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PREFACE

The work f o r  t h i s  th e s i s  was c a r r ie d  ou t in  the 

wards of The Royal In f irm ary , Glasgow, and l a t e r  in  the  wards 

and la b o ra to ry  of Robroyston H o sp ita l .

The id e a , which s e t  me to  work on the  ta sk  of 

in v e s t ig a t in g  th e  biochem ical changes which might take p lace  

in  the human body as dea th  approached, was suggested by 

Dr. R.D. Campbell of K irr iem u ir .  He had o c c a s io n a l ly  

no ticed  th a t  c e r t a in  co n s tan t changes occur in  the  pH of 

th e  u r in e  o f  such p a t i e n t s .

When th e  idea had matured, the  l a t e  P ro fe sso r  Noah 

Morris encouraged me to  broaden the  scope of the  work to  

inc lude  c e r t a i n  e l e c t r o ly t e s  of th e  blood.

I am a lso  much indebted  to  Dr. H.E.C. Wilson of 

th e  Royal H o sp ita l  fo r  Sick C hild ren  f o r  h is  i n t e r e s t  in  

th e  work and in t e r p r e t a t i o n  of s e v e ra l  o f  the biochem ical 

f in d in g s .



I  wish to  express g r a t i tu d e  to  Dr. David Smith 

of the  Royal In f irm ary , and Dr. M.A. F o u lis  of Robroyston 

H o sp ita l ,  f o r  p lac ing  t h e i r  wards and l a b o r a to r i e s  a t  my 

d is p o s a l ,  and a lso  to  P ro fe sso r  S tan le y  Graham fo r  h e lp fu l  

i n t e r e s t  in  t h i s  work.
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INTRODUCTION

When th e  p resen t s tudy  of the  dying was commenced 

in  e a r ly  1^47, th e  problem was in t r ig u in g .  So scan ty  was 

th e  l i t e r a t u r e  th a t  i t  was d i f f i c u l t  to  know how e x a c t ly  to  

go about the ta s k ,  or which e l e c t r o ly t e s  to  s tudy  in  o rder  

to  dem onstrate to  b es t  advantage any b iochem ical changes 

which might be happening in  th e  dying p a t i e n t .

I t  was not known a t  t h a t  time whether a co n s tan t 

p a t te rn  of changes, o r  any change a t  a l l  fo r  th a t  m a tte r ,  

would be found. The work had t o  be b u i l t  up b r ic k  by b r ic k  

from a modest fo unda tion , each d isco v ery  lead ing  to  another 

l in e  of in v e s t ig a t io n ,  and each f a i l u r e  d isc a rd ed .

The type of p a t ie n t  s tu d ie d  was s e le c te d .  This 

was in e v i t a b le ,  because no change in  the  i n t e r n a l  m i l l ie u  

could be expected in  a man suddenly s t ru c k  dead fo r  example 

by a blow on th e  head, o r  in  a p a t i e n t  dying suddenly of 

coronary thrombosis o r  c e re b ra l  haemorrhage. I t  was r e a l i s e d  

too th a t  p a t i e n t s  dying o f  chron ic  r e n a l  d ise a se  or d ia b e t ic  

coma would be u n s u i ta b le  s u b je c ts  fo r  the  p re se n t  s tudy
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because o f  the  known gross  upse t in  blood and u r in a ry  b io ­

chemical c o n s t i tu e n ts  found in  those c o n d i t io n s .

I t  was found th a t  th e  changes ta k in g  p lace  as dea th  

approached could but be dem onstrated in  su b je c ts  dying r e l a t i v e l y  

slowly from such d is e a se s  as carcinoma, pulmonary and m i l ia r y  

tu b e rc u lo s is ,  tu b e rcu lo u s  m e n in g it is ,  various  types of ca rd iac  

f a i l u r e ,  and th e  more slow ly f a t a l  i n t r a c r a n i a l  d i s a s t e r s .

I t  was n o t long a f t e r  th e  p r a c t i c a l  work commenced 

th a t  unforseen  d i f f i c u l t i e s  connected w ith  o rg a n isa t io n  and 

e th ic s  a ro se .  The aim was to  c a r ry  ou t two or th re e  es tim ­

a t io n s  on th e  blood and u r in e  d u r in g  l i f e ,  and a f i n a l  

e s t im a tio n  im m ediately a f t e r  th e  dea th  of th e  p a t i e n t .

Close c o -o p e ra t io n  was re q u ire d  from the n u rs in g  and r e s id e n t  

medical s t a f f ,  and th i s  was f o r tu n a te ly  forthcom ing in  most 

in s ta n c e s ,  but s e v e ra l  cases were in e v i ta b ly  s p o i le d  due to  

th e  f a c t  th a t  dea ths  were not rep o r te d  promptly, or took 

p lace  a t  inconven ien t t im es. The advantages of  " l iv in g  in" 

were ap p a ren t,  s in c e  deaths seemed to  occur q u i te  commonly 

during  th e  e a r ly  hours o f  th e  morning.

One had to  be most c a r e fu l  in  the manner of 

approach to  a s e le c te d  p a t i e n t ;  the  reason  fo r  w ithdraw al 

of blood had to  be c a r e f u l ly  concealed . P a t i e n t s ,  p a r t i c u l a r l y  

in  a sanatorium , become very  cu rious  when they n o t ic e  p a r t i c u l a r  

a t t e n t io n  b e ing  paid  by the same doc to r  to  persons obviously
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dying and r e c e n t ly  dead. The s i t u a t i o n  became so d e l i c a te  

a t  t im es , t h a t  in v e s t ig a t io n s  on s e v e ra l  p a t ie n t s  had to  be 

abandoned. This s t a t e  uf a f f a i r s  could u s u a l ly  be avoided 

by ju d ic io u s  s e l e c t io n  of s u b je c ts  from a la rg e  number of 

wards, and m ain ta in in g  a cloak o f  innocent sec recy  reg ard in g  

the  purposes of venepuncture.

Cardiac punctu re  a f t e r  dea th  i s  not a s t r i c t l y  

le g a l  procedure in  th e  absence o f  w r i t t e n  perm ission  of a 

r e l a t i v e ,  but in  p r a c t i c a l l y  every  case the  o p e ra t io n  was 

c a r r ie d  out e x p e d i t io u s ly ,  le a v in g  p r a c t i c a l l y  no s ign  of 

in te r f e r e n c e ,  and th e  le g a l  asp ec ts  ignored .

The host cf b iochem ical techn iques which had to  be 

learned  and s ta n d a rd ise d  to  p e r f e c t io n  seemed a t  f i r s t  to  

be overwhelming, but as th e  in v e s t ig a t io n s  proceeded i t  was 

found th a t  a d e f i n i t e  la b o ra to ry  technique was acqu ired  

which could be ap p l ie d  to  almost a l l  d e te rm in a t io n s ,  and so 

th e  ta s k  l o s t  a l o t  of i t s  o r ig in a l  form idable p ro p o r t io n s .

Apparatus and reagen ts  in  the immediate post-w ar 

years were d i f f i c u l t  to  come by, and s e v e ra l  minor a l t e r a t i o n s  

in  techn ique  had to  be made and a l t e r n a t i v e  methods used, 

but un the whole e x c e l le n t  f a c i l i t i e s  were a v a i la b le  in  the  

h o s p i t a l  l a b o r a to r i e s  in  which th e  au th o r  worked, thus 

smoothing ou t many d i f f i c u l t i e s .
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CHAPTER I .

HISTORICAL SURVEY

Very l i t t l e  work has been done on the  su b je c t  of 

b iochem ical changes occurr ing  i n  the  agonal or p re-agonal 

s t a t e ,  and then  u su a lly  as a re fe re n c e  to  one or two blood 

e s tim a tio n s  c a r r ie d  out in c id e n ta l ly  in  the course of some 

o th e r  work. S i r  Lauder Brunton (1901) in  h is  book 

*Lectures on th e  A ction of Medicines* w rote: **Amongst g en e ra l

a n a e s th e t ic s ,  th e  most u n iv e r s a l  i s  carbonic a c id ,  and i t  

i s  a m e rc ifu l  p ro v is io n  of n a tu re  th a t  alm ost every  in d iv id u a l  

as he passes  out of t h i s  world, passes  out in  a c o n d it io n  of 

a n a e s th e s ia .  As th e  s t r e n g th  f a i l s  and r e s p i r a t i o n  becomes 

f e e b le r  and f e e b le r ,  carbonic ac id  accumulates in  the blood; 

th e  nerve c e n tre s  become d u lle d ; the  man becomes a n a e s th e t ic ,  

becomes in s e n s ib le  to pain  and to  e x te rn a l  im press ions , and 

f i n a l l y  s l i p s  away.*1

Peabody (1913), while in v e s t ig a t in g  cases of 

pneumonia noted th a t  th e re  was a p ro g re s s iv e  f a l l  in  the
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oxygen con ten t of venous blood in  those  p a t ie n ts  who u l t im a te ly  

d ie d .  He in v e s t ig a te d  10 p a t i e n t s .

In  1917, Whitney pub lished  a paper e n t i t l e d  "S tu d ies  

on A cidosis  - th e  immediate cause of d e a th " .  This paper was 

ap p a re n tly  the f i r s t  to  appear in  which the su b je c t  m a tte r  was 

e x c lu s iv e ly  concerned w ith  th e  changes occu rr ing  a t  dea th .

Whitney found th a t  the  m a jo r i ty  of p a t i e n t s  a t  the  

moment of dea th  showed a very marked a c id o s is ,  and th a t  the 

a c id o s is  was of sh o r t  but v a r ia b le  d u ra t io n  p receding  dea th , 

u s u a l ly  from a few hours up to  s e v e ra l  days.

He recognised  th a t  dea th  of the r e s p i r a to r y  c e n tre  

was the  e s s e n t i a l  element in  the death  of  the body as a whole, 

but did no t th in k  th a t  c e r t a in  ab n o rm a li t ie s  such as incompetent 

k idneys, c i r c u l a to r y  f a i l u r e  or m alignant d is e a se  could unaided 

fu rn is h  the  to x in  n ecessary  to  p a ra ly se  the  r e s p i r a t o r y  c e n t r e .  

He p o s tu la te d  th a t  the to x in  causing  f i n a l  p a r a ly s i s  was due 

to  a te rm in a l in f e c t io n  fo r  which the  un d er ly in g  chronic 

process had prepared  a favou rab le  s o i l .

P re te rm in a l in f e c t io n  was regarded  by Whitney as 

being the main cause of th e  a c id o s i s ,  and in  a l l  h is  40 cases 

except one, a c id o s is  was accompanied by in f e c t io n .

In  dem onstrating  te rm in a l a c id o s is ,  Whitney r e l i e d  

on th e  measurement o f  the  carbon d iox ide  con ten t of the  blood 

withdrawn w ith in  10 minutes of dea th  by ca rd iac  puncture ; h is
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r e s u l t s  w i l l  be d iscussed  in  a l a t e r  s e c t io n .  He a lso  e s tim ­

a ted  the  non p ro te in  n i tro g e n  in  s e v e ra l  f a t a l  cases and found 

th a t  th e re  was an in c re a se  a t  the  time of d ea th ,  o f te n  very  

g r e a t .  T h is , he thought, in d ic a te d  a marked t i s s u e  d e s t ru c t io n .

Dautrebande & Davies (1923) showed th a t  th e re  was 

an average in c re a se  of 9 v o ls .  per c e n t ,  in  the a l k a l i  re se rv e  

of 7 p a t i e n t s  s u f f e r in g  from ex ten s iv e  pulmonary tu b e rc u lo s is ,  

bu t they  do no t mention how long b efo re  dea th  the es tim a tio n s  

were made.

Meakins & Davies (1925) d e sc r ib e  a case in  the  p re ­

agonal s t a t e  as an example of gaseous a c id o s is .  The p a t i e n t  

had a r i g h t  s ided  hydrothorax and an emphysematous l e f t  lung 

w ith  superimposed p u ru len t b r o n c h io l i t i s .  She had been 

markedly cyanosed, and had been kept a l i v e  fo r  seven days by 

th e  a d m in is t ra t io n  of s t im u la n ts  and continuous oxygen. On 

th e  day b efo re  d ea th , during  oxygen a d m in is t ra t io n ,  her a r t e r i a l  

blood was 79% s a tu ra te d  w ith  oxygen and contained  85.5 v o ls .  

per c e n t ,  carbon d io x id e .  un ceas ing  the  a d m in is t ra t io n  of 

oxygen, th e  a r t e r i a l  oxygen s a tu r a t io n  f e l l  to  18%, th e  carbon 

d iox ide  c o n ten t rem aining the  same - 85.3  v o ls .  per ce n t .

There appeared in  The Lancet o f  1926, a l e t t e r  from 

Dr. A rthur MacDonald of Washington, D .C., u rg ing  m edical 

s o c ie t i e s  to  encourage a sys tem atic  and s c i e n t i f i c  s tudy  of
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the  dying hour, e s p e c i a l ly  as regards th e  physiology and 

psychology of dea th . He w rote: " I t  i s  a cu rious  f a c t  th a t

as y e t ,  th e re  seems to  have been no system atic  and s c i e n t i f i c  

s tudy  of human d ea th . There have been more or l e s s  sporadic 

e f f o r t s  to  make such in v e s t ig a t io n s  in  ex cep tio n a l and i n t e r ­

e s t in g  p a th o lo g ic a l  c a se s .  But the  r e g u la r  o rder, so to  speak, 

of the  average manner o f  dea th  i s  not known."

D espite  Dr. MacDonaldTs appeal the  l i t e r a t u r e  during  

th e  fo llow ing  20 years con ta ins  no sys tem atic  study of dea th , 

a lthough s e v e ra l  more sporad ic  o b se rva tions  on i s o la te d  cases 

appeared. This i s  s u rp r i s in g ,  because a very  s t im u la t in g  

paper by Koehler, Behnemann, B enell & Loevenhart (1925) appeared 

about th e  same time in  th e  "American Jo u rn a l o f  Physio logy".

The paper was e n t i t l e d  "The Cause of Death from Anoxaemia", and 

a lthough the  experiments were performed on anim als, they seemed 

to  have a d i r e c t  b ea r in g  on the  human problem.

Koehler and h is  co-w orkers, as a r e s u l t  of these  

experiments came to  th e  conc lusion  th a t  reduced ox id a tio n  

d i r e c t l y  s t im u la te s ,  and a ls o  induces an a c id o t ic  type of 

metabolism. The a c id o t i c  type o f  m etabolism induced i n t e r f e r e s  

w ith  oxygen f ix a t i o n  by the c e l l ,  and thus f u r th e r  s t im u la te s .

This v ic io u s  c i r c l e  o f  oxygen want and a c id o s is  

con tinues u n t i l  oxygen i s  reduced to  the  p o in t  which can 

support no fu n c t io n a l  a c t i v i t y .  Then, th e re  i s  d ep re ss io n  

o r  p a r a ly s i s .  F in a l ly ,  th e  energy l i b e r a t i o n  i s  reduced to



a p o in t  which does not even meet the  sm all requirem ent of the 

in t e r n a l  needs o f  the c e l l ,  which i s  unable to  m ain ta in  the  

s t a tu s  quo, and th e  i r r e v e r s i b l e  change, which we c a l l  dea th , 

supervenes.

The experiments and d e ta i l e d  conclusions which th e se  

workers made w i l l  be di scussed l a t e r  in  r e l a t i o n  to  th e  f i n d ­

ings in  th e  p re se n t  s e r ie s  of ca ses .

