  p e r ip h e r a l  r e s is ta n c e  

a re  o f  g r e a te r  im portance f o r  p roducing  b lo o d  p re s su re  changes in  

phosgene g a ss in g , and i t  i s  to  p e r ip h e ra l  f a c to r s  th a t  g r e a te r  a t t e n t i o n  

m ust th e re fo re  be p a id .

The p r in c i p a l  nerve c e n tre  f o r  th e  c o n t ro l  o f  b lo o d  p re s s u re  l i e s  in  

th e  vaso -m oto r a re a  o f  th e  m edulla. S tim u la tio n  o f t h i s  c e n tre  i s  

e f f e c te d  no im ally  by any r i s e  in  th e  carbon  d io x id e  (COg) te n s io n  o r  

hydrogen io n  (H* io n ) c o n c e n tra tio n  o f  th e  b lood . This s tim u lu s  i s  th e n  

tr a n s m it te d  to  the  p e r ip h e r a l  a r t e r i o l e s ,  v ia  th e  vaso-m otor n e rv es , and 

p roduces a r t e r i o l a r  c o n s tr ic t io n .  Such c o n s t r ic t io n  o f  v e s s e ls  in c re a s e s  

p e r ip h e r a l  r e s is ta n c e  and th e  b lood  p re s su re  co nsequen tly  r i s e s .  A 

s im i la r  e f f e c t  o f  in c re a s in g  p e r ip h e ra l  r e s is ta n c e  i s  a l s o  produced 

i n d i r e c t l y  from the  a c t io n  o f in c re a se d  C02 te n s io n , o r  a c id  io n  

c o n c e n tra tio n , o f  th e  blood upon the  chem o-recep tors o f  th e  c a r o t id  and 

a o r t i c  b o d ie s . From th e se  chem o-receptors th e  s tim u lu s  i s  re la y e d  a lo n g  

th e  s in o - a o r t i c  nerv es  to  th e  vaso-m otor c e n tre  i n  th e  m edu lla , and thence 

t r a n s m it te d  to  th e  p e r ip h e ry  as b e fo re . I t  i s  p ro b a b le , however, th a t  

t h i s  e f f e c t  i s  o rd in a r i ly  o f  l e s s  im portance th a n  th e  d i r e c t  one.

In  a d d i t io n  to  the  c e n t r a l  e f f e c t  i t  i s  im p o rtan t to  no te  th a t  an 

in c re a s e  in  th e  C02 te n s io n  o f  the  b lo o d  e x e r ts  a  d i r e c t  a c t io n  upon th e



w a lls  o f the a r t e r i o l e s  them selves. This p e r ip h e r a l  a c t io n  o f CC*2 i s  

a n ta g o n is t ic  to  th e  c e n t r a l  one. I t  te n d s  to  produce v a s o d i la ta t io n  from 

r e la x a t io n  o f  th e  muscle c o a t o f  the  a r t e r i o l e s ,  and th e  e f f e c t  may be ve iy  

obv ious in  th e  s k in  and mucous membranes. The p e r ip h e r a l  a c t io n  o f  carbon  

d io x id e  has  been  w e ll  shown by p e r fu s io n  experim ents in  a n im a ls , and i t s  

e f f e c t  can  a ls o  be dem onstrated  in  th e  human s u b je c t  who i s  made to  b re a th e  

in  and  ou t o f  a c lo se d  bag , th e reb y  g rad u a lly  r a i s i n g  th e  00^ te n s io n  in  

h i s  a lv e o la r  a i r  and b lood . A f te r  a sh o r t w h ile  g e n e ra l is e d  f lu s h in g  

ta k e s  p la c e  and th e  v e s s e ls  o f  th e  s k in  become th u s obv io u sly  d i l a t e d .

Because o f  t h i s  v a s o d i la ta t io n  and the accompanying d ec re a se  in  p e r ip h e r a l  :

r e s i s ta n c e ,  th e  b lo o d  p re s su re  shou ld  tend  to  f a l l ,  though in  man th e  I
»n

c e n t r a l  and p e r ip h e r a l  e f f e c t s  o f  C02 may n e u t r a l i s e  one a n o th e r  to  a  j

c o n s id e ra b le  e x te n t .  In  a ry  c a se , accord ing  to  / / r ig h t ,  excess o f  carb o n  ; 

d io x id e  on ly  r a i s e s  th e  b lood  p re s su re  a f t e r  a  l a t e n t  p e r io d , d u r in g  which 

i t  has g ra d u a lly  b een  accum ula ting  u n t i l  i t s  te n s io n  i n  th e  b lo o d  h as  

become very  h igh . Thus, r e t e n t io n  o f  carbon d io x id e  o r a c id  io n s  may 

f i r s t  cause v a s o d i la ta t io n ,  f a l l  in  b lood  p re s su re  and f lu s h in g  o f  th e  

s k in , b u t  f a r th e r  in c re a se  always produces v a s o c o n s tr ic t io n , e le v a te d  

b lo o d  p re s s u re  and in te n s e  p a l lo r .

C o n sid e rin g  n ex t th e  p a r t  p lay ed  by oxygen (0 2) ,  excess o f  th i s  

su b stan ce  has no e f f e c t  upon th e  vaso-m otor c e n tre .  On th e  o th e r  hand, 

a  se v e re  d ec re ase  in  th e  oxygen te n s io n  o f  th e  b lood  s e n s i t i z e s  th e  

v a so m o to r  c e n tre  to  th e  a c t io n  o f  <X>2 o r  H *ions, though p ro lo n g a tio n  o f  

f o r  any le n g th  o f  time d ep re sse s  th e  h e a r t  m uscle and th u s  causes 

a  p ro found  f a l l  i n  b lo o d  p re s su re . The l e s s e r  degrees o f  ano x ia  a re ,  

how ever, accompanied by changes i n  the r e s p i r a t io n  and h e a r t  r a t e s  and



i n  th e  b lood  p re s s u re ,  th e se  changes b e in g  most f r e q u e n t ly ,  a c c o rd in g  to  

b ch n e id e r ( 63) an in c re a s e  in  r e s p i r a to r y  and p u lse  r a t e s  and an  e le v a t io n  

i i i  b lo o d  p re s s u re .  In  th e  asphyx ia  o f  t h r o t t l i n g ,  f o r  exam ple, th e re  

i s  r e t e n t io n  o f C02 combined w ith  in c re a s in g  an o x ia . F or a  tim e th e  

b lo o d  p re s s u re  r i s e s  to  g re a t  h e ig h ts ,  f o r  th e  vasom otor c e n tre ,  l i k e  th e  

r e s p i r a t o iy  c e n t r e ,  i s  s tim u la te d  by the  in c re a s in g  venous c h a r a c te r  o f 

th e  b lo o d  ( 6 k ) ;  f i n a l l y  th e re  i s  a p rofound  f a l l  i n  b lo o d  p re s s u re  $s th e  

h e a r t  f a i l s  and d ea th  supervenes from d e p r iv a tio n  o f  th e  c a rd ia c  m uscle.

I n  c o n t r a s t ,  pu re  an o x ia , as from th e  r e s p i r a t io n  of an  i n e r t  g as , c au ses  

r a p id  and in c re a s in g  f a l l  i n  b lood  p re s s u re  and d ea th , th e  b lood  v e s s e ls  

rem ain in g  to n i c a l ly  c o n s tr ic te d  th roughou t. In  th e se  c ircu m stan ces  no 

COg r e te n t io n  accom panies th e  anox ia; indeed , carbon d io x id e  s a tu r a t io n  

f a l l s  f a r  below  nonnal a s  th a t  substance i s  f r e e ly  washed away d u r in g  

r e s p i r a t i o n  o f  th e  i n e r t  atm osphere. That anoxia has .caused d e a th  from 

d e p r iv a t io n  o f  th e  c a rd ia c  muscle and no t from  f a i l u r e  o f  th e  vasom otor 

c e n t r e  i s  shown by the  p e r s is te n c e  o f v a s o c o n s tr ic t io n  even p o s t  mortem. 

Oxygen la c k  may, th e n , s e n s i t i s e  the  vasom otor c e n tre  to  th e  a c t io n  o f  C02 

and a c id  io n s ,  b u t does no t produce a  d i r e c t  s t im u la t io n  o f i t .

BLOOD PRESSURE CHANGES IN HiQSGDNS POISONING-

Among th e  s e r io u s ly  a f f e c te d  cases d e sc r ib e d  i n  a p rev io u s  s e c t io n  o f  

t h i s  p a p e r , a  r i s e  in  b lo o d  p re s su re  was found to  be a  c o n s ta n t f e a tu r e ,  

and, as a  r u l e ,  i t  was o f  very  co n s id e ra b le  d eg ree . I t  m ust be em phasised, 

how ever, th a t  th e  b lood  p re s s u re  re co rd in g s  we has* made were a l l  ta k en  

w h ile  th e  p a t i e n t  was hav in g  con tinuous in h a la t io n s  o f  oxygen. This form  

o f  tre a tm e n t was adopted  i n  an a ttem p t to  keep a t  n o m a l l e v e l  th e  oxygen



te n s io n  o f  th e  p a t i e n t s '  b lood . I f  th e se  in h a la t io n s  produced  e x c e ss iv e  

o x y g en a tio n  th e  in c re a se d  0^ te n s io n  would, o f  co u rse , have no e f f e c t  

w hatso ev er upon th e  le v e l  o f  b lo o d  p re s s u re ,  as  s t a t e d  above. On th e  

o th e r  hand, i f  i n  s p i te  o f  th e  con tinuous a d m in is tr a t io n  o f oxygen some
i

deg ree  o f  anox ia  p e r s i s te d  (and t h i s  we b e l ie v e  to  have happened) th e  

r e s u l t  would have been  to  s e n s i t i z e  th e  vasom otor c e n tre  to  o th e r  f a c to r s  

ca u s in g  th e  r i s e  in  b lood  p re s s u re ,  or i n  more extrem e c a se s  to  have 

caused  a  s e r io u s  f a l l  i n  b lood  p re s s u re  owing to  d e p r iv a t io n  o f  th e  

h e a r t  m uscle.

That th e  a d m in is tra t io n  o f  an  excess o f  oxygen causes no a l t e r a t i o n  

w hatsoever i n  th e  b lood  p re s s u re  o f  norm al human s u b je c ts  h as  b een  

ad e q u a te ly  confirm ed by th e  work o f  B ened ict and H iggins (65) and a g a in  

v e ry  r e c e n t ly  by Cornroe and h i s  co-w orkers (6 6 ) . Both th e se  p u b l ic a t io n s ,  

how ever, draw a t t e n t i o n  to  th e  f a c t  th a t  i t  doe3 produce a  rem arkable 

s low ing  o f  the  p u ls e .  This e f f e c t  was seen  in  s e v e ra l  o f  th e  m ild  c a se s  

o f phosgene g a ss in g  p re v io u s ly  d e sc r ib e d  and more p a r t i c u l a r ly  tow ards th e  

end o f  tre a tm e n t when recovery  was more o r  le s s  com plete , w ith  r e tu r n  to  

n o rm a lity . In  one p a r t i c u la r  in s ta n c e  (case  M .4 ,, C .H .) th e  p u lse  r a t e  

f e l l  a s  low a s  50 b e a ts  p e r  m inute.

Anoxia i f  a t  a l l  sev e re  o r  p ro longed  le a d s , as we have seen , to  a 

s e r io u s  f a l l  i n  b lo o d  p re s s u re . T here fo re , even i f  a  c o n s id e ra b le  degree  

o f anox ia  w ere a c tu a l ly  p re s e n t  in  th e  cases t h a t  have^been\ l r e ^ ) 

d e s c r ib e d  th e re  m ust have been  sane o th e r  f a c to r s  p re s e n t  and capab le  

o f  f a r  outw eighing  a n y  tendency to  h y po tension  from  t h i s  cau se  in  order  

to  account f o r  th e  g r e a t  r i s e  i n  b lood  p re s su re  a c tu a l ly  observed .
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These - p re lim in a ry  rem arks a re  made f o r  th e  pu rpose  o f  showing th a t  th e  , 

re c o rd e d  e le v a tio n s  i n  b lo o d  p re s su re  canno t be a t t r i b u t e d  to  th e  f a c t  

t h a t  oxygen was b e in g  a d m in is te re d  a t  the  tim e 'when th e se  d e te rm in a tio n s  

w ere made, and t h i s  i r r e s p e c t iv e  o f w hether o r  no t th e  method o f  

a d m in is tr a t io n  o f  oxygen was e f f i c i e n t  and w hether some deg ree  o f  an o x ia  ; 

c o - e x is te d  o r  n o t. I t  rem ains now to co n s id e r  in  some d e t a i l  th e  o th e r  

f a c t o r s  w hich must be re s p o n s ib le  fo r  th e  a l t e r a t i o n s  in  b lo o d  p re s s u re  as 

a c tu a l ly  observed . This can  most r e a d i ly  be done under th e  two c l i n i c a l  

head in g s  u sed  f o r  th e  d e s c r ip t io n  o f  th e  ca se s  them selves.

M ild ly  A ffe c te d  Cases

In  th e  m ild ly  a f f e c te d  c a se s  th e re  was l i t t l e  exposure to  phosgene 

vapour and th e re fo re  l i t t l e  o f  th e  gas e n te r in g  th e  b loodstream  to  e x e r t  

th e r e  an  a c id i fy in g  e f f e c t .  Compensatory mechanisms by way o f  chem ical 

b u f f e r in g  and  an  in c re a se  o f  pulmonary v e n t i l a t io n  to  wash o u t ex cess  o f  j 

ca rb o n  d io x id e  soon o f f s e ts  th e  a c t io n  o f  the  phosgene on th e se  j r a t ie n t s .  

U n t i l  such  tim es , however, as th e  com pensatory mechanisms become 

e s ta b l is h e d ,  carbon d io x id e  and a c id  io n s  l i b e r a te d  by th e  in t e r a c t io n  o f  

in s p i r e d  phosgene and the  b a s ic  su b stan ces  o f  th e  b lood  a re  te m p o ra r ily  

f r e e  to  e x e r t  an e f f e c t .  At f i r s t  such an  e f f e c t  w i l l  norm ally  be a  

■oeripheral one, p roducing  d i l a t a t i o n  o f  c a p i l l a r i e s  and a r t e r i o l e s .

F lu sh in g  o f  th e  s k in  and a  f a l l  i n  b lood p re s su re  due to  the  d ec reased  

p e r ip h e r a l  r e s is ta n c e  ten d  a u to m a tic a lly  to  fo llo w . Only a t  a  l a t e r  s ta g e  

w ith  f u r th e r  in c re a s e  o f ac id  fo rm ation  would th e  c e n t r a l  e f f e c t  predom inate 

and th e  b lood  p re s su re  r i s e ,  b u t owing to  th e  s l i g h t e r  degree o f  

exoosu re , th i s  l a t e r  s tag e  i s  never reached  and th e  case rem ains m ild  

th ro u g h o u t. Smoothly arH e f f i c i e n t ly  th e  r e s p i r a to r y  c e n tre  responds by



in c re a s in g  v e n t i l a t i o n  ( f o r  t h i s  c e n tre  i s  even more r e a d i ly  s tim u la te d  

by th e  same elem ents as a c t  upon th e  vaso-m otor one) and v e ry  soon the 

a c id /b a s e  e q u ilib r iu m  o f th e  b lood i s  r e s to r e d  to  nonnal. The c a p i l l a r i e s  

and a r t e r i o l e s  re g a in  t h e i r  normal tone and th e  b lood  p re s s u re  resum es i t s  

fo rm er le v e l .

In  some in s ta n c e s ,  however, the  f a l l  in  b lo o d  p re s s u re  t h a t  m ight have

been  a n t ic ip a te d  from th e  obvious s t a t e  o f  g e n e ra lis e d  v a s o - d i l a ta t io n  o f

th e  cu taneous v e s s e ls  a t  l e a s t ,  has no t in  f a c t  appeared , o r  has even been

re p la c e d  by a s l i g h t  r i s e .  This may reaso n ab ly  be a t t r i b u t e d  to  th e

n a tu r a l  f e a r s  o f th e  p a t i e n t ,  v/ho knows th a t  he has been gassed  by a

h ig h ly  dangerous vapour. The em otional response  o f  th e  h e a r t  i s  to

a c c e le r a te  and in c re a se  i t s  o u tpu t w hich may c o u n te rb a lan c e , o r  more th a n

c o u n te rb a la n c e , th e  f a l l  in  p e r ip h e ra l  r e s is ta n c e ,  and as th e  b lood  pressure

i s  p ro p o r t io n a l  to  th e  p ro d u c t o f c a rd ia c  o u tp u t and p e r ip h e ra l  r e s is ta n c e

i t  w i l l  f in d  i t s  l e v e l  a cc o rd in g ly . The p o s s i b i l i t y  th a t  a c e r t a in  amount
o f

v a s o - c o n s tr ic t io n  o f  th e  in te r n a l  organs such as th e  kidney may 

c o n tr ib u te  to  a com pensating o r overcom pensating r i s e  in  b lo o d  p re s s u re  

can n o t, o f  co u rse ,b e  excluded from  the  evidence a v a i la b le .  I t  i s ,  

how ever, "orobably t ru e  to  say th a t  i t  i s  th e  em otional a l t e r a t i o n  o f 

th e  h e a r t ’s  r a t e  and o u tp u t t h a t  c o n tr ib u te s  most to  th e  e f f e c t  observed .

S ev ere ly  A ffe c te d  Gases

In  se v e re  c a se s  th e  g r e a te r  amounts o f  phosgene in h a le d  p e rm its  th e  

u p s e t o f a c id /b a s e  eq u ilib riu m  in  th e  b lood  to  develop  to  a much g r e a te r  

e x te n t and to  o u t s t r i p ,  f o r  a tim e a t  l e a s t ,  th e  com pensatory mechanisms 

th a t  th e  body so q u ick ly  a ttem p ts  to  e s ta b l i s h .  Hot only  may th e re  be an



overwheInn.ng amount o f l i b e r a te d  a c id  su b stan ces  f o r  th e  body to  d e a l  w ith , 

o u t,  w ith  th e  o n se t o f  pulmonary oedema gaseous exchanges in  th e  lu n g  may 

be so  im p a ired  as to  re n d e r  im p o ssib le  th e  ready  and f u l l  oxyg en atio n  o f 

th e  b lo o d . Remembering th a t  pulmonary oedema has to  be p re s e n t  i n  a v e iy  

marked d eg ree  b e fo re  i t  i s  c l i n i c a l l y  d e te c ta b le  one can a p p re c ia te  t h a t  

l e s s e r  amounts w i l l  e x i s t  fo r* a  long  time b e fo re  i t s  p resence  can  be 

de te rm in ed  w ith  c e r t a in ty .  l e t  even th e  m inor degrees o f  e x u d a tio n  in to  

th e  a l v e o l i ,  i f  a t  a l l  g e n e ra l, m ust e x e r t  a c o n s id e ra b le  e f f e c t  i n  i

im peding th e  passage o f oxygen ac ro ss  th e  a lv e o la r  membrane. Such anox ia  

a s  may be th u s  produced w i l l  no t only enhance th e  s e n s i t i v i t y  o f  th e  

vaso -m oto r c e n tre  to  i t s  chem ical s t im u la n ts  and th e re b y  add to  the  

in c re a s in g  spasm o f  th e  a r t e r i o l e s  and consequent r i s e  i n  b lood  p re s s u re ,  

b u t  w i l l  a l s o  delay  th e  o x id a tio n  o r  d e s t ru c t io n  o f m e ta b o li te s  and a c id  

o r to x ic  phosgene d e r iv a t iv e s  a lre a d y  p re s e n t o r  b e in g  form ed in  th e  body.

In  t h i s  way th e  abnorm al c o n d itio n s  te n d  to  become v e iy  p ro lo n g ed  and 

p e r s i s t e n t .

As th e  fo rm atio n  o f pulmonaiy oedema p ro g re s se s  i n  th e se  s e v e re r  

phosgene c a s u a l t i e s  th e  carbon  d io x id e  te n s io n  in  th e  b lo o d  i s  d im in ished  

(50) and ind eed  f a l l s  f a r  below  normal u n le ss  d ea th  i s  imminent ( 5 l ) ,  

w h ile  ac c o rd in g  to  C ord ie r (67) th e  hydrogen io n  c o n c e n tra tio n  g ra d u a lly  

in c re a s e s .  This d ec re ase  i n  the  C02 te n s io n  has been w e ll  ex p la in ed  by 

H aldane (68) who drew a t t e n t io n  to  th e  f a c t  th a t  carbon  d io x id e  i s  abou t 

25 tim es more so lu b le  in  w a te r  when compared a g a in s t  oxygen. In  a lung  

flo o d e d  w ith  oedema f l u i d  carbon d io x id e  may th u s  r e a d i ly  d i f fu s e  o u t o f 

th e  c i r c u l a t i o n  a lthough  oxygen cannot a t  a l l  r e a d i ly  p a ss  in .  The le s s  

s o lu b le  aid. n o n -v o la t i le  a c id  su b s tan ces  d e r iv e d  from th e  chem ical



com bination  o f phosgene w ith  th e  c o n s t i tu e n ts  o f the b lo o d  w i l l  however 

p e r s i s t ,  s in c e  they  canno t r e a d i ly  d i f f u s e  o u t, and w i l l  co n tin u e  to  e x e r t  

t h e i r  e f f e c t s  upon th e  r e s p ir a to ry  and vaso-m otor c e n tre s .

A nother f a c t o r  adding to  th e  s t a t e  of anoxia and i t s  s e n s i t i z a t i o n  

o f  th e  vaso -m oto r c e n tre  i s  the  e f f e c t  p roduced  by i r r i t a t i o n  o f th e  

b ro n c h io le s  by th e  phosgene vaxoour, o r  more l i k e ly ,  by th e  p ro d u c ts  o f  th e  

h y d ro ly s is  t h a t  i t  undergoes in  th e se  norm ally  m o ist r e s p i r a to r y  tu b e s . 

B ro n c h io la r  spasm and o b s tru c t io n  o f  th e  sm a lle r  tu b u le s  by mucoid s e c re t io n  

c u ts  o f f  from  t h e i r  norm al a i r  supply  th e  a lv e o l i  w ith  w hich th e y  a re  

connec ted . In  t h i s  way, even a lv e o l i  th a t  a re  n o t y e t  d i r e c t l y  a f f e c te d  

by an  accum ula tion  of oedema f l u i d  may be v i r t u a l l y  fu n c t io n le s s ,  and 

co m p ara tiv e ly  la rg e  a re a s  o f r e l a t i v e ly  undamaged lu n g  t i s s u e  may th u s  

be f u n c t io n a l ly  c u t o f f .

In  s e v e re ly  a f f e c te d  case s  the p e r ip h e ra l  a c t io n  o f in c re a s e d  CO  ̂

te n s io n  o r  H+io n  c o n c e n tra tio n  in  c au s in g  a degree o f h y p o ten sio n  and a  

g e n e ra lis e d  f lu s h in g  may be p re s e n t i n  th e  e a r ly  s ta g e s .  As the l a t e n t  

p e r io d  e la p se s  and th e  a c id  su b s tan ces  accum ulate t h i s  g ives way to  

in c re a s in g  h y p e rte n s io n  w ith  g e n e ra lis e d  p a l lo r  and a r t e r i o l a r  c o n s t r ic t io n .  

I n  seme c a s e s , e s p e c ia l ly  where exposure has been  p a r t i c u l a r ly  s e v e re , 

th e se  e a r ly  hyp o ten siv e  phenomena may be e n t i r e ly  a b se n t, o r  in  o th e r  

in s ta n c e s  may be com plete ly  masked by th e  em o tio n al d is tu rb a n c e s  

commonly and n a tu r a l ly  a s s o c ia te d  w ith  t h i s  type o f a c c id e n t.