Cameron & Carmichael t l926) made the  o b se rv a tio n  

th a t  in  dying p a t ie n t s  h y p o co rtica lism  may be p a r t l y  r e sp o n s ib le  

fo r  some of the m etabolic  changes. The enlargement o f  the 

ad rena ls  which occurs in  acu te  s t a r v a t io n  had h i th e r to  been 

considered  an hypertrophy, but i t  had now been shown by Cameron 

& Carmichael to  occur ju s t  p r io r  to  d ea th , and was p robably  an 

hydropic d eg enera tion . The au tho rs  however do not d isc u ss  the 

p a r t i c u l a r  m etabulic  changes which occur in  dying p a t i e n t s .

A very f u l l  symposium on the behaviour of  the blood 

l a c t i c  ac id  in  v arious  p h y s io lo g ic a l  c ircum stances and d ise a se s  

was published  by J e r v e l l  (1928). In  one s e c t io n  he reco rd s  

the  r e s u l t  of h is  in v e s t ig a t io n s  of the  blood l a c t i c  ac id  le v e ls  

in  7 cases of pulmonary tu b e rc u lo s is  in  the f i n a l  s ta g e s .

In  une case he found th e  f i r s t  e s t im a tio n  to  be normal, but 

a subsequent one to  show an in c reased  le v e l  o f  l a c t i c  a c id .

The i n t e r v a l  between the e s tim a tio n s  nor the leng th  of time 

befo re  death  i s  not s t a t e d .  J e r v e l l  concluded th a t  pulmonary
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tu b e rc u lo s is  in  a more advanced s ta g e  i s  accompanied by hyper- 

la c ta c id se m ia ,  and th a t  anaemia and weakened a c t io n  of the 

h e a r t  a re  c o n t r ib u to ry  causes to  t h i s  in c re a s e .  J e r v e l l  a lso  

found a co n s id e rab le  p re te rm in a l in c re a se  of blood l a c t i c  ac id  

in  ca rd iac  in s u f f ic ie n c y .

Kirk i 1946) reco g n ises  the  s t a t e  of agonal a c id o s is  

in  h is  monograph "A cidos is" . He co n s id e rs  th a t  the  p re-agonal 

s t a t e  i s  due to  accumulation of o rgan ic  a c id s ,  mainly l a c t i c  

a c id ,  and th a t  the a c id o s is  i s  due p a r t l y  to  t i s s u e  anoxia 

and p a r t ly  to  a te rm in a l in f e c t io n .

Towards the end of 1948 when the experim enta l work 

of the  jr  esen t th e s i s  was nearing  com pletion th e re  appeared in  

"The Lancet" a review of a book by lb  F a b r ic iu s  Hansen c a l le d  

" In v e s t ig a t io n s  on Agonal A c id o s is" .  I t  seemed th a t  t h i s  

work would be a very  im portant c o n t r ib u t io n  to th e  scan ty  

l i t e r a t u r e  on the  s u b je c t ,  so a copy was obtained from Copen­

hagen. I t  reached the  au th o r  in  January  1949.

Hansen’s work i s  in  f a c t  the  f u l l e s t  and most im port­

an t account of the  s u b je c t  which has y e t appeared. His 

in v e s t ig a t io n s  were c a r r ie d  out between 1940 and 1944, and 

the  r e s u l t s  compiled by th e  autumn of 1945. U nfo r tu n a te ly  he 

d ied  s ix  months l a t e r .
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He s e t  Himself th e  ta sk  of in v e s t ig a t in g  the frequency 

and c h a ra c te r  o f  agonal a c id o s is  u s ing  recogn ised  and r e l i a b l e  

te ch n iq u e s .  Cases of  r e n a l  d is e a s e  and d ia b e te s  m e l l i tu s  were 

om itted  because at the  profound e l e c t r o l y t e  changes known to  

occur in  those  c o n d i t io n s ,  and which would tend to  i n t e r f e r e  

w ith the i n t e r p r e t a t i o n  of r e s u l t s  i n  the experiments under 

review .

T h ir ty -e ig h t  p a t ie n t s  were s tu d ie d ,  and e l e c t r o ly t e  

e s tim a tio n s  were perfurmed on th e  blood withdrawn s h o r t ly  before  

or s h o r t ly  a f t e r  d ea th . The fo llow ing  de te rm inations  were 

c a r r ie d  ou t: pH, carbon d iox ide , c h lo r id e ,  u rea , p ro te in ,

haemoglobin, oxygen, c r e a t in e ,  guanid ine, am ino-acids , l a c t i c  

a c id ,  pyruvic a c id ,  serum su lp h a te  and phosphate, t o t a l  acetone 

bod ies , t o t a l  base, and non p r o te in  n i t ro g e n .

Hansen made no attem pt to  in v e s t ig a te  the development 

of the p re te rm in a l changes by perform ing a s e r i e s  of blood 

d e te rm in a t io n s ,  and in  a l l  h is  cases except two only  one sample 

of blood was withdrawn, e i t h e r  before  or a f t e r  d ea th .  In 

Case 13, th re e  d e te rm ina tions  were made, and in  Case 36, two. 

This f a c t  tends to  d im in ish  th e  i n t e r e s t  of the  r e s u l t s ,  but 

t h e i r  im portance remains when they  are  considered  to g e th e r  and 

ana lysed .
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Hansen concludes t h a t  a f a l l  of blood pH i s  usually- 

found in  the  agonal s t a t e ,  va lues  below 7.00 o f te n  being 

reco rded , and in  some cases o f te n  being the d i r e c t  cause of 

dea th . He found th a t  the  plasma b ica rb o n a te  c o n c en tra t io n ,  

in  c o n t ra s t  to  the  pH, is  reduced in  only about a th i r d  of the 

c a ses .

The a c id o s is  was found to  be m ostly  of a mixed type , 

in te rm ed ia te  between the  m etabolic  and r e s p i r a t o r y  forms and 

d i f f e r e n t  from th e  o rd inary  forms of acidaem ia.

The l a c t i c  ac id  con ten t o f  the plasma was c o n s ta n t ly  

in c reased  a t  d ea th , and very high  va lues  were o f te n  ob ta ined . 

Urea, amino ac id  and c r e a t in in e  n i t ro g e n  values  were a lso  

found to be in c re ased * in  most ca ses ,  but Hansen could not 

dem onstrate any c o n s tan t  r e la t io n s h ip  between the  azotaemia 

and a c id o s is .

Hansen confined  h im self  to  the  s tu d y  of the  blood 

e l e c t r o ly t e s  only , and s u r p r i s in g ly  ignored th e  chemical and 

pH changes in  the u r in e .

As a r e s u l t  of h is  experim ents , Hansen suggests  

s e v e ra l  l i n e s  of th e rap y  which may be advantageously  employed 

in  c e r t a i n  cases  where th e  p ro lo n g a tio n  of l i f e  might allow 

time fo r  some s p e c i f i c  remedy to  a c t .

The measures suggested by th e  author in c lu d e  the 

a d m in is t r a t io n  of coramine or s im i la r  drug in  o rder  to  m ain ta in
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the  i r r i t a b i l i t y  of th e  r e s p i r a t o r y  c e n t r e .  He c i t e s  the case 

of a woman, in  ex trem is from ex ten s iv e  b i l a t e r a l  pneumonia, 

who was kept a l iv e  by la rg e  doses of in travenous  coramine, while 

s u lp h a th ia z o le  and anti-pneumococcus serum had time to  ac t  

on the  b a c t e r i a l  in v ad ers .

Oxygen th e rap y  was o f te n  of use i n  the p re te rm in a l 

s t a t e ,  but the a d d i t io n  of carbon d iox ide  was c o n t ra - in d ic a te d  

because of the o f te n  markedly in c re ase d  carbon d iox ide  te n s io n  

of the  blood.

In  p a t i e n t s  w ith  marked b ica rbona te  re d u c t io n ,  Hansen 

b e l ie v e s  th a t  trea tm en t with a 1.3yo sodium b ica rb o n a te  s o lu t io n  

g iven in tra v e n o u s ly  i s  in d ic a te d .  H a tien ts  who were se v e re ly  

exhausted f re q u e n t ly  showed a t  l e a s t  temporary improvement.
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CHAPTER I I .

THE AGONAL STATE PROM A CLINICAL POINT uE VIEW.

The experience of the  p resen t s tudy  confirmed the 

g e n e ra l  opin ion  th a t  i t  i s  ex trem ely  d i f f i c u l t  to p re d ic t  

the p re c is e  or even approximate da te  of dea th  from c l i n i c a l  

c r i t e r i a  a lone .

A young man, seemingly ro b u s t ,  can d ie  of b ro n ch ia l  

carcinoma in  f iv e  weeks, whereas an emaciated old man with 

chronic p h th i s i s  can hold on to  the  th reads  of l i f e  fo r  many 

months. Unexpected com plications such as tube rcu lous  

l a r y n g i t i s  may h as ten  death by d ep r iv in g  a p a t i e n t  of necessary  

food and d r in k .

In  the  f i n a l  24 hours of l i f e ,  the  c l i n i c a l  appear­

ance i s  remarkably s im i la r  in  p a t ie n t s  dying of d i f f e r e n t  

d is e a s e s .

He tends to l i e  s t i l l ,  and in  s l ip p in g  down the bed 

o f f  the p i l lo w s ,  he r e v e a ls  h is  g en e ra l  weakness and apathy.
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Although some p a t ie n t s  may answer q u es t io n s ,  the u sua l 

response i s  a slow tu rn  of the  head towards the q u es tio n e r ,  

and a dry  croak from the  th r o a t .  The eyes tend to  be sunken 

and the  l i d s  h a l f  c lo sed , causing  th e  cornea to  become covered 

w ith  p a r t i c l e s  of mucus. The tongue i s  dry , and sometimes 

a d e f i n i t e  fo e to r  can be d e te c te d ,  e s p e c ia l ly  in  those  dying 

of a long drawn out chronic i l l n e s s .  He o f te n  becomes 

in c o n t in e n t .

The behaviour uf r e s p i r a t io n  i s  i n t e r e s t i n g .  In  

those  whose death  is  due to  a pulmonary le s io n ,  dyspnoea has 

u s u a l ly  been ev iden t fo r  se v e ra l  days, whereas i t  may not have 

been in  extra-pulm onary le s io n s ,  but in  a l l  cases during  the  

s e v e ra l  hours before  d ea th , a co n s tan t sequence of events has 

been observed.

R e sp ira t io n s  a re  in c reased  to  about 30 or 35 per 

minute; they  a re  u s u a l ly  r e g u la r ,  but may be of Cheyne-Stokes 

type; th e  b rea th in g  i s  no isy , and bubbling  rU les may be 

heard in  the  th o rax , or mucous r a t t l i n g  in  the  th r o a t .

This r e g u la r ,  rap id  r e s p i r a t i o n  i s  fo llow ed g rad u a lly  

by a slow, and i r r e g u l a r  type of b re a th in g .  There a re  some­

tim es very  long in t e r v a l s  between each b re a th  which i s  seen 

to  be drawn with g re a t  d i f f i c u l t y .  By now the p a t i e n t  has 

dropped in to  coma out o f  which he cannot be roused; the
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blood has d ra ined  from the  fa c e ,  and the t i p s  of the nose, 

ea rs  and e x t re m it ie s  become cold and s l a t y  in  co lo u r .

This period  l a s t s  from 30 minutes up to  two or th re e  

ho u rs , and marks the f i n a l  s ta g e  b efo re  d ea th .  The pu lse  

can b a re ly  be f e l t  a t  the w r i s t ,  and i s  u s u a l ly  f a s t ,  o f te n  

becoming i r r e g u l a r .

Death i s  hera lded  in  most cases by one l a s t  b rea th ,  

which i s  o f ten  of a s igh ing  n a tu re ;  the h e a r t  u s u a l ly  s tops 

s im u ltan eo u s ly  w ith r e s p i r a t i o n ,  but may c a r ry  on i r r e g u la r  

c o n t ra c t io n s  fo r  a few m inutes.

The tem pera tu re  i s  found to  f a l l  to  a subnormal 

le v e l  s e v e ra l  hours befo re  dea th  in  the  m a jo r i ty  of ca ses .

And so the  end comes. Such dram atic c l i n i c a l  

changes a re  s u r e ly  accompanied by e q u a lly  dram atic changes 

in  c e l l u l a r  b iochem istry , and i t  i s  the o b je c t  of the  p re se n t  

work to  s tu d y  such changes as they  are  r e f l e c t e d  in  the  blood 

and u r in e ,  and t r y  to  c o r r e l a t e  them w ith  the  c l i n i c a l  p ic tu re .



CHAPTER I I I .

THE CHOICE Off BIOCHEMICAL ESTIMATIONS

I t  has been mentioned p re v io u s ly  th a t  when the 

p re se n t  work was commenced, i t  was not known what p re c is e  

biochem ical changes would be found. Hansen (1948), on the 

o th e r  hand, s e t  out to  s tudy  agonal a c id o s is  per se s in ce  

a p p a re n t ly  h is  te a c h e r ,  Kirk, had encouraged him to  do so as 

a r e s u l t  of h is  own p e rso n a l o b se rv a tio n s .  Hansen had the 

advantage of knowing ex ac tly  what he was looking  fo r ,  and 

planned the s e l e c t io n  of h is  de te rm ina tions  acco rd in g ly .

In  the  p resen t s e r i e s ,  the pH of the  u r in e  was 

s tu d ie d  f i r s t ,  fo llow ed soon a f te rw ard s  by e s t im a tio n  of th e  

t i t r a t a b l e  a c id i t y  and ammo n ia  c o n te n t .  In  a p e rso n a l commun­

ic a t i o n  P ro fe sso r  Noah Morris suggested  th a t  the  fo llow ing  

blood e l e c t r o ly t e s  should a lso  be s tu d ied  s im u ltaneously : 

plasma b ic a rb o n a te ,  c h lo r id e ,  phosphorus and calcium.

When the  technique of th ese  methods had been m astered, 

th ey  were then inc luded  in  the s e r i e s .
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A fte r  se v e ra l  cases had been s tu d ie d ,  i t  was n o ticed  

th a t  the plasma which was se p a ra te d  from blood withdrawn a t  

dea th  was very  c o n s ta n t ly  of a deep yellow co lo u r.  Therefore 

th e  e s t im a tio n  of plasma b i l i r u b i n  was inc luded .

At th i s  time, the le v e l  of plasma p ro te in s  was 

thought to  be worth s tudy ing , and s in ce  the  g rav im e tr ic  method 

of e s t im a tio n  was a v a i la b le  in  the  la b o ra to ry ,  t h i s  was a lso ( 

added to  the l i s t .

A fte r  se v e ra l  cases had been completed, the b io ­

chem ical f in d in g s  were examined and seemed to suggest th a t  

a s t a t e  of a c id o s is  was developing as death  approached.

An obvious s te p  was to  s tudy  the pH of the  blood 

and i t  was w ith  much r e g r e t  th a t  t h i s  was found to  be im­

p o s s ib le .  A pH meter was not a v a i la b le  in  the h o s p i t a l  a t  

the  tim e, and se v e ra l  c o lo r im e tr ic  methods were considered , 

one of them being t r i e d ,  but because of t h e i r  inaccuracy  i t  

was not thought worthwhile to pursue them f u r th e r .

This was u n fo r tu n a te ,  because fo r  the s t r i c t  

c l a s s i f i c a t i o n  of the type of a c id o s i s ,  two of the th re e  

v a r ia b le s ,  blood pH, plasma b ic a rb o n a te ,  and carbon d iox ide  

te n s io n ,  a re  re q u ire d ,  as p o in ted  out by P e te rs  & van Slyke 

(1931).

However, i t  was becoming c l e a r  th a t  a lthough previous 

workers had l a id  s t r e s s  on agonal a c id o s is ,  o th e r  f a c to r s  a lso
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en tered  in to  the p ic tu re ,  and so i t  was considered  s u f f i c i e n t  

to  dem onstrate the trend  of ac id -b ase  balance in  the p re se n t  

s e r i e s  by means of the pH, ammonia and t i t r a t a b l e  a c id i ty  of 

th e  u r in e  and the  plasma b ic a rb o n a te .

The p o s s i b i l i t y  th a t  oxygen lack  played some p a r t  in  

th e  development of a c id o s is  in  dying p a t ie n t s  was suggested 

by the work of Koehler and h is  co lleagues  (1925) r e f e r re d  to  

in  the  H is to r i c a l  Survey. A lso, the c h a ra c te r  of the r e s p i r ­

a t io n s  in  the p re -agona l s t a t e  made i t  l i k e l y  th a t  th e re  was 

a degree of anoxia p re s e n t .  I t  was th e re fo re  decided to  

inc lude  the  oxygen s a tu r a t io n  of venous blood in  the l i s t  of 

e s t im a tio n s  made. I t  would have been more a c cu ra te  to  use 

a r t e r i a l  blood, bu t t h i s  was found to be im p rac tic a b le ,  and 

w ith  c e r t a in  p recau tio n s  d iscussed  l a t e r ,  th e  r e s u l t s  u s ing  

venous blood were found to  be s u i t a b le  fo r  the  purpose of the 

p re se n t  in v e s t ig a t io n .
t

Extensive s tu d ie s  of m icrobiology and c e l l  r e s p i r ­

a t io n  and metabolism have been c a r r ie d  out by n o ta b le  workers 

l ik e  P a s te u r ,  Warburg, Meyerhof, Kempner, Krebs and Cori, and 

the  a p p l ic a t io n  of the r e s u l t s  of t h e i r  experiments to  the  

problem of human dea th  has been a ttem pted . This in sp i re d  the 

in c lu s io n  of blood l a c t i c  ac id  and plasma phosphorus in  the  

a u th o r 's  s e r i e s .
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P as teu r  (1879) d iscovered  th a t  many c e l l s  form l a c t i c  

a c id  in  the absence of oxygen, and the 7/arburg-Eeyerhof th eo ry  

p o s tu la te s  th a t  every  decrease in  c e l l  r e s p i r a t io n  b rings  about 

a d i r e c t  in c re a se  in  l a c t i c  a c id .

With t i s s u e  anoxia, according  to  M eyerhof's equa tion , 

th e re  i s  a breakdown of hexose phosphate during  the anaerobic 

phase, w ith  the form ation  of eq u iv a len t q u a n t i t i e s  of l a c t i c  

and phosphoric a c id s .

Baldwin (1947) a lso  emphasises the importance of 

p hosphory la tion  in  the  carbohydrate  breakdown, both  in  aerobic  

and anaerobic metabolism, and so the  behaviour of the  ino rgan ic  

phosphorus of the  blood of dying p a t i e n t s  might, in  con junction  

w ith  the  blood l a c t a t e ,  throw some l i g h t  on th e  m etabolic  

p rocesses  a t  th a t  s ta g e .

Whitney had found a p re te rm in a l  azotaemia in  s e v e ra l  

of h is  ca ses , and i t  was considered  th a t  t h i s  f in d in g  might be 

more f u l l y  in v e s t ig a te d ,  so the e s t im a tio n  of the blood u rea  

was inc luded  in  the p re se n t s e r i e s .

S ince the  plasma c h lo r id e  was being in v e s t ig a te d ,  

th e  e s t im a tio n  of the  u r in a ry  c h lo r id e  e x c re t io n  was included 

fo r  the  sake of com pleteness. No prev ious workers seem to  

have considered  c h lo r id e  metabolism in  the  p re -agona l s t a t e ,  

and Hansen es tim a ted  only the plasma c h lo r id e ,  f in d in g  i t  low
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in  most ca ses .  He did not put forward any f irm  views to  

account fo r  the low values ob ta ined , and f i n a l l y  decided th a t  

they were probably  the r e s u l t  of a p re - te rm in a l  pulmonary 

in f e c t io n .
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CHAPTER IV.

THE LABORATORY ROUTINE;

C o l le c t io n  of Blood and Urine Samples.

When such a la rg e  number of es t im a tio n s  had to  be 

performed, i t  was necessa ry  to  work out a s a t i s f a c t o r y  

la b o ra to ry  r o u t in e ,  e s p e c ia l ly  s in c e  s e v e ra l  de te rm ina tions  

had to  be done immediately a f t e r  w ithdrawal of blood, fo r  

example, the plasma b icarbonate  and blood l a c t i c  ac id .

A sm all, e a s i ly  p o r tab le  box designed fo r  the 

purpose was used to hold t e s t  tu b es ,  b o t t l e s  and sy r in g e , 

and could be taken to  the bedside , iF igure  1 ) .

F igure 1.
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A SO cc. g la s s  sy ringe  w ith  w ell  f i t t i n g  p is to n  

was used; i t  was s t e r i l i s e d  and moistened w ith  s t e r i l e  

l iq u id  p a r a f f in  and f i t t e d  in to  one compartment of the  box.

Two s t e r i l e  in travenous needles were c a r r ie d  in  a t e s t  tube 

which f i t t e d  in to  the same compartment as the  sy r in g e . For 

ca rd ia c  punctu re , a long, c h e s t - a s p i r a t in g  needle  was found 

t© be most s u i t a b l e ,  and t h i s ,  a lthough kept c lean , was not 

s t e r i l i s e d .

During l i f e ,  blood was c o l le c te d  from the  median 

b a s i l i c  v e in ,  or o th e r  s u i t a b le  v e in  in  the a n te c u b i ta l  fo s sa .  

For ten  minutes prev ious to  venepuncture, the p a t ie n t  kept 

the arms below the bedclo thes  and c lo se  to  the  body. This 

was im portan t i f  the venous oxygen con ten t was to  be comparable 

between p a t i e n t  and p a t ie n t  and de te rm in a tio n  and de te rm in a tio n , 

s in ce  Meakins & Davies (1920) showed th a t  the r e l a t i o n  between 

th e  oxygen s a tu r a t io n  of a r t e r i a l  and venous blood may vary  

f i f t y - f o l d  through the in f lu en c e  of e x te rn a l  tem peratu re .

The lower the tem pera tu re , the l e s s  i s  the  oxygen s a tu r a t io n  

of venous blood.

A ir was com pletely  excluded from the withdrawal 

system by ex p ress in g  a sm all q u a n t i ty  of l iq u id  p a r a f f in  from 

the  sy ringe  through the  in travenous needle a f t e r  i t  had been 

f i t t e d .
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The e f f e c t  of venous s t a s i s  on the e l e c t r o ly te  

co n ten t of a specimen o f  blood was dem onstrated by P e te rs  & 

h is  co-workers i l9 2 6 ) .  There i s  t r a n s f e r  of w ater from 

blood to  t i s s u e s ,  co n c e n tra t io n  of p r o te in s ,  and the  plasma 

c h lo r id e  d im in ishes , y ie ld in g  i t s  base to  p ro te in  and carbonic 

a c id .  Venous s t a s i s  was th e re fo re  c a r e f u l ly  avoided.

Twenty cc s .  of blood were drawn in to  the sy ringe  

and im m ediately t r a n s f e r r e d  to the fo llow ing  c o n ta in e rs

a .  About 7 to  8  ccs . of blood were d e l iv e re d  under 

p a r a f f in  to  a 40 cc. screw-capped specimen b o t t l e  

c o n ta in in g  20 mgms. of W introbe 's  o x a la te  mixture

l 12 mgms. Ammonium o x a la te ,  8  mgms. Potassium  o x a la te ) .

This blood was used fo r  determ in ing  the  oxygen 

u n s a tu ra t io n ,  haemoglobin c o n te n t ,  l a c t i c  a c id ,  and u rea .

b. The rem ainder of the blood in  the sy ringe  was d e l iv e re d  

to  a 15 cc . pyrex, round bottom c e n t r i fu g e  tube con­

ta in in g  l iq u id  p a r a f f in  and 1  mgm. of h ep a rin ,  i ln  

s e v e ra l  of the  e s t im a tio n s ,  W introbe 's  o x a la te  was u s e d . )

From th i s  sample, the fo llow ing  d e te rm in a tio n s  were 

made: plasma b ic a rb o n a te ,  b i l i r u b i n ,  phosphorus, c h lo r id e ,

and p ro te in .

In  s e v e ra l  cases where the  serum calcium  was es tim a ted , 

a se p a ra te  tube was used in  which 4-5 ccs . of blood was allowed 

to  c l o t .
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Urine was c o l le c te d  over 24 hours in  W inchester 

b o t t l e s ,  to lu o l  being used as th e  p r e s e rv a t iv e ,  but where 

incon tinence  or o th e r  cond itions  made a 24 hour c o l le c t io n  

im possib le , 6  ounce screw-capped b o t t l e s  were used. The 

l a t t e r  b o t t l e s  were a lso  used to  c o l l e c t  the  r e s id u a l  u r in e  

from the b ladder  immediately a f t e r  dea th .

Cardiac puncture was performed on a l l  p a t ie n t s  

who had d ied . The needle was in troduced  in  the  th i r d  or 

fo u r th  l e f t  in te rs p a c e  c lo se  to  th e  s t e r n a l  border and i n t r o ­

duced slow ly u n t i l  the le ssen in g  r e s i s ta n c e  in d ic a te d  th a t  

i t  was w ith in  the  ca rd iac  chamber.

Immediately a sample of blood and u r in e  had been 

c o l le c te d  i t  was taken to the la b o ra to ry ,  where the  fo llow ing  

procedure was c a r r i e d  o u t : -

BLOOD.

a .  The 15 cc . pyrex tube was pu t in  the  c e n tr i fu g e

and spun a t  3,000 r .p .m .

b. The blood in  the  specimen b o t t l e  was g e n t ly

s t i r r e d  w ith  a c le a n  g la ss  rod , and 0 . 1  ml. 

withdrawn fo r  the  d e te rm in a t io n  of  l a c t i c  a c id .  

This was immediately t r e a t e d  w ith  copper 

su lp h a te  and calcium  hydroxide in  o rder  to  

s to p  g ly c o ly s is ,  and the  sample s to re d  in  th e  

r e f r i g e r a t o r .
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c . The sample m  th e  c e n tr i fu g e  had now been spun 

fo r  about 10 m inu tes . The su p e rn a tan t plasma 

was then  p ip e t te d  o f f  in to  a c lean  dry t e s t  

tube .

The e s tim a tio n  of b ic a rb o n a te  was commenced, 

and while the plasma was being bm ught to 

normal a lv e o la r  carbon d iox ide  te n s io n  in  the  

se p a ra t in g  fu n n e l,  two ccs. of plasma were 

t r e a te d  w ith t r i c h l o r a c e t i c  ac id  in  p re p a ra t io n  

fo r  the  phosphorus d e te rm in a tio n .

The plasma b ica rb o n a te  e s t im a tio n  was then 

completed.

The rem aining determ ina tions  could be performed 

w ith  more l e i s u r e ,  although i t  was u su a l to  c a r ry  out the 

oxygen u n sa tu ra t io n  and haemoglobin w ith in  th e  next two hours. 

Although the  in a c t iv a te d  blood fo r  l a c t i c  ac id  de te rm ina tion  

could be kept s a f e ly  in  the r e f r i g e r a t o r  fo r  24 hours , i t  was 

u su a l fo r  i t  to  be es tim ated  as soon as p o s s ib le  a f t e r  w ithdraw al.

The n o t-so -u rg e n t  dete rm ina tions  were o f ten  racked 

u n t i l  four or f iv e  had accumulated, and by so doing, time and 

labour were saved and accuracy s t i l l  m ain ta ined . These i n ­

cluded phosphorus i th e  p ro te in  having been p r e c ip i t a t e d ,  and 

the f i l t r a t e  c o l l e c t e d ) ,  u rea ,  b i l i r u b i n  and calcium .
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URINE*

The ro u t in e  adopted w ith u r in e  determ inations  

follow ed a s im i la r  p lan , the pH, ammonia and t i t r a t a b l e  

a c i d i t y  being  done immediately, w hile  the c h lo r id e  was u s u a l ly  

es tim ated  in  batches along w ith  o th e r  samples some time l a t e r .

Reagents and A pparatus.

A ll th e  biochem ical e s tim a tio n s  were done p e rso n a lly  

a f t e r  a s u f f i c i e n t  number of ’norm als 1 showed th a t  p ro f ic ie n c y  

in  a method and s ta n d a rd is a t io n  had been a t t a in e d .

The reag e n ts  used were e i t h e r  made up p r o fe s s io n a l ly  

by a f irm  of m anufacturing chem ists , or e ls e  were the s tan d ard  

reagen ts  used from day to day in  the  b iochem istry  department 

of the  h o s p i t a l .  These were always checked from time to  time 

as r e q u ire d ,  and c o r r e c t io n  f a c to r s  ap p l ie d .

Glass ware was kept sc ru p u lo u s ly  c lean , being 

scrubbed and washed in  hot w ater a f t e r  every  experim ent. I t  

was then f i n a l l y  d r ie d  in  an e l e c t r i c  oven. The aim was to  

use each p ip e t t e  fo r  one reagent on ly , but where th i s  was 

im possib le , p ip e t t e s  were f lu shed  w ith w ater through a pump 

and d r ie d  by a f i n a l  a p p l ic a t io n  of acetone befo re  being used.

From time to  tim e, a l l  g la ss  ware was cleaned in  a 

bath  of su lp h u r ic  ac id  -  chromic ac id  m ix tu re .
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D eta iled  no tes  on the  methods used have been 

re le g a te d  to  the Appendix because t h e i r  in c lu s io n  a t  th i s  

p o in t  i s  not necessa ry  to  the  c o n t in u i ty  of  the th e s i s .

P lan  of  C o l le c t io n  of  Blood and U rine from P a t i e n t s .

No r i g i d  p lan  of c o l l e c t io n  of samples could be 

a p p l ied  to  a l l  p a t i e n t s ,  because i t  was im possible to  p r e d ic t  

the  d a te  of d ea th .  The g en e ra l  aim, however, was f i r s t  to  

reco rd  the blood and u r in e  b iochem istry  of a p a t i e n t  while 

he was r e l a t i v e l y  w e l l .  This was easy to  do in  p a t ie n t s  

s u f f e r in g  from such d ise ase s  as b ro n ch ia l  carcinoma or tu b e r ­

culous m en in g it is  i n  the very  e a r ly  s ta g e s ,  or soon a f t e r  

a c e re b ra l  haemorrhage, but in  pulmonary tu b e rc u lo s is  the  

p a t i e n t ' s  g en e ra l  co n d i tio n  had a l re a d y  d e te r io r a te d  c o n s id e r­

ab ly  befo re  in d ic a t io n s  th a t  h is  d is e a se  would be f a t a l  were 

obvious.

Having made t h i s  f i r s t  re c o rd ,  the d u ra t io n  of l i f e  

was approxim ately  p re d ic te d ,  and i f  long , no f u r th e r  e s t im a tio n s  

were made u n t i l  the c l i n i c a l  p re - te rm in a l  s t a t e  was reached . 

Estim ations were then done d a i ly  or every  second day u n t i l  

d ea th  occurred , when the  f i n a l  e s t im a tio n s  were made.
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Two complete blood e s t im a tio n s ,  and r a r e ly  th re e  

could be done during  the 24 hours , but any more than t h i s  was 

im possib le  due to  the f a c t  th a t  the  author was working s in g le -  

handed, and because ro u t in e  h o s p i ta l  d u t ie s  lessened  the  time 

a v a i la b le  fo r  la b o ra to ry  work.

Cardiac puncture was performed as soon a f t e r  dea th  

as p o s s ib le  and in  most cases i t  was p o s s ib le  to c o l l e c t  the 

blood w ith in  a m a tte r  of m inutes, but in e v i ta b ly  the time 

v a r ie d  and t h i s  i s  in d ic a te d  on the in d iv id u a l  case r e c o rd s .

In  no case did i t  exceed 12 m inutes.