A« CYANOSIS, ANOXIA AND DYSPNOEA

C yanosis , anox ia  and dyspnoea a re  th re e  prom inent f e a tu r e s  o f  phosgene 

p o iso n in g , j/h ile  i t  may be t ru e  to  say  th a t  anox ia  i s  th e  fundam ental 

symptom and, in  some degree a t  l e a s t ,  re s p o n s ib le  fo r  th e  developm ent o f  

b o th  c y a n o s is  and dyspnoea, th e  th re e  symptoms a re  s u f f i c i e n t ly  

in te rd e p e n d e n t as to  make i t  d i f f i c u l t  to  d is c u s s  f u l l y  a ry  one o f  them 

w ith o u t some re fe re n c e  to  th e  o th e rs .  N e v e rth e le ss , an  a tte m p t w i l l  be 

made to  d e s c r ib e  them under se p a ra te  h ead ings and to  e lu c id a te  t h e i r  mode 

o f  p ro d u c tio n , i n  o rd e r  to  show th a t  they  a re  due to  th e  same type o f  

mechanisms a s  a re  re s p o n s ib le  f o r  th e  o th e r  m ain symptoms o f phosgene 

g a s s in g  a lre a d y  d isc u sse d .

Q yanosis

In  th e  sev e re  and more advanced and co nsequen tly  more ty p i c a l  c a s e s  o f  

phosgene p o iso n in g  th e  p a t i e n t 's  s k in  becomes d is c o lo u re d  by a  le a d e n  grey  

q y an o sis  as th e  i l l n e s s  approaches i t s  h e ig h t. The in tegum ent o v e r the  

e n t i r e  body i s  a f f e c te d  in  some d eg ree , though th e  in te n s i ty  v a r ie s  from 

p a r t  to  p a r t .  G enera lly  speak ing , th e  p a t i e n t 's  c o lo u r g iv e s  th e  

iu p re s s io n  o f  g reyness w hich on c lo s e r  exam ination  i s  found to  be due to  

an in te n s e  p a l lo r  on a  b lu is h  background. The s k in  i s  c o ld  and clamny to  

to u ch , th e  clamminess b e in g  re p la c e d  a t  tim es by v i s ib l e  beads and p o o ls  

o f  u n ev ap o ra ted  p e r s p i r a t io n  th a t  has accum ulated upon a co ld  and b lo o d le s s  

sk in . At th o se  p a r t s  o f th e  body which norm ally  e x h ib i t  some degree of 

re d n e s s , such as th e  l i p s ,  the e a rs  and f in g e r  t i p s ,  th e  cy a n o tic  b lu e n e ss  

i s  d eep e r, as  a r u le ,  though s t i l l  accompanied by an elem ent o f p a l lo r .  

F u r th e r  c o n s id e ra tio n  o f  th e  causes b eh ind  th e se  components and 

accompaniments o f  c y an o s is  shows th a t  th e y  a re  b u t c o n f im a to z y  symptoms



and s ig n s  o f  th o se  c o n d itio n s  which we a lre a d y  know phosgene p roduces 

i n  th e  o th e r  system s o f th e  body.

The b lo o d  c o lo ra t io n  o f  th e  normal sk in  i s  due m ain ly  to  th e  b lo o d  in  

th e  netw ork o f  c a p i l la r y  venu les i n  th e  s u b -p a p il la ry  la y e r s  o f th e  

derm is . P a l lo r  i s  produced by a  d im in u tio n  i n  th e  amount o f  haem oglobin 

h e ld  w ith in  th e se  v e s s e ls ,  e i th e r  because o f a d e f ic ie n c y  i n  th e  q u a n ti ty  

o f  th e  pigm ent i t s e l f  o r because o f a d im in u tio n  in  th e  c a l ib r e  o f  th e  

in d iv id u a l  v e s s e ls .  C yanosis, o r b lu e n e ss , on the o th e r  hand, i s '  due to  

th e  p re sen ce  o f abnorm al amounts o f  reduced  ( i . e .  unoxygenated) haem oglobin, 

o f  a ry  type and from v a rio u s  cau ses , w ith in  th e  lumen o f  th e se  m inute 

v e s s e ls  o f  the  sk in .

The ty p i c a l  g reyness o f th e  phosgene c a s u a l ty  i s  made up , a s  we have 

seen , i n  p a r t  by p a l lo r  and p a r t ly  o f  b lu e  c y an o s is . In  o th e r  w ords, the 

b lu e n e ss  o f  th e  cy an o sis  i s  due to  a l t e r a t i o n  i n  th e  c i r c u l a t i n g  haemo­

g lo b in  and i s  m o d ified  by th e  s t a t e  o f th e  v e s s e ls  th a t  c o n ta in  i t .

C o n sid e rin g  f i r s t  th e  c o n t r a c t i l e  s t a t e  o f th e  v e s s e ls ,  i t  w i l l  be 

r e c a l l e d  th a t  b o th  th e  c a p i l l a r i e s  and a r t e r io l e s  in  th e  in tegum ent 

have powers o f  c o n t ra c t io n  and d i l a t a t i o n  and th a t  e i t h e r  type o f  v e s s e l  

may r e a c t  in d ep en d en tly  o f th e  o th e r . F urtherm ore , the  a r t e r i o l e s  

r e g u la te  th e  r a t e  o f e n try  o f b lood  in to  the  sk in  and th e  r a te  o f  b lo o d  

flo w  th rough  th e  s k in , w h ile  th e  c a p i l l a r i e s  c o n tro l  th e  amount o f  blood 

w ith in  th e  s k in . When th e  r a t e  of b lood  flow  th rough th e  s k in  i s  b r i s k  th e  

p a r t  w i l l  be warn; w ith  slow ing of th e  r a te  th e  s k in  becomes co ld . The 

tem p era tu re  o f the  dcin i s  th u s  an  index o f th e  s t a t e  o f  c o n tra c t io n  o r 

d i l a t a t i o n  o f th e  a r t e r i o l e s  supp ly ing  i t .  Thus the  co ld n ess  o f th e  s k in  

i n  phosgene g a ss in g  i s  b u t an o th e r  in d ic a t io n  o f  th e  a r t e r i o l a r



c o n s t r i c t i o n  w hich we a lre a d y  know to  e x i s t  i n  the  sp lan ch n ic  v e s s e ls  and 

w hich accoun t f o r  th e  in c re a se d  p e r ip h e r a l  r e s is ta n c e  and r a is e d  b lood  

p re s s u re .

So f a r  a s  th e  c a p i l l a r i e s  a re  concerned th e  m a tte r  i s  a l i t t l e  more 

complex. Two f a c to r s  must be tak en  in to  acco u n t, th e  amount o f  b lood  

e n te r in g  the  v e s s e ls  and th e  s t a t e  o f th e  w a lls  o f the  v e s s e ls  them selves. 

C a p i l la iy  c o n s t r i c t io n ,  w hich in  i t s  extrem e form  i s  tan tam ount to  a 

p h y s io lo g ic a l  and tem poraiy  o c c lu s io n  o f  th e  v e s s e ls ,  cau ses  le s s  b lood  

to  be a c tu a l ly  h e ld  w ith in  th e  s k in , and what th e re  i s  to  be v e iy  th in ly  

sp re a d , as  i t  w ere, ov er the  whole sk in  a re a  under c o n s id e ra tio n . The 

r e s u l t  w i l l  be p a l lo r  and th i s  w i l l  be most in te n s e  i f  a t  th e  same tim e 

a r t e r i o l a r  c o n s t r i c t io n  d im in ish es  th e  amount o f  b lood  e n te r in g  the 

c a p i l l a r y  bed.

F o llow ing  from  th e  d im in ished  amount o f  b lood  e n te r in g  the  s k in  because  

o f  a r t e r i o l a r  c o n s t r i c t io n  th e  in tegum ent w i l l  g ra d u a lly  become c o o le r ,  

f o r  l e s s  h e a t  i s  b e in g  b ro u ^ i t  to  i t .  This co o lin g  p roduces in  tu r n  a 

v a ry in g  deg ree  o f  cy an o sis  w hich w i l l ,  o f  co u rse , be combined w ith  the  

p a l lo r  due to  th e  c o n s t r ic te d  s t a t e  o f th e  v e s s e ls .  In  h i s  monograph 

upon th e  b lood  v e s s e ls  o f th e  sk in  S ir  Thomas Lewis (69) shows th a t  th e  

b lo o d  ten d s  to  be d e f ic ie n t  i n  m eeting the  f u l l  needs o f the  sk in  whenever 

th e  s k in  tem p era tu re  comes to  l i e  w ith in  th e  c r i t i c a l  range betw een 15^ and 

20°C, and th a t  th e  haem oglobin i s  th en  more com plete ly  s t r ip p e d  o f  i t s  

oxygen (a s  e s tim a te d  by th e  O2 te n s io n  o f th e  venous b lood  le a v in g  th e  

p a r t ) ,  w ith  th e  r e s u l t  t h a t  cyanosis  (b lu e n e ss ; develops. At th i s  

c r i t i c a l  range o f  tem pera tu re  th e  c a p i l l a r i e s  become c o n tra c te d , an



114.

o b se rv a tio n  confirm ed by C a r r ie r  (7 0 ;,  wiio observed  the phenomenon 

d i r e c t l y  by means o f a m icroscope w h ile  the  s k in  was b e in g  g ra d u a lly  

co o led . He re p o r te d  th a t  when a tem p era tu re  o f  20°C was reach ed , "The 

(b lood) s tream  became g ra n u la r , th e  c a p i l l a r i e s  c o n tra c te d  and th e re  was 

"soon a  very  slow  stream  in  only a few c a p i l l a r i e s  and s t a s i s  in  th e  

" rem ain ing  v e s s e ls .  The a r t e r i o l e s  had d is a p p e a re d ." |

I t  i s  in t e r e s t in g  to  note th a t  th e  c r i t i c a l  range o f  tem p era tu re
j

in v o lv e d  in  t h i s  phenomenon (15°~20°C = 59°-68°F) i s  th e  average room

tem pera tu re  to  which th e  s k in  would ten d  to  f a l l  once th e  amount o f  blood

and warmth reac h in g  i t  had been reduced  by a r t e r i o l a r  c o n s t r ic t io n .

H aving th u s  accounted  f o r  th e  elem ent o f  p a l lo r  w hich is  such a  marked 

f e a tu r e  o f phosgene p o iso n in g  i t  i s  now n ecessa ry  to  add a l i t t l e  abou t th e  

b lu e n e ss  w hich accom panies i t .
j

The te rm  cy an o sis  in d ic a te s  no more th a n  a b lu e  c o lo ra t io n  o f th e  s k in
!

due to  th e  chem ical s t a t e  o f th e  haem oglobin c i r c u la t in g  th e r e in .  The j
i

commonest ty p e  o f cy an o s is , and th e  one w ith  w hich we a re  p r im a r i ly  j
1
j

concerned  in  case s  o f phosgene p o iso n in g , i s  th e  type due to  th e  p resen ce  j

w ith in  the  v e s s e ls  o f  an  abnorm al amount o f  haem oglobin in  th e  red u ced  '

s t a t e .  A ccording to  Lundsgard and Van Slyke (7 1 ) , cy an o sis  o f  t h i s  type j 

ap p ea rs  when th e  amount o f  haem oglobin in  th e  s u p e r f i c i a l  c a p i l l a r i e s  

i s  more th a n  5 Gms. o f  u n s a tu ra te d  haem oglobin p e r  100 c .c .  o f  b lood .

I t  th e re fo re  fo llow s th a t  cy an o sis  in d ic a te s  anoxaemia, o r  r a th e r  an o x ia , 

s in c e  a l l  th e  t i s s u e s  beccme in v o lv ed . The absence o f  cy an o sis  does n o t, 

o f c o u rse , p rec lu d e  th e  p resence  o f anoxia, fo r  th i s  may e x i s t ,  though 

n o t to  th e  c r i t i c a l  degree n ecessa ry  f o r  th e  p ro d u c tio n  o f  c y a n o s is .



.This i s  im p o rtan t in  th a t  th e  in d ic a t io n s  f o r  th e  r e l i e f  o f  an o x ia , as 

by oxygen th e ra p y , may be p re se n t even b e fo re  cy an o s is  d evelops. However, 

a p a r t  from th e  com para tive ly  unusual h is to to x ic  type o f  anox ia  and some 

forms o f  anaem ic an o x ia , n e i th e r  o f w hich produce c y a n o s is , th e  p re sen ce  

o f  t h i s  s ig n  in d ic a te s  a  s t a t e  o f anox ia  w e ll advanced in  degree though 

i t  g iv e s  no c lu e ,  o f co u rse , as to  the  p r e c is e  cause  o f  th e  oxygen 

d e f ic ie n c y .

I n  phosgene p o iso n in g  th e  ty p e s  o f anox ia  re sp o n s ib le  fo r  th e  

p ro d u c tio n  o f cy an o sis  a re  the anoxic and s ta g n a n t v a r i e t i e s .  Not on ly  i s  

th e  b lo o d  in s u f f i c i e n t l y  oxygenated in  th e  lungs on account o f the 

pulm onary oedema th a t  i s  p re s e n t (anox ic  an o x ia ) , b u t i t s  s ta g n a t io n  w i th in  

th e  c o n s t r i c te d  c a p i l l a r i e s  a llow s i t  to  be more com ple te ly  s t r ip p e d  o f  i t s  

oxygen c o n te n t, th e reb y  enhancing f u r th e r  the  degree o f  oxygen 

u n s a tu r a t io n  o f  the  haem oglobin p re s e n t i n  the  v e s s e ls  ( s ta g n a n t an o x ia ) .

O ther m o d if ic a tio n s  o f  th e  haem oglobin, a p a r t  from  the  p resen ce  o f  

th e  de-oxygenated  p igm ent, can o f  course  produce c y an o s is . Thus 

m ethaem oglobinaeraia and sulphaem oglobinaem ia can cause i t .  //hether o r  

n o t th e re  i s  any chem ica lly  m od ified  p ig n e n t th a t  c o n tr ib u te s  to  th e  

cy an o s is  o f  phosgene p o iso n in g  has no t been determ ined  in  t h i s  p re s e n t  1

in v e s t ig a t io n .  I t  i s  u n lik e ly , however, th a t  abnorm al d e r iv a t iv e s  o f  

haem oglobin c o n tr ib u te  much to  th e  c o lo u ra tio n  of the dcin i n  th e se  c a s e s ,  

f o r  th e  amounts o f  th e  abnorm al pigm ent haem atin  found by Meyer (60) and j 

th e  o th e r  German w orkers in  a  number o f  cases  o f phosgene g ass in g  was 

ex trem ely  sm a ll, and cou ld  have b u t l i t t l e  in f lu e n c e  on th e  c l i n i c a l  

appearances o f  th e  grey  ana cy an o tic  sk in .
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Anoxia

A c e r t a in  amount h as  a lre ad y  been  w r i t t e n  on th e  s u b je c t  o f anoxia in  

p re v io u s  s e c t io n s ,  and i t  rem ains on ly  to  sum up th o se  f e a tu r e s  p re v io u s ly  

m en tioned , and to  add one o r  two r e le v a n t  d e t a i l s .

P h y s io lo g is ts  cu s to m arily  d iv id e  anox ia  in to  fo u r  ty p e s , s ta g n a n t ,  

an o x ic , anaem ic and h i s to to x ic ,  and th e se  p ro v id e  con v en ien t head in g s 

under w hich the  s u b je c t  may be d isc u sse d .

H is to to x ic  anoxia i s  a com para tive ly  r a r e  type and i s  due to  b lo c k in g  

o f  th e  enzyme system s of the t i s s u e s  so th a t  they  canno t use th e  oxygen 

t r a n s p o r te d  to  them norm ally  i n  the  b lood . An example o f  t h i s  type o f 

an o x ia  i s  to  be found i n  cyanide p o iso n in g , where d e a th  i s  due to  

d e p r iv a t io n  o f th e  v i t a l  t i s s u e s ,  a lth o u g h  th e  b lood  rem ains f u l l y  

s a tu r a te d  w ith  oxygen even  to  the  end. N othing i s  known of th e  p o s s ib le  

occu rrence  o f  t h i s  type o f anoxia in  phosgene p o iso n in g , no r i s  th e re  

a iy th in g  to  su g g es t th a t  i t  i s  one o f th e  f a c to r s  p ro d u c in g  anox ia  in  t h i s  

c o n d itio n .

Anaemic ano x ia  i s  due to  a re d u c tio n  in  th e  c a r ry in g  c a p a c ity  o f th e  

b lo o d  a s  a f t e r  sev ere  haemorrhage o r  in  co n d itio n s  such  a s  carboxy- 

haem oglobinaem ia where p a r t  o f  th e  b lood  pigm ent i s  f ix e d  i n  an 

i r r e v e r s i b l e  o r  a lm ost i r r e v e r s ib le  chem ical com bination  and no t 

a v a i la b le  f o r  th e  t r a n s p o r t  o f  oxygen. A lthough haem oconcen tra tion  o ccu rs  

i n  phosgene p o iso n in g  (a s  seen  in  c a se s  S. 1, S. 2 ) , and has been  re p o r te d  

by v a r io u s  a u th o rs  (72 , 73, 2 3 ), th e re  i s  no a c tu a l  b lood  lo s s .  The 

a l t e r a t i o n  o f  haem oglobin by d is ru p tio n  o f  th e  m olecu le , as p re v io u s ly  

re p o r te d  (6 0 ) , i s  o f  s l i g h t  degree , even i f  i t  o ccu rs  i n  a l l  cases  

a f f e c te d  by th e  g as , and can p la y  b u t l i t t l e  p a r t  in  th e  p ro d u c tio n  o f
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an o x ia . I t  i s  th e re fo re  ap p are n t th a t  th e  s tag n an t and anoxic f a c t o r s ,  

d is c u s s e d  to  some e x te n t in  p rev io u s  s e c t io n s ,  acco u n t f o r  th e  sev e re  

ano x ia  found  in  th e  more s e r io u s  cases . Hie mechanisms by which t h e i r  

e f f e c t s  a re  p roduced  a re  b r i e f l y  as fo llo w s .

Anoxic anoxia i s  due to  reduced  p a r t i a l  p re s su re  o f  oxygen in  th e  

a r t e r i a l  b lood  b rough t about by a l t e r e d  c o n d itio n s  i n  th e  lungs 

p re v e n tin g  th e  b lood  from b e in g  ad eq u a te ly  oxygenated in  i t s  p assage  througl 

them. In  th e  e a r l i e r  s ta g e s  o f  phosgene g a ss in g , b e fo re  pulmonary oedema 

h as  become c l i n i c a l l y  d e te c ta b le ,  th e re  i s  p ro b ab ly  some deg ree  o f  

sw e llin g  o f  th e  a lv e o la r  w a lls  due to  i n t e r s t i t i a l  oedema, o r  th e r e  may 

be some deg ree  o f f ib r in o u s  exudate p r e s e n t ,  e i th e r  of w hich w i l l  g r e a t ly  

reduce  th e  p e rm e a b il ity  o f th e  a lv e o la r  e p ith e liu m  and make gaseous 

in te rc h a n g e s  more d i f f i c u l t  and incom plete . L a te r ,  when th e  a lv e o la r  

spaces them selves become flo o d ed  w ith  oedema f lu i d  th e re  can be very  

l i t t l e  oxygen p re s e n t  i n  the  a f f e c te d  a lv e o l i ,  and th a t  w i l l  on ly  be i n  

s o lu t io n .  D eoxygenated b lood reac h in g  such a lv e o l i  from  th e  p e rix h e ry  

m ust co n tin u e  on i t s  way th rough  th e  a lv e o la r  c a p i l l a r i e s  and back to  

th e  g e n e ra l c i r c u la t io n  w ith o u t hav ing  added to  i t s  oxygen c o n te n t by 

p assag e  th rough  th e  lungs. Thus the  b lo o d  le a v in g  th e  lungs w i l l  be a  

m ix tu re  o f  oxygenated and unoxygenated b lo o d , th e  ex ac t p ro p o r tio n s  

depending  upon the  amount o f  fu n c tio n a lly  u s e le s s  aid w aterlo g g ed  a lv e o la r  

t i s s u e  i n  r e l a t i o n  to  th e  amount s t i l l  capab le  o f  c a r ry in g  on r e s p i r a to r y  

changes more o r  l e s s  norm ally . C ollapsed  a re a s  o f  lu n g  t i s s u e  add f a r t h e r  

to  th e  em barrassm ent> as re p o r te d  by KcGibbon (2 5 ) ,  whose ex p erim en ta l 

g a ss in g  o f  g o a ts  showed th a t  the  sm a lle r  b ro n c h io le s  become b locked  by 

th ic k  te n a c io u s  mucus w hich p re v e n ts  f u r th e r  e n try  of oxygen in to  th e



a lv e o l i  th a t  they  su p p ly . In  due course th e  a i r  dammed back  b eh in d  the  

mucous o b s tru c t io n  w i l l  be g ra d u a lly  abso rbed  from th e  a l v e o l i ,  le a v in g  

them more o r  l e s s  empty and c o lla p se d  and u s e le s s .  The mode o f  b r e a th in g  

a ls o  c o n t r ib u te s  to  th e  p ro d u c tio n  of anoxia as w e ll  as  b e in g  caused  by 

i t .  Shallow  and ra p id  b re a th in g  in t e r f e r e s  w ith  f u l l  o x y g en a tio n  in  th e  

lungs b u t a t  th e  same tim e allow s carbon  d io x id e  to  be washed o u t. S ince 

t h i s  type o f  abnorm al b re a th in g  i s  produced by an o x ia , the anox ic  p ro cess  

tends to  move in  a  v ic io u s  c i r c l e ,  confirm ing  from a n o th e r  a s p e c t D r in k e r 's  

d ic tum  (32) th a t  "anoxia b e g e ts  an o x ia ."  The s u b je c t  o f abnorm al b re a th in g  

in  r e l a t i o n  to  phosgene p o iso n in g  w i l l ,  however, be d isc u sse d  more f u l l y  

under the  n ex t head ing .

S tagnan t ano x ia  occurs w herever the c i r c u la t io n  i s  d e fe c tiv e  from  

c a rd ia c  f a i l u r e  or from  p e r ip h e ra l  cau ses . D ith e r  o f th e se  may cause the 

b lo o d  to  c i r c u la te  more slow ly in  the  t i s s u e s  so t h a t  th e re  i s  more tim e 

a v a i la b le  f o r  the ex ce ss iv e  s t r ip p in g  o f  oxygen from the  haem oglobin.

T his le a d s  to  an in c re a s e d  v e n o s ity  o f  the b lo o d  f o r  th e  g r e a te r  p a r t  

o f  i t s  jo u rn ey  th rough the t i s s u e s ,  and in  cases o f pulmonary oedema, to 

th e  a r r i v a l  in  the  lungs o f a  h ig h ly  de-oxygenated  b lo o d , and t h i s  a t  a 

tim e when c o n d itio n s  th e re  would in  a iy  case be q u ite  inadequate  to  secu re  

even  norm al r e —oxygenation  o f b lood  much le s s  s e r io u s ly  d e f i c i e n t  in  

oxygen c o n te n t.

The v a r io u s  f a c to r s  le a d in g  to  ex cess iv e  s t r ip p in g  o f oxygen from 

th e  haem oglobin in  th e  t i s s u e s  have a lre a d y  been d is c u s s e d  in  some d e t a i l  

when d e a lin g  w ith  th e  s u b je c t  o f cy an o sis .



P e r ip h e r a l  Hole o f  CQo j n Anoxia

So f a r  as  the  p e r ip h e ra l  e f f e c t  o f carbon  d io x id e  in  r e l a t i o n  to  

an o x ia  i s  concerned , the  p o s i t io n  i s  f a r  from  c le a r .  As we know, the 

CO2 te n s io n  in  th e  b lo o d  o f  phosgene c a s u a l t ie s  w ith  pulmonary oedema i s  j 

abnorm ally  low. Evidence i s  in c re a s in g  th a t  00^ does more th an  p le y  a 

p h y s io lo g ic a l  r o le  i n  th e  ad justm en t o f a c iu /b a se  e q u ilib r iu m . Thus no t 

o n ly  i s  i t  known th a t  oxyhaemoglobin g iv es  up i t s  oxygen more r e a d i ly  i n  

th e  p re sen ce  of CO  ̂ (7A ), b u t  i t  has a ls o  been shown by llvans (75) th a t  ’■

carb o n  d io x id e  i s  u t i l i s e d  by anim al t i s s u e s  and th a t  i t  may, in  some mamerl 

as  y e t  dim ly u n d ers to o d , re g u la te  the  r a t e  a t  w hich p h y s io lo g ic a l
>

o x id a tio n s  a re  c a r r i e d  o u t in  the t i s s u e s .  The d im in u tio n  in  the  amount o f  I

carbon  d io x id e  i n  the  b lo o d , w hether due to d isp lacem en t by o th e r  a c id s

as  i n  phosgene p o iso n in g  o r  to  d e f ic ie n c y  from o th e r  ca u se s , may th u s  ;

add to  th e  anoxic s t a t e  by d e p riv in g  th e  t i s s u e s  o f  a substance  e s s e n t i a l  i

f o r  t h e i r  norm al e f f ic ie n c y  in  u s in g  such  oxygen as may be a v a i la b le  to  *

them.