31

CHAPTER V.

THE THEORETICAL ■ CONCEPTION uF THE AGONAL STATE - I .

Before proceeding to  ana lyse  the r e s u l t s  ob ta ined  

in  the p re se n t  s e r i e s ,  i t  i s  f i r s t  n ecessary  to  examine the 

various  methods by which the body d ea ls  w ith  changes in  i t s  

f i n e l y  a d ju s te d  in t e r n a l  environment.

I t  i s  known th a t  the  human body can w ithstand  g re a t  

m etabolic  changes by adjustm ents between the  various  e l e c t r o ly t e  

c o n s t i tu e n t s ,  and i t  i s  probable th a t  normal c e l l u l a r  metabolism 

can a lso  be a l t e r e d ,  a t  l e a s t  te m p o ra r i ly ,  to  meet th e  needs 

o f  a low oxygen supply . G lyco ly tic  fu n c tio n ,  on the  o th e r  

hand, does not seem to  be ap p rec iab ly  a f f e c te d  by a c id o s is  

per se  i G i l c h r i s t ,  1932).

Changes in  the  A cid-base E q u ilib r iu m .

The defences a g a in s t  a c id o s is  comprise the b u f fe r  

a c t io n  in  the blood and t i s s u e s ,  and the ex c re to ry  fu n c tio n s
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of the lungs and k idneys.

Of the b u ffe r  a c t io n s ,  the fo llow ing  a re  im portan t:

a .  Carbonic Acid - B icarb o n a te . I t  i s  the r a t i o  of 

f r e e  carbonic  ac id  to  b ica rb o n a te  which r e g u la te s  the a c t i v i t y  

of the r e s p i r a t o r y  c e n tre .  Any change which r e s u l t s  in  the 

amount of f r e e  carbon d iox ide becoming r e l a t i v e l y  g re a te r  than 

th a t  of the  combined carbon d iox ide  w i l l  s t im u la te  the  ce n tre  

to  g r e a te r  a c t i v i t y .

Excess ac id  iHA) would be d e a l t  w ith  in  the blood 

according  to  \the fo llow ing  e q u a t io n : -

HA + BHC03  ^  BA + H2 C03  

The decrease  in  BHC03  and the in c re a se  in  H2 CO3  u p se ts  the 

normal r a t i o  i  , th e reb y  s t im u la t in g  the r e s p i r -
bhco3  2 0

a to ry  c e n tre  and lead ing  to e x c re t io n  of the excess carbon

d io x id e . The r a t i o  i s  thus re tu rn ed  to  normal.
BHCO3

With o b s tru c t io n  to  the  escape of carbon d iox ide  from 

the  a l v e o l i ,  th e re  i s  an in c re a se  of carbon d iox ide  in  the 

b lood . Of th e  two forms in  which carbon d io x id e  occurs in  

the  blood, th e  B*HC03 , which i s  dependent on r e s id u a l  base 

and r e n a l  c o n t ro l ,  i s  the more f ix e d ,  and so the in c re a se  i s  

r e l a t i v e l y  g r e a t e r ,  a t  l e a s t  a t  f i r s t ,  in  the H*HC03  f r a c t io n ,  

w ith  a d is tu rb a n c e  in  the  1  : 2 0  r a t i o .

As pH i s  equal to  6 .1  + log  , the  in c re a se  in
D iiOU3



H*HC03  causes a red u c t io n  in  pH and an uncompensated a c id o s i s .

To compensate, th e re  needs to  occur an in c re ase  in  

B'HC03  which could be made p o s s ib le  by re n a l  e l im in a t io n  of 

c h lo r id e ,  p e rm it t in g  accum ulation of B*HC03  and r e tu r n  of the

b u f fe r  system to  the  normal r a t i o  of 1 : 20 (SpectorB*HC03

& McKhann, 3.948).

b. Plasma P r o t e i n s . The p ro te in s  of  the  blood a re  

am photeric, and are  combined w ith  e i th e r  base or ac id .  The 

a d d i t io n  of ac id  th e re fo re  causes a r e a c t io n  w ith  the base 

bound p ro te in :

HA + BPr £=? BA + HPr

This l i b e r a t e s  a c e r t a in  amount of base and a t  the 

same time converts  a s trong  a c id  HA in to  a r e l a t i v e l y  weak 

ac id  HPr.

Campbell & Poulton (1920) s t a t e  th a t  throughout the 

range of pH occu rr in g  in  the body, a l l  th e  carbon d iox ide  i s  

p re se n t  as b ic a rb o n a te ,  and the blood p ro te in s  a c t  as ac id s  

combining w ith  sodium and competing fo r  i t  w ith  the carbon 

d io x id e .

°* P hosphates . The b u ffe r  a c t io n  of  the ac id  and 

a lk a l in e  phosphates provides a n ic e  example of the  d e l i c a te  

mechanism provided f o r  the  r e g u la t io n  of a c id -b ase  balance .

I t  i s  a minor mechanism, however, due to  the  small amount 

of phosphate p re se n t .
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The re a c t io n  can be rep re se n ted  th u s :

HA 4  Na2 HP0 4  NaH2 P0 4  4  NaA

Besides qu ick ly  b u f fe r in g  the  ac id ,  the ac id  phosphate 

i s  r a p id ly  excre ted  by the  k idneys.

d. Haemoglobin, At the normal r e a c t io n  of the blood, 

haemoglobin a c ts  as a weak a c id .  Reduced haemoglobin, accord ­

ing to  Graham & M orris ( iy 3 3 ),  i s  an ac id  s ix ty -se v e n  times 

le s s  d i s s o c ia te d  than  oxyhaemoglobin, and the  amount of  base 

s e t  f r e e  during  the red u c t io n  of oxyhaemoglobin has been 

c a lc u la te d  to  be s u f f i c i e n t  to combine w ith  f o u r - f i f t h s  of

the carbon d iox ide  given o f f  during  the r e s t in g  s t a t e .

Haemoglobin i s  an im portant b u f fe r  because of  i t s  

amount, and i t  i s  w ell known th a t  a c id o s is  i s  a much more 

severe  co n d it io n  in  an anaemic p a t i e n t .

e. The Hamburger Phenomenon. I f  the  carbon d iox ide  

te n s io n  of whole blood i s  r a i s e d ,  the  c h lo r id e  of the plasma 

dec reases , the  c h lo r id e  of the  corpusc les  in c re a s e s ,  and the  

plasma b ica rb o n a te  in c re a se s .

The mechanism by which th i s  occurs can be explained  

as f o l lo w s :-

The oorpuscu la r  membrane i s  permeable to the anions 

C l” and HC03  , but is  impermeable to  the k a t io n s  Na+ and K+.

When carbon d io x id e  e n te rs  th e  blood from the  t i s s u e s  th e re  

i s  a sm all in c re a se  in  the  H2 C0 3  con ten t of the  plasma, and
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a la rg e  in c re ase  in  the  co rp u sc les  (owing to  the presence of 

carbonic anhydrase). In  the  co rpusc les  the HgC03  r e a c ts  

w ith  the haemoglobin thus:

H2 C03  + KHb —» KHC03  + HHb

The b ica rbona te  in  the  c e l l s  i s  now in  g r e a te r  

c o n c e n tra t io n  than  in  the  plasma, and th e re fo re  m igrates  o u t,  

and C l” moves in to  the c e l l s  to  r e s to r e  the normal ce ll /p la sm a  

r e la t io n s h ip  of HC03  and Cl~ (W right, 1940).

O utside the b u ffe r in g  a c t io n  of the p ro te in s  and 

phosphates of the blood, the ex ten t  of the c h lo r id e  s h i f t  

and the amount of haemoglobin p re se n t  would seem to  determ ine 

the p o ss ib le  degree of compensation of a c id o s is  (Myers &

Booher, 1924).

The e f f ic ie n c y  of the  above b u f fe r in g  systems a re  

a t  t h e i r  maximum when the con ten ts  o f  s a l t  and ac id  a re  

equa l. Graham & Morris (1933) g ive the fo llow ing  ta b le  

showing the  pH va lues  a t  which the b u f fe r in g  systems co n ta in  

equal amounts o f  the two f a c t o r s ,  and th e re fo r e  a t  which the 

b u f fe rs  a re  most e f f i c i e n t :

H2 C03  : BHC03 PH 6 . 1

BH2 P04  : B2 hpo4 w 6 . 8

HHb02  : BHb0 2 Tt 7.16

HHb : BHb ft 7.3

I t  i s  seen th a t  the  lower the pH f a l l s ,  the more 

e f f i c i e n t l y  do the  b u f fe rs  fu n c tio n .
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Along w ith  an e f f i c i e n t  b u f fe r in g  system, i t  i s  a lso  

necessa ry  th a t  the  fu n c tio n  of the  r e s p i r a t o r y  system and the 

kidneys be i n t a c t ,  s in c e  the end products of the  b u f fe r in g  

a c t io n  a re  carbon d iox ide , which i s  d isposed of by inc reased  

r e s p i r a t io n s ,  and ac id  s a l t s  which a re  excre ted  in  the u r in e .

The bowels and sk in  p lay  very  l i t t l e  p a r t  in  the 

ac id  base r e g u la t io n  iGraham & M orris , 1933).

The U rin e .

In  th e  a c id o t ic  s t a t e ,  the  pH of th e  u r in e  f a l l s ,  

and c e r t a in  mechanisms come in to  p lay .

The weaker ac id s ,  which have pH va lues  above 4 .5  

a re  excre ted  as f r e e  a c id s ,  th u s  conserving  base .

S tronger  ac id s  a re  ex c re ted  immediately by u t i l i s ­

ing the  base from the  bones, namely Calcium and Phosphorus, 

and Sodium and Potassium  from the  t i s s u e s .

Benedict & Nash (1929) dem onstrated th e  r 6 le  of 

ammonia in  the e x c re t io n  of ac id  by the  k idneys . Ammonia 

i s  formed in  the kidneys them selves, and by combining with the  

a c id s ,  which a re  exc re ted  as ammonium s a l t s ,  v a lu ab le  t i s s u e  

base is  the reby  spared . The ammonia mechanism does not 

fu n c t io n  im m ediately, but takes se v e ra l  days to  reach  i t s  

peak.
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In h e a l th ,  only  3 to  5 p er  ce n t,  of u r in a ry  n i tro g en  

is  exc re ted  in  the  u r in e  as ammonia, whereas in  a c id o t ic  

co n d it io n s  t h i s  f ig u re  may r i s e  to  20 per cen t.  Thus the 

in c re a se  of ammonia in  the u r in e  i s  a measure of the amount 

of excess ac id  to  be n e u t r a l i s e d .

The R6 l e  of C h lo r id e .

I t  i s  s a id  th a t  the le v e l  of plasma c h lo r id e  r a r e l y  

v a r ie s  except w ith in  the  normal range of 560 to  65o mgms. per 

ce n t .  Trumper & Cantarow (1932) s t a t e  th a t  w ithdrawal of 

s a l t  from an o therw ise  normal d i e t  r a r e l y  lowers the ch lo r id e  

to below the lower l im i t  of normal.

In  a f a s t i n g  in d iv id u a l ,  however, i t  may f a l l  below 

normal due in  p a r t  to  the sodium c h lo r id e  d e p r iv a t io n ,  but 

a l s o  because of a c id o s i s ,  causing the  c h lo r id e  s h i f t  from 

plasma to co rp u sc les .

The importance of the  Hamburger Phenomenon in  ac id  

base re g u la t io n  has been s ta te d .  The m ig ra tio n  of the  

ch lo r in e  ion from plasma to  co rpusc les  in  s t a t e s  of a c id o s is  

w i l l  th e re fo re  cause a lowering of plasma c h lo r id e .

This in  f a c t  occurs , accord ing  to Graham & M orris 

(1933) in  non-gaseous a c id o s is ,  but they  p o in t  out th a t  i f  

th e re  i s  g re a t  lo s s  of w ater and base as in  d ia r rh o e a ,  or 

d ehydra tion  from o th e r  causes , the plasma c h lo r in e  w i l l  be 

in c re a se d .  •
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Gaseous a c id o s is  a lso  causes a low plasma ch lo r id e  

because of the la rg e  s h i f t  of c h lo r in e  to the co rp u sc les .

A w ell known p h y s io lo g ica l  phenomenon i s  the 

a lk a l in e  t id e  by which th e re  occurs a mild temporary a lk a lo s i s  

due to  the s e c r e t io n  of ch lo r in e  as f re e  hydroch lo ric  acid  

in  the  g a s t r i c  ju ic e  iBrunton, 1933).

In  g en e ra l ,  th e re  i s  a r e c i p r o c i ty  between the 

le v e ls  of c h lo r id e  and carbon d iox ide  in  the blood which tends 

to  keep the  io n ic  co n c en tra t io n  c o n s ta n t .  This r u l e ,  however, 

does no t always ho ld , fo r  in s ta n c e  in  d ia b e t ic  a c id o s is ,  the  

carbon d iox ide  and ch lo r id e  f a l l  to g e th e r .  Also, in  the 

a c id o s is  of chronic n e p h r i t i s  the a l k a l i  re se rv e  i s  low and 

so a ls o  i s  the c h lo r id e .  Graham & M orris suggest th a t  when 

the blood u rea  r i s e s  in  the l a t t e r  c o n d it io n ,  the c h lo r id e  

f a l l s  in  o rd e r  to keep the osmotic p re s su re  normal.

Ambard i 1920) showed th a t  in  h e a l th  th e re  was some 

r e la t io n s h ip  between the  le v e l  of plasma ch lo r id e  and the  

u r in a ry  e x c re t io n  of c h lo r id e ,  but t h i s  does not seem to  hold 

good in  d is e a s e ,  fo r  both in  d ia b e te s  and chronic  n e p h r i t i s  

c h lo r id e  e x c re t io n  continues a f t e r  the  plasma ch lo r id e  has 

reached very  low le v e l s .

S tew art & Dunlop 11930) showed th a t  in  subacute 

parenchymatous n e p h r i t i s ,  the  c o n c en tra t io n  of c h lo r id e  in  

the  u r in e  i s  very co n s id e rab ly  decreased , and in  severe  cases 

may be p r a c t i c a l l y  f re e  of c h lo r id e .
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In  lo b a r  pneumonia, c h lo r id e  p r a c t i c a l l y  d isappears  

from the  u r in e ;  many th e o r ie s  have been advanced to  exp la in  

t h i s  phenomenon, but i t  is  probable th a t  the t ru e  s c i e n t i f i c  

exp lana tion  has s t i l l  to  be found.

The Types of.A cid  Base D is tu rb an ce .

H aldane 's  c l a s s i f i c a t i o n  i s  in  common use, and h is  

four headings g ive a good in d ic a t io n  of the p h y s ic a l  changes 

cau s in g  the abnormal d e v ia t io n .

a .  Non-gaseous A c id o s is .

The primary change is  a f a l l  i n  the  BHCOj 

w ith  a sm alle r  secondary f a l l  in  the  H2 C0 3  , and i s  c h a r a c te r ­

ise d  by a f a l l  in  pH and an in c re a se  in  r e s p i r a t i o n  in  o rder

to  get r id  of excess carbon d iox ide  so th a t  the  r a t i o  ^ 2 ^ 0 3
§HC03

i s  brought to the normal 1  : 2 0 .

b. Gaseous A c id o s is .

The primary change i s  a r i s e  in  the f re e  

carbon d iox ide  w ith  a sm alle r  consequent r i s e  in  BHCO3  in  

o rder to  conserve the r a t i o  a t  1 : 20. The pH of

the blood f a l l s  and the  t o t a l  carbon d iox ide  r i s e s .  An 

example of such a s t a t e  i s  the  p a r a ly s i s  of the  r e s p i r a to r y  

c e n tre  by morphine poisoning.

Of le s s  i n t e r e s t  in  the p re se n t  survey of p re-agonal 

changes a re  the rem aining two types:
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c . Non-gaseous A lk a lo s is ,  in  which th e re  i s  a prim ary 

r i s e  in  the combined carbon d io x id e , and

d. Gaseous A lk a lo s is ,  in  which th e re  i s  a prim ary 

d im inution  in  f r e e  carbon d iox ide .

F igure  2, adapted from Van Slyke (1921), i l l u s t r a t e s
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0

*cv
30

2

2  <o

r& r r  7 - 6  r s  7+ 7-3  7 a  71 7 0
P H

Figure  2.

g ra p h ic a l ly  the v a r ia t io n s  from normal which may occur. He 

makes use of the terms compensated and uncompensated, which in  

e f f e c t  mean th a t  the blood pH i s  normal or e i t h e r  below or 

above normal. For example, a compensated a l k a l i  d e f i c i t  

would mean th a t  the combined carbon d iox ide  was d im inished, 

w hile the  pH remains normal (F igure  2, No. 6 ).



Graham & Morris p o in t  out th a t  the  pH in  f a c t  always changes, 

but sometimes so s l i g h t l y  th a t  i t  cannot be d e tec ted  by the 

r a th e r  crude methods of measurement in  u se .

Gaseous Exohange.

In  the  chap te r  dea ling  w ith  the c l i n i c a l  f e a tu re s  

of the dying p a t ie n t  i t  was po in ted  ou t th a t  one of the  most 

co ns tan t a l t e r a t i o n s  was in  r e s p i r a t i o n ,  whether the p a t i e n t  

was s u f fe r in g  from a pulmonary or ca rd iac  le s io n  or n o t .

The s ta g e s  passed through a re  i n  o rd e r :  normal b rea th in g ,

followed by inc reased  r e s p i r a t i o n s ,  and f i n a l l y  slow i r r e g u l a r  

gasping r e s p i r a t i o n s .

I t  might be reasonab ly  assumed th a t  the normal 

gaseous exchange in  the iungs would be in t e r f e r e d  w ith , producing 

carbon d iox ide  r e te n t io n ,  and oxygen d e p r iv a t io n .

1. Carbon Dioxide.

Carbon d iox ide  r e t e n t io n  has a lre ad y  been considered  

under the heading of gaseous a c id o s is .

Davies, Haldane & P r i e s t l e y  (1919) in v e s t ig a te d  the  

changes which took p lace  in  r e s p i r a t i o n  when th e re  was a 

r e s i s t a n c e  to  the f re e  flow of a i r  to  the xungs.

The n e t r e s u l t  was t h a t  b rea th in g  became deeper and 

slow er, being  the  normal response to  such r e s i s t a n c e .

When the  r e s i s ta n c e  was excess ive  or the r e s p i r a t o r y  

c e n tre  became fa t ig u e d  or weakened by anoxaemia, a p a r t i c u l a r
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phenomenon occurred  -  the  b re a th in g  became shallow er and more 

f re q u e n t .  The au thors  considered  th a t  t h i s  throws a new 

l i g h t  on f a i l u r e  of th e  r e s p i r a t o r y  c e n tre  as a common -  perhaps 

th e  commonest - immediate cause of dea th .

Anoxaemia has tens  g r e a t ly  the onset of f a t ig u e  and 

the ease w ith  which i t  i s  produced. This ex p la in s  th e  

c h a r a c t e r i s t i c  a c t io n  of anoxaemia in  producing r e l a t i v e l y  

shallow and freq u en t b rea th in g . As shallow  b rea th in g  i s  in  

i t s e l f  both  a r e s u l t  and a cause of anoxaemia, a v ic io u s  

c i r c l e  of a very  dangerous kind i s  ap t to  be produced by 

anoxaemia or any o th e r  cause which tends to  impair th e  v igour 

of the r e s p i r a t o r y  c e n tre .

The r e s i s ta n c e  in  the experiments c a r r ie d  out by 

Davies, Haldane & P r i e s t l e y  was provided by t i g h t l y  packed 

co tto n  wool in  th e  airway o f  the  b rea th in g  mask, but p a th ­

o lo g ic a l ly  may in c lude  any o b s t ru c t iv e  c o n d i t io n ,  weakness, 

or p a r a ly s i s  of th e  muscles of r e s p i r a t i o n .

The co n d itio n  of  course becomes even more dangerous 

i f  the r e s p i r a t o r y  c e n tre  i s  a l s o  impaired by toxaemia.

Newburgh, Means & P o r te r  i i y l 6 ) showed in  dogs th a t  

pneumonia dim inished the  s e n s i t i v i t y  of  the  r e s p i r a t o r y  

mechanism to  carbon d io x id e , and th a t  the  g r e a te r  the s e v e r i ty  

of the d ise a se  th e  l e s s  th e  s e n s i t i v i t y .

The e f f e c t  o f  shallow b rea th in g  on the  oxygen 

s a tu r a t io n  of the  blood has a l s o  been in v e s t ig a te d  by Meakins
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and Davies 11920). They found th a t  th e  oxygen s a tu r a t io n  

of a r t e r i a l  blood f e l l  from *4.3 per cen t,  to  *1.7 per ce n t ,  

when the r e s p i r a t o r y  r a t e  was inc reased  from 17.5 per minute 

to  48 per minute.

Thus the  analogy with the  s t a t e  of a f f a i r s  p re sen t 

in  the  immediate p re-agonal period  in  seen; th e  e f f e c t  of 

oxygen want in  in c re a s in g  the s e n s i t i v i t y  of  the r e s p i r a t o r y  

c e n tre  to carbon d iox ide  ac ts  only up to  a c e r t a in  p o in t ,  

a f t e r  which th e  r e s p i r a to r y  c e n tre  and the  muscles of r e s p i r ­

a t io n  f a i l .

The consequences of  carbon d iox ide  r e t e n t io n  have 

been s tu d ie d  by v a r io u s  workers. Davies, Haldane & Kennaway 

1 19 2 0 ) found th a t  b rea th in g  a moderate excess of carbon 

d iox ide  iabout 6%) fo r  two hours produced l i t t l e  i f  any change 

in  the carbon d iox ide  ca p ac ity  of th e  blood. There was, 

however, d iu r e s i s ,  inc reased  u r in a r y  a c i d i t y  and in c reased

ammonia e x c re t io n  in  the u r in e .
(1920)

Jacobs^performed experiments to  show th a t  d isso lv ed  

carbon d iox ide  possesses  a h igher  power of p e n e tra t in g  the 

c e l l  w all than  has sodium b ica rb o n a te .  He dem onstrated th a t  

a co n d it io n  of i n t r a c e l l u l a r  a c id i t y  can be produced by a 

s l i g h t l y  a lk a l in e  s o lu t io n  of carbon d io x id e  in  M/2 sodium 

b icarbona te  almost as e f f e c t i v e l y  as by a s o lu t io n  of carbon 

d iox ide  in  d i s t i l l e d  w ate r, although th e  cH of the  l a t t e r
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s o lu t io n  i s  approxim ately  4,000 tim es as g rea t as th a t  of 

the  former. Thus th e  fo r c ib le  r e t e n t io n  of carbon d iox ide  

in  the blood w i l l  have a much more profound e f f e c t  on the  

pH of the  c e l l s  than f ix e d  ac id  in  the  blood.

The c l i n i c a l  appearance of a su b je c t  who s u f f e r s  

from oxygen lack  and r e te n t io n  of carbon d iox ide to g e th e r  

is  of deep plum co lour or  p u rp l ish  cyanosis ,  as in  s t r a n g u l ­

a t io n .  Un the  o th e r  hand, when th e re  i s  oxygen lack  

a s so c ia te d  w ith  a normal or d im inished carbon d iox ide  content 

of th e  a r t e r i a l  blood, th e re  r e s u l t s  a dep ress ion  of the 

vasomotor c e n tre s  g iv ing  a g rey ish  p a l l i d  cyanosis .  This 

in d ic a te s  an impending r e s p i r a to r y  and an a c tu a l  c i r c u la to r y  

c o l la p s e .  Both a re  due to  d e f ic ie n c y  of the carbon d iox ide

s tim u lu s .  This has been ex p erim en ta lly  shown in  animals by

Dale & Evans 11922).

The grey , p a l l i d  cyanosis i s  ty p ic a l  of the immediate 

p re-agonal period  when r e s p i r a t i o n  i s  i r r e g u l a r  and slow w ith 

long p e r io d s  of apnoea. At t h i s  p o in t  oxygen d e f ic ie n c y  i s  

becoming severe .

Becently , Simps on!! sfiid ied  th e  e f f e c t  of b re a th in g  

excess carbon d io x id e  in  human su b je c ts  in  r e l a t i o n  to the 

p re s s u re  of c e re b ro s p in a l  f l u id .  In  a l l  cases th e re  was a 

r i s e  in  ce re b ro sp in a l  f lu id  p re s su re .  Wolff & Lennox i 1930) 

obta ined  s im i la r  r e s u l t s  i n  an im als. I t  i s  u n l ik e ly  th a t
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t h i s  has any r e l a t i o n  to  th e  mechanism o f  dea th .

2. Oxygen.

When the  a r t e r i a l  blood reachers the  c a p i l l a r i e s ,  the  

oxygen i s  in  th e  form o f  oxy-haemoglobin, w ith  a small amount 

in  p h y s ica l s o lu t io n  which a t  body tem pera tu re , according  to 

Meakins & Davies il925) i s  about 0.24 c c s .  in  100 ccs . of 

b lood. The t i s s u e s  acqu ire  t h i s  oxygen as fo llow s: f i r s t ,

as the blood passes through the  c a p i l l a r i e s ,  the  t i s s u e s  take 

up some of the oxygen which i s  in  p h y s ica l  s o lu t io n ,  and 

consequently  the p a r t i a l  p ressu re  tends to  f a l l .  However, 

th e  oxy-haemoglobin, by g iv ing  up oxygen in  accordance w ith  

i t s  d i s s o c ia t io n  curve prevents t h i s  f a l l i n g  too f a r .  I t  

i s  p robable  th a t  these  two processes  a re  synchronous.

The d is s o c ia t io n  curve of the oxy-haemoglobin of a r t e r -  

, i a l  blood i s  in f luenced  by s e v e ra l  f a c t o r s ,  namely in c re a se  

in  carbonic ac id  and l a c t i c  a c id ,  and in c re a se  of tem perature  

th a t  occurs in  the c a p i l l a r i e s  as a r e s u l t  of t i s s u e  o x id a tio n . 

These f a c to r s  a l l  tend to  lower the d i s s o c ia t io n  curve of 

oxy-haemoglobin, and as a r e s u l t ,  oxygen w i l l  be more r e a d i ly  

g iven up to  plasma to  provide a continuous d i f fu s io n  of oxygen 

to  the t i s s u e  f l u id s ,  lymph and c e l l s .

Death o f  the  c e l l s  o f  the  body is  always due, in  

l a s t  a n a ly s is ,  to  in te r f e r e n c e  with o x id a tio n ,  whether th i s  

i s  brought about by lack  of oxygen, by the p resence of sub­

s tan ces  which i n t e r f e r e  w ith o x id a tio n  or by mechanical in ju ry .
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B a rc ro f t  \1920) observed th a t  "Anoxaemia not only s tops  the  

machine, but wrecks the  m achinery .”

Koehler, Behneman, Benek & Loevenhart il925) dev ised  

experiments on p igs to  a s c e r ta in  th e  e f f e c t  of anoxaemia on 

the  b o d ily  fu n c t io n s .  This work has been r e f e r r e d  to  in  

previous ch ap te rs  and is  now d iscussed  more f u l l y .

They dem onstrated th e  a c id o t ic  n a tu re  of anoxaemia 

and th i s  suggested to  them the p o s s i b i l i t y  th a t  a c id o s is  per 

se might be the  cause of d ea th . They s e t  out to  s tudy  the  

degree of a c id o s is  e x is t in g  a t  the  time of d ea th ,  the r a t e  

of recovery  from i t  and whether th e re  is  a c e r t a in  degree 

of  a c id o s is  produced by anoxaemia which i s  com patible with 

recovery .

The r e s u l t s  were as fo llo w s. The blood r e a c t io n  

during  s u f f i c i e n t l y  severe  anoxaemia and during  the  recovery  

process i s  d ip h a s ic .  m  response to  anoxaemia the  blood 

shows in  the  f i r s t  p lace  a phase of a l k a lo s i s ,  due to  the 

excess ive  lo ss  of carbon d iox ide  during  hyperpnoea. This 

f i r s t  phase has a lso  been dem onstrated in  humans a t  high 

a l t i t u d e  by Haldane, K e llas  & Kennaway i l 9 l 9 ) ,  who found a 

g rea t  d im inu tion  of the t o t a l  ac id  and ammonia normally 

ex c re ted  in  the  u r in e .

In  the  p ig  experiments th e re  followed a phase when the  

f ix ed  a c id s ,  produced as a r e s u l t  of decreased o x id a tio n  in  the 

t i s s u e s  of the  body, compensate f o r  the lo ss  of carbon d iox ide ,



and the blood pH becomes normal. Hollowing th i s  th e re  d ev e l­

oped a most extreme grade of a c id o s is ,  depending on the degree 

and d u ra tio n  of reduced o x id a tio n  (F igure 3 ) .  un r e s to r in g  

the animal to normal atmosphere, the  coma and d i s t r e s s  of reduced
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Figure 5.

o x id a tio n  r a p id ly  d isappeared  and th e re  followed a marked in c re a se  

of th e  pH of the  blood.

In  o rder  to determ ine the  p a r t  p layed by the a c id o s is  

in  the symptomatology of uxygen want, the au thors in je c te d  a



3 per c e n t ,  sodium b ica rbona te  s o lu t io n  in tra v e n o u s ly  in to  a 

s e r i e s  of animals a f t e r  anoxaemia and a c id o s is  had occurred . 

They found th a t  th i s  procedure g r e a t ly  prolonged the  l i f e  of 

the animals - approxim ately  2 .5 tim es as long as the c o n t ro ls .

i t  i s  known th a t  a c id o s is  i s  unfavourable to  ox id ­

a t io n ,  and i t  would seem th a t  a v ic io u s  c i r c l e  i s  being s e t  

up when decreased o x id a tio n  causes a c id o s is ,  and a c id o s is  

f u r th e r  decreases  o x id a tio n , the reby  making i t  more d i f f i c u l t  

fo r  the t i s s u e s  to  u t i l i s e  even the  reduced amount of oxygen 

which i s  a v a i la b le .  The a d m in is t ra t io n  of a l k a l i  d id  seem 

to nave some e f f e c t  in  breaking t h i s  c i r c l e .

iioehler and h is  co-workers found th a t  the  t o t a l  

carbon d iox ide le v e l s  during  anoxaemia were very  low, one 

le v e l  being as low as one volume per ce n t .  This dec rease , 

they  say , was due to  lo s s  by hyperpnoea and n e u t r a l i s a t i o n  

of blood a l k a l i  by n o n -v o la t i le  a c id s .

From experiments in  v i t r o ,  Evans (1922) found th a t  

1 0  mgms. o f  l a c t i c  ac id  added to  1 0 0  c c s .  of blood occasions 

a f a l l  in  carbon d iox ide  of 1.5 v o ls .  per  c e n t . ,  but J e r v e l l  

(1928) s t a t e s  th a t  in  v ivo  the  average f a l l  of a l k a l i  re se rv e  

w ith  an in o rease  of 1 0  mgms. per cen t,  blood l a c t i c  ac id  i s  

2.65 -  3 .98 v o ls .  per  cen t.
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The response of the  c a rd io -v a sc u la r  system to  

anoxia was s tu d ie d  by G ilb e r t  & Greene (1921). They found 

th a t  a co n s tan t e f f e c t  was ta c h y c a rd ia ,  which changed in  th e  

te rm in a l s ta g e s  to  severe  b rad y ca rd ia . There was a lso  an 

exaggerated  s in u s  arrhy thm ia .