Pyspnoea

The ab n o rm ality  o f b re a th in g  observed i n  a l l  th e  p r e s e n t ly  reco rd ed  <

c a ses  o f s e v e r e  phosgene po iso n in g  was an  in c re a se  i n  th e  r e s p i r a to r y  

r a t e  and a  d ec re ase  in  the dep th  o f r e s p i r a t io n .  Thxs sh a llo w  and ra p id  

type o f  r e s p i r a t i o n  i s  d e sc r ib e d  by a l l  w r i te r s  re c o rd in g  c a se s  o f  5.

phosgene g a ss in g  and whose works have been  c o n su lte d  in  th e  p r e p a ra t io n  ; ;

o f  t h i s  p ap er. The mechanism invo lv ed  in  the  p ro d u c tio n  o f  t h i s  form  o f  

dyspnoea i s  n o t a  sim ple one and many f a c to r s  p la y  a p a r t ,  each add ing  ,



i t s  quo ta  to  th e  f i n a l  r e s u l t ,  each m odifying o r  enhancing  th e  p a r t  

p la y e d  by th e  o th e rs .

The p r in c ip a l  f a c to r s  cau s in g  dyspnoea may be d iv id e d  in to  two groups -  '■ 

th e  c e n t r a l  f a c to r s ,  m ainly chem ical, a c t in g  on the  r e s p i r a to iy  c e n tre  and ■ 

p o s s ib ly  a ls o  on ac c e sso iy  c e n tre s  i n  the  c a r o t id  and a o r t i c  b o d ie s , and 

p e r ip h e r a l  f a c t o r s ,  m ainly p h y s ic a l ,  a c t in g  on th e  lung  t i s s u e s  and t h e i r  

nerve  end in g s. As i s  w e ll known, em otional a c t i v i t i e s  a ls o  p la y  a p a r t  in  

p ro d u c in g  dyspnoea, o r  i n  enhancing i t ,  and th e i r  e f f e c t  i s  m ain ly  i n  th e  ; 

d i r e c t io n  o f  in d u c in g  sh a llo w , ra p id  b re a th in g , a s  in  t y s t e r i a  and such  ' 

norm al em o tio n al re a c tio n s  as  anger and f e a r .  These p sy c h o lo g ic a l

components w i l l  n o t,  however, be d iscu ssed  f a r th e r  in  th e  p re s e n t  pax^er !
i;I

f o r  t h e i r  e f f e c t  i s  so d i f f i c u l t  to  a s s e s s  and a x ^ o r tio n  in  such a  g e n e ra l 1 

d is c u s s io n  o f  c a se s . I t  i s  s u f f i c i e n t  f o r  our p iupose th a t  th e  e x is te n c e  

o f  th e se  p s y c h o lo g ic a l f a c to r s  be reco g n ised , and i t  may be rea so n ab ly
' I

assumed th a t  they always e x e r t  some e f f e c t ,  f o r  f e a r  and em o tio n al u p se t j
ii

a r e  in v a r ia b le  accompaniments o f  a c c id e n ta l  exposure to a to x ic  gas. j
I

In  h i s  e x c e l le n t  rev iew  of th e  s u b je c t Claris t i e  (A3) p o in ts  o u t th a t  ’ j
M

uncom plica ted  anoxaemia does no t cause dyspnoea, w ith  the im p o rtan t ,
. t

c o ro l la ry  t h a t  dyspnoeic symptoms cannot be reg ard ed  as an  e s s e n t i a l  ' j

f e a tu r e  o f  the  in d ic a tio n s  f o r  the  need o f  oxygen th e ra p y . Of co u rse , !
j

an-vre«nri« may p la y  a  c o n tr ib u to ry  p a r t  in  th e  p ro d u c tio n  o f dyspnoea, . j 

f o r  oxygen la c k  in  i t s  l e s s e r  degrees s e n s i t i s e s  the r e s p i r a to iy  c e n tre  \ | 

to  th e  s t im u la t in g  a c t io n  o f CO, and ac id  su b s tan ces . The s e v e re r  fo n a s , j

however, a c t  as d e p re s sa n ts  and le a d  e v e n tu a lly  to  i t s  p a r a ly s i s .  Thus 

i n  th e  p re s e n t  s e r i e s  o f c a se s , though anox ia  was undoubtedly  p r e s e n t ,
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i t  m ust have been  m a n ife s t in  i t s  l e s s e r  d e g re e s , p ro b ab ly  becau se  oxygen 

th e ra p y  was s t a r t e d  a t  th e  o n se t o f th e  i l l n e s s  and co n tin u ed  f o r  long  

p e r io d s ,  i n  th e  hope th a t  i t  would a v e r t ,  as  i t  a p p a re n tly  d id , th e  

s e v e re r  and d e p re s s in g  degrees o f  anoxia. In  o th e r  ways, to o , i t  i s  

p o s s ib le  f o r  anox ia  to  le a d  in d i r e c t ly  to  s t im u la t io n  cf th e  r e s p i r a to r y  

c e n tr e  w ith  p ro d u c tio n  o f  dyspnoea. By d i r e c t  a c t io n  upon th e  chemo- 

r e c e p to rs  o f  th e  c a r o t id  and a o r t i c  bod ies i t  i s  s a id  th a t  oxygen can 

produce a  r e f l e x  e x c i ta t io n  o f the  m edu llary  c e n tre ,  though C h r is t ie  

s t a t e s  th a t  th e  evidence f o r  th i s  i s  s c a rc e ly  co n c lu s iv e . Oxygen la c k , 

however, does c e r t a in ly  le a d  to  incom plete o x id a tio n  and d is p o s a l  o f the 

a c id  p ro d u c ts  o f  t i s s u e  m etabolism  w hich accum ulate and a c t  upon the  

r e s p i r a to r y  c e n tre  to  cause a l te r a t io n s  in  b re a th in g . Such an e f f e c t  m ust 

undoubted ly  be p re s e n t in  the  case o f  phosgene p o iso n in g  w ith  i t s  

accom parying v a r ie ty  o f  forms o f  anoxia, and added tn  th e  increase<£fc&=£be 

accum ula tion  o f a c id  m e ta b o li te s  th e re  i s  the  f a c to r  o f  in c re a s e d  a c id  

p ro d u c tio n  due to th e  chem ical r e a c t io n s  o f th e  phosgene i t s e l f .

The s u b je c t  o f  acidaem ia i s  o f co n s id e ra b le  im portance in  r e l a t i o n  to  

dyspnoea. Thus F u lto n  (76) rem arks "when the a l k a l i  re s e rv e  o f th e  body 

' i s  d e p le te d  e i th e r  by th e  in g e s t io n  o f a c id  o r by the  m e tab o lic  p ro d u c tio n  

"o f a c id ,  th e  r e s p ir a to r y  c e n tre  becomes more s e n s i t iv e  to  CC^. Pulmonary 

" v e n t i l a t io n  in c re a s e s  and the a r t e r i a l  CO2 i s m a in ta in ed  a t  a

l e v e l  below  n o rm a l.11 This com pensatory mechanism i s ,  o f  c o u rse , very  

e f f i c i e n t  b u t  l i k e  a l l  com pensatory mechanisms can be o v erloaded  and 

b re a k  down. A ccording to  Banus and h is  co-w orkers (7 7 ) , th e  pH o f  th e

a r t e r i a l  b lo o d , under norm al c o n d itio n s , i s  h e ld  c o n s ta n t w i th in  0 .0 1  pH

. , . „ • „ n IV ali re s e rv e . The breakdown o f  th eu n i t  d e s p ite  wide v a r ia t io n s  m  the a i x a i i  re se rv



com pensating  mechanism can be w e ll seen  i n  th e  case  o f d ia b e te s  m e l l i tu s  

where the  pH may f a l l  to  7 .1 . A n  in c re a se  in  b lood  a c id i ty  o f  t h i s  o rd e r  

n o t on ly  in c re a s e s  th e  s e n s i t i v i t y  o f  th e  r e s p i r a to r y  c e n tre  to  such  

amounts o f  C02 as a r e  p re se n t -  f o r  th ese  au th o rs  b e long  to  th e  sch o o l 

w hich h o ld s  th a t  on ly  C02 i s  th e  s p e c if ic  s t im u la n t o f  the  r e s p i r a t o iy  

c e n tre  -  b u t  i t  a ls o  causes r e f le x  e x c i ta t io n  of th e  c e n tre  by s t im u la t in g  

th e  c a r o t id  and a o r t i c  chem o-receptors too . Whether one b e l ie v e s  th a t  the  

r e s p i r a to r y  c e n tre  i s  s p e c i f i c a l ly  s tim u la te d  by CC2 a lo n e , though cap ab le  | 

o f  b e in g  s e n s i t i z e d  by an  in c re a se  in  hydrogen io n  c o n c e n tra tio n  ( the  j

s t im u la t in g  e f f e c t  o f which reaches th e  r e s p ir a to r y  c e n tre  only  by way o f

th e  c a r o t id  and a o r t i c  chem o -recep to rs), o r  w hether one h o ld s  th a t  j

in c re a s e d  a c id i ty  and in c re a se d  CO te n s io n  are  in te rc h a n g e a b le  j
^  i '

I

s t im u la n ts ,  th e  n e t t  r e s u l t  must be th e  same -  namely, to  produce a n  i

in c re a s e  in  r e s p i r a t io n  amounting in  s e v e re r  c a se s  to  a c tu a l  ctyspnoea. >

Such a  t r a i n  o f  ev en ts  fo llo w in g  from the  in c re a se d  p ro d u c tio n  o f  a c id  aeons
: 1

in e v i ta b le  i n  phosgene p o iso n in g . Indeed , speak ing  o f a c id o s is  and I
i

dyspnoea C h r is t ie  ( 48) s t a t e s  th a t  "Only in  Kussmaul’s b re a th in g  o f  

" d ia b e t ic  a c id o s is ,  in  th e  a c id  po iso n in g s and i n  emphysema can dyspnoea b e 1 !
■ I

" t r u ly  a s c r ib e d  to  a c id o s is ."  And, o f co u rse , in  th i s  connexion phosgene ; {

g a ss in g  i n  i t s  p h y s io lo g ic a l e f f e c t  i s  s t r i c t l y  e q u iv a le n t to  a c id  : j i

p o iso n in g . |i

Of th e  p e r ip h e r a l  mechanisms concerned w ith  the p ro d u c tio n  o f f i

dyspnoea in  th e se  c a s e s , by f a r  the most im po rtan t i s  th e  r i g i d i t y  and .

d is te n s io n  o f  th e  lungs e x e r t in g  th e i r  e f f e c t  th rough  the H ering-B reuer 

r e f l e x .  I t  h as  long  been  known th a t  d is te n s io n  o f the lu n g s r e f le x ly  

i n h i b i t s  in s p i r a t io n .  This r e f le x  a c ts  by s t r e t c h  and p re s su re  s t im u li
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a f f e c t in g  th e  nerve endings in  the  pulmonary t i s s u e ,  th e se  s t im u l i  b e in g  

tr a n s m it te d  th rough  th e  vagus nerve to  th e  r e s p i r a to r y  c e n tre  w hich th en  

in h i b i t s  in s p i r a t io n ,  This i s  th e  mechanism f o r  th e  normal c o n t ro l  o f  

r e s p i r a t o r y  rhythm . When th e  lungs a re  in f l a t e d  by th e  in s p i r a to r y  a c t  ;

th e  s t r e t c h  r e c e p to r s ” p rev en t o v e r -d is te n s io n  by d is c h a rg in g  im pulses 

t h a t  r e f l e x ly  b r in g  in s p i r a t io n  to  an end. In  t h i s  way th e  r e f le x

c o n t r o l s  r e s p i r a to r y  depth . Because o f  th e  oedematous s t a t e  o f th e  lungs i -
i

i n  phosgene p o iso n in g , they  a re  a lre ad y  s u b je c t to  some degree o f d is ten sio r 'l
and r i g i d i t y  on account of the f l u i d  w ith in  them. The amount o f  j

i
r e s p i r a to r y  i n f l a t i o n  necessary  to  b r in g  th e  in h ib i to ry  r e f le x  in to  

a c t io n  i s  g r e a t ly  reduced , and r e s p i r a t io n  becomes more sh a llo w . Not 

on ly  does th e  r e f le x  thus c o n tro l  r e s p i r a to r y  depth  b u t i t  a ls o  e x e r ts  

an  e f f e c t  upon th e  r e s p ir a to ry  r a t e ,  so t h a t ,  a s  w e ll as  becoming more |
I

sh a llo w , th e  r e s p i r a t io n s  are  a lso  more ra p id . This e f f e c t  i s  w e ll  j I

d e s c r ib e d  by A drian  ( 78) when he says: "The s t r e t c h  re c e p to rs  in  th e
I;'

" lu n g s  resem ble th o se  in  muscle in  t h e i r  e f f e c t  on the  c e n t r a l  nervous |

‘bystem . B oth in f lu e n c e  i t  to  c u t s h o r t th e  movement th a t  has s tim u la te d  !
j \

"them , and by so doing p re v e n t th e  inconvenience o r  damage th a t  m ight j
. t!

"come from u n re s tra in e d  m otor a c t i v i t y .  But th e  lungs must be a d eq u a te ly
I:

" v e n t i la te d ,  and i f  th e  range o f  movements i s  r e s t r i c t e d  th e  movements must: :
. j:

"succeed  one a n o th e r a t  s h o r te r  in te r v a ls .  N ithou t th e  v a g a l mechanisms jj
: t:• 1

" th e  r e s p i r a to iy  c e n tre  ( in  th e  co n d itio n s  o f  th e se  experim ents) slow ly  \

C harges and d isc h a rg e s  i t s e l f  w ith  l i t t l e  v a r ia t io n  in  rhythm. The 

im pu lse  from  th e  s t r e t c h  re c e p to rs  quickens the rhythm by c u t t in g  s h o r t  

'the d is c h a rg e , and so h a s te n in g  the  re c h a rg in g  p ro c e s s . They a re  ,

'I n h ib i to ry  b u t th ey  seem to  a c t m ainly by r a i s in g  the d isc h a rg



th r e s h o ld ,  n o t by p re v e n tin g  th e  accum ula tion  o f a c t iv e  m a te r ia l .  "

Thus th e  in h e re n t  rh y th m ic ity  of th e  r e s p i r a to r y  c e n tre ,  which em its  

im pu lses a t  a  co n s ta n t and s tead y  r a te ,  i s  a l t e r e d  by. th e  H ering—B reuer 

r e f l e x  i n  such  a way th a t  i t s  rhythm ic r a t e  i s  in c re a se d , and r e s p i r a t i o n  > 

becomes more r a p id  in  th o se  co n d itio n s  where the r e f le x  i s  abnorm ally  

s t im u la te d .

In  c a se s  of phosgene g a ss in g  th e  s t im u li  th a t  g ive r i s e  to  t h i s  r e f l e x  1 

p ro b ab ly  r i s e  in  two ways, namely, as th e  r e s u l t  of co n g e s tio n  and o f  t

a t e l e c t a s i s .  As p re v io u s ly  m entioned, some o f  the lo b u le s  o f  th e  lu n g  i  

become c o lla p s e d  due to  b lockage o f the  r e s p i r a to r y  b ro n c h io le s  by
i

mucous p lu g s . The r e s u l t  i s  th a t  th e  a d ja c e n t j ja r ts  o f  the  lung  a re  "o u t 

on th e  s t r e t c h ” and th e reb y  a stim u lus i s  su p p lie d  to  b r in g  th e  v ag a l 

in h ib i to r y  r e f l e x  in to  a c t io n .  A second group o f  s t im u li  i s  provoked by
i

th e  congested  and oedematous s ta t e  of th e  a lv e o la r  t i s s u e .  Here i

w a te rlo g g in g  o f  t h e i r  w a lls ,  engorgement o f  v e s s e ls  and d i s te n s io n  o f  j

th e  a lv e o la r  suaces by oedema f l u i d  a l l  supp ly  a s t r e t c h  s tim u lu s  th a t
*  r|

w i l l  make th e  b re a th in g  more ra p id  and sha llow . i;
' I

The c h a r a c te r i s t i c  dyspnoea o f  phosgene p o iso n in g  i s  th u s  accoun ted  f o r  j
; I

by chem ical and p h y s ic a l mechanisms, th e  l a t t e r  due to  th e  s t a t e  o f  a f f a i r s  |

;w i th in  th e  lungs them selves, th e  form er due to  th e  a l t e r e d  s t a t e  o f J.
I

" a c id i ty "  in  th e  c i r c u la t in g  b lood  and th roughout th e  t i s s u e s .  |

I
ti

5 . CHANGSS IN BODY TBMPEMTIJEE

One o f  th e  n o ta b le  f e a tu r e s  o f  th e  cases  d e sc r ib e d  i n  th e  c l i n i c a l  

p a r t  o f  t h i s  t h e s i s  i s  th e  change th a t  ta k e s  p la c e  in  th e  body tem p era tu res .

I n  every  one o f the  severe  cases  th e  tem peratu re  was e le v a te d  d u rin g  the



h e ig h t  o f  th e  i l l n e s s .  This r i s e  i n  tem p era tu re  was a p p a re n t even in  th e  

case s  th a t  made an u n in te r ru p te d  reco v e iy  and where th e  p y re x ia  cou ld  

n o t be  c o n s id e re d  as due to  s e p tic  o r  inflam m atory o r  pneumonic 

c o m p lic a tio n s . The e le v a t io n  o f tem peratu re  may have been p r e s e n t  f o r  

on -ly Q- few h o u rs , b u t  th e  f a c t  th a t  i t  o ccu rred  a t  a l l  r e q u ire s  a  word 

o r  two o f  e x p la n a tio n . Not th a t  the  e x p la n a tio n  would ap p ea r to  be 

obscure o r th a t  th e  phenomenon would indeed  be an unexpected  one when th e  

f a c t s  a re  c o n s id e re d . The p o in t i s  w orth  s t r e s s in g ,  however, i n  view o f 

th e  f a c t  th a t  c e r t a in  cases  o f undoubted phosgene p o iso n in g  have, to  n\y 

c e r t a i n  knowledge, been  w rongly diagnosed  as ,fin f lu e n z a l" ,  and th i s  

s o le ly  because th e  body tem pera tu re  was r a is e d  by one o r two d e g re e s . In  

o th e r  in s ta n c e s  th e  developm ent o f even a s l i g h t  p y re x ia  has been  thought 

to  in d ic a te  th e  o n se t o f  s e p t ic  co m p lica tio n s  a g a in s t  which the  

sulphonam ides w ere e x h ib ite d  and c r e d i t  g iven  to the  d rug  because  the  

tem p era tu re  re tu rn e d  to  normal i n  th e  course o f  a few h o u rs . Shaw (21) 

ap p ea rs  from  h is  paper to  be unaware th a t  p y rex ia  i s  a normal f e a tu r e  o f 

phosgene p o iso n in g  and even goes so f a r  as  to  recommend the  use  o f  

sulphonam ides p ro p b y la c tic a l ly  in  a l l  cases  o f phosgene g a ss in g .

W hile i t  i s  t r u e  th a t  s e p t ic  o r  inflam m atory co m p lica tio n s  w i l l  produce

th e  r i s e  in  tem p era tu re  th a t  would be expected  in  such c o n d itio n s , the

ev en t occu rs  as a  seq u e l r a th e r  than  a co m p lica tio n  o f th e  o r ig in a l  

g a ss in g  so f a r  a s  can  be judged from the  cases  p e rs o n a lly  observed . The 

r i s e  in  tem p era tu re  due to  such sequelae  i s  a  secondary r i s e  o c c u rr in g  

some tim e a f t e r  th e  i n i t i a l  p y rex ia  has re tu rn e d  to  norm al. In  a l l  th e

= th f  n re se n t s e r ie s  (save in  one in s ta n c e , Ca se  S .k ) ,  th esev e re  case s  o f  th e  p re s e n t » \



te m p e ia tu re  had  re tu rn e d  to  noim al and had rem ained th e re  f o r  s e v e ra l  

h o u rs  b e fo re  th e  p a t ie n ts  passed  from my ca re  to  th a t  o f  t h e i r  fa m ily  

d o c to r . S ubsequently , some o f th e se  p a t i e n t s  may have developed an  a c u te  

b r o n c h i t i s  ( o r ,  f o r  th e  sake o f  argument, th e y  m ight in  f a c t  have 

developed  even a bronchopneumonia, so f a r  a s  i s  known) d u rin g  w hich t h e i r  

tem p era tu re  co u ld  have been  v e iy  h igh  indeed ; b u t th e  f a c t  rem ains th a t  

i t  was n o t a  c o n tin u a tio n  o f th e  i n i t i a l  p y re x ia  th a t  i s  due d i r e c t l y  

to  th e  e f f e c t s  o f  phosgene in h a la t io n .

The s o l i t a i y  ex cep tio n  m entioned above i s  sev ere  case  No. S .4 , p a t i e n t  

F .B . , who d id  n o t re c e iv e  any form o f  trea tm e n t u n t i l  15 hours had  e la p se d  

a f t e r  exposure. In  t h i s  in s ta n c e , the  p a t ie n t  e x h ib ite d  an  e le v a te d  body 

tem p era tu re  when f i r s t  examined 15 hours a f t e r  exposure, and he sub­

se q u e n tly  developed bronchopneumonia, n e c e s s i ta t in g  h is  t r a n s f e r  to  

h o s p i t a l ,  w ith o u t h is  tem peratu re hav ing  f i r s t  r e tu rn e d  to  norm al. This 

e x c e p tio n  may, however, have been more apparen t th a n  r e a l ,  and the  

p y re x ia  p re s e n t  when he was f i r s t  examined may have been  in  f a c t  a 

secondaiy  r i s e  due to  commencing pneumonic co m p lica tio n s . The exposure 

o f  t h i s  p a r t i c u la r  p a t ie n t  had n o t been  so severe  as  in  o th e r  in s ta n c e s  

w here, a t  m ost, a m ild  b ro n c h it is  had ensued some tim e a f t e r  the i n i t i a l  

r i s e  i n  tem pera tu re  had f a l l e n  aga in  to  noim al; the  d if fe re n c e  p robab ly  

l i e s  i n  th e  f a c t  th a t  th e  o th e r  more se v e re ly  a f f e c te d  cases  had 

commenced tre a tm e n t, e s p e c ia l ly  oxygen th e ra p y , im m ediately a f t e r  

exposure. No doubt an  oedematous c o n d itio n  of th e  lung  i s  ex trem ely  

fa v o u ra b le  f o r  th e  growth and m u l t ip l ic a t io n  o f th e  pa thogen ic  crganisms 

norm ally  p re s e n t  i n  th e  r e s p ir a to ry  t r a c t .  I f ,  however, by e a r ly  and 

in te n s iv e  tre a tm e n t co n d itio n s  can  be ren d ered  le s s  fav o u rab le  w ith in



a  com para tiv e ly  s h o r t  tim e, i t  may th en  be too  l a t e  f o r  th e se  pathogens 

oO become w idely  and f irm ly  e s ta b l is h e d . In  such a case  the  r e s u l t  must 

be e i t h e r  th a t  th ey  never g a in  h o ld  a t  a l l  and the p a t ie n t  makes a  com plete 

and  u n in te r ru p te d  r e c o v e r y } o r  th a t  w ith  the  raxxLd developm ent o f  a  l e s s  

fa v o u ra b le  environm ent and the e a r ly  recovery  o f a t  l e a s t  p a r t  o f  th e  

p a t i e n t ' s  powers o f r e s is ta n c e ,  th e se  organism s can e s ta b l i s h  them selves 

s u f f i c i e n t l y  to  produce only the  m ild e r seq u e la e .

The p rim ary  r i s e  in  body tem peratu re seen  i n  th e  s e v e re r  degrees o f  

phosgene p o iso n in g  i s  due to  in te r f e re n c e  w ith  th e  norm al lo s s  o f  h e a t 

from  th e  body. Excess o f  h e a t  produced by th e  m e tab o lic  p ro c e sse s  o f 

th e  body i s  norm ally  d isp e rse d  by r a d ia t io n  and convexion from th e  s k in , 

and by v a p o r is a t io n  o f w ate r from  th e  lu n g s, and from th e  sk in , in  the  

form  o f  in v i s ib le  p e r s p ir a t io n .  Where g re a t ly  ex cess iv e  amounts o f  h e a t 

a re  to  be d isp e rs e d  th e  p ro cess  o f sw eating  comes in to  p la y . id .3 p e rsa l 

o f  h e a t  produced by s tren u o u s e x e rc is e , f o r  example, i s  prom oted by a l l  

th e se  means. The s k in  becomes f lu sh e d  and warm, f o r  a r t e r i o l a r  and 

c a p i l l a r y  d i l a t a t i o n  tak es  p la c e , th e  amount o f  b lood  flow  th rough  th e  

s k in  b e in g  g re a t ly  in c re a se d . Not only do th e se  changes in c re a se  tn e  area, 

o f th e  c a p i l l a r y  network exposed to  th e  co o lin g  e f f e c t  01 the  

atm osphere, b u t a t  th e  same tim e th e  p ro d u c tio n  o f sweat ensues.

. S e c re te d  by th e  sw eat g lands on to  the  h o t f lu sh e d  s k in  th e  l i q u id  sw eat 

i s  - q u ic k ly  v a p o rise d  and c a r r ie d  o f f ,  drawing w ith  i t  from  th e  body th e  

amount o f  h e a t  n ece ssa iy  f o r  i t s  v a p o r is a t io n . Thus i s  p ro v is io n  made f o r  _ 

k eep ing  th e  i n t e r n a l  environm ent a t  optimum p h y s io lo g ic a l tem p era tu re .

Sven in  c ircum stances which do not cause excessive  p ro d u c tio n  o f  h e a t  fo r
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d i s p e r s a l  a  c e r t a in  amount i s  norm ally  d isposed  o f by in v i s ib le  

r ie r s p ir a t io n ,  though th e  f l u i d  in  t h i s  case  i s  b e l ie v e d  to  exude th ro u g h  

th e  s k in  by osm osis r a th e r  th a n  to  be a c t iv e ly  s e c re te d  by th e  sw eat 

g la n d s . The p ro d u c tio n  o f  sw eat by th e se  g lands i s  th e re fo re  reg a rd ed  as  

an  emergency mechanism.

In  phosgene p o iso n in g  th e  v e s s e ls  o f th e  body a r e  in te n s e ly  c o n s t r i c te d  

and b lo o d  flow  th rough  th e  s k in  i s  g r e a t ly  reduced . The norm al m ethods o f 

h e a t  d is p o s a l  a re  th e re fo re  no lo n g e r  e f f e c t iv e  and th e  emergency 

mechanism i s  c a l le d  in to  p la y . Sweat i s  th e n  s e c r e te d  i n  cop ious am ounts, 

b u t c o l l e c t s  in  beads and p o o ls  on th e  p a le  co ld  s k in  from  which i t  canno t 

be ev ap o ra ted  and th e re  i t  l i e s  unvapourised  and in e f f e c t iv e  f o r  d is p e r s in g  

th e  h e a t t h a t  i s  accum ula ting  w ith in  th e  body. dome h e a t  lo s s  may o f 

course  ta k e  p la c e , as norm ally  happens, from  e v a p o ra tio n  of w a te r from 

th e  lungs. Even th i s  i s  s t r i c t l y  l im ite d , f o r  th e  fo llo v d n g  re a s o n s . The I

amount o f  w a te r th a t  can  be v ap o u rised  in  th e  lungs i s  l im ite d  by th e  

q u a n ti ty  th a t  i s  n ece ssa iy  to  b r in g  th e  ex p ired  a i r  to  f u l l  s a tu r a t io n  ■

w ith  w a te r  vapour. The in s p i r e d  a tm ospheric  a i r  i s  a lre a d y  p a r t i a l l y  

s a tu r a te d  and th e  lungs can on ly  v ap o u rise  th a t  q u a n tity  th a t  w i l l  

p roduce co n p le te  s a tu r a t io n  o f  th e  ex p ire d  a i r .  A c e r t a in  amount o f  h e a t 

i s  a ls o  l o s t  from th e  body in  wanning up th e  co o l in s p ir e d  a tm ospheric  

gas to  th e  te m p era tu re  o f th e  e x p ire d  gases w hich i s  n e a re r  th a t  o f  the 

bo<3y. The q u a n tity  o f  h e a t  t h a t  i s  d isp o sed  o f  in  t h i s  way w i l l  o f 

course  be com para tive ly  sm a ll. M oreover, in  phosgene p o iso n in g  a 

c o n s id e ra b le  p a r t  o f th e  lungs w i l l  be o u t o f  a c t io n  th rough  a t e l e c t a s i s  j

and w a te rlo g g in g  o f th e  a lv e o l i .  R e s p ira t io n  though ra p id  i s  sh a llo w , i

so th a t  th e  t o t a l  e f f e c t iv e  h e a t  lo s s  from  th e  lungs may he much l e s s



th a n  norm al. The normal p h y s io lo g ic a l  p ro d u c tio n  of h e a t and th e  

breakdow n in  th e  mechanisms f o r  i t s  d is p o s a l th e re fo re  le a d s  to  a  s t a t e  

o f  h e a t  r e t e n t io n  and an  in c re a se  i n  body te m p era tu re . Only as  the  

c o n d i t io n  o f th e  p a t i e n t  im proves and th e  e f f e c t s  o f th e  a c id  p o iso n in g  

a re  n e u t r a l i s e d  w i l l  th e  v a s c u la r  s ta t e  and c o n d itio n s  i n  th e  lungs 

r e tu r n  to  noim al and a llow  once ag a in  th e  p h y s io lo g ic a l  mechanisms f o r  

h e a t  d is p e r s io n  to  come p ro p e rly  in to  p la y .

6 . THE DELETERIOUS EFFECT Off EXERCISE

The h u r t f u l  e f f e c t  o f e x e rc is e  a f t e r  exposure to  phosgene i s  w e ll 

known. Indeed , maqy cases  a re  on re c o rd  o f  p e rso n s  dy ing  sudden ly  on 

a tte m p tin g  e x e rc is e  a sh o r t tim e a f t e r  exposure to  th e  gas. In  some 

in s ta n c e s  th e  amount o f  p h y s ic a l  e f f o r t  invo lv ed  has been v e iy  sm a ll, as  

f o r  exam ple, assum ing o r  m a in ta in in g  the  e r e c t  p o s tu re ,  w alk ing  a  sh o rt 

d is ta n c e  to  a  f i r s t  a id  s ta t io n ,  o r  c lim bing  in to  an ambulance. S erio u s 

untow ard e f f e c t s  from e x e rc is e  a re  no t ap p aren t among th e  case s  here  

re c o rd e d , f o r  th e  r i s k  b e in g  a p p re c ia te d , p a r t i c u l a r  c a re  was ta k en  to  

av o id , so f a r  as p o s s ib le ,  the  e x e rc is in g  o f th e se  p a t ie n ts  i n  any way. 

So w e l l  known, however, i s  th e  d e le te r io u s  e f f e c t  o f e x e rc is e  upon 

phosgene c a s u a l t i e s  th a t  some s h o r t  re fe re n c e  must be made to  th e  s u b je c t

f o r  sake o f com pleteness.

The f i r s t  aid. most obvious e f f e c t  o f  e x e rc is e  i s  to  r a i s e  th e  c a rd ia c  

o u tp u t, w hich consequen tly  r a i s e s  th e  b lo o d  p re s s u re .  S ince a 

c o n s id e ra b le  degree o f  h y p e rte n s io n  may a lre a d y  be p re s e n t  on accoun t o f  

in c re a s e d  p e r ip h e r a l  r e s is ta n c e ,  as  p re v io u s ly  d e sc r ib e d , an y  f a r th e r  

bu rd en  may prove too  g re a t  f o r  th e  h e a r t  and consequently  d e a th  can  ensue



from  c a rd ia c  f a i l u r e .  The degree  o f  e x e rc is e  n e c e s s a r y  to  em barrass th e  

h e a r t  to  t h i s  e x te n t w i l l  n a tu ra l ly  vary  in  in d iv id u a ls  and w i l l  depend 

upon th e  adequacy o f  t h e i r  norm al c a rd ia c  m uscle re s e rv e s .

A second and e q u a lly  obvious e f f e c t  o f e x e rc is e  i s  to  speed  up 

m etabo lism  and in c re a se  the p ro d u c tio n  o f a c id  m e ta b o li te s . Added to  th e  

a c id o s i s  a lre a d y  p re s e n t th e se  substances  w i l l  f u r t h e r  s t im u la te  th e  

r e s p i r a to r y  and vasom otor c e n tre s ,  adding  the reby  to  th e  s e r io u s  e f f e c t s  o f  

phosgene o r  a c id  p o iso n in g  a lre a d y  d esc rib e d .

L a s t ly ,  and p o s s ib ly  most im portan t o f  a l l ,  i s  th e  in c re a se  i n  anox ia  

th a t  e x e rc is e  produces in  such c a se s . I t  w i l l  be r e c a l le d  th a t  an o x ia , 

a cc o rd in g  to  D rin k er (32 , 53) > i s  th e  most p o te n t f a c to r  ca u s in g  in ju ry  

and in c re a s e d  p e rm e a b il i ty  of th e  lung  c a p i l l a r i e s .  The m ain source  o f 

oxygen supply , f o r  th e  c e l l s  form ing the  w a lls  o f the  lung  c a p i l l a r i e s  

i s  from  th e  a lv e o la r  a i r  w ith  which th ey  come in  c o n ta c t .  A th in  f i lm  

o f f ib r in o u s  exudate  o r  oedema f l u i d  on th e  a lv e o la r  w a lls  ( a  c o n d itio n  

th a t  may e x i s t  fo r  some tim e b e fo re  f ra n k  pulmonary oedema i s  c l i n i c a l l y  

d e te c ta b le )  w i l l  g r e a t ly  c u t down th e  oxygen supply  to  th e  c a p i l l a r y  

t i s s u e s  and they  w i l l  be th e n  dependent upon th e  oxygen o f th e  b lood  

w ith in  th e  lumen o f  th e  c a p i l la r y  i t s e l f .  But th e  b lo o d  re a c h in g  th e  

pulm onary c a p i l l a r i e s  i s  venous b lood . Under r e s t i n g  c o n d itio n s  th e  

oxygen c o n te n t o f  th i s  venous b lood , to g e th e r  w ith  what l i t t l e  th a t  

may d i f f u s e  th rough  th e  f i lm  o f oedema f l u i d ,  may be s u f f i c i e n t  to  

p re v e n t an in c re a se  i n  c a p i l la r y  t i s s u e  anoxia and th e  g r e a te r  p e rm e ab ility !  

t h a t  i t  p ro d u ces , which le a d s  in  tu rn  to  th e  development o f f u r th e r  

pulm onary oedema. S x e rc is e , however, w i l l  a t r i p  the venous b lo o d  more 

com ple te ly  o f  i t s  oxygen in  th e  p e r ip h e ra l  t i s s u e s  so th a t  th e  b lo o d



re a c h in g  th e  m inute v e s s e ls  of th e  lungs w i l l  c o n ta in  p r a c t i c a l l y  no 

oxygen a t  a l l .  The r e s u l t  i s  to  t i p  th e  s c a le s  and f i n a l ly  d e p riv e  the  

c a p i l l a r y  endothelium  o f  th e  lungs o f  i t s  l a s t  re s e rv e  o f  oxygen supp ly . 

The consequent s t a t e  o f anoxia in c re a se s  p e rm e a b il i ty  and prom otes th e  

f u r th e r  p ro g re s s io n  o f pulmonary oedema. This may in c re a se  very  r a p id ly  

in d e e d , and th e  p a t ie n t  r a p id ly  drowns in  h i s  own s e c r e t io n s .  In  le s s  

sev e re  cases  o r  w ith  sm a lle r amounts o f  e x e rc is e  th e  outcome may n o t, 

o f  c o u rse , be f a t a l ,  b u t i n  a ry  even t th e  in c re a se d  an o x ia  cannot b u t 

have a  m ost s e r io u s  e f f e c t  upon th e  c o n d itio n  o f th e  p a t ie n t .
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CHAPTER IV

j&SOUJTION OF jffllMQNARf EXUDATES: COLLATERAL RESPIRATION

H aving d is c u s se d  a t  some le n g th  th e  p ro d u c tio n  o f  pulm onary oedema, 

and p a r t i c u l a r l y  th e  fo rm ation  o f  lung  oedema in  cases  o f  phosgene 

g a s s in g , some c o n s id e ra tio n  must fo r  th e  sake o f  com pleteness be g iv e n  to  

th e  means by w hich th e se  exudates undergo r e s o lu t io n .  M oreover, a  f u l l e r  

u n d e rs ta n d in g  o f  the  p ro cess  o f  r e s o lu t io n  i s  o f g re a t  a s s is ta n c e  in  

e s ta b l i s h in g  a  r a t io n a le  o f tre a tm e n t.

R e so lu tio n  of hung Exudates

The p o s s ib le  ways in  w hich f re e  a lv e o la r  f l u i d ,  w hich in v a r ia b ly  

c o n ta in s  an  amount o f  plasm a p ro te in ,  may be got r i d  o f  a re  n o t numerous. 

They a re  u s u a lly  s ta te d  to  be as fo llo w s:

a ) The p r o te in  may be ly d ro ly se d  by enzymes to  n itro g en o u s  compounds o f  

sm a lle r  m o lecu la r s iz e ,  and th e se  to g e th e r  w ith  w ate r and  s a l t s

be reab so rb ed  by th e  lung  c a p i l l a r i e s .  j

b) P r o te in s ,  w a te r ,  and s a l t s  may a l l  be reab so rb ed  by th e  lym phatics j
!

and so  r e tu r n  slow ly to  th e  b lood stream . j

c) The f l u i d  may d r i f t  up through  th e  b ro n c h io le s  and b ro n c h i, a id e d  j
j

by c i l i a i y  a c t io n ,  and e v e n tu a lly  be coughed up.

Though a l l  o f  th e se  mechanisms a re  th e o r e t ic a l ly  p o s s ib le ,  th e re  a re  good 

re a so n s  why th ey  a re  no t a l l  e q u a lly  p ro v ab le , no r can they  f o r  v a r io u s  

re a so n s  be e q u a lly  e f f i c i e n t .  D e ta ile d  c o n s id e ra tio n  w i l l  be g iv e n  to  each’

mechanism s e p a ra te ly .
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R eab so rp tio n  by Lung C a p i l la r ie s

T his method o f  r e s o lu t io n  must be o f  l i t t l e  consequence i f  indeed  i t  

ta k e s  p la c e  a t  a l l .  The amount o f  t r y p t i c  d ig e s t io n  i n  th e  lu n g s can 

o n ly  be s lig ja t  and. i t  would no t be p o s s ib le  to  d isp o se  o f much o f  th e  

p r o te in  i n  th e  exudate  by b reak in g  i t  in to  p o ly p e p tid e s  o r  am ino -ac id s 

f o r  th e  purpose o f se c u rin g  i t s  re a b so rp tio n  by th e  lung  c a p i l l a r i e s .  

M oreover, d u rin g  th e  time, when th e  exudate i s  form ing th e  c a p i l l a r i e s  

a re  p o u rin g  f o r th  f l u i d  in to  th e ' a lv e o la r  sp aces , and i t  i s  n o t l i k e ly  

t h a t  an  endothelium  which has p e rm itte d  t h i s  exu d atio n  can no t on ly  so 

q u ic k ly  re c o v e r  i t s  normal i n t e g r i t y ,  b u t a c tu a l ly  p roceed  a t  once to  

re v e rs e  th e  manner o f i t s  fu n c tio n in g . Indeed , th e  co n tin u ed  p resen ce  o f 

f l u i d  in  th e  a lv e o l i  leads to  a con tin u ed  anox ia  w ith  i t s  c o n se q u e n tia l 

in c re a s e  and p e r s is te n c e  o f  c a p i l la r y  p e rm e a b il ity  and th e  f u r th e r  

developm ent o f  pulmonary oedema. R eso lu tio n  by c a p i l l a r y  re a b s o rp tio n  

w ould th e re fo re  seem to  be an i l l - c o n s id e r e d  th e o r e t ic a l  p o s s i b i l i t y  

r a th e r  th a n  an even p robab le  f a c t .

R eab so rp tio n  by th e  lym phatics

In  o rd e r to  a p p re c ia te  th e  l im i ta t io n s  th a t  app ly  to  r e s o lu t io n  o f 

pulm onary oedema by re a b so rp tio n  o f f l u i d  v ia  th e  lym phatics , a  b r i e f  

r e c a p i tu l a t io n  of th e  m inute s t ru c tu re  o f the lu n g  w i l l  have to  be made. 

The in tim a te  h is to lo g y  o f th e  r e s p ir a to r y  u n i t  i s  c l a s s i c a l l y  d e sc r ib e d  

by W .S .M ille r in  h is  p ap er f i r s t  p u b lish e d  in  1893 (79) and f u r th e r  

e la b o ra te d  i n  h is  l a t e r  monograph e n t i t l e d  "The lung" (8 0 ).

A ccording to  t h i s  account th e  b ro n c h ia l tu b es  c o n s ta n tly  d iv id e  to
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form  s m a lle r  and sm a lle r  b ro n c h io le s  t i l l  f i n a l l y  th e  p rim ary  r e s p i r a to iy  

b ro n c h io le  i s  reached . This r e s p i r a to r y  b ro n ch io le  d i f f e r s  from th e  

o rd in a ry  sm a ll b ro n c h io le  • in  th a t  i t  c o n ta in s  no c a r t i l a g e  and has a 

number o f  a i r  sa c c u le s  opening d i r e c t ly  o f f  i t .  The prim ary  r e s p i r a to r y  

b ro n c h io le  th e n  f u r th e r  sub -d iv id es  to  form two secondary  b ro n c h io le s  

v e ry  s im i la r  to  th e  p a re n t tube excep t th a t  th e re  i s  a la rg e r  number o f 

a i r  s a c c u le s  opening from them. At i t s  te rm in a tio n  th e  secondary  

r e s p i r a to r y  b ro n c h io le  opens in to  s e v e ra l  a lv e o la r  d u c ts  each o f  w hich 

in  tu r n  form s s e v e ra l  a t r i a  o r sm all com partments from w hich th e  a i r  

s a c c u le s  a r i s e .  The a i r  c e l l s  them selves ( a lv e o l i )  open o f f  th e  w a lls
O  *5-;

o f th e  s a c c u le s . The accompanying diagram/may h e lp  to  make th i s  c le a r ;  

an  e x c e l le n t  co lo u red  diagram m atic r e p re s e n ta t io n  o f th e  r e s p i r a to r y  u n i t  

w i l l  be found, however, on p . 41 o f M i l l e r ’s monograph.

The pulm onary a r te r y  fo llow s th e  b ronch i and b ro n ch io le s  u n t i l  i t  

reach es  th e  l a s t  d iv i s io n  form ing the r e s p ir a to r y  b ro n c h io le . Here i t  

p e n e t r a te s  th e  lo b u le , d iv id in g  in to  as many l i t t l e  b ranches a s  th e re  a re  

a t r i a .  Prom th e se  a t r i a l  a r t e r i e s  th e  te rm in a l a r t e r io l e s  a r i s e  and 

supp ly  the  a i r  s a c c u le s . Hach a i r  sac re c e iv e s  a s in g le  a r te r y  on i t s  

s id e  n e a r e s t  th e  c e n tre  o f th e  lo b u le , and t n i s  v e s s e l a t  once b reak s  up 

to  form  th e  r i c h  c a p i l la r y  network on the  w a lls  o f  th e  a lv e o l i  them selves. 

The v e in  r e tu rn s  along  th e  p e rip h e ry  o f the  lo b u le , b u t te n d s  to  l i e  as 

f a r  away as p o s s ib le  from th e  a r te ry  and b ro n c h io le .

More im p o rtan t f o r  th e  p re s e n t  pu rposes, however, i s  th e  d i s t r i b u t io n  

o f  th e  lym phatics . This i s  d e sc rib e d  in  d e t a i l  and b e a u tifu lly .
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i l l u s t r a t e d  i n  an o th e r  p ap e r by M ille r  (81)^ d e a l in g  e x c lu s iv e ly  w ith  th e

Uo lym phatics p re s e n t  d i s t a l  to  t h i s  l in e

A. B ronch io le

B. Prim azy r e s p i r a to iy  b ro n c h io le s

C. Secondary r e s p i r a to r y  b ro n ch io le s

a .  A lv e o la r  d u c ts

b . A tr ia

c.- S accu les

d. A ir  c e l l s  o r  a lv e o l i



ly m p h a tic  v e s s e ls  and lymph flow  in  the  lu n g s. B r ie f ly ,  th e  deep 

ly m p h atics  th a t  l i e  w ith in  the  substance  o f  the lung  i t s e l f  ru n  w ith  

e i t h e r  the  b ro n c h io le s , a r t e r i e s  o r  v e in s . These th re e  groups anastom ose 

f r e e l y  among them selves. The most im portan t p o in t ,  however, abou t th e  

d i s t r i b u t i o n  o f  th e  deep lym phatics o f  the  lung  i s  b e s t  s t a t e d  i n  th e  words 

o f  vifhite h im se lf , t h a t  "no lym phatics a re  p resen t in  th e  w a lls  o f  th e  

"a i r  sp aces  d i s t a l  to  th e  d u c tu l i  a lv e o la r e s . "

In  view  o f t h i s  ana to m ica l p e c u l ia r i ty  in  the d i s t r i b u t io n  o f th e  

lym phatic  v e s se ls  w ith in  the lung , i t  i s  obvious th a t  th e  lym phatics do 

n o t p ro v id e  an  e f f i c i e n t  means of pulmonary d ra in ag e . Indeed , they canno t 

even  b e g in  to  fu n c tio n  u n t i l  the  oedema f l u i d  has flo o d ed  th e  a lv e o l i  

co m p le te ly  and reached  th e  le v e l  o f  th e  a lv e o la r  d u c ts  where lym phatics 

a re  f i r s t  encoun tered . Two sh o rt q u o ta tio n s  from D r in k e r 's  monograph 

(53) more th a n  ad eq u a te ly  summarise th e  s i tu a t io n .  Speaking o f  the 

e x p e rim e n ta l p ro d u c tio n  of pulmonary oedema in  dogs by th e  a d m in is tr a t io n  

o f  a lp h a -n a p h th y l th io u re a  he says ( l o c . c i t . ,  p . 3 9 ), "Two Im portan t th in g s  

"may be le a rn e d  from t h i s  experim ent; f i r s t ,  th a t  th e  lung  c a p i l l a r i e s  

" p o sse ss  seme q u a l i ty  e i th e r  o f  p o s i t io n  o r  ana to m ica l c o n s t i tu t io n  which 

" re n d e rs  them un ique ly  v u ln e rab le  to  the  drug o r  to  some compound 

"developed  in  th e  body as  a r e s u l t  o f  in je c t io n ;  and, second ly , t h a t  th e  

" lym phatic  system  i n  th e  lunp.s i s  in e f f e c tu a l  f o r  d ra in in g  o ff..a_ j,e a l  

"ex ce ss  o f  pulmonary t i s s u e  f l u i d . " Again he w r ite s  ( ib id ,  p .41 ):

"The second a n i  much more d e f in i te  f a c t  ev id en t from th e se  l a s t  

"experim en ts c o n s is ts  i n  th e  inadequacy  o f  th e  lym phatic s y s tem in  th e  

" lungs to  keep nace. in  term s of rem oval, w ith  a  reaso n ab ly  s te a d y  and



'fo p i.a  p ro d u c tio n  o f excess  t i s s u e  f l u i d . This i s  no t an  a g re e a b le  

p ic tu r e  when one con tem plates the s i tu a t io n  o f  a  man who h as  in h a le d  a  

dangerous amount, < o f c h lo r in e , n it ro g e n  d iox ide  o r  phosgene -  a iy  one o f  

"which may be  encoun tered  in  i n d u s t r i a l  a c c id e n ts .11

Thus, when c a p i l l a r y  leakage i s  ex cess iv e  and co n tin u o u s , d ra in ag e  o f 

th e  lungs by th e  lym phatic ro u te  becomes in a d eq u a te , le a v in g  no o u tflow  

ex ce p t by way o f  th e  a i r  p assages -  a method o f  rem oval th a t  te n d s , o f  

c o u rse , to  p ro g re s s iv e  e x c lu s io n  o f a i r  and to  e v e n tu a l d ea th  u n le s s  

rem oval o f th e  f l u i d  i s  speeded up and a s s i s t e d  by th e  m assaging a c t io n  

o f  b o d ily  movements, deep b re a th in g , coughing and th e  l ik e ,  a l l  o f  which 

te n d , i n  some d eg ree , to  promote lym phatic re a b s o rp tio n  as  w e ll .