In  anim als, i t  was found th a t  anoxia caused p ro ­

lo n g a tio n  of the PR i n t e r v a l ,  and in  some cases led  to  h e a r t  

b lock . This e f f e c t  was a lso  dem onstrated in  humans in  

s e v e ra l  in s ta n c e s .
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CHAPTER VI.

THE THEORETICAL CONCEPTION OF THE AGONAL STATE - I I .

C e l lu la r  R e s p i r a t io n .

From c l i n i c a l  o b se rv a tio n , i t  has been assumed 

th a t  oxygen lack  p lays  a major p a r t  in  the  mechanism of 

dea th , e s p e c ia l ly  in  the l a s t  few hours of l i f e  when, 

as has been shown, r e s p i r a t io n  i s  g r e a t ly  deranged.

I t  i s  n ecessary  now to  consider the e f f e c t  of 

anoxia on the metabolism of the body c e l l s  in  the l i g h t  

of previous experim ental work on th i s  su b je c t .

P as te u r  (1876) had noted th a t  oxygen gas i n h ib i t s  

fe rm en ta tio n , and th a t  c e l l s  become fe rm en ta tiv e  when t h e i r  

v i t a l  a c t io n  i s  p ro tra c te d  in  th e  absence of a i r .

Most s tu d ie s  on anaerobic metabolism have made use 

of y ea s t  and muscle, and i t  has been found th a t  both d e r iv e  

the  energy they  expend through very  s im i la r  m anipula tions of 

t h e i r  carbohydrate  s t a r t i n g  m a te r ia l s ,  and both a re  r e l a t i v e l y  

easy to  work w ith .
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According to  Baldwin (1947) th e re  i s  now evidence 

th a t  t i s s u e s  o th e r  than muscle, such as l i v e r ,  kidney, b ra in ,  

e t c . ,  make use of re a c t io n s  which are  e s s e n t i a l l y  the  same 

as those  employed in  muscle.

In  the  fo llow ing  paragraphs i t  i s  proposed to  s e t  

f o r th  the  accepted th e o r ie s  of anaerobic  metabolism as 

b r i e f l y  as p o s s ib le .

Yeast ju ic e  was found to  be capable of co n v ertin g  

g lucose in to  e th y l  a lco h o l and carbon d iox ide :

C6H1 2 °6  = 2C °2 + 2 CHjjCHgOH

The r a t e  of fe rm en ta tio n , however, begins to  f a l l  

o f f ,  but can be r e s to r e d  by adding in o rgan ic  phosphate to  

the  m ix tu re . As soon as th e  co n c en tra t io n  of f r e e  phosphate 

d e c l in e s  the r a t e  of fe rm en ta tion  slows.

The d isappearance of f r e e  phosphate from the  

ferm enting  system in d ic a te s  th a t  phosphate e s t e r s  a re  being 

formed, and th i s  was in  f a c t  shown to  be the  ca se , th e  sub­

s ta n ce  being  hexose d iphosphate . L a te r ,  o th e r  e s te r s  were 

a lso  d iscovered .

Adenosine t r ip h o sp h a te  a c ts  as a phosphate c a r r i e r  - 

a co-enzyme which has the  power of t r a n s f e r r i n g  i t s  phosphate 

r a d ic l e  to  o th e r  substances , so forming a cha in  of the 

fe rm en ta tio n  r e a c t io n .  In  th e  cyc le  of ev en ts , adenosine
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t r ip h o sp h a te  i s  ev e n tu a l ly  r e - s y n th e s is e d .

So, i t  i s  dem onstrated th a t  phosphate i s  in d is p e n s ib le  

in  the  fe rm en ta tion  r e a c t io n .

Turning to  muscle. I t  i s  known th a t  muscle can 

c o n t ra c t  in  a p e r f e c t ly  normal manner in  complete absence of 

oxygen, but l a c t i c  ac id  i s  produced, and accumulates w ith  

continued s t im u la t io n  u n t i l  in  th e  end the muscle becomes 

fa t ig u e d .

I f  the  f a t ig u e d  muscle i s  then  put in to  oxygen, i t  

recovers  i t s  a b i l i t y  to  c o n t r a c t ,  and l a c t i c  ac id  s im u ltaneously  

d isa p p ea rs .

Phosphates p lay  an im portant p a r t  in  muscle g ly co ­

l y s i s ,  ju s t  as in  y eas t  fe rm en ta tio n , and the  im portant 

co-enzyme i s  c r e a t in e  phosphate (phosphagen), but adenosine 

tr ip h o sp h a te  i s  a lso  p re se n t ,  and i n  th e  p roduc tion  o f  l a c t i c  

ac id  from glycogen by enzymes and co-enzymes, both a re  broken 

down.
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Figure 4 i l l u s t r a t e s  in  ta b u la r  form the  c u r r e n t ly  

accepted  scheme of g ly c o ly s is  as d ep ic te d  by Gemmill ( 1 9 3 y ) .

1. Glycogen + phosphate

2. Glucose -  1 - phosphate

3. Glucose -  6  -  phosphate

4. 2 Hexone -  6  -  phosphate
+ adenosine tr ip h o sp h a te

5. Hexose - 1 - 6  -  diphosphate

6 . d ihydroxyacetone phosphate

7. T riosephosphate

8 . 3 -phosphoglycera te  

y. 2 -phosphoglycera te

1 0 . Phosphopyruvate

11. Pyruvate

g lucose -  1  -  phosphate

glucose -  6  -  phosphate

f ru c to s e  -  6  -  phosphate

adenosine t r ip h o sp h a te
+ 2  hexose - 1 - 6 -d iphosphate

2  t r io sp h o sp h a te

3 - g lyceraldehyde phosphate 

3 - phosphoglycerate

2  -  phosphoglycerate 

pho s phopyruvat e 

pyruvate  -  phosphate 

l a c t a t e

F igure 4.

The re a c t io n s  concerned in  g ly c o ly s is  a re  very  

s im i la r  to  those  in  fe rm en ta tion  u n t i l  the pyruvic ac id  s ta g e  

is  reached . In  y e a s t ,  pyruvic ac id  i s  s p l i t  in to  carbon 

d io x id e  and aceta ldehyde in  the p resence  of ca rboxy lase , but 

in  muscle no carboxylase i s  p re se n t  and pyruvic ac id  i t s e l f  

d isch a rg es  t h i s  fu n c tio n  and i s  reduced to  1 - l a c t i c  ac id .
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I t  i s  not thought necessa ry  to  delve too deeply 

in to  the i n t r i c a c i e s  of m icrobiology and d isc u ss  a t  le n g th  

the b iochem istry  of adenosine tr ip h o sp h a te  and phosphagen, 

and i t  i s  s u f f i c i e n t  to  say th a t  ino rgan ic  phosphorus plays 

an im portant p a r t  in  the energy p roduction  of the  l iv in g  

c e l l  when s u f f i c i e n t  oxygen i s  a v a i la b le  fo r  r e s p i r a t i o n .

On the o th e r  hand, when the t i s s u e  c e l l s  a re  deprived  of 

oxygen th e re  i s  a breakdown of hexose phosphate according to  

M eyerhof's equa tion , w ith form ation  of eq u iv a len t q u a n t i t i e s  

of phosphorus and l a c t i c  ac id .

Franks, B e rr is ,  Kaplan & Myers (1948) found th a t  

in  almost every case of d ia b e t ic  a c id o s is  th e  plasma ino rgan ic  

phosphorus was r a i s e d  above normal, and th a t  i t  f e l l  p r e ­

c ip i to u s ly  a f t e r  the a d m in is t ra t io n  of i n s u l in .  They could 

n o t ,  however, c o r r e l a t e  the le v e l  of plasma phosphorus w ith 

the s e v e r i t y  of the  a c id o s is  and concluded th a t  the phosphorus, 

which has an im portant in te rm ed ia ry  r o le  as a r e s e r v o i r  of 

energy i s  s e t  f r e e  because of la ck  of i n s u l in ,  but i s  immed­

i a t e l y  taken  up again  fo r  the  phosphory la tion  of g lucose when 

in s u l in  is  in je c te d .

The f a t e  of l a c t i c  ac id  and ino rgan ic  phosphorus, 

the  two substances which have been chosen f o r  s tudy  in  the  

p resen t in v e s t ig a t io n ,  may be mentioned b r i e f l y .



Some o f  th e  f re e  phosphate i s  used again  in  the 

various r e a c t io n s  of phosphory la tion , but in  a p e r s i s t e n t  

s t a t e  of anoxaemia i t  is  conceivable th a t  the le v e l  of f r e e  

ino rgan ic  phosphorus w i l l  continue to  r i s e .

Cori & Cori (1936) have shown th a t  any l a c t i c  

ac id  formed in  mammalian muscle in  s i t u  d i f fu s e s  out and i s  

c a r r ie d  by way of the blood stream  to  th e  l i v e r .  There, in  

the  presence of s u f f i c i e n t  oxygen i t  i s  ox id ised  and phosphor- 

y la te d  and b u i l t  up in to  l i v e r  glycogen by r e v e r s a l  o f  the  

g ly c o ly t ic  sequence. In  the  absence o f  s u f f i c i e n t  oxygen, 

the  blood l a c t i c  ac id  w i l l  r i s e .

Aerobic Metabolism.

Only a word need be s a id  reg a rd in g  ae rob ic  metabolism, 

in  o rd e r  to  make th e  p ic tu re  complete.

According to  Baldwin (1947), lo  l a c t i c  ac id  need be 

formed a t  a l l ,  and in s te a d  i t  might be a n t ic ip a te d  t h a t  pyruvic 

ac id  would accumulate in  the m uscle. There i s  no such ev id ­

ence th a t  i t  does, nor i s  th e re  any evidence th a t  much pyruvic 

ac id  escapes from the muscle in to  the  blood.

The conclusion  i s  then th a t  i f  pyruvic a c id  i s  

formed under ae rob ic  co n d it io n s ,  i t  must be ox id ised  and th a t  

i t  i s  the  source of much or a l l  of the  carbon d io x id e  produced 

by an a c t iv e  muscle.



Pyruvic ac id  then , occupies an im portan t p o s i t io n  

in  the  m etabolism of carbohydra te . I t  can be formed e i t h e r  

from glucose ( a f t e r  phosphory lation) or from glycogen ( a f t e r  

p h o sp h o ro ly s is ) by the normal r e a c t io n s  of g ly c o ly s is .
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CHAPTER V II.

THE AUTHOR*S INVESTIGATIONS.

The p re se n t  s e r ie s  comprises 50 p a t i e n t s ,  30 of 

whom a re  male, and 2 0  female.

The number of p a t ie n t s  i n  each age group i s  shown 

in  F igure  5.

Age Group 0 - 2 0 21-30 31-40 41-50 51-60 61-70 71-80

No. of 
P a t ie n ts 5 14 1 1 1 2 6 1 1

Fi& ire 5 .



A c l a s s i f i c a t i o n  o f  th e  d is e a se s  from which the 

s u b je c ts  d ied  i s  recorded in  F igure 6 .

Diseases
No, of 
Cases

R e sp ira to ry  D iseases:

1. Pulmonary Tuberculosis 27
2. B ronch ial Carcinoma 6

D iseases of the Alimentary System:

1. Tuberculous e n t e r i t i s 2
2. Carcinoma of the pancreas 1

Diseases of the C en tra l Nervous System:

1. C erebra l Haemorrhage and Thrombosis 2
2. Tuberculous M eningitis 2
3. T ransverse m y e l i t i s 1

Diseases of the H eart:

1. Congestive Cardiac F a ilu re 5

Combined D iseases:

1. T ubercu losis  of Lungs & I n te s t in e s 2
2. T ubercu losis  of Lungs & Meninges 2

Figure 6 .
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C ontro l es tim ations were done on s ix  su b je c ts  a t  

v a r io u s  times du ring  the s e r i e s ,  the blood and u r in e  being 

c o l le c te d  from h ea lth y  p a t ie n t s  about to  be d ischarged  from 

h o s p i t a l ,  and from co lleagues .

In  o rder to  compare the  read ings  w ith  the  agonal 

ca ses ,  e s t im a tio n s  were a lso  c a r r ie d  out on th re e  p a t i e n t s ,  

one w ith  severe r e n a l  damage who d ied , and two w ith  conges t­

ive  c a rd ia c  f a i l u r e  who recovered .

Complete blood and u r in e  exam ination was not c a r r ie d  

out in  a l l  p a t i e n t s  of the s e r i e s .  As explained  p rev io u s ly ,  

in d iv id u a l  biochemical es tim ations  were added from time to  

time as the s e r ie s  grew in  the l i g h t  of experience gained, 

and o th e rs  were dropped. In  many cases  i t  was im possible  

to  u t i l i s e  the  u r in e  fo r  pH, ammonia and t i t r a t a b l e  a c id i t y  

dete rm ina tions  because of g ross in f e c t io n .

The t o t a l  number of es tim a tio n s  made, excepting  

th e  c o n t ro ls  and i l l u s t r a t i v e  c a ses ,  i s  ta b u la te d  in  

F igure  7.

BLOOD
Plasma b i l i r u b i n  1 0 0  Serum calcium 19
Plasma b icarbonate  131 Plasma p ro te in s  23

Oxygen s a tu r a t io n  Blood u rea  8 8
of venous blood 76
Plasma ch lo rid e s  121 URINE 
Plasma phosphorus 1 2 1  p H  150
Blood l a c t a t e  69 Ammonia & t i t -

r a t a b le  a c id i t y  107 
C hlorides 108

F ig u r e  7 .
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a . Plasma B icarbonate .

Panton & Marrack (1927) give the  fo llow ing  range 

of v a lu es  fo r  plasma b ica rbona te  in  the  normal s t a t e  and 

vary ing  degrees of a c id o s is :

Normal ......................  5 5 - 7 0  v o ls .  carbon d iox ide per ce n t .

S l ig h t  a c id o s is  . . 45 -  55 " " " " n "

Moderate a c id o s is  • 30 -  45 " « » » « ! »  n

Severe a c id o s is  . . under 30 ” " " " " "

The plasma b icarbonate  was determ ined a t  death in  

46 p a t ie n t s  of the  p resen t s e r i e s ,  the mean value being 41 v o ls .  

carbon d iox ide  per cen t,  or 18.3 m.eq. per l i t r e .

Hansen (1948) in  h is  s e r ie s  o f  38 cases found a mean 

value o f  20.5 m.eq. per l i t r e .  In  15 of h is  38 cases , the 

b ica rb o n a te  c o n c en tra t io n  was decreased  to  l e s s  than  2 0  m.eq. 

per l i t r e ,  and he concluded th a t  an ex cess iv e  re d u c t io n  of 

plasma b ica rbona te  r a r e ly  occurs a t  dea th .

Whitney i 1917) made b ica rbona te  de term inations  on 

an u n se lec ted  s e r i e s  of p a t ie n t s  and found acidaemia in  36 

ou t o f  40 cases ; of th e se ,  29 showed a f a l l  in  blood b ica rbon ­

a te  to  l e s s  than 15 m.eq. per l i t r e .

Hansen made a comparative sc a t te rg ram  showing the  

d i f f e re n c e  between h is  own s e r ie s  and th a t  of Whitney1 s .

These a re  reproduced in  Figure 8  and a t h i r d  graph drawn to  

the same s c a le  i s  added showing the  d i s t r i b u t i o n  of va lues  

in  the  a u th o r ’ s s e r i e s .
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a  comparison between the graphs shows th a t  the 

f ig u re s  in  the  p resen t s e r ie s  t a l l y  more c lo s e ly  w ith  those  

of Hansen, a lthough the mean value fo r  plasma b ica rb o n a te  i s  

s l i g h t l y  lower, and the bulk of the  v a lu e s ,  55 per c e n t . ,  a re  

below 20 m.eq. p e r  l i t r e ,  whereas only 3y per c e n t ,  of Hansen’s 

cases had values  below 2 0  m.eq. per l i t r e .

On th e  o th e r  nand, the  mean value of plasma b i ­

ca rbonate  in  Whitney’s s e r ie s  i s  much lower than  in  e i t h e r  

Hansen’s or th e  a u th o r ’ s s e r i e s .

Severa l f a c to r s  may be re sp o n s ib le  fo r  Whitney’ s 

low r e s u l t s

1. Although he excluded cases of d ia b e t ic  coma, th e re  

were inc luded  in  h is  s e r ie s  5 cases in  which r e n a l  fu n c t io n  

was obv iously  impaired;

2. There were s ix  cases of p e rn ic io u s  anaemia, and some 

gave p a r t i c u l a r l y  low b icarbonate  v a lu e s .  I t  has been po in ted  

out in  a previous chap te r  th a t  haemoglobin i s  an im portant 

b u f fe r  of the  blood because of i t s  amount, and th a t  a c id o s is

in  an anaemic p a t i e n t  i s  a much more severe  c o n d i t io n .

3. Whitney used whole blood to  determ ine the  b ica rbona te  

c o n c e n tra t io n  b rin g in g  i t  to  a te n s io n  of 40 mms. of mercury.

I t  i s  known th a t  the  carbon d iox ide  te n s io n  of e ry th ro c y te s  

i s  s l i g h t l y  lower than th a t  of plasma.
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To exp la in  the h igher values  in  h is  own cases 

compared w ith those of ’Whitney’s ,  Hansen mentions the  f a c to r s  

s e t  out above, and a lso  suggests  th a t  trea tm en t aimed a t  

c o r r e c t in g  the  ac id o s is  in  1 1  of h is  cases might have had 

some e f f e c t  i n  r a i s i n g  the mean v a lu e , although he p o in ts  

out th a t  th e re  was no s ig n i f i c a n t  d i f f e re n c e  between the  

mean b ica rb o n a te  va lue  of the  11 t r e a te d  cases 121.5 m.eq. 

per l i t r e )  and the  remainder ( 2 0 . 2  m.eq. per l i t r e ) .

In  a l l  Whitney’s ca ses , b ica rbona te  e s tim a tio n s  

were done on blood taken a f t e r  d ea th ,  as in  th e  a u th o r ’s 

s e r i e s ,  whereas in  7 of  H a n s e ls  ca ses ,  the  blood used f o r  

e s t im a tio n  was withdrawn by venepuncture w ith in  24 hours of 

d ea th .

The mean value of th e se  cases works ou t a t  22.2 

m.eq. per l i t r e  and th e re fo re  has some e f f e c t  in  r a i s in g  the  

mean value o f  the whole s e r i e s .

In  the  a u th o r ’s s e r i e s ,  blood from 17 cases was 

examined w ith in  24 hours cf dea th  g iv ing  a mean b icarbonate  

value of 18.7 m.eq. per l i t r e  compared w ith  18.3 m.eq. per 

l i t r e  a t  dea th  fo r  the whole s e r ie s  of 46 ca se s .  The 

d i f fe re n c e  i s  not s ig n i f i c a n t .

Hansen attem pted to  r e l a t e  th e  degree of a c id o s is  

to  c e r t a in  d ise a se s  or group of d is e a s e s ,  but a review  of 

h is  case reco rd s  d id  not r e v e a l  any such r e l a t i o n ,  and he
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concluded th a t  the  a c id o s is  in  the  p a t ie n t s  he examined was 

8 common agonal phenomenon.

In  th e  a u th o r ‘s s e r i e s ,  a s im i la r  attem pt was made 

to  r e l a t e  the  le v e l  of plasma b ic a rb o n a te  a t  death  w ith  groups 

of d is e a s e s ,  the  r e s u l t s  being shown in  F igure 9.

D iseases Vols.
C0 2%

m.eq. 
per l i t r e

No. of 
Cases

Pulmonary 41.1 18.3 30

A lim entary 32.3 14.3 3

C en tra l  Nervous System 47.6 2 1 . 2 6

C ard io -v ascu la r  System 36.8 16.4 5

Combined d ise a se s 45.0
■4

2 0 . 0 2

Figure 9.

I t  w i l l  be seen th a t  th e  lowest va lues  were recorded  

in  p a t i e n t s  dying of g a s t r o - i n t e s t i n a l  d i s e a s e .  The number 

of cases i s  sm all and in  each the  le s io n  was tubercu lous  u l c e r ­

a t io n  of the  i n t e s t i n e s  w ith  f requen t passage of loose  s to o l s .  

The lo s s  o f  base in  such cases w ith  prolonged d ia rrh o ea  i s  

co n s id e rab le  and no doubt is  the reason  fo r  the  very  low 

b ic a rb o n a te  v a lu es .



In  th e  5 p a t ie n t s  who d ied  of congestive  ca rd iac  

f a i l u r e ,  one of  them a lso  su f fe r in g  from subacute b a c t e r i a l  

e n d o c a rd i t i s ,  the mean b icarbonate  value  a t  d ea th  was 16.4 

m.eq. per ± i t r e ,  which i s  con s id erab ly  below the  lower l im i t  

of n o rm a li ty .  C o n f lic t in g  views as to  the behaviour of 

the  plasma b ica rbona te  in  congestive  ca rd iac  f a i l u r e  appear 

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

Campbell, Hunt & Poulton  il923) found th a t  th e re  

was no g re a t  change from the  normal l im i t s  of carbon d iox ide  

combining power i n  a u r ic u la r  f i b r i l l a t i o n  and o th e r  forms of 

ta c h y c a rd ia  u n le ss  conspicuous s igns of ca rd iac  f a i l u r e  had 

developed, in  which case i t  was low.

un th e  o th e r  hand, Meakins & Davies in v e s t ig a t in g  

cases  o f  c i r c u la to r y  f a i l u r e  w ith  venous congestion  found 

th e  carbon d iox ide  combining power to  be s l i g h t l y  r a i s e d  i f  

any th ing , and a t t r i b u t e  t h i s  to  the f a c t  th a t  most of t h e i r  

cases had emphysema, th e  ca rd iac  f a i l u r e  being secondary.

A fte r  s tudy ing  a number of cases of c a rd io - r e n a l  

d is e a s e ,  in  which dyspnoea was a marked f e a tu r e ,  Lewis, R y ffe l ,  

Wolf, Cotton & B a rc ro f t  il913) came to  the conc lus ion  th a t  

a c id o s is  was a co ns tan t f e a tu re ,  although they f a i l e d  to  

dem onstrate th e  presence of l a c t i c  or o the r  abnormal ac ids  

in  the blood.
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P e te rs  & Barr (1920-21) came to the  conc lusion  th a t  

ca rd iac  decompensation is  sometimes a s so c ia te d  w ith a r e a l  

red u c t io n  of the  a l k a l i  re se rv e  o f  the blood, which d i s ­

appears when compensation i s  r e - e s t a b l i s h e d .  The f in d in g s  

in  Cases A and B l i s t e d  in  the Appendix to  t h i s  th e s i s  tend 

to  confirm  P e te rs  & B a r r 's  view.

Although th e  t o t a l  carbon d iox ide  conten t o f  the 

blood may be r a i s e d  in  a case of re c e n t  congestive  ca rd iac  

f a i l u r e  due to  carbon d iox ide r e t e n t io n  and in c re a se  in  

carbon d iox ide  te n s io n ,  i t  i s  suggested , from the  f ig u re s  

a v a i la b le  i n  the p re se n t  cases , th a t  the plasma b ic a rb o n a te ,  

es tim a ted  a f t e r  being brought to normal a lv e o la r  carbon d i ­

oxide te n s io n ,  w i l l  f a l l  f a r  below normal, e s p e c ia l ly  a t  death  

and a f t e r  a prolonged i l l n e s s .

I t  w i l l  be shown in  a fo llow ing  ch ap te r  th a t  the  

c o -e x is t in g  anoxaemia induces a g re a t  r i s e  in  ac id  m e ta b o l i te s ,  

e s p e c ia l ly  l a c t i c  ac id ,  which in  tu rn  have a profound e f f e c t  

in  lowering th e  le v e l  o f  the plasma b ic a rb o n a te .

In  th e  30 cases dying of pulmonary le s io n s  the  mean 

plasma b ica rb o n a te  reading  a t  d ea th  was 18.3  m.eq. per l i t r e ,  

which was in  f a c t  the mean fo r  th e  whole s e r i e s .

The bulk of the p a t ie n ts  were s u f fe r in g  from pulmonary 

tu b e rc u lo s i s ,  and the m a jo r i ty  of th e se  had a prolonged i l l n e s s .

This moderate f a l l  in  plasma b ica rb o n a te  i s  in  

agreement w ith  the f in d in g s  of Hansen, who a lso  inc luded



many cases of pulmonary tu b e rc u lo s is  in  h is  s e r i e s .

Dautrebande & Davies however s t a t e  th a t  they  found 

an average in c re ase  of y v o ls .  per cen t,  in  the a l k a l i  re se rv e  

of 7 cases of ex tensive  pulmonary tu b e rc u lo s i s .  They do 

not s t a t e  whether the p a t ie n ts  were moribund or whether th e i r  

d is e a se  was c o n t ro l le d ,  and i t  i s  considered  th a t  w ithout 

th i s  in fo rm ation , no conclusions can be drawn, which can be 

used as a comparison w ith those uf the p resen t s e r i e s .

Several cases in  the a u th o r 's  s e r i e s  d ied  w ith  an 

a r t i f i c i a l  pneumothorax which had been induced and r e - f i l l e d  

during  the  i l l n e s s .  i t  i s  n o t considered  l i k e l y  th a t  t h i s  

a f f e c te d  the plasma b icarbonate  to  any s ig n i f i c a n t  degree , 

a lthough Meakins & Davies (1923) showed ex p e rim en ta lly  t h a t  

by c o l la p s in g  a d iseased  lung by a r t i f i c i a l  pneumothorax, a 

compensated gaseous a c id o s is ,  such as occurs in  emphysema, 

could be converted in to  a compensated non-gaseous a l k a lo s i s ,  

due to  shun ting  of blood from the  d ise ase d  to  the  sound lung.

In  th e se  experiments they  a lso  found th a t  the u r in e  changed 

from an ac id  to  a lk a l in e  r e a c t io n ,  and th a t  the  kidneys 

ceased to  form ammonia.

Packard, Hayes & Blanchet (1940) s t a t e  th a t  o b se r ­

v a t io n s  on the gaseous content of a r t e r i a l  blood in  cases 

of pulmonary tu b e rc u lo s is  w ith  u n i l a t e r a l  pneumothorax in d ic a te  

th a t  th e  blood is  norm ally s a tu ra te d  w ith  oxygen and th a t



th e re  a re  no s ig n i f i c a n t  v a r ia t io n s  in  the  carbon d iox ide  

c o n ten t .

I t  i s  probable th a t  Meakins & Davies i l9  25) were 

unable to  dem onstrate the blood and u r in e  changes in  t h e i r  

cases because a t  the  time t h e i r  experiments were performed, 

a r t i f i c i a l  pneumothorax was completed qu ick ly , u s u a l ly  w ith in  

24 hours , whereas the modern method i s  to  co l lap se  the  lung 

g ra d u a l ly  by sm all r e - f i l l s  over a number of weeks.

The mean reading  of 21.2 m.eq. per l i t r e  found in  

the  6  cases dying from d iseases  o f  the c e n t r a l  nervous system 

is  the h ig h e s t  fo r  the f iv e  groups l i s t e d .  In  fou r of the 

p a t ie n t s  the  d u ra t io n  of i l l n e s s  was sh o r t  compared w ith 

those  dying of pulmonary tu b e rc u lo s is  or carcinoma of th e  

bronchus. Two had c e re b ra l  haemorrhage and d ied  w ith in  a 

few days of the o n se t ;  two had tubercu lous m e n in g i t is ,  dying 

w ith in  21 days o f  u n se t ,  One p a t ie n t  had pulmonary tu b e r ­

c u lo s i s ,  but d ied of tuberculous m e n in g i t is ,  and the s ix th  

case died from tra n sv e rs e  m y e l i t i s  a f t e r  a r a th e r  prolonged 

i l l n e s s .

The mean plasma b icarbonate  of 21.2 m.eq. per l i t r e  

although  the n ig h e s t  in  the group is  s t i l l  a low f ig u r e .

I t  i s  thought from th i s  th a t  the s h o r te r  the  d u ra t io n  of the 

d ise a se  the  l e s s  w i l l  the plasma b ica rbona te  be depressed  a t  

dea th .



However, th e  conclusion  th a t  the  plasma b ica rbona te  

l e v e l  i s  g e n e ra l ly  below normal a t  death  agrees w ith  both 

Whitney1s and Hansen’s f in d in g s .

A composite graph has been prepared from a l l  the  cases 

in  which the plasma b icarbonate  was es tim a ted , showing the 

average of the  read ings  un the various days cefore  death  

iF igure  1 0 ).
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The .Largest number of de term inations were performed 

in  the  f iv e  days befo re  dea th , and so the mean read ings  tend  

to g ive a more accu ra te  p ic tu re  of the changes in  th i s  p e r io d .
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Elsewhere in  the  graph the  p o in ts  were p lo t t e d  from the mean 

of fewer de te rm in a tio n s  and so tend to  f l u c tu a te .

I t  w i l l  be seen th a t  th e re  tends to  be a s teady  

although not a marked f a l l  in  plasma b ica rb o n a te  as death  

approaches. The f a l l  seems to be more co n s tan t from about 

the t h i r d  day befo re  dea th .

b. Haemoglobin : Oxygen S a tu ra t io n  of the Blood.

In  o rder  to  a r r iv e  a t  the  a c tu a l  oxygen s a tu r a t io n  

of a sample o f  blood, the haemoglobin con ten t was f i r s t  d e t e r ­

mined. A S ah ii  instrum ent newly c a l ib r a te d  to  measure 14 g. 

haemoglobin a t  ± 0 0  per ce n t ,  was used throughout the work. 

i4  g. haemoglobin w i l l  c a r ry  20.2 v o ls .  oxygen per cen t.  

IHaldane, 1920) and so the  p o te n t ia l  oxygen c a p a c i ty  of a 

sample of blood may be a r r iv e d  a t .

H aldane’s gas a n a ly s is  appara tu s  was used to  d e t e r ­

mine the oxygen u n sa tu ra t io n  of a sample o f  blood, and so by 

s u b t r a c t io n  from the p o te n t i a l  oxygen c a p a c i ty  the  a c tu a l  

oxygen s a tu r a t io n  was found.

Composite graphs (F igures 11 & 12) show th e  means 

of a l l  th e  cases f o r  haemoglobin and oxygen s a tu r a t io n  on the 

various days befo re  dea th .

As reg a rd s  haemoglobin, i t  w i l l  be seen th a t  the  

c o n c e n tra t io n  s t e a d i l y  f a l l s  as dea th  approaches, except in
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the e s t im a tio n s  done 24 hours before  d ea th ,  and im m ediately 

a f t e r  d ea th ,  when th e re  i s  a sudden r i s e  of about 15 per  ce n t.  

There i s  l i t t l e  doubt th a t  t h i s  te rm in a l r i s e  i s  due to  

haem o-concentra tion , which a lso  corresponds with the p e r io d  

when th e  dying p a t i e n t  u s u a l ly  becomes comatose or semi- 

comatose, i s  co l lap se d  and re c e iv e s  l i t t l e  f lu id .