D ra inage  v ia  th e  R e sp ira to ry  Passages

S ince  th e  lym phatic system  in  the  lungs i s  f a r  from ab le  to  cope w ith  

th e  d is p o s a l  o f la rg e  q u a n t i t ie s  o f a lv e o la r  f l u i d ,  i t  i s  ap p aren t th a t  

th e  g r e a te r  p a r t  o f  such  exudes must be g o t r i d  o f  through th e  

r e s p i r a to iy  p assag es . D rainage o f  the  lung  in  t h i s  way i s  secu red  p a r t l y  

by th e  f r e e  flow ing  of f l u i d  from h ig h e r to  lower le v e ls ,  and e v e n tu a lly  

in to  th e  la rg e r  tubes from  which i t  i s  ex p e lle d  by coughing. The flow  o f  

f l u i d  i n  th e  s m a lle r  tubes i s  a ls o  a s s is te d  by th e  f l a g e l l a r  movements 

o f  t h e i r  c i l i a t e d  e p i t h e l i a l  l in in g s  which h e lp  to  fo rc e  th e  f l u i d  a lo n g  

th e  narrow  tu b u le s  and away from th e  a lv e o l i .  S im ila r ly ,  th e  r e s p i r a to iy  

and  o th e r  movements of th e  c h e s t e x e r t  a m assaging a c t io n  w hich a s s i s t s  

i n  d isp lacem en t and easy d is p o s a l o f  th e  s e c re t io n .

The p r in c i p a l  a id ,  however, to  d ra inage  o f th e  lungs by e x p e c to ra tio n



i s  the  r e f l e x  p ro cess  o f  coughing, by which a i r  beh ind  th e  b lockage in  

a  b ro n c h io le  i s  fo rc e d  along  th e  tube under c o n s id e ra b le  p re s su re  and 

d r iv e s  th e  o b s t ru c t in g  mucus b e fo re  i t .  M oreover, i t  i s  g e n e ra lly  h e ld  

th a t  i f  th e  b ro n c h io la r  o b s tru c t io n  i s  n o t soon r e l ie v e d ,  a i r  i s  absorbed  

from  th e  a lv e o la r  spaces d i s t a l  to  the  mucus p lu g  so th a t  th e  whole lo b u le  

becomes c o lla p se d  and a i r l e s s .  At t h i s  s ta g e  th e  cough mechanism i s  o f  

co u rse  no lo n g e r e f f e c t iv e ,  and rem oval o f th e  o b s tru c t io n  from  th e  

b ro n c h io le  comes to  depend e n t i r e ly  upon such f a c to r s  a s  l iq u e f a c t io n  o f 

th e  te n a c io u s  mucous p lu g , and i t s  rem oval by p e r i s t a l t i c  w av e-lik e  

movements o f  th e  b ro n c h io la r  w a lls ,  a s s i s t e d  by c i l i a r y  a c t io n  from the  

c e l l s  t h a t  form  t h e i r  l in in g .  In  th e  sm a lle r  b ro n c h io le s ,  however, such 

a  mechanism cannot o p e ra te , f o r  th e  l i n in g  e p ith e liu m  i s  d ev o id  o f  

c i l i a  and p e r i s t a l t i c  movements a re  m inim al, i f  indeed  they do tak e  

p la c e  a t  a l l .

C o l l a t e r a l  R e sp ira t io n

F or mary y e a rs  no c e r t a in  answer co u ld  be g iven  to  th e  problem  o f  how 

o b s tru c t io n s  in  th e  sm a lle s t  b ro n c h io le s  a re  f i n a l l y  overcome. R ecent 

p h y s io lo g ic a l  in v e s t ig a t io n s ,  r ja r t ic u la r ly  tho se  o f  van  A lle n  and h i s  

c o lle a g u e s  (82 , 83, 84, 85) ,  have re v e a le d  th e  mechanism by w hich t h i s  

seeming im passe i s  overcome, f o r  they  have shown th a t  when a lo b u le  i s  

cu t o f f  from  th e  g e n e ra l r e s p i r a t io n  by blockage o f i t s  b ro n c h io le  i t  

may y e t  re c e iv e  a  co n s id e ra b le  amount o f  a i r  by a c o l l a t e r a l  ro u te .

Though i t  had been  f o r  long b e lie v e d  th a t  each lo b u le  was an e n t i r e ly  

s e p a ra te  and independen t u n i t ,  each form ing  a c u l-d e -sa c  a t  the  end o f  

i t s  r e s p i r a to r y  b ro n c h io le , i t  i s  now app aren t th a t  t h i s  i s  n o t th e



c a s e , f o r  i t  has been re p e a te d ly  dem onstrated  th a t  in te r a lv e o la r  p o re s , 

o r  m inu te  channels o f  communication, do in  f a c t  e x i s t  betw een a d ja c e n t 

lo b u le s .  These in te r a lv e o la r  po res a re  b e a u t i f u l ly  i l l u s t r a t e d  by 

I t f o s l i  (36) i n  a  s e r ie s  o f v e r y  s t r ik in g  photographs th a t  accompary h is  

com prehensive p ap e r on th e  sub ject^  in  t h i s  p ap er i s  a ls o  in c lu d ed  a 

rev iew  o f  th e  l i t e r a t u r e  and a c r i t i c a l  survey  of th e  work o f  o th e rs  in  

th e  same f i e l d ,  up to  th e  y e a r  1937* I t  i s  now app aren t th a t  by means o f 

th e se  p o res  a i r  i s  ab le  to  flow  from  a d ja c e n t fu n c tio n in g  u n i t s  in to  an 

a lv e o lu s  o r lo b u le  th a t  has been cu t o f f  from i t s  norm al supply  by 

b lockage o f  th e  r e s p i r a to r y  b ro n ch io le . In  t h i s  way s u f f i c i e n t  a e r a t io n  

o f  th e  lo b u le  may be secu red  to  perm it the fu n c tio n in g  o f  th e  cough 

r e f l e x  and  th e  e x p u ls io n  of th e  o b s tru c tin g  s e c re t io n .

M oreover, th e  a lv e o la r  p o re s , o r  channels o f c o l l a t e r a l  r e s p i r a t io n  

a s  th e y  have been  c a l le d ,  appear to  have an economic s ig n if ic a n c e  i n  

b ro n c h ia l  o b s tru c t io n , f o r  they  perm it an  o b s tru c te d  p a r t  o f  the lung  to  

c a r iy  on a  co n s id e ra b le  v e n t i la t io n  th a t  may be s u f f i c i e n t  to  oxygenate 

to  a  s a t i s f a c to r y  degree th e  venous blood p a ss in g  th rough  th e  c a p i l l a r i e s  

in  th e  o b s tru c te d  a re a . This fu n c tio n  has been c le a r ly  a s se s se d  by 

K indskog a n i  Bradshaw (9 2 ), who have shown th a t  an o b s tru c te d  lo b u le  may 

b re a th e  th rough  c o l l a t e r a l  channels a t  l e a s t  IQfo as much a i r  as i t  would 

re c e iv e  th rough  i t s  r e s p ir a to r y  b ro n ch io le . F urtherm ore , th e se  

a u th o rs  s t a t e  th a t  th e  volume o f  c o l l a t e r a l  a i r  flow ing  i s  d i r e c t l y  

p ro p o r t io n a l  to  th e  depth  o f  r e s p i r a t io n ,  and th a t  when p o s i t iv e  p re s su re  

b r e a th in g  i s  i n s t i t u t e d  th e  volume o f  c o l l a t e r a l  a i r  flow  i s  in c re a se d

, ,, reso iration . Such o b se rv a tio n s  a l lo u t o f  p ro p o r tio n  to  th e  dep th  o t re s p ira v
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p o in t  to  th e  very  g re a t b e n e f i t  th a t  one m ight ex p ec t from the  

a d m in is tr a t io n  o f  oxygen, e s p e c ia l ly  i f  under p re s s u re ,  i n  c a se s  o f  

pulm onary oedema -  an e x p e c ta t io n  th a t  h as  been  r e a l i s e d  in  p r a c t ic e  and 

p e r s o n a lly  confirm ed from  o b se rv a tio n  o f  th e  c l i n i c a l  cases  d e sc r ib e d  

i n  t h i s  p ap e r.

In  c o n c lu s io n , th e  e x te n s iv e  work on th e  s u b je c t  o f  c o l l a t e r a l  

r e s p i r a t i o n  and i t s  trem endous s ig n if ic a n c e  in  cases o f  pulmonary 

o b s t r u c t io n  and oedema a re  most c le a r ly  ep ito m ised  i n  th e  words o f 

van A lle n  h im se lf , when he w r i te s  ( 8 2 ) : -

"The p r in c ip le  o f r e s p ir a to r y  m echanics th a t  has been  d e sc r ib e d  ( c o l l a t e r a l  

’’r e s p i r a t io n )  would appear to  have a broad  economic s ig n if ic a n c e  in  th e  

'fu n c tio n in g  o f th e  low er r e s p ir a to ry  t r a c t .  C on sid erin g  the  ex u d ativ e  

"tendency o f  th e  b ro n c h ia l mucosa and the  d is p o s i t io n  o f  th e  lungs to  

" tra n s u d a tio n  i t  i s  l ik e ly  t h a t . o b s tru c t io n  of th e  sm a lle r  a i r  p a ssag es  

"o ccu rs  f re q u e n tly . The more m inute b ro n ch io le s  p o sse ss  no c i l i a r y  and
|

" l i t t l e ,  i f  a ry , p e r i s t a l t i c  fu n c tio n  to  a s s i s t  i n  e l im in a tio n . The ,

"lumen, o f  one o f th e se  i s  so sm all as to  be f i l l e d  over co n s id e ra b le  

" le n g th  by no more th a n  a  d ro p le t o f  exudate o r  se c re tx o n , and th e  r e s u l t  

"-would be com plete ly  to  i s o l a t e  the co rrespond ing  u n i t  o f r e s p i r a to r y  

" d u c ts ,  a t r i a  and a lv e o l i ,  i f  th e re  were no p e r ip h e ra l  in te rc o n n e c tio n s . 

"Then, u n le s s  s p e c ia l  r e s p i r a to iy  e f f o r t  were soon i n s t i t u t e d  to  make u se  ,;

"o f  th e  a i r  a v a i la b le  f o r  expu lsion , i t  would be l o s t  by a b so rp tio n .
• \

" In sp ira tio n , no m atter how fo r c e fu l, would not he ab le to  introduce a ir  

"past the column o f  f lu id  to  rep lace the absorbed a ir .  A te le c ta s is  must 

"soon develop and th is  lob u le  o f  parenchyma must then remain fu n c tio n le s s



" u n t i l  th e  exudate undergoes removal by a b so rp tio n . Under th e se  

"c ircu m stan ces  a n ig h t 's  s le e p  f o r  an in d iv id u a l  w ith  s l i g h t  b ro n c h ia l 

" c a ta r r h  would be ex pec ted  to  leave the lungs c o n s id e ra b ly , perhaps 

" s e r io u s ly ,  handicapped fo r  r e s p ir a to ry  space. Indeed , a b ro n c h ia l  t r e e  

"made up o f  b l in d ly  te rm in a tin g  b ranches would be as i n e f f i c i e n t  as a 

"b lood  v a sc u la r  system  c o n s is t in g  o f end v e s s e ls ;  even  more so , s in c e  

" r e s p i r a t i o n  o p e ra te s  by ebb and flow  r a th e r  than  by c i r c u la t io n  o f  

" a i r ,  and s in c e  th e  fo rc e s  im p e llin g  th e  a i r  in  q u ie t b re a th in g  a re  

"co m p ara tiv e ly  weak. However, as i t  i s ,  s in c e  th e  b ro n c h ia l  t r e e  has th e  

" fu n c tio n  o f  c o l l a t e r a l  r e s p i r a t io n ,  a i r  i s  su p p lie d  to  an  o b s tru c te d  

" lo b u le  a s  lo n g  as th e  p e r ip h e ra l  in te rc o n n e c tio n s  rem ain  f r e e  and u n t i l  

"such  tim es as th e  b lock  i s  e lim in a te d  by means o f  s u f f i c i e n t ly  f o r c e f u l  

" e f f o r t  o r  by a b so rp tio n ."
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CHAPTER V 

DIffffEKENTIAL DIAGNOSIS;

COMPLICATIONS AND SEQUELAE OP EHQSGENS GASSING; 

PROCNOSIS.

DIAGNOSIS:

The d ia g n o s is  o f phosgene p o iso n in g  i n  most in s ta n c e s  i s  no t d i f f i c u l t .  

A h i s to i y  o f  exposure to  th e  l iq u id  o r vapour, fo llo w ed  by th e  developm ent 

o f t y p i c a l  symptoms o f  lung oedema a f t e r  a d e f in i te  l a t e n t  p e r io d , i s  

c o n c lu s iv e . On th e  o th e r  hand, c a re  must be tak en  n o t to  a t t r i b u t e  

symptoms o f  r e s p i r a to iy  d is o rd e r  to  th e  in h a la t io n  o f phosgene m erely  

b ecau se  th e  p a t ie n t  has been  i n  co n tac t w ith  th a t  su b s tan ce . Should 

pulm onary symptoms develop im m ediately, o r  w ith in  a sh o r t i n t e r v a l ,  

a f t e r  a l le g e d  exposure , th e  tru e  cause must be sought e lsew here , f o r  in  

phosgene p o iso n in g  th e re  i s  a  w e ll marked l a t e n t  p e r io d  o f  s e v e ra l  h o u rs ' 

d u ra tio n .  Of co u rse , i n  view  o f  th e  e x is te n c e  o f  t h i s  l a t e n t  p e r io d , 

g r e a t  c a u t io n  must be observed  b e fo re  f in a l ly  ex c lu d in g  a  d ia g n o s is  o f  

phosgene g a s s in g . Y/herever th e  p o s s i b i l i ty  o f  c o m i t t i n g  t h i s  e r r o r  

e x i s t s ,  th e  p a t ie n t  shou ld  be kep t under o b se rv a tio n  and a t  r e s t  w h ile

developm ents a re  aw aited .

D uring  th e  in t e r v a l  o f  w a itin g , i t  i»  w e ll to  b e g in  oxygen th e ra p y , 

f o r  t h i s  w i l l  no t p re v e n t a c o r re c t d ia g n o sis  from b e in g  e v e n tu a lly  made;

m oreover, i t  a l l a y s  th e  f e a r s  o f the  p a t ie n t  and a n t ic ip a te s  th e

, . i r .rpspn t f o r  some tim e, and i n  somedevelopm ent o f  anox ia which may be p re se n t l o r

W o r e  i t  can be id e n t i f ie d .  S e r ia l  reco rd s  o f  
c o n s id e ra b le  d eg ree , b e fo r

• t io n s  and tem pera tu re , and above a l l  o f  b lood  
p u lse  r a t e ,  r e s p i r a t io n  ,



143*

p r e s s u r e ,  sh o u ld  be made d u r in g  t h i s  tim e a s  th e y  w i l l  be o f  g r e a t  

a s s is ta n c e  i n  a r r i v i n g  a t  a  c o r r e c t  d ia g n o s is .  M oreover, in  c a s e s  o f 

phosgene p o iso n in g  th e y  form  a  most v a lu a b le  guide to  p ro g n o s is , a s  w e ll  

as p ro v id in g  d e f in i t e  l a ndma rk s  a lo n g  th e  co u rse  o f  c l i n i c a l  developm ent.

C oncern ing  th e  d i f f e r e n t i a l  d ia g n o s is  betw een phosgene p o iso n in g  and 

”c o n s t i t u t i o n a l ” i l l n e s s ,  th e  on ly  c o n d i t io n  w ith  w hich i t  m ight be 

co n fu sed  -  and th a t  on ly  in  th e  e a r l i e s t  s ta g e s  and b e fo re  sev e re  lu n g  

oedema develops -  i s  in f lu e n z a . In  t h i s  connex ion  i t  cannot be to o  

g r e a t ly  s t r e s s e d  t h a t  some e le v a t io n  of body te m p era tu re  i s  the  g e n e ra l 

r u le  i n  a l l  c a se s  o f  phosgene g a s s in g  o f ary  s e v e r i ty  and th a t  such  a 

r i s e  i n  te m p era tu re  h a s  n o th in g  to  do w ith  in f e c t io n .  Yet I  have known o f  

a t  l e a s t  two d e f i n i t e  and c l a s s i c a l  c a se s  o f  phosgene p o iso n in g  w rongly 

l a b e l le d  " in f lu e n z a ” by an  e x p e rien ced  c l i n i c i a n ,  u n fa m ilia r  w ith  t h i s  

c o n d it io n , p u re ly  on th e  grounds t h a t  th e  p a t i e n t s  had e le v a te d  

te m p era tu re s  to g e th e r  w ith  vague r e s p i r a t o iy  symptoms, and must th e re fo re  

be s u f f e r in g  from an  in f e c t iv e  p ro c e ss . The p o in t  i s  o f g re a t  im portance 

and th e  appearance o f  p y re x ia  does n o t exclude phosgene p o iso n in g , b u t 

te n d s  r a th e r  to  confirm  i t ,  and i s  no t n e c e s s a r i ly  an  in d ic a t io n  th a t  

in f e c t iv e  c o m p lica tio n s  a re  d ev e lo p in g . The absence o f  p a in  from  th e  

back  and bones and e y e b a l ls ,  and o f  t r u e  toxaem ia and prcefcration a l l  h e lp  

to  d is t in g u is h  phosgene p o iso n in g  and in f lu e n z a . M oreover, leu co p o en ia  

i s  a  common f in d in g  in  th e  l a t t e r  c o n d i tio n ,w h ile  a p ro g re s s iv e  

h aem oconcen tra tion , as ev idenced  by a r i s e  in  th e  re d  c e l l  coun t and 

haem oglobin c o n te n t o f  the  b lo o d , i s  ty p i c a l  o f  th e  phosgene c a s u a l ty .

The d i f f e r e n t i a l  d ia g n o s is  betw een p o iso n in g  by phosgene and o th e r
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lu n g  i r r i t a n t s ,  such  as  c h lo r in e ,  brom ine, o r h y d ro c h lo r ic  a c id  gas, need 

n o t be d is c u s s e d  h e re  i n  a ry  d e t a i l .  I t  i s  s u f f i c i e n t  to  m en tion  th a t  

th e se  a re  a l l  a c u te ,  and in  se v e re  c a s e s ,  s u f fo c a t iv e  p o iso n s . I n h a la t io n  

o f  them i s  accom panied by im m ediate and se v e re  o r  even in te n s e  p a in  in  th e  

c h e s t ,  and a l l  th e  s ig n s  o f  a n  in s ta n ta n e o u s , though p>ossibly p ro g re s s iv e ,  

i r r i t a t i o n  o f  th e  r e s p i r a to r y  t r a c t ,  m ain ly  i n  i t s  u pper le g io n s . S o lven t 

vapours may a ls o  have lu n g  i r r i t a n t  p r o p e r t i e s ,  ag a in  o f  th e  type th a t  

deve lo p s im m ediately  and w ith o u t a l a t e n t  p e r io d . The r e s p i r a to r y  

symptoms a r e ,  how ever, no t a s  a  r u le  ex trem e, and a re  g r e a t ly  o v e r­

shadowed by n au sea , le th a rg y  o r even coma o r  m e n ta l d is tu rb a n c e s  

a s s o c ia te d  w ith  th e  a n a e s th e t ic  p ro x ^erties  o f th e  o rg an ic  s o lv e n ts .

Indeed , a l l  th e  g ases  m en tioned , and th e  o th e r  r e s p i r a to r y  i r r i t a n t  

vapours w ith  w hich I  am f a m i l i a r ,  may be r e a d i ly  d is t in g u is h e d  from  

phosgene by th e  r a p id i ty  o f  t h e i r  a c t io n  i n  p ro d u c in g  pulm onary i r r i a t i o n .  

P o iso n in g  by phosgene i s  m ild e r  and more in s id io u s  a t  th e  o n s e t,  w ith  

l i t t l e  o r  no im m ediate i r r i t a t i o n ,  a long  p e r io d  o f  developm ent 

c h a r a c te r i s e d  a s  " th e  l a t e n t  p e r io d "  and le a d in g  to  th e  l a t e r  o n se t o f  

a  p ro g re s s iv e  lu n g  oedema.

C om plica tions and Sequelae

The co m p lic a tio n s  o f  phosgene p o iso n in g  ap p ea r to  be c o n fin e d  to  th e  

r e s p i r a to r y  system . In  th e  s e r i e s  o f  c a se s  t h a t  I  have d e sc r ib e d , 

w here pulm onary c o m p lica tio n s  d id  o ccu r, th e y  have v a r ie d  from a  m ild  

t r a c h e o -b ro n c h it is  to  a  more sev e re  a c u te  b r o n c h i t i s  and i n  cue 

in s ta n c e  to  a  bronchopneum onia. The o n se t o f  th e se  inflam m atory  and



in f e c t iv e  c o m p lic a tio n s  i s  m arked by th e  app ea ran ce  o f  a  seco n d ary  r i s e  

in  body te m p e ra tu re . This h as  been  d is c u s s e d  a lre a d y  i n  a  p rev io u s  

s e c t io n  and so  need  n o t be re p e a te d  h e re .

Of l a t e  seq u e la e  th e re  have b een  none. Once th e  p a t i e n t  has re c o v e re d  

from  phosgene p o iso n in g  and from  such  c o m p lic a tio n s  as may have 

accom panied i t ,  he r e v e r t s  to  a  c o n d it io n  o f n o rm a lity . No in s ta n c e  o f  

a  subsequen t h y p e r s e n s i t iv i ty  to  phosgene vapour h as  b een  p e r s o n a l ly  

ob serv ed , and no r e c o rd  o f  such an occu rrence  has  b een  found  i n  th e  

l i t e r a t u r e .  M oreover, I  have h ad  th e  o p p o rtu n ity  o f  q u e s tio n in g  and 

exam ining c l i n i c a l l y  some n in e  o r  te n  men who had been  s e v e re ly  a f f e c te d  

by phosgene i n  a c c id e n ts  o c c u rr in g  a t  a  chem ica l f a c to r y  from  s ix  to  te n  

y e a rs  ago. No ab n o rm a lity  o f  a ry  k in d  was d e te c te d  c l i n i c a l l y  a m o n g  

th e se  men, and none gave a  h i s to r y  o f  h av in g  become more p rone  to  

r e s p i r a to r y  o r  o th e r  a ilm e n ts  a s  a  r e s u l t  o f  h i s  a c c id e n t ;  th e se  s ta te m e n ts  

w ere confirm ed  by re fe re n c e  to  th e  world re c o rd s  o f absence due to  

s ic k n e s s ;  t h e i r  reco rd s  showed no d e p a r tu re  from  th e  average  e i t h e r  f o r  

freq u en cy  o r  ty p e  o f i l l n e s s  o r  f o r  d u ra t io n  p f  absence . I t  w ould 

th e re fo r e  ap p ea r th a t  th e re  a re  no seq u e lae  a t t r i b u t a b l e  to  p o iso n in g  

by phosgene.

PROGNOSIS:

From c o n s id e ra t io n  o f th e  case s  h e re in  d e sc r ib e d  one m ust conclude th a t  

th e  p ro g n o s is  i s ,  i n  g e n e ra l,  a  fa v o u ra b le  one, p ro v id in g  th a t  e f f i c i e n t  

tre a tm e n t i s  c a r r i e d  o u t a s  e a r ly  as p o s s ib le  a f t e r  expo su re . Even th e  

m ost s e v e re ly  a f f e c te d  c a s u a l t i e s  who have been  s u b je c te d  to  m assive
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c o n c e n tra t io n s  o f  th e  gas o r  la rg e  q u a n t i t i e s  o f  th e  l i q u id  can  make an  

u n in te r ru p te d  and com plete reco v e ry  when tre a tm e n t i s  s t a r t e d  a t  once.

The lo n g e r  th e  d e la y  i n  commencing tr e a tm e n t ,  how ever, th e  more l i k e l y  

a re  c o m p lic a tio n s  to  develop  and th e  more s e r io u s  a re  th e y  l i a b l e  to  be.

On th e  o th e r  hand , once .recovery  lias ta k e n  p la c e ,  th e re  a re  no perm anent 

a f t e r - e f f e c t s  i n  th e  way o f  r e s p i r a to r y  system  w eakness o r  h y p e r s e n s i t iv i ty  

to  th e  chem ical.

Where th e  p a t i e n t  becomes h o t and f lu s h e d  soon  a f t e r  exposure, and 

where th e r e  i s  l i t t l e  a l t e r a t i o n  i n  th e  s y s t o l i c  b lo o d  p re s s u re  o r  where 

th e  change i s  l im i te d  to  a  f a l l  in  b lo o d  p re s s u re  (b u t  n o t p ro fo u n d  enough 

to  in d ic a te  c o l la p s e ) ,  th e  ca se  w i l l  be a  m ild  one, and recovery  sh o u ld  

be com plete w i th in  a  few h o u rs .

Grey c y a n o s is , a  m ix tu re  o f  p a l l o r  and th e  o rd in a ry  b lu e  c y a n o s is , 

in d ic a te s  t h a t  th e  case  i s  a  s e r io u s  one. S im ila r ly  a  s t e a d i ly  p ro g re s s iv e  

r i s e  i n  th e  sy stem ic  b lo o d  p re s s u re ,  m ain ly  th e  s y s t o l i c ,  i s  in d ic a t iv e  

o f  a  s e r io u s ly  a f f e c te d  c a s u a l ty  and th e  h e ig h t to  w hich th e  b lo o d  p re s s u re  

r i s e s  would seem to  be  d i r e c t l y  p ro p o r t io n a l  to  th e  s e v e r i ty  o f  th e  

c o n d i t io n . The e x is te n c e  o f  ly p e r te n s io n  does, how ever, in d ic a te  t h a t  

th e  norm al p h y s io lo g ic a l  mechanisms a re  fu n c tio n in g  w e ll  and th a t  th e  

p a t i e n t  i s ,  f o r  th e  p re s e n t  a t  a ry  r a t e ,  c ap ab le  o f  cop ing  w ith  h is  

i l l n e s s .  Along w ith  in c re a s in g  improvement i n  th e  c l i n i c a l  c o n d it io n  o f 

th e  p a t i e n t  th e  b lo o d  p re s su re  r e tu r n s  tpfoormal, b u t  does so g ra d u a lly  

and by  easy  s ta g e s .  Ary sudden drop i n  th e  abnorm ally  h ig h  b lood  

p re s s u re  would, o f  co u rse , be  o f  th e  most s e r io u s  im p o rt, in d ic a t in g  a  

r a p id  f a i l u r e  i n  th e  e f f ic ie n c y  o f the  h e a r t  m uscle and th e  imminence o f 

d e a th .



An e le v a t io n  o f  body te m p e ra tu re  i s  o f  no p ro g n o s tic  s ig n if ic a n c e  and a£ 

p re v io u s ly  s tre s s e d .,  does n o t in d ic a te  th e  p re sen ce  o r  developm ent o f 

i n t e r c u r r e n t  r e s p i r a to r y  in f e c t io n .  R ecurrence o f  p y re x ia  a f t e r  a  p e r io d  

o f  n o rm a lity , when th e  o th e r  symptoms have d is a p p e a re d  o r  f o r  th e  most 

p a r t  su b s id e d , does however in d ic a te  r e s p i r a to r y  in f e c t io n .  The p ro g n o s is  

i n  such  a  case  becomes t h a t  o f th e  in f e c t iv e  c o n d itio n , w h e th er i t  be a 

b r o n c h i t i s  o r  bronchopneum onia, b u t  w i l l  o f  cou rse  be m o d ified  by th e  

amount o f  s t r a i n  throw n upon th e  p a t i e n t  by h i s  p re v io u s  in ju r y  from  

phosgene and the manner i n  w hich i t  has a f f e c t e d  him. In  r a r e r  in s ta n c e s  

th e  symptoms o f  phosgene p o iso n in g  may a l l  b u t d is a p p e a r  w h ile  the  

i n i t i a l  p y re x ia  may p e r s i s t  t i l l  i t  m erges w ith  th e  p y re x ia  o f  a  

co m p lic a tin g  in f e c t io n .  A m elio ra tio n  o f  th e  o th e r  symptoms w ith o u t an  

acccm paiying tendency f o r  th e  body te m p era tu re  to  r e v e r t  to  norm al c a l l s  

f o r  in c re a s e d  w a tc h fu ln e ss  and s u sp ic io n ; i t  would ap p ea r a ls o  t h a t  t h i s  

u n u su a l sequence o f  e v e n ts  i s  more l i k e ly  to  occur i n  c a se s  where a  veny 

c o n s id e ra b le  tim e has  e la p se d  betw een exposure to  phosgene and th e  

b e g in n in g  o f  tre a tm e n t.
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CHAPTER VI 

TREATMENT OF PHOSGENE POISONING

There i s  a t  th e  p re s e n t  tim e  no s p e c i f i c  tr e a tm e n t a v a i la b le  f o r  

c a s e s  o f  phosgene p o iso n in g . Of a l l  th e  th e r a p e u t ic  m easures th a t  may be 

employed oxygen th e ra p y  i s ,  u n d o u b ted ly , by f a r  th e  most im p o rtan t and 

v a lu a b le . O ther g e n e ra l  m easures may be h e lp f u l ,  and in d eed  e s s e n t i a l  

in  some c a s e s .

B efo re  d is c u s s in g  in  d e t a i l  th e  v a r io u s  th e r a p e u t ic  m easures l i k e l y  to  

b e n e f i t  th e  in d iv id u a l  who has been  a f f e c te d  by phosgene vapou r, i t  w ould 

be w e ll  to  s t r e s s  th e  im portance  o f b e g in n in g  tre a tm e n t a t  th e  e a r l i e s t  

p o s s ib le  moment a f t e r  exposure; th e  lo n g e r  the  d e la y  i n  s t a r t i n g  tre a tm e n t 

th e  lo n g e r  i t  w i l l  ta k e  f o r  reco v e iy  to  be  com plete , and  th e  more l i k e ly  

a re  c o m p lica tio n s  to  dev e lo p . D e ta i l s  o f  th e ra p e u t ic  p ro c e d u re s  w i l l  

be d e sc r ib e d  under s e p a ra te  h ead in g s , as f o l lo w s ; -  

R e s t:

As soon a s  p o s s ib le  a f t e r  exposure , th e  p a t i e n t  sh o u ld  be  p la c e d  

com p le te ly  a t  r e s t  i n  bed . F o llow ing  an a c c id e n t o f  a iy  s e v e r i ty  th e  

c a s u a l ty  sh o u ld  be b ro u g h t to  th e  f i r s t  a id  s t a t i o n  on a  s t r e t c h e r ,  

however s h o r t  th e  d is ta n c e  may b e . M ild c a se s  may w e ll  w alk  i f  th e  

s t a t i o n  i s  w ith in ,  say , h a l f  a  m ile .

From th e  b e g in n in g , r e s t  sho u ld  be com plete and co n tin u o u s , i n  

th e  recum bent o r  r e c l in in g  p o s i t io n ,  w h ichever be th e  more co m fo rtab le .

The p a t i e n t  sh o u ld  n o t be a llo w ed  to  u n d re ss  h im se lf  o r  a t te n d  to  h is  

own w an ts. When dyspnoea i s  sev e re  and when pulm onary oedema i s  

d ev e lo p in g  the  p a t i e n t  becomes o rth o p n o e ic  and i s  more co m fo rtab le  and 

l e s s  r e s t l e s s  i f  p ropped  up in  bed  w ith  p le n ty  o f  p il lo w s . The r e s t i n g



s t a t e  sh o u ld  be m a in ta in e d  u n t i l  reco v e ry  i s  com plete , i . e . ,  u n t i l  th e  

b lo o d  p re s s u re  i s  a g a in  norm al and u n t i l  th e r e  i s  no c y a n o s is  o r  dyspnoea, 

and no s ig n s  o f  pulm onary c o n g e s tio n  o r  oedema. B efore a llo w in g  th e  

p a t i e n t  to  g e t o u t o f  bed , oxygen th e ra p y  sh o u ld  have b een  s to p p ed  f o r  

some h o u rs , and th e  p a t i e n t  sho u ld  be a b le  to  move f r e e l y  in  bed , and be 

a b le  to  s i t  up u n su p p o rted  and  u n a id ed , w ith o u t d isc o m fo rt o r  th e  r e tu r n  

o f  any symptoms o f  r e s p i r a t o r y  o r  c a rd io -v a s c u la r  em barrassm ent. E x e rc ise  

sh o u ld  be somewhat r e s t r i c t e d  f o r  th e  nex t 24 h o u rs , and  th e  p a t i e n t  m ust 

be in s t r u c te d  to  r e s t  a t  once sh o u ld  symptoms o f  dyspnoea o r  p a lp ita t io n  

ensue w ith  e x e rc is e  d u r in g  t h i s  p e r io d .

N u rsin g  p ro c e d u re s  such  a s  bed  b a th in g  sh o u ld  n o t be p e rm itte d  u n t i l  

th e  p a t i e n t  i s  o v e r  th e  w o rs t .  Tepid sponging  o f  fa c e  and lim bs i s  

s u f f i c i e n t l y  r e f r e s h in g  and does n o t have th e  same e x h a u s tin g  e f f e c t .

W hile la c k  o f  o b se rv a tio n  o f  th e  p r in c ip le  o f  com plete  r e s t ,  from  th e  

moment a f t e r  exposure t i l l  re co v e iy  i s  com plete , may n o t r e s u l t  in  

sudden o r  unexpec ted  d e a th  a s  f r e q u e n t ly  as  a  few  a u th o rs  would have one 

b e l ie v e ,  th e  p re s e n t  s e r i e s  o f  c a se s  does show th a t  reco v e iy  ta k e s  

lo n g e r , th e  i l l n e s s  i s  more s e v e re ,  and th e  co m p lic a tio n s  more s e r io u s  and 

f re q u e n t i n  c a se s  n o t r e s t e d  u n t i l  seme tim e has e la p se d  a f t e r  t h e i r  

exposure to  th e  gas.

Warmth

• B eing a s  a  r u le  aware o f  th e  e v i l  r e p u ta t io n  o f  phosgene, th e  p a t i e n t  

i s  u s u a l ly  g r e a t ly  f r ig h te n e d  by h is  a c c id e n ta l  exposure to  i t ,  and s u f f e r s  

f r a n  a  c o n s id e ra b le  degree  o f  m en ta l shock and a g i t a t i o n ,  accom panied by 

a f e e l in g  o f  c h i l l i n e s s  o r  even  by a c tu a l  sh iv e r in g . At a l a t e r  s ta g e ,



when th e  cu taneous v e s s e ls  become c o n s t r i c t e d  and th e  b lo o d  flow  th rough  

th e  s k in  i s  c o n s id e ra b ly  red u ced , t h i s  s e n s a t io n  o f  c h i l l i n e s s  i s  g r e a t ly  

i n t e n s i f i e d ,  and th e  p a t i e n t  can  f e e l  v e ry  c o ld  in d e ed , d e s p i te  th e  f a c t  

t h a t  h i s  b o d ily  te m p era tu re  may a c tu a l ly  be e le v a te d . F or th e se  re a so n s , 

th e  a p p l ic a t io n  o f  warmth i s  n e c e ssa ry . Hot w a te r  b o t t l e s  a re  p ro b ab ly  

th e  m ost co n v en ien t i n  th e  m a jo r i ty  o f  in s ta n c e s ,  b u t  th e  e l e c t r i c  b la n k e t 

o r  e l e c t r i c  c ra d le  may be p r e f e r r e d .  The l a t t e r  a p p lia n c e  has been  found  

to  have th e  advantage -  t h a t  i t  w i l l  b e a r  th e  w eigh t o f  th e  b la n k e ts  and 

th e re b y  f r e e  the  c h e s t  from  t h e i r  r e s t r i c t i n g  w eig h t and p e rm it th e  

f u l l e s t  p o s s ib le  r e s p i r a to r y  movement a t  th e  s ta g e  when r e s p i r a to r y  

d i s t r e s s  i s  marked.

Oxygen Therapy

Oxygen th e ra p y  sh o u ld  b e  i n s t i t u t e d  a s  soon a s  th e  p a t i e n t  has been  

go t to  b ed , and sh o u ld  be co n tin u ed , w ith o u t in te r r u p t io n ,  f o r  a s  lo n g  a s  

i s  n e c e ssa ry .

The m ost co n v en ien t m ethod o f  a d m in is te r in g  oxygen i s  by th e  B.L.B. 

mask, f o r  t h i s  le a v e s  th e  mouth f r e e  and p e rm its  th e  s im u ltan eo u s 

a d m in is tr a t io n  o f f lu i d s  o r  a llo w s f o r  v om iting , w hich i s  n o t uncommon i n  

th e  e a r ly  s ta g e s .  M oreover, th e  a p p a ra tu s  i s  a very  e f f i c i e n t  one, and i t  

e n a b le s  oxygen to  be g iven  i n  h ig h  c o n c e n tra t io n  f o r  lo n g  p e r io d s ,  and 

under s l i g h t  p re s s u re ,  w hich i s  o f  a d d i t io n a l  b e n e f i t .  Most p a t i e n t s  

have no o b je c t io n  to  t h i s  type  o f  mask, w hereas w ith  th e  o ro -n a s a l  type 

th e y  u s u a lly  c o n p la in  o f  a  s e n s a t io n  o f s u f fo c a t io n ,  and a re  c o n s ta n t ly

t r y in g  to  remove i t .

The p a t i e n t ,  o f  c o u rse , r e q u ir e s  to  be in s t r u c te d  i n  th e  use  o f th e



a p p a ra tu s , th e  pu rpose  and  g e n e ra l fu n c tio n in g  o f  w hich sho u ld  be 

e x p la in e d  to  him , a s  w e ll  a s  th e  n e c e s s i ty  o f  in h a l in g  th e  b r e a th  on ly  ■ 

th ro u g h  th e  nose. Simple e x p la n a tio n  and  th e  e a r ly  encouragem ent o f  

n a s a l  b re a th in g  i s  w e ll  r e p a id  as th e  c r i t i c a l  p o in t  in  th e  d is e a s e  i s  

re a c h e d , f o r  co n fid en ce  has been  in s p ir e d ,  so t h a t  th e  p a t i e n t  t r u s t s  

th e  e f f ic a c y  o f  th e  a p p a ra tu s  and c o -o p e ra te s  i n  i t s  u se . In  a  s h o r t  

w h ile  he has become no lo n g e r co n sc io u s  o f th e  p re sen ce  o f th e  mask 

and th e  r e g u la r  n a s a l  b r e a th in g  h as  become so a u to m a tic  t h a t  i t  w i l l  

co n tin u e  u n in te r ru p te d ly  th ro u g h o u t th e  c r i s i s  when e f f i c i e n t  oxygen 

in ta k e  i s  m ost n e c e ssa ry , and  w i l l  be m a in ta in ed  even i f  he sho u ld  doze o ff  

in  s le e p .

The n u rse  o r  o th e r  a t te n d a n t  sh o u ld  a ls o  be co m p le te ly  f a m i l i a r  w ith  

th e  p r in c ip le  and o p e ra t io n  o f th e  B .L.B .m ask, e s p e c ia l ly  th e  n e c e s s i ty  

o f  s e c u r in g  and m a in ta in in g  i t s  c lo se  f i t t i n g  to  th e  f a c e ,  and o f  k eep in g  

th e  r a t e  o f  oxygen flo w  a t  such  a  l e v e l  th a t  th e  ru b b e r  bag  i s  n o t a llow ed  

to  empty com ple te ly  a t  any i n s p i r a t i o n . Lack o f  o b s e rv a tio n  o f  e i t h e r  o f  

th e se  two fundam ental p o in ts  i s  undoub ted ly  th e  com nonest cause  o f  

i n s u f f i c i e n t  oxygen b e in g  r e c e iv e d  by th e  p a t i e n t ,  in  s p i t e  o f  th e  h ig h  

degree  o f  e f f ic ie n c y  w ith  w hich th e  a p p a ra tu s  i s  cap ab le  o f  w orking. 

M oreover, f a i l u r e  to  en su re  t h a t  th e  b ag  i s  always k e p t p a r t i a l l y  

i n f l a t e d  d e s tro y s  th e  p a t i e n t ’ s con fid en ce  in  th e  a p p a ra tu s , f o r  h is  

i n a b i l i t y  to  o b ta in  an  adequate  amount o f gas from  any in s p i r a to r y  a c t  

makes him f e e l  t h a t  th e  supp ly  o f  oxygen i s  r e s t r i c t e d  o r  l i a b l e  to  ru n  

o u t, and a ls o  adds to  h i s  b u rd en  and d i s t r e s s  b ecau se  o f  th e  in c re a s e d  

in s p i r a to iy  e f f o r t  t h a t  i t  p roduces.



The pu rp o se  o f  th e  a i r  p o r t s  sh o u ld  a l s o  be c l e a r ly  i n  th e  mind o f  

th e  a t te n d a n t  o r  n u rse . S ince t h e i r  f u n c t io n  i s  to  p e im it o f  oxygen 

from  th e  c y l in d e r  b e in g  d i lu te d  w ith  a i r  from  th e  atm osphere , th e se  

p o r t s  must b e  k e p t c lo se d  d u r in g  th e  s e v e re  phaze o f  the  i l l n e s s  when 

th e  p a t i e n t  needs a l l  th e  oxygen he can  g e t .  As re c o v e iy  advances, 

th e y  may be g ra d u a lly  opened, th e  r a t e  o f  flow  o f  oxygen b e in g  

s im u lta n e o u sly  reduced  u n t i l  th e  p a t i e n t  i s  b r e a th in g  a  m ix tu re  o f  

w hich th e  g r e a te r  p a r t  i s  a tm o sp h eric  a i r .  Soon a f t e r  t h i s  s ta g e  i s  

reac h ed , th e  su p p ly  o f  oxygen may be com p le te ly  w ithdraw n. The c o r r e c t  

u se  o f  th e se  a i r  p o r ts  i s  n o t a t  a l l  w e l l  o r  r e a d i ly  u n d ers to o d  by th e  

u n tra in e d  o r  in e x p e rie n c e d  a t te n d a n t .  I f  f o r  a ry  re a s o n  r e l ia n c e  h as  to  

be p la c e d  on th e  s e r v ic e s  o f  such p e rso n s  in s t r u c t io n s  sh o u ld  be g iv en  

t h a t  th e  a i r  p o r t s  a r e  to  be k ep t c lo se d  u n t i l  such  tim es a s  s p e c i f i c  

o rd e rs  a r e  g iv en  to  th e  c o n tra ry .  T his may r e s u l t  i n  u n d ilu te d  oxygen 

b e in g  g iv en  f o r  a  p e r io d  when i t  i s  n o t s t r i c t l y  n e c e ssa ry . Y et an  

ad equa te  sup p ly  o f  oxygen i s  so  e s s e n t i a l  f o r  th e  p re v e n tio n  o r  r e l i e f  

o f  a n o x ia  and th e  com batting  o f  pulm onary oedema th a t  i t  i s  b e t t e r  t h a t  

oxygen sh o u ld  be used  e x tra v a g a n tly  o r  even w a s te fu l ly ,  from  an 

e x c e s s iv e ly  h ig h  c o n c e n tra tio n  o r  r a t e  o f  flow , th a n  t h a t  th e  p a t i e n t  

sh o u ld  re c e iv e  to o  l i t t l e  f o r  h i s  needs.

S im ila r ly ,  the  flow  m e te r  should  n o t be  r e l i e d  upon as an in d ic a t io n  

o f  req u irem en ts  in  oxygen th e ra p y . When th e  p o r t s  a re  c lo se d  and the 

p a t i e n t  i s  th u s  r e ly in g  e n t i r e ly  upon a supp ly  o f  oxygen from  th e  

c y l in d e r  th e  r a t e  o f  flow  m ust be such  t h a t  th e re  i s  enough e n te r in g  

th e  b ag  to  meet ev ery  need o f  each in s p i r a t io n  -  no m a tte r  w hat th e
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re a d in g  on th e  flo w  m e te r  may b e . By s t r e s s i n g  th e  n e c e s s i ty  f o r  a  c lo s e  

f i t t i n g  fa c e  p ie c e  and th e  n e c e s s i ty  o f  a d ju s t in g  th e  r a t e  o f  oxygen flow  

to  keep th e  b ag  a t  a l l  tim e s  p a r t l y  i n f l a t e d ,  w h ile  m a in ta in in g  th e  a i r  

p o r t s  c o n s ta n t ly  in  th e  f u l l y  c lo se d  p o s i t io n ,  th e  p ro c e s s  o f  

a d m in is te r in g  oxygen and th e  w orking o f  th e  a p p a ra tu s  may be g r e a t ly  

s im p l i f ie d  f o r  th e  in e x p e r t  a t te n d a n t  such  a s  a  member o f  a  f i r s t - a i d  

o r  re s c u e  team . In  p r a c t i c e  i t  i s  found t h a t  th e  r a t e  o f  consum ption 

o f  oxygen a s  gauged by th e  flo w -m eter v a r ie s  betw een 2 and 10 l i t r e s  

p e r  m in u te , depending  upon th e  s e v e r i ty  o f  th e  case  and th e  s ta g e  o f  

th e  i l l n e s s .

The c o lo u r  o f  th e  p a t i e n t  i s  n o t much h e lp  i n  a s s e s s in g  th e  e f f ic ie n c y  

o f oxygen th e ra p y . T here i s  u s u a l ly  a  c e r t a in  amount o f  c y a n o s is , 

e s p e c ia l ly  marked on th e  l i p s ,  e a r s ,  nose and f i n g e r t i p s ,  t h a t  canno t 

be  overcome no m a tte r  how f a r  th e  a d m in is tr a t io n  o f  oxygen i s  pushed .

The degree  o f  c y a n o s is  sh o u ld , how ever, be k e p t to  th e  minimum p o s s ib le .  

With th e  s e v e re ly  a f f e c te d  p a t i e n t  i t  becomes n o t so much a  q u e s tio n  

o f  how much oxygen does he r e q u i r e ,  b u t r a th e r  how much i s  i t  p o s s ib le  

f o r  him  to  u se . P e r s is te n c e  o f c y a n o s is  may in d ic a te  anoxaem ia and 

th e  need  f o r  oxygen, w h ile  th e  oedem atous c o n d itio n  o f  th e  lungs may 

p re c lu d e  th e  p o s s i b i l i t y  o f th e  body r e c e iv in g  a l l  t h a t  i t  n eed s, even  

though oxygen may be made f r e e l y  and ab u n d an tly  a v a i la b le  to  i t .  Oxygen 

th e ra p y  i s  e f f i c i e n t  i f  th e  p a t i e n t  be g iv en  a l l  t h a t  he can  u se . In  

canes o f s e v e re  pulm onary oedema i t  i s  m a n ife s t ly  im p o ss ib le  to  g ive 

a l l  t h a t  th e  p a t ie n t  r e q u i r e s ,  e l s e  i t  would alw ays be p o s s ib le  to  

cause th e  c y a n o s is , dyspnoea, and s im ila r ' anox ic  symptoms, and p erhaps
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even th e  lu n g  oedema i t s e l f ,  to  d is a p p e a r  im m ediate ly  and co m ple te ly .