Hansen does not reco rd  haemoglobin f in d in g s  in  h is  

s e r ie s  but observes th a t  the  f in d in g  of very  high values fo r  

oxygen c a p a c i ty  a t  dea th  undoubtedly s i g n i f i e s  a co n s id e rab le  

haem o-concentra tion . Hansen a lso  noted  th a t  haem o-concentra tion  

might be s im ula ted  by in t r a - c a r d ia c  sed im en ta tion  of e r y th ro ­

cy tes  p o s t-m o r ta l ly .  Samples may be withdrawn which a re

p a r t i c u l a r l y  r i c h  or poor in  e ry th ro c y te s  depending on the  

p o s i t io n  of the needle  t i p  in  the h e a r t  chamber.

I t  i s  the  a u th o r 's  experience t h a t  t h i s  can c e r t a i n l y  

occur, but by withdrawing the blood w ith in  10 minutes of d ea th  

any g re a t  change can be avoided. I t  can a lso  be seen from 

F igure  12 th a t  sed im enta tion  of e ry th ro c y te s  i s  not th e  whole 

answer, s in ce  the read in g  a t  24 hours befo re  dea th  i s  a l so  

high, y e t  th e se  blood samples were taken by venepuncture.

The oxygen content of venous blood i s  not an ac c u ra te  

guide to  the corresponding oxygen con ten t o f  a r t e r i a l  blood, 

but i f  c e r t a i n  p recau tio n s  a re  taken  and c o n d i t io n s  a re  

s ta n d a rd ise d  between p a t i e n t  and p a t i e n t ,  genera l conc lusions
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may be drawn from the  venous oxygen s a tu r a t io n .

Meakins & Davies (1920) showed th a t  the r e l a t i o n  

between oxygen s a tu r a t io n  of a r t e r i a l  and venous blood may 

vary  50- fo ld  through the in f lu en c e  of e x te rn a l  tem pera tu re .

F igure  13 s e t s  out some of t h e i r  f in d in g s  showing 

the  v a r ia t io n s  in  venous oxygen s a tu r a t io n  when th e  temper­

a tu re  of  the arm i s  v a r ie d .

I t  w i l l  be seen th a t  by immersing the arm in  a 

"/ater b a th  a t  a tem perature  of 45° C. fo r  10 m inutes, the 

oxygen s a tu r a t io n  of venous blood c lo s e ly  approximates to  

th a t  of a r t e r i a l  blood.

Condition  o f  Arm a t  Time 
of Experiment

Oxygen s a t u r ­
a t io n  o f  venous 

blood io.

Remarks as to  
co lour o f  sk in  

of arm

Normal c o n d i t io n s 56.4 Normal

Exposed to  cool atmosphere 34.9 F a in t  b lueness

Exposed to  co ld  atmosphere 0 .0 Very b lue

Arm immersed in  w ater bath 
a t  45°C. f o r  10 minutes 94.2 Very pink

Arm immersed in  w ater ba th  
a t  45°C. fo r  20 minutes 94.2 Very pink

F ig u r e  1 5 .
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in  the  a u th o r 's  s e r i e s  of ca ses ,  i t  was f e l t  th a t  

the most convenient s tandard  c o n d i t io n  would be to  have the 

arm kept under the  bedclo thes  c lo se  to  the  s id e  of the body 

fo r  about 10 m inutes p r io r  to v en e sec t io n .

Hansen a l s o  used venous blood and blood from th e  

l e f t  v e n t r i c l e  in  making h is  oxygen s a tu r a t io n  d e te rm in a tio n s ,  

and concluded th a t  i t  made l i t t l e  d i f fe re n c e  whether venous 

or ’’c a rd ia c ” b lood was used, the  r e s u l t s  being s im i la r .  He 

mentions th a t  the  oxygen values  in  h is  s e r ie s  should be 

accepted  w ith  re s e rv e .

reabody tl9 1 3 j in v e s t ig a te d  th e  changes in  the  oxygen 

conten t o f  venous blood in  v a r io u s  cases o f  pneumonia. He 

recognised  th a t  the oxygen conten t of venous blood may vary  

w idely , but in  h e a l th  th e  average i s  u s u a l ly  around 10 ccs. 

per 100 ccs . blood w ith  a v a r i a t io n  between y .23 and 15.02 ccs . 

per ce n t .

Feabody’s s e r ie s  was of 10 f a t a l  cases  of pneumonia, 

and he observed th e  oxygen conten t of venous blood a t  vary ing  

in te r v a l s  up to  d ea th ,  and in  one case im m ediately  a f t e r  d ea th . 

In a l l  th e  ca ses ,  the  f a l l  in  oxygen con ten t was p ro g re s s iv e ,  

fo r  example blood tak en  two hours, one hour and 30 m inutes 

before d ea th  con ta ined  4 .6 8 , 2 .3  and 2.07 c c s .  oxygen per c e n t . ,  

and a specimen tak en  f iv e  minutes a f t e r  death  con ta ined  no 

oxygen.
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Reference to  th e  composite graph iF igure  i l )  o f  

oxygen s a tu r a t io n  v a lu es  in  the  p re se n t  s e r i e s  shows th a t  

th e re  i s  a f a i r l y  wide f lu c tu a t io n  except in  the l a s t  two 

or th re e  days before dea th , when the  oxygen s a tu r a t io n  tends 

c o n s i s t e n t ly  to  f a i l .  The values a t  dea th  in  blood w i th ­

drawn from the  h e a r t  -  presumably from the  l e f t  v e n t r i c l e  - 

a re  always low, the mean being 0 .6  cc s .  per cen t.

The conc lus ion  i s  reached th en , th a t  as d ea th  

approaches, the oxygen conten t of venous blood f a l l s ,  and 

th a t  t h i s  f a l l  i s  marked during the l a s t  th re e  days before  

d ea th .  In  g en e ra l  i t  can be assumed th a t  th e se  f ig u re s  

a re  a r e f l e c t i o n  of the oxygen con ten t o f  a r t e r i a l  blood, 

which a lso  f a l l s  s t e a d i l y  as dea th  approaches.

The b ea rin g  which t h i s  dem onstrated anoxaemia has 

on the  o th e r  blood substances es tim a ted  w i l l  be r e f e r r e d  to  

under the  a p p ro p r ia te  headings in  the fo llow ing  pages.

c . Serum Calcium.

When the  p re se n t  work was commenced, i t  was decided 

to s tu d y  th e  behaviour of the serum calcium in  dying p a t i e n t s .

Nine p a t i e n t s  were s tu d ie d  and 19 calcium  determ in ­

a t io n s  were made, th e  r e s u l t s  being recorded  as a composite 

graph in  F igure 14.
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I t  w i l l  be seen th a t  th e re  i s  no s ig n i f i c a n t  v a r i a t i o n  

in  serum calcium  le v e ls  from the  normal range of 9 to  11.5 mgms. 

per c e n t .  (Hawk, Oser & Summerson, 1947), and the  mean value 

a t  dea th  was 9 .8  mgms. per ce n t.

Hansen did not inc lude  the  serum calcium  in  h is  

study , and no o th e r  re le v a n t  r e fe re n c e  to  the  su b je c t  appears 

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

I t  i s  known th a t  the  calcium con ten t of the  blood 

f a l l s  in  chronic  n e p h r i t i s .  Graham & Morris s t a t e  th a t  almost 

the  t o t a l  f a l l  in  th e  f ix ed  base o f  serum i s  r e s t r i c t e d  to  

sodium and calcium  in  t h i s  d is e a s e .  o tew art & Dunlop s t a t e  

th a t  an a c id o s is  causes a t  f i r s t  an in c re a se  in  the  calcium 

of the blood, but th a t  i f  the a c id o s is  co n tin u es , in c reased  

e x c re t io n  of calcium  may lead  to  an u l t im a te  low ering  o f  the  

blood calcium .

I t  seems th a t  the a c id o s is  in  the  agonal s t a t e  i s  

not prolonged enough to  cause much a l t e r a t i o n  i n  th e  l e v e l  

of serum calcium .

I t  was n o t  considered worthwhile to  con tinue  th e  

study  of serum calcium  in  the rem aining cases o f th e  s e r i e s  

and i t  was concluded th a t  no s i g n i f i c a n t  a l t e r a t i o n  in  the  

serum calcium  occurs in  the  agonal or p re -agona l s t a t e .
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d. Plasma P r o te in s .

Tw enty-three es tim a tio n s  of t o t a l  plasma p ro te in s  

were made in  e ig h t  p a t i e n t s .  The r e s u l t s  a re  shown by means 

of a composite graph (F igure 14).

The g rav im e tr ic  method o f  e s t im a tin g  the plasma 

p ro te in s  was used ( P h i l l i p s ,  Van S lyke, Dole, Emerson,

Hamilton & A rch iba ld , 1943). This method was found to  g ive 

accu ra te  r e s u l t s  by Dimson & McMartin (1946) in  th e  course 

of t h e i r  work on blood a n a ly s is  in  Pamaquin haem oglobinuria .

The average f ig u re s  in  th e  p resen t s e r ie s  o f  cases  

do not r e v e a l  any marked change in  the le v e l  of plasma p ro te in  

a t  dea th  or in  the preceding  days.

The normal range o f  t o t a l  plasma p ro te in s  i s  s t a te d  

v a r io u s ly  to  be 6 .2  to  8.0 gm. per 100 ccs .  (Moore & Van Slyke, 

1930), 6 .1  to  9 .6  gm. per 100 c c s .  (Hawk, Oser & Summerson, 

1947) and 5 .8  to 8 . 6  gm. per 100 ccs . (M artinda le , 1943).

The g en e ra l  le v e ls  fo r  the s e r i e s  of cases  s tu d ie d  

tend to  be towards the lower l i m i t  o f  n o rm a li ty ,  or in  some 

cases below normal. The mean f ig u re  fo r  plasma p ro te in s  

a t  death  in  the p re se n t  s e r i e s  i s  5 .44 g. p e r  100 c c s .

A long  drawn o u t,  d e b i l i t a t i n g  i l l n e s s  might be 

expected to  lower the plasma p ro te in s  g ra d u a l ly .  C uthbertson  

(1948) l i s t s  th e  causes of p ro te in  d e p le t io n  and in c lu d es  

lo ss  due to  in f e c t io n  and lo s s  due to  d isu se  or r e f l e x



a trophy  (o f muscle t i s s u e ) ,  both of which seem a p p lica b le  to  

the m a jo r i ty  of p a t i e n t s  s tu d ied  in  the  p resen t s e r i e s .

The f in d in g s  in  Case No. 8  may be taken  as an 

example. The p a t i e n t  was adm itted  to  h o s p i ta l  on 20.4.1947 

‘w ith  t ra n s v e rs e  m y e l i t i s  which never recovered . His co n d it io n  

g ra d u a l ly  d e te r io r a te d  and he developed ex ten s iv e  bedsores , 

chronic u r in a ry  in f e c t io n  and l a t t e r l y  oedema.

The plasma p ro te in s  on 9.7.1947 were 4.6  grammes 

per c e n t . ,  and one month l a t e r  on 8 .8 .1947 when he d ied  they  

were 3 .9  grammes per ce n t .

Hansen found normal and low v a lu es  w ith  almost 

equal frequency in  blood taken a t  dea th  or s h o r t ly  b e fo re .

He thought th a t  s e v e ra l  of h is  normal va lu es  should have 

been low er, and had been masked by haem o-concentration .

H is conc lusion  th a t  an agonal decrease  in  plasma 

p ro te in s  i s  r a th e r  common i s  supported  by th e  f in d in g s  in  

the a u th o r ’s s e r i e s .

No sudden change in  plasma p ro te in  v a lu es  has been 

dem onstrated , and i t  i s  thought reaso n ab le  th a t  th e  gen e r­

a l ly  low le v e l  i s  due to  the n eg a tiv e  n i t ro g e n  balance 

u s u a l ly  found in  p a t i e n t s  s u f f e r in g  from a d e b i l i t a t i n g  

i l l n e s s  and in f e c t io n .
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e . Blood Urea.

The q u es t io n  of p r o te in  metabolism in  the dying 

would r e q u i r e  a complete s tudy  in  i t s e l f  and i t  i s  not the  

in te n t io n  in  the  p resen t th e s i s  to  undertake t h i s  ta sk .

The blood u rea ,  however, was es tim ated  in  order 

to  f in d  ou t i f  any co n s tan t changes in  i t s  l e v e l  occurred 

a t  dea th  and in  the  days p reced ing , and to  c o r r e la t e  any 

changes w ith  those  of o th e r  su b s tan ces .

S tew art & Dunlop (1930) adv ise  th a t  the blood 

u rea  should be th e  substance of choice fo r  e s t im a tio n  when 

derangement of the  blood non p r o te in  n i tro g en  i s  expected.

I t  i s  q u a n t i t a t i v e l y  the  most im portan t,  and in  d ise a se  

shows the w idest range of v a r i a t io n .

The normal blood u rea  f ig u re  i s  20 - 40 mgms. per  

100 ml. of whole blood (M artinda le , 1943) and the  mean 

f ig u re  a t  dea th  i n  the  p re se n t s e r i e s  was 87 mgns. per 100 

ml.

As shown in  F igure 15 th e  tendency was f o r  the 

blood u rea  c o n c e n tra t io n  to r i s e  g ra d u a l ly  as dea th  approached, 

e s p e c ia l ly  during  the l a s t  ten days.
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Hansen a ls o  concluded th a t  agonal uraemia i s  very- 

common, The mean blood u rea  f o r  the cases i n  h is  s e r ie s  

was 7 6 .y mgms. per  c e n t . ,  which corresponds f a i r l y  c lo s e ly  

to  t h a t  o f  the  a u th o r ’s s e r i e s ,  and both  agree w ith those  

of Whitney, who a l s o  found an  agonal in c re a se  in  blood u rea .

To account fo r  t h i s  agonal azotaem ia, Whitney pu ts  

forward the  view th a t  the r i s e  i n  u re a  i s  r e l a t e d  to  t i s s u e  

breakdown, and secondly  th a t  p re - te rm in a l  red u c tio n  in  

kidney fu n c tio n  f u r th e r  c o n t r ib u te s  to  the development and 

maintenance o f  the  azotaem ia.

Baldwin (1947) w r i te s :  "For some time befo re

death  ensues th e re  i s  a sm all but f a i r l y  co n s tan t d a i ly  

e x c re t io n  of n i t ro g e n ,  the  magnitude o f  which may be taken 

as an index to  the  amount of p ro te in  being broken down in  the  

body. Death i t s e l f  i s  hera lded  by a sudden extreme r i s e  in  

th e  r a t e  of n itro g en o u s  ex c re t io n  known as the  "p re -m o rta l"  

r i s e ,  and th i s  begins when the a v a i la b le  carbohydra te  and f a t  

re se rv e s  of the  t i s s u e s  have been exhausted , and the organism 

is  l e f t  w ith  o n ly  i t s  t i s s u e  p ro te in s  as a source of energy 

p roduction , so th a t  a la rg e  s c a le  deg rada tion  of  p ro te in  

b e g in s .w

I t  i s  known th a t  a high ca rbohydrate  in ta k e  w i l l  

depress endogenous p ro te in  ka tabo lism  (B u ll,  ejb a l . , iy4y )



83
and so i t  can be assumed th a t  in  the te rm in a l s t a t e ,  when 

l i t t l e  or no food i s  being taken th a t  carbohydrate  in ta k e  

is  low or sometimes n i l  and th a t  consequently  th e re  i s  an 

in c re a se  in  endogenous p ro te in  katabo lism .

Cuthbertson  i l9 4 8 ) ,  d is c u s s in g  p r o te in  metabolism, 

says th a t  fo r  every  degree F ah ren h e it  r i s e  in  tem perature 

th e re  i s  a 7 per c e n t ,  in c re ase  in  the  b asa l metabolism.

When a p p e t i t e  f a i l s  during  fe v e r ,  the  energy re q u ire d  comes 

from a u t i l i s a t i o n  of the t i s s u e s ,