I t  i s  alw ays p o s s ib le ,  how ever, to  make c e r t a i n  t h a t  th e  p a t i e n t  re c e iv e s

a l l  th e  oxygen th a t  h i s  lu n g s  a re  c a p a b le  o f  u s in g , and t h i s  i s  th e  id e a l

to  b e  a ch iev ed  whenever oxygen th e ra p y  i s  employed.

D uring  th e  h e ig h t  o f th e  i l l n e s s ,  when th e  p a t i e n t  may be v e iy  r e s t l e s s

and in c l in e d  to  p u l l  o f f  o r  o th e rw ise  d is p la c e  th e  mask, i t  has som etim es 

been  found  n ece ssa ry  to  m a in ta in  th e  fa c e p ie c e  c o n s ta n t ly  i n  p o s i t io n  

by  hand, and th u s  a d m in is te r  oxygen i n  much th e  same way a s  one would 

an  a n a e s th e t ic  from  a  B oy le1 s o r  s im i la r  m achine.

As f o r  th e  gas i t s e l f ,  I  have alw ays used  p u re  oxygen unmixed w ith  

carbon  d io x id e , and w ith  e n t i r e l y  s a t i s f a c to r y  r e s u l t s .  T his p r a c t ic e  

has  been  b ased  on a  b e l i e f  -that th e  r e s p i r a to r y  c e n tr e  was w e ll  enough 

s tim u la te d  by a c id s  p r e s e n t  i n  th e  b lo o d  and th a t  no a d d i t io n a l  

r e s p i r a to r y  s tim u lu s  was n e c e ssa ry . In deed , th e  r e g u la r  and  r a p id  though 

sh a llo w  b re a th in g  w ould seem to  in d ic a te  th a t  th e  r e s p i r a to r y  c e n tre  i s  

fu n c tio n in g  rh y th m ic a lly , b u t a t  an  abnorm al r a te  from  e x c e ss iv e  

s t im u la t io n ,  the  sh a llo w n ess  o f  the  b re a th in g  b e in g  a t t r i b u t a b l e  to  th e  

d is te n d e d  o r  s t r e t c h e d  c o n d itio n  o f th e  lung  ca u s in g  a  r e f l e x  i n h i b i t i o n  

th ro u g h  th e  H ering-B r au e r r e f l e x  and n o t i n  a ry  way co n n ec ted  w ith  

carbon  d io x id e  ex cess  o r  d e f ic ie n c y . There h a s , how ever, been  

co n s id e ra b le  c o n tro v e rsy  (2 0 , 37, 33, 89, 90, 91) on th e  r e l a t i v e  

m e r i ts  o f  oxygen and oxygen -ca rb o n -d io x id e  m ix tu re s . Many a u th o rs  

ad voca te  m ix tu res  c o n ta in in g  up to  7,^ o f  ca rb o n  d io x id e  i n  a l l  c a s e s , 

and c la im  e q u a lly  e f f e c t iv e  r e s u l t s ,  b a s in g  t h e i r  c la im s , a s  do Gibbs 

and h i s  co-w orkers (87) on a b e l i e f  th a t  carbon  d io x id e  i s  th e  e s s e n t i a l  

s p e c i f i c  s tim u lu s  o f  th e  r e s p i r a to r y  c e n tr e ,  and th a t  w h ile  th e  p resen ce
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o f  o th e r  a c id  su b s ta n c e s  may s e n s i t i s e  th e  c e n tr e  to  th e  a c t io n  o f  carbon  

d io x id e  th ey  can n o t, how ever, r e p la c e  i t .  Dumoulin and  h i s  c o lle a g u e s  

(33) on th e  o th e r  hand, b e l ie v e  t h a t  th e  r e s u l t s  o f  oxygen th e ra p y  i n  

e x p e rim e n ta l phosgene p o iso n in g  a re  e q u a l ly  good w hether o r  n o t carbon  

d io x id e  i s  added. C o rd ie r  (9 0 ) , hovirever, ad v o ca te s  a d m in is t r a t io n  o f  

p u re  oxygen i n  c a s e s  o f  phosgene g a s s in g  on th e  grounds t h a t  th e  b lood  

pH i s  p ro g re s s iv e ly  f a l l i n g  and th e  r e s p i r a t o r y  c e n tre  i s  a d e q u a te ly  

s t im u la te d  by th e  a c id s  p r e s e n t .  lie b e l ie v e s  th a t  th e  a d d i t io n  o f  CO  ̂

i s  in d ic a te d  on ly  i n  such  c o n d itio n s  a s  carbon  monoxide p o iso n in g , where 

th e re  i s  no ex cess  o f  a c id  p r e s e n t  i n  th e  b lo o d , and w here th e  

a d m in is t r a t io n  o f  pu re  oxygen, by w ashing ou t th e  norm al COg o f  th e  

b lo o d , would d ep riv e  th e  re sx > ira to iy  c e n tre  o f  i t s  so le  and norm al 

s tim u lu s . T h e lw a ll Jones i n  h is  p a p e r (20) ap p ea rs  to  fa v o u r  th e  use 

o f  a  m ix tu re  c o n ta in in g  T?0 o f  carbon  d io x id e  f o r  most form s o f  

i n d u s t r i a l  gas p o iso n in g . He p o in ts  o u t, how ever, t h a t  i n  th e  se v e re  

ca se  o f  phosgene g a ss in g  in c lu d e d  in  h is  r e p o r t  i t  was n e c e ssa ry  to  

change to  p u re  oxygen i n  th e  s e v e re r  s ta g e s  o f  th e  i l l n e s s  "owing to  

"the d i s t r e s s in g ly  deep b r e a th in g  induced  by th e  COp. " W hatever may be 

th e  th e o r e t i c a l  c o n s id e ra t io n s ,  o r  th e  r e l a t i v e  m e r i t  o f  th e  v a r io u s  

o p in io n s  i n  t h i s  c o n tro v e rsy , i t  can  only  be re p e a te d  th a t  th e  

a d m in is tr a t io n  o f  p u re  oxygen has i n  p r a c t i c e  p roved  e n t i r e ly  s a t i s f a c to r y  

f o r  th e  tre a tm e n t o f  th e  c a se s  th a t  have come under ny c a re .

For s u c c e s s fu l oxygen th e ra p y , p r o b a b l y  th e  m ost im p o rtan t p o in t  i s  

th a t  i t  shou ld  be s t a r t e d  e a r ly .  Once th e  ex u d a tiv e  c o n d it io n  o f  th e  

b ro n c h io le s  and a lv e o l i  i s  w e ll  advanced th e se  s t r u c tu r e s  become 

im perv ious to  oxygen, however e f f i c i e n t l y  a d m in is te re d . While c o l l a t e r a l
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r e s p i r a t i o n  and th e  d i f f u s io n  o f  oxygen in to  c o l la p s e d  lo b u le s  may ta k e  

p la c e  to  a  l im i te d  e x te n t  th ro u g h  th e  a lv e o la r  p o re s  ( $ 2 ) ,  a  g re a t  

d e a l  more can  be a d m in is te re d  w ith  g r e a te r  ease  and c e r t a in t y  i f  an  

e a r ty  s ta i r t  i s  made. M oreover, ad eq u a te  s u p p lie s  o f  oxygen a re  n e c e ssa ry  

f o r  th e  com plete  breakdown o f  a c id  m e ta b o li te s  (and  p o s s ib ly  f o r  o th e r  

a c id  compounds in  th e  t i s s u e s ) ; i f  th e se  su b s ta n c e s  a re  a llow ed  to  

accum ulate  because  o f  a  d e f ic ie n c y  o f  oxygen th e y  can  on ly  add to  th e  

b u rd en  o f  t i s s u e  a c id i ty  t h a t  i s  such an  im p o rtan t f e a tu r e  o f  phosgene 

p o iso n in g . The e a r ly  a d m in is tr a t io n  o f  oxygen, b e fo re  ano x ia  h as  become 

obvious and ex trem e, w i l l  n o t on ly  p re v e n t th e  accu m u la tio n  o f a c id  

m e ta b o li te s  b u t  may even  p la y  some p a r t  in  p re v e n tin g  th e  fo rm a tio n , o r  

a t  a ry  r a t e  co n tin u e d  e x is te n c e ,  o f  mary o th e r  a c id  compounds. In  h i s  

a u t h o r i t a t iv e  w r i t in g s  on the  s u b je c t  D rin k e r s t r e s s e s  th e  f a c t  th a t  

once an o x ia  b e g in s  to  d evelop  i t  in c re a s e s  th e  p ro d u c tio n  o f  pulm onary 

oedema w hich i n  tu r n  le a d s  to  f u r t h e r  an o x ia ; oxygen th e ra p y  sho u ld  

th e re f o r e  b e g in  a t  th e  e a r l i e s t  moment. So i n s i s t e n t  i s  he on th e se  two 

p o in ts  t h a t  he words them i n  th e  s t r o n g e s t  p o s s ib le  te rn s ;  th u s  i n  a  

r e c e n t  p ap e r (32) he s a y s , ’’The two p r in c ip le s  t h a t  t h i s  la b o ra to ry  has 

" le a rn e d  a re  th e  m aste r words o f oxygen th e ra p y : an o x ia  b e g e ts  an o x ia ,

"and i f  r e a l  b e n e f i t  i s  to  be ex p ec ted  from  oxygen, i t  sh o u ld  be u sed  

"b e fo re  th e  need  i s  c e r t a in .  " This theme he e la b o r a te s  in  h i s  monograph 

(53) where he s t a t e s  ( p .72) :

"Two p r in c ip le s  emerge from  th e se  ex p erim en ts ; l )  oxygen la c k  i s  th e  

"most p o te n t  and  e lu s iv e  cause  o f  abnorm al leakage from  th e  lu n g  

" c a p i l l a r i e s ,  and a s  a  consequence a d m in is t r a t io n  o f  oxygen i s  th e
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"obvious m ethod o f  tre a tm e n t.  2) I f  oxygen a d m in is tr a t io n  i s  w ith h e ld  

" u n t i l  th e  p h y s ic ia n  i s  s u re  pulm onaiy oedema i s  p r e s e n t ,  th e n  f l u i d  w i l l  

"have re a c h e d  mary a l v e o l i  and  b ro n c h io le s .  By t h i s  tim e , though h ig h  

" te n s io n s  o f  oxygen w i l l  be  d e f in i t e l y  u s e f u l ,  t h e i r  u t i l i t y  w i l l  be 

" f a r  l e s s  th a n  i f  g iven  e a r l i e r  when th e  gas c o u ld  e a s i l y  re a c h  lo b u le s  

"everyw here in  th e  lu n g s . The le s s o n , n ev er to  be f o r g o t te n ,  i s  t h a t  i f  

"oxygen i s  to  be m ost h e lp f u l  i t  m ust be u sed  b e fo re  the  p h y s ic ia n  i s  

" su re  i t  i s  needed ."

C oncern ing  th e  d u ra t io n  o f  oxygen tre a tm e n t,  no d e f i n i t e  p e r io d  can  

be l a i d  down. Each c a se  m ust be a s s e s s e d  in d iv id u a l ly ,  th e  only  c r i t e r i o n  

b e in g  th a t  oxygen m ust be a d m in is te re d  f o r  a s  long  a s  th e  p a t i e n t  needs i t .  

No i l l  e f f e c t s  have been  n o te d  i n  th e  c a se s  h e re  r e p o r te d ,  even where 

oxygen has been  g iven  f o r  upwards o f  36 h o u rs  on end. As th e  p a t i e n t ’ s 

c o n d it io n  im proves, th e  amount o f  oxygen shou ld  be g ra d u a lly  d ec re ase d  

and a  l a r g e r  p ro p o r tio n  o f  a i r  a d m itte d  th ro u g h  th e  p o r t s  o f  th e  B .L .B . 

mask. E v e n tu a lly  th e  flow  o f  oxygen may be c u t o f f  e n t i r e l y  f o r  s h o r t  

in t e r v a l s ,  and th e  e f f e c t  n o te d . When t o t a l  w ith d raw al i s  p o s s ib le  

w ith o u t c a u s in g  th e  s l i g h t e s t  em barrassm ent to  th e  p a t i e n t ,  th e  need 

f o r  oxygen th e ra p y  has p a sse d , and i t s  a d m in is tr a t io n  may be f i n a l l y  

s topped . A too  speedy and in ju d ic io u s  r e tu r n  to  e x e rc is e  may, however, 

n e c e s s i t a te  i t s  resu m p tio n  f o r  s h o r t  i n t e r v a l s  i n  a few  c a s e s .

D ie t

At th e  o n ts e t ,  when th e  p a t i e n t  f e e l s  c h i l l e d  and s h iv e iy ,  a  w arn



d r in k  o f  sw eetened  t e a  o r  c o ffe e  i s  g r e a t ly  a p p re c ia te d . At a  l a t e r  s ta g e  

when v o m itin g  i s  a  common o ccu rren c e  and  maybe cop ious and r e c u r r e n t ,  

h a lf -n o rm a l s a l i n e  s u i ta b ly  f la v o u re d  w ith  f r u i t  ju i c e  and a  l i t t l e  

g lu co se  has been  found  to  be h e lp f u l .  Not o n ly  does t h i s  a s s i s t  i n  

r e p la c in g  th e  f l u i d  l o s t  by vom iting  and sw e a tin g , b u t  i t  ap p ea rs  a l s o  

to  a l l a y  th e  tendency  to  v o m itin g , o r  in  a ry  case  makes i t  e a s ie r  f o r  

th e  p a t i e n t  i f  v om iting  sh o u ld  o ccu r. At no tim e have f l u i d s  been  

pushed  and th e  m a tte r  has b een  l e f t  to  th e  d e s i r e s  o f  th e  p a t i e n t .

A lthough i t  m igh t be  thou g h t t h a t  because  o f  th e  e x is te n c e  o f  haemo- 

c o n c e n tra tio n  a  la rg e  in ta k e  o f  f l u i d  would be d e s i r a b le  i n  o rd e r  to  

c o u n te ra c t i t ,  I  have alw ays f e l t  t h a t  to  accom plish  t h i s  w ould on ly  

add to  th e  amount o f  f l u i d  i n  th e  c i r c u l a t i o n  and te n d  to  prom ote 

advancem ent of th e  lu n g  oedema. M oreover, once th e  b lo o d  ch em is try  

h a s  r e - e s ta b l i s h e d  i t s e l f  to  norm al, and once th e  c a p i l l a r y  v e s s e ls  

i n  th e  lungs have re c o v e re d  t h e i r  i n t e g r i t y  and  no lo n g e r p e rm it th e  

leak ag e  o f  p lasm a, th e  e x i s t in g  haem o co n cen tra tio n  w i l l  te n d  to  prom ote 

more r a p id  r e s o lu t io n  o f th e  lung  oedema by draw ing  upon t h i s  a v a i la b le  

f l u i d  to  make good th e  norm al b lo o d  volume.

As th e  p a t i e n t ’ s c o n d i t io n  im proves, and when v om iting  has cea se d , 

c r i s p  b u t t e r e d  t o a s t ,  m ilk , sw itch ed  egg, c u s ta rd ,  ju n k e t  and m ilk  

pudding  may g ra d u a lly  be added to  th e  d i e t .  I t  i s  m ost rem arkab le how 

soon a f t e r  th e  c r i s i s  th e  a p p e t i te  r e tu r n s ,  and th e  p a t i e n t  e x p re s se s  

a d e s i r e  f o r  food . Nor i s  i t  many ho u rs  b e fo re  he i s  anx ious and f i t  

to  r e tu r n  to  a  norm al and mixed l i g h t  d i e t .
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S e d a tiv e s

Only on r a r e  o c c a s io n s  has th e  u se  o f  a  s e d a tiv e  been  found, n e c e ssa ry  

becau se  o f  extrem e r e s t l e s s n e s s ,  am ounting i n  one ca se  to  d e lir iu m . F o r
r

t h i s  pu rp o se  m orphine h a s  b een  u sed  i n  doses o f  1 / 6  g ra in  a d m in is te re d  

lOT0(ie;rmic a lty *  The d rug  has p roved  e f f e c t iv e  i n  a l l a y in g  r e s t l e s s n e s s  

and h as  th e re b y  p re v e n te d  f a r t h e r  e x h a u s tio n  o r  tendency to  in c re a s e d  

an o x ia . In  th e  p re s e n t  s e r i e s  o f  cases  m orphine h as  n o t been  used  as  a 

r o u t in e  tre a tm e n t f o r  pulm onary oedema. I t  may w e ll  b e , how ever, t h a t  

th e  e x h ib i t io n  o f m orphia to  a l l  sev e re  c a se s  w ould p rove  b e n e f i c i a l ,  

i n  view  o f  i t s  s e d a tiv e  e f f e c t  upon a  r e s p i r a to r y  c e n tr e  t h a t  i s  i n  a  

s t a t e  o f  abnorm al e x c i ta t io n ,  and e s p e c ia l ly  as t h i s  i s  p ro b ab ly  one o f 

th e  m ain f a c to r s  in  th e  a c tu a l  c a u s a t io n  o f  pulm onary oedema. 

U n fo r tu n a te ly  th e  p o in t  d id  n o t o ccu r to  me f o r  some c o n s id e ra b le  tim e , 

a f t e r  w hich  no subsequen t o p p o r tu n ity  a ro se  o f  g iv in g  t h i s  method o f  

tre a tm e n t a  p ro p e r  t r i a l .

As a ro u t in e  m easure to  a l l a y  th e  d ry  i r r i t a t i n g  cough o f th e  very  

e a r ly  s ta g e s ,  a  sim ple  l in c tu s  was employed.

S tim u la n ts

O n ^ w ith  one p a t i e n t  (Case S. 1, W.N.A.) ,  was i t  deemed n ece ssa ry  to  

r e s o r t  to  a  c a rd ia c  s t im u la n t .  In  t h i s  in s ta n c e ,  th e  sudden  c o l la p s e  

o f  th e  p a t i e n t  d u rin g  th e  c r i t i c a l  s ta g e  o f  h i s  i l l n e s s  was met by 

in j e c t i n g  1 .5  c .c .  o f Coramine ̂ N iketham ide  B .P ., 2.5%  s o lu t i o n ) . The 

re sp o n se  was good and th e  p a t i e n t  co n tin u ed  on h is  way to  e v e n tu a l 

com plete reco v e ry . A part from  t h i s  s o l i t a r y  in s ta n c e  th e  need  f o r



em ergency s t im u la t io n  cf t h e h e a r t  h a s  n ev e r a r i s e n .  Such m easures, i t  

i s  f e l t ,  may be j u s t i f i a b l e  on a  s p e c i f i c  o c c a s io n , to  t i d e  th e  h e a r t  

over a  s h o r t  b u t d i f f i c u l t  i n t e r v a l ,  b u t  t h a t  th e re  i s  no j u s t i f i c a t i o n  

f o r  a d o p tin g  them a s  a  r o u t in e  m easure , and th e re b y  s t im u la t in g  to  

f u r t h e r  e f f o r t  a h e a r t  t h a t  i s  a l re a d y  co p ing  a d e q u a te ly  w ith  th e  

a d d i t io n a l  b u rdens i t  has to  b e a r .

Sulphonamide s

In  h i s  p a p e r  Shaw ( 2 l )  su g g e s ts  th e  ro u t in e  a d m in is t r a t io n  of a 

sulphonam ide (su lp h ap y rid in b i) i n  a l l  c a se s  o f  phosgene p o iso n in g  a s  a 

p ro p h y la c tic  a g a in s t  th e  developm ent o f  th e  pulm onary c o m p lica tio n s  th a t  

he b e l ie v e s  to  be imminent on accoun t o f  th e  e le v a te d  te m p era tu re . No 

j u s t i f i c a t i o n  o f  t h i s  recom m endation can be o f f e r e d  h e re .  As a lre a d y  

s t a t e d ,  p y re x ia  i s  a  norm al symptom o f  phosgene p o iso n in g  and does n o t 

in d ic a te  b a c t e r i a l  in v a s io n . The u se  o f  sulphonam ides a s  a ro u t in e  i s  

th e re fo re  q u ite  u n ju s t i f i e d .  They do, o f  c o u rse , have t h e i r  u s u a l  p la c e  

i n  th e  tre a tm e n t o f in f e c t iv e  c o m p lic a tio n s . A part from  t h i s  u se  I  f e e l  

t h a t  th e  sulphonam ide drugs a re  c o n tra in d ic a te d  in  phosgene p o iso n in g  f o r  

two re a so n s . F i r s t l y ,  they  a re  l i k e ly  to  in c re a s e  nausea  and vom itin g  

and add f a r t h e r  to  th e  d i s t r e s s  o f  th e  p a t i e n t .  Secondly , th ey  may 

produce a  j f t e thaem o-globinaem ia and th e re b y  reduce  f u r th e r  th e  oxygen- 

c a rx y in g  c a p a c ity  o f  th e  b lood  a t  a tim e when t h i s  needs to  be m a in ta in e d  

a t  a s  h ig h  a l e v e l  a s  p o s s ib le .  The c y a n o tic  s t a t e  o f th e  average 

phosgene c a s u a l ty  in d ic a te s  th a t  n o t a l l  th e  haem oglobin  i s  fu n c tio n in g  

as a  c a r r i e r  ofoxygen, and i t  i s  q u ite  u n j u s t i f i a b l e  to  ru n  th e  r i s k  o f 

re d u c in g  th i s  f a r t h e r  by the  e x h ib i t io n  o f  a d rug  th a t  can have no
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d i r e c t  e f f e c t  upon th e  phosgene p o iso n in g  i t s e l f .

In  th e  p re s e n t  s e r i e s  o f  c a s e s  th e  n e c e s s i ty  f o r  sulphonam ide th e ra p y  

on acco u n t o f  d ev e lo p in g  pneum onia a ro se  i n  o n ly  one in s ta n c e  (C ase S .4 , 

F .3 . ) .

VENESECTION: TRANSFUSION AND M U  SION

Much has been  w r i t t e n  on th e  s u b je c t  o f  v e n e s e c tio n  i n  c a se s  o f  

phosgene g a ss in g ; i n  ev e iy  case  th a t  I  have seen  v e n e s e c tio n  h a s , 

how ever, been  c o n t ra - in d ic a te d .  In  no in s ta n c e  were th e  v e in s  engorged 

nor w ere th e re  o th e r  s ig n s  o f  c o n g e s tio n  on th e  r i g h t  s id e  o f  th e  h e a r t .  

H aem oconcen tra tion  was however p re s e n t  and presum ably  th e  c i r c u l a t i n g  

volume o f  b lo o d  was th e re fo re  reduced . But n e i th e r  o f th e s e  i s ,  in  

i t s e l f ,  an  in d ic a t io n  f o r  v e n e se c tio n . The absence o f  c o n g e s tio n  i n  th e  

venous system  in d ic a te s  th a t  th e  r i g h t  s id e  o f  th e  h e a r t  i s  d e a l in g  

ad e q u a te ly  w ith  th e  venous c i r c u l a t i o n  i n  s p i t e  o f  th e  in c re a s e d  b lood  

v i s c o s i ty  due to  haem oconcen tra tion .

Y et mary a u th o rs  recommend v e n e s e c tio n  f o r  a l l  c a se s  o f  phosgene 

g a s s in g  (2 1 , 72, 91) • T his method o f  tre a tm e n t was p a r t i c u l a r ly  

fav o u red  by th e  Am erican w r i te r s  o f th e  y e a rs  im m ediately  fo llo w in g  th e  

f i r s t  W orld War, and th ey  b a se d  i t  upon t h e i r  w artim e e x p e rie n c e s .

In  m ost acc o u n ts  a  c o n g e s tiv e  s ta g e  i s  d e sc r ib e d  where th e  phosgene 

c a s u a l ty  i s  deep ly  c y a n o tic  and th e  v e in s  a re  engorged  -  th e  s o - c a l l e d  

"b lue  ty p e . " I t  i s  c laim ed  by t h i s  group o f a u th o rs  t h a t  such  c a se s  

resuonded w e ll  to  v e n e se c tio n , and q u ite  co n ce iv eab ly  th e y  d id . I t  i s  

p ro b a b le , however, t h a t  t h i s  ty p e  o f  w ar c a s u a l ty  s u f f e r e d  from  c h lo r in e  ;

o r o th e r  p o iso n in g  a s  w e ll  a s  from  th e  e f f e c t s  o f  phosgene -  a s  was !



a d m itte d  in  th e  O f f i c i a l  H is to ry  o f  th e  War (16) -  so  th a t  a  d i f f e r e n t  

syndrome was th e n  b e in g  se e n  and t r e a te d .  A 11 g r e y  type'* o f  phosgene 

c a s u a l ty  was a l s o  seen  and was a p p a re n tly  s im i la r  to  th o se  d e s c r ib e d  in  

t h i s  t h e s i s .  T h is "g rey  type" was g e n e ra l ly  reg a rd ed  a s  b e in g  th e  

more s e v e re ly  a f f e c te d ,  o r  a s  in d ic a t in g  a  l a t e r  s ta g e  o f  developm ent 

o f  th e  "b lu e  ty p e ." I t  now seems alm ost c e r t a in ,  how ever, t h a t  th e  

g rey  ty p e s  w ere, i n  f a c t ,  th e  only  t r u e  c a s e s  o f  p u re  phosgene p o iso n in g . 

And so i t  i s  ' a l l  th e  more im p o rta n t to  no te  th e  p o in t  on w hich a l l  

a u th o rs  a re  ag reed , th a t  when v e n e se c tio n  was ex tended  to  th e  grey  type 

o f  c a s u a l ty  th e  tre a tm e n t p roved  to  be ex ce ed in g ly  dangerous and o f te n  

had f a t a l  r e s u l t s .  In  such  r e c e n t o f f i c i a l  p u b l ic a t io n s  a s th e  M edical 

M anual o f  Chem ical W arfare ( 23) ,  r e c o g n i t io n  i s  made o f  th e  f a c t ,  f o r  

th e re  i t  i s  s t a t e d  t h a t  v e n e se c tio n  i s  c o n t r a - in d ic a te d  i n  th e  le ad en  

grey c a s u a l ty .  C e r ta in ly  I  have se e n  no o th e r  p ic tu r e  th a n  th e  grey  

unco n g ested  one among th e  mary c a se s  o f  phosgene g a ss in g  th a t  I  have 

t r e a t e d ,  a n i  i n  no in s ta n c e  co u ld  I  f in d  a ry  j u s t i f i c a t i o n  f o r  p e rfo rm in g  

v e n e s e c tio n . M oreover, B o y co tt and Hunt (33) have s e p a r a te ly  shown, 

as  a l s o  has  Shaw Dunn (9 4 ) , th a t  v e n e s e c tio n  i n  g o a ts  esposed  to  phosgene 

makes no d i f f e r e n c e  to  th $  a c tu a l  s t a t e  o f  the lunge as compared w ith  

u h b le d  c o n t ro ls .

As f o r  t r a n s f u s io n s  o f b lo o d  o r  in fu s io n s  o f  s a l in e  o r  p lasm a, I  

have never ad o p ted  th e se  p ro c e d u re s  f o r  th e  same re a s o n  th a t  I  r e je c te d  

th e  pu sh in g  o f  f lu i d s  by mouth -  nam ely, th a t  a ry  a d d i t io n  to  th e  amount 

o f f l u i d  i n  th e  c i r c u l a t i o n  c o u ld  only  add to  c i r c u la to r y  em barrassm ent 

a s  w e l l  as  in c re a s in g  th e  amount o f f l u i d  a v a i la b le  f o r  th e  p ro d u c tio n  

o f  lung  oedema. On th e  o th e r  hand, v a r io u s  a u th o rs  (7 2 , 9 l)  do



recommend the$€ p ro c e d u re s , e i t h e r  s e p a r a te ly  o r  combined w ith  

v e n e se c tio n , on- th e  grounds t h a t  th e y  w i l l  d i l u t e  th e  b lo o d , d ec re ase  

h aem o co n cen tra tio n  and v i s c o s i ty ,  and so  le s s e n  th e  bu rd en  on th e  r i g h t  

s id e  o f  th e  h e a r t .  Yet in  a l l  ny p a t i e n t s  th e  r i g h t  s id e  o f  th e  h e a r t  

ap p ea red  to  be a b le  to  cope w ith  i t s  f u n c t io n s ,  and th e  d e s i r a b i l i t y  

o f  a d m in is te r in g  in tra v e n o u s  f lu id  has n ev er im pressed  i t s e l f  upjon me. 

M oreover, a s  has been  p o in te d  o u t i n  a r e c e n t  a n n o ta t io n  i n  th e  Lancet 

(9 5 ) ,  th e re  i s  now much e v id en ce , b o th  from  man and a n im a ls , t h a t  

in j e c te d  p jro te in  s o lu t io n s  u s u a lly  le av e  th e  c i r c u l a t i o n  r a p id ly ,  th e  

p r o te in  b e in g  removed from  th e  b lo o d s tream , a s  w e ll  a s  th e  w a te r and 

s a l t s .  C o u rtic e  and F oss ( 96) have a ls o  shown r e c e n t ly  by e x p e rim en ta l 

s tu d ie s  on dogs and g o a ts  p o iso n ed  w ith  phosgene, t h a t  in je c te d  p r o te in  

s o lu t io n s  (serum  o r  plasm a) w i l l  n o t c o r r e c t  th e  h aem oconcen tra tion  

t h a t  fo llo w s  exposure to  th e  vapour. The an im als  i n  th e se  experim en ts 

d ie d  more q u ic k ly  a f t e r  in fu s io n  o f  plasm a and serum, presum ably , th e  

a u th o rs  say , from  pulm onaiy oedema, and th ey  conclude th a t  t r a n s fu s io n s  

a re  d e f i n i t e l y  d e tr im e n ta l  where g ro ss  pulm onaiy oedema i s  p re s e n t .

T his b r i e f  m ention  o f tre a tm e n t by v e n e se c tio n , t r a n s f u s io n  and 

in f u s io n  i s  in c lu d e d  on ly  f o r  com pleteness and f o r  t h e o r e t i c a l  d is c u s ­

s io n , and I  have had no p r a c t i c a l  e x p e rien ce  o f  a ry  o f  th e se  th re e  

form s o f  th e ra p y  i n  p a t i e n t s  p o is io n e d  by phosgene.

DRAINAGE OF THE LUNGS

F o s tu r a l  o r  o th e r  forms o f  lung  d ra in a g e  have a ls o  been  su g g e s te d  

f o r  th e  tre a tm e n t o f  pulm onary oedema due to  th e  in h a la t io n  o f  phosgene.
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E dkins and Tweedy- (97) b e l ie v e  t h a t  oedema f l u i d  i s  no rm ally  removed

from  th e  lu n g s  by e v a p o ra tio n  and  by d ra in a g e  th ro u g h  th e  ly m phatics

b u t  t h a t  rem oval may a l s o  ta k e  p la c e  v ia  th e  b ro n c h ia l  a irw ay s  w ith  th e

a id  o f  c i l i a i y  a c t io n ,  r e s p i r a t i o n  and coughing . They f u r th e r  su g g est

th a t  p o s tu r a l  d ra in a g e  m igh t be o f a s s i s ta n c e ,  b u t draw a t t e n t i o n  to  th e

danger o f  t h i s  manoeuvre in  t h a t  a  c o m p ara tiv e ly  sound a r e a  o f  lung  m ight

become b lo c k ed  by th e  ex u d a te . This method o f  tre a tm e n t was never

a tte m p te d  in  a ry  o f  th e  c a s e s  h e re in  d e sc r ib e d . I  have n ev er seen  a

p a t i e n t  w ith  se v e re  pulm onary oedema who co u ld  s ta n d  th e  s t r a i n  o f

p o s tu r a l  d ra in a g e , f o r  the  energy  th a t  m ust be expended on m a in ta in in g

some abnorm al p o s tu re  would be g r e a te r  th a n  th e se  p a t i e n t s  co u ld  b e a r .

M oreover, i n  m ost in s ta n c e s  no p a r t i c u l a r  p o s tu re  co u ld  e v e r  have

se c u re d  d ra in a g e  o f  th e  lu n g s , f o r  th e  oedema jjro c e ss  ex tended  
t t t d  tk  u fu rn y« Ic& t / w . .  ^  'Vtty H4t/H u 4 CvnUJ**** ju itU  n

throughout,y^or o th e rw ise  lo c a l i s e d .  To  have a tte m p te d  p o s tu r a l

d ra in a g e  would have m eant a  very  grave r i s k  o f  f lo o d in g  w ith  d is p la c e d  

oedema f l u i d  such  r e s p i r a to r y  u n i t s  as w ere s t i l l  fu n c tio n in g  and. upon 

th e  c o n tin u e d  i n t e g r i t y  o f  w hich th e  p a t i e n t 's  v i t a l  p ro c e sse s  depended.

B ronchoscopic d ra in a g e  o f th e  lu n g s  has a ls o  been  recommended by 

Jack so n  (93) f o r  th e  tre a tm e n t o f  th e se  c a s e s ,  though he g iv e s  no 

in d ic a t io n  o f  w hether t h i s  recom m endation i s  made on t h e o r e t i c a l  j

grounds o r  i s  b a se d  on a c tu a l  e x p e rien ce . He s t a t e s  ( l o c . c i t . ,  p . 35): !i

"B ronchoscopic oxygen i n s u f f l a t i o n  combined w ith  b ron ch o sco p ic  1

" a s p i r a t io n  o f  th e  s e c r e t io n s  i s  th e  b e s t  m ethod o f tre a tm e n t f o r  

"p o iso n in g  by c h lo r in e ,  a sp h y x ia tin g , o r o th e r  w ar g a s e s ."

Speaking  o f  th e  war g ases  he l a t e r  rem arks (p . 301): "D uring th e  j



"acu te  s ta g e s  bronchoscopy h as  b een  deemed o f  l i t t l e  b e n e f i t .  Ary 

" tendency  tow ards drow ning o f th e  p a t i e n t  in  h is  own s e c r e t io n s  c a l l s  

" f o r  b ro n ch o sco p ic  a s p i r a t i o n . "

P iq u e t and M archand (99) l ik e w is e  ad v o ca te  b ronchoscop ic  d ra in a g e  

a s  a  r e s u l t  o f  ex p erim en ts  in  dogs exposed to  c h lo r in e  vapour. I t  

h a s ,  however, n o t p ro v ed  p o s s ib le  to  d is c o v e r  a ry  p u b lish e d  s e r i e s  o f 

human c a s u a l t i e s  t r e a t e d  w ith  b ro n ch o sco p ic  d ra in a g e . In  a ry  c a s e , the  

p ro ced u re  i s  too  s p e c ia l i s e d  and te c h n ic a l  to  be o f g e n e ra l a p p l ic a t io n ,  

a p a r t  from  th e  f a c t  th a t  i t  w ould c e r t a in ly  p rove ex trem ely  e x h a u s tin g  

f o r  the  p a t i e n t  and p ro b ab ly  n e c e s s i t a te  the a d m in is tr a t io n  o f  an  

a n a e s th e t ic .  N e ith e r  o f th e se  v e r y  s e r io u s  d isa d v a n ta g e s  c o u ld  be 

r e a d i ly  outw eighed by  such  sm all b e n e f i t  a s  i s  l i k e l y  to  acc ru e  from  

rem oval o f  ^only a  very  sm a ll p a r t  o f  th e  t o t a l  s e c r e t io n  by t h i s  v e ry  

d i f f i c u l t  and s p e c ia l i s e d  m ech an ica l p ro ced u re .
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SUMMARY- AND CONCLUSIONS
’ ~  ' D

The developm ent o f  pulm onary oedema fo llo w in g  th e  in h a la t io n  o f 

phosgene vapour h a s  b e e n  a t t r i b u t e d  in  th e  p a s t  to  th e  fo rm a tio n  o f  

h y d ro c h lo r ic  a c id  w i th in  th e  a l v e o l i ,  and to  th e  a c t io n  o f  t h i s  a c id  

upon th e  a lv e o la r  w a lls  i n  dam aging th e  lu n g  c a p i l l a r i e s  and th e re b y  

ca u s in g  a n  ex u d a tio n  o f  p lasm a to  ta k e  p la c e . There a r e ,  how ever, b o th  

on chem ica l and p h y s io lo g ic a l  g rounds, very  grave o b je c t io n s  to  t h i s  

co n ce p tio n  o f  th e  p a th o lo g y  o f  phosgene p o iso n in g . Among th e  more 

im p o rtan t o f  th e se  o b je c t io n s  i s  th e  f a c t  t h a t  h y d ro c h lo r ic  a c id  i s  known 

to  p roduce r a p id  in ju r y  o f  a ry  t i s s u e  w ith  w hich i t  comes i n  c o n ta c t ,  so  

t h a t  i f  i t  w ere form ed w ith in  th e  a l v e o l i  i t  sh o u ld  cause im m ediate 

damage to  t h e i r  w a lls  and a  v ery  r a p id  developm ent o f  pulm onary oedema.

But such  a  speedy o n se t o f  lung  oedema does n o t i n  f a c t  take  p la c e .  '

Indeed , one o f  th e  m ost n o ta b le  f e a tu r e s  o f  phosgene g a s s in g  i s  th e  ]

" l a t e n t  p e rio d "  o f  mary h o u rs  t h a t  m ust e la p se  betw een c e s s a t io n  o f  j

exposure to  th e  vapour, and th e  o n se t o f  pulm onary oedema. The

co n c e p tio n  o f a lv e o la r  damage due to  a  lo c a l  a c t io n  o f  h y d ro c h lo r ic  

a c id  i s  a p p a re n tly  a n  e rro n eo u s  one. I

C o n s id e ra tio n  o f th e  b eh av io u r o f  in s p ir e d  g ase s , and o f th e  known
j

p h y s ic a l  and  chem ica l p r o p e r t i e s  o f  phosgene, le a d s  to  th e  c o n c lu s io n  j
t h a t  th e  in h a l in g  o f  t h i s  su b stan ce  m ust p roduce c e r t a i n  chem ical ij ’

changes in  a l l  th e  t i s s u e s  o f th e  body, and e v e n tu a lly  to  th e  c o n c lu s io n  

th a t  pulm onary oedema i s  a  l o c a l  m a n ife s ta t io n  o f  a  g e n e ra l is e d  ;

sy stem ic  d is tu rb a n c e , and n o t th e  r e s u l t  o f  a p u re ly  l o c a l  damage to  ; i

5  j

th e  lu n g s. j ;

A tte n t io n  has been  drawn to  th e  rem arkable s i m i l a r i t y  betw een *
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th e  c l i n i c a l  m a n ife s ta t io n s  o f  phosgene p o iso n in g  and o f th e  c o n d i t io n  

known a s  c a rd ia c  asthm a, o r  a c u te  pulm onary oedema. A su rvey  cf th e  

l i t e r a t u r e  d e a l in g  w ith  a c u te  pulm onary oedema shows t h a t  i t  i s  no 

lo n g e r  p o s s ib le  to  a c c e p t th e  c l a s s i c a l  e x p la n a tio n  o f  t h i s  c o n d i t io n  -  

nam ely, th a t  i t  i s  a f a i l u r e  on th e  p a r t  o f th e  l e f t  v e n t r i c l e  i n  

t r a n s f e r r i n g  b lo o d  from  th e  pulm onary to  th e  sy stem ic  c i r c u l a t i o n .  Most 

a u t h o r i t i e s  now p la c e  em phasis upon th e  neurogen ic  n a tu re  o f  th e  

c o n d it io n , and more r e c e n t ly  c o n s id e ra b le  ev idence h as  been  b ro u g h t 

fo rw ard  to  show t h a t  th e  s i t e  o f  th e  neurogen ic  d is tu rb a n c e  i s  lo c a te d  

in  th e  r e s p i r a to r y  c e n tre .  The modern c o n ce p tio n  o f  th e  c a u s a t io n  o f  

th e  a c u te  pulm onary oedema o r  c a rd ia c  asthm a syndrome i s  t h a t  i t  r e s id e s  

i n  "an  abnorm al s t a t e  and a n  abnorm al fu n c tio n  of th e  r e s p i r a to r y  

c e n t r e " ,  and th a t  t h i s  abnorm al s t a tu s  and fu n c tio n in g  i s  due to  th e  

accum ula tion  o f  a c id  m e ta b o li te s .  A g re a t  d e a l  o f  i n d i r e c t  ev idence i n  

su p p o rt o f t h i s  th e o ry  h as  been  adduced by i t s  a u th o rs .  The 

fundam ental f e a tu r e  o f  in c re a s e d  t i s s u e  a c id i ty  h as  f o r  th e  most p a r t  

been  b a se d  upon t h e o r e t i c a l  c o n s id e ra t io n s ,  which show th a t  a  g ra d u a l 

and s te a d y  accu m u la tio n  o f a c id  m e ta b o li te s  m ust in e v i ta b ly  ta k e  p la c e  

th ro u g h o u t th e  body t i s s u e s  o f  th o se  c a rd ia c  p a t i e n t s  who a re  p ro n e  to  

develop  a t ta c k s  o f  acu te  pulm onary oedema. I t  i s ,  however, a  no tew orthy  

f a c t  t h a t ,  in  c o n t r a d i s t in c t io n  to  the  c l a s s i c a l  th e o ry , t h i s  modem 

concep t o f  th e  p a th o lo g y  o f c a rd ia c  asthm a does e x p la in  a l l  th e  w e ll  known 

c l i n i c a l  phenomena o f  th e  d is e a s e .

In  th e  p r e s e n t  th e s i s  ev idence h as  been  b ro u g h t fo rw ard  to  show 

th a t  in s p i r e d  phosgene vapour p a s se s  p r a c t i c a l l y  unchanged through.



th e  a lv e o l i  in to  th e  b lo o d s tre am  and  th a t  i t  m ust th e n  g ra d u a lly  e n te r  inio 

chem ica l com bination  w ith  v a r io u s  c o n s t i tu e n t s  o f  th e  b lo o d  and t i s s u e s .  

Ik irtherm ore , no m a tte r  w hether th e se  chemical r e a c t io n s  ta k e  p la c e  by 

sim ple  o r  by dev ious r o u te s ,  they  le a d  alw ays to  th e  l i b e r a t i o n  o f  

g r e a t  q u a n t i t i e s  o f  a c id . Indeed , one m olecu le  o f  phosgene e n te r in g  

th e  b lo o d stream  w i l l  be re s p o n s ib le  f o r  th e  p ro d u c tio n  o f mary m olecu les 

o f  a c id  and f o r  th e  s im u ltan e o u s  and independen t n e u t r a l i s a t i o n  o f 

s e v e ra l  a d d i t io n a l  m o lecu les o f  b a se . The a c id /b a s e  e q u ilib r iu m  o f  th e  

t i s s u e s  i s  th u s  v e ry  p ro fo u n d ly  d is tu rb e d ,  and so th e re  i s  b ro u g h t 

abou t th o se  v e ry  same c o n d itio n s  t h a t  had  p re v io u s ly  been  p o s tu la te d  

a s  th e  cause  o f  th e  a t ta c k s  o f  a cu te  pulm onary oedema o c c u rr in g  in  

c e r t a in  ty p e s  o f  h e a r t  d is e a s e .

The m ajor symptoms o f  phosgene p o iso n in g  have been  d is c u s s e d  i n  ;

r e l a t i o n  to  in c re a s e d  a c id i ty  o f th e  t i s s u e s ,  and a l l  th e  symptoms a re  

e x p la in a b le  on t h i s  b a s i s .  Not only  does i t  accoun t f o r  such  phenomena 

as  th e  g re a t ly  e le v a te d  b lo o d  p re s s u re ,  th e  le ad en  grey  c y a n o s is , th e  

p e c u l ia r  type  o f dyspnoea and th e  very  low te n s io n  o f  ca rb o n  d io x id e  i n  

th e  b lo o d , b u t  i t  even acco u n ts  f o r  th e  e x is te n c e  o f th e  s tra n g e  and 

h i th e r to .u n e x p la in e d  " l a t e n t  p e r io d ."  Indeed , th e  l a t e n t  p e r io d  i s  i

novj o b v io u sly  a mere c l i n i c a l  e x p re s s io n  o f th e  f a c t  t h a t  t i s s u e  a c id i ty  

goes on p ro g re s s iv e ly  in c re a s in g  fo r  some tim e a f t e r  exx>osure to  phosgene, 

and f i n a l l y  cu lm in a te s  i n  p ro d u c in g  an  a c u te  a t ta c k  o f  pulm onary oedema.

The r e la t io n s h ip  betw een phosgene, i t s  chem ica l d e r iv a t iv e s ,  and o th e r  

su b s ta n c e s  known to  have a  s p e c i f i c  e f f e c t  i n  p ro d u c in g  lu n g  oedema has 

a ls o  b een  d is c u s se d . The p ro c e s s  by w hich pulm onary oedema undergoes j

r e s o l u t i o n  has been  c o n s id e re d , as w e ll  a s  th e  p ro g n o s is , d ia g n o s is ,  and
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tre a tm e n t o f  th e  c o n d itio n . In  th e  m a tte r  o f  tre a tm e n t g r e a t  s t r e s s  

has been  l a id  upon e a r ly  and  e f f i c i e n t  oxygen th e ra p y , and th e  b e n e f i c i a l  

e f f e c t s  have been  co n s id e re d  in  r e l a t i o n  to  c o l l a t e r a l  r e s p i r a t i o n .

The o r ig i n a l  pu rpose  o f  t h i s  t h e s i s  was sim ply to  a tte m p t to  e s t a b l i s h  

a r a t i o n a l  ch em ica l p a th o lo g y  o f  phosgene p o is o n in g . In  t h i s  a tte m p t 

one was in e v i ta b ly  d r iv e n  to  th e  rem arkab le  c o n c lu s io n  th a t  th e  lung  

oedema o f  phosgene g a ss in g , c o n tra ry  to  e x p e c ta t io n , i s  on ly  a  lo c a l  

m a n ife s ta t io n  o f  w hat i s  r e a l l y  a g e n e ra l is e d  sy stem ic  c o n d it io n , 

nam ely, e x c e ss iv e  t i s s u e  a c i d i ty .  I t  i s  even  more rem ark ab le , however, 

th a t  o th e rs  sh o u ld  have re a c h e d  th e  same c o n c lu s io n  ab o u t an  e n t i r e ly  

u n re la te d  ty p e  o f  lu n g  ex u d a te . At f i r s t  s ig h t  th e re  -would seem to  be 

no p o s s ib le  common e x p la n a tio n  f o r  two a p p a re n tly  u n re la te d  form s o f  

acu te  pulm onary oedema, th e  one due to  l e f t  v e n t r i c u la r  h e a r t  d is e a s e  

sind th e  o th e r  due to  th e  in h a la t io n  o f  a  chem ical su b stan ce  w hich, 

so f a r  a s  i s  known, has no s p e c i f i c  e f f e c t  upon th e  l e f t  v e n t r i c u la r  

m uscle. But th e  f a c t  t h a t  a common e x p la n a tio n  has been  found  makes 

i t  more l i k e l y  to  be th e  c o r r e c t  one. At th e  same tim e , o f  c o u rse , th e  

s e p a ra te  and indep en d en t in v e s t ig a t io n s  w hich have su g g es ted  th e  same 

fundam ental p a tho logy  f o r  th e s e  two a p p a re n tly  d i s s im i la r  fozm s o f 

lung  oedema a f f o r d  some d eg ree  o f  c o n f irm a tio n  and su p p o rt f o r  one 

an o th e r.
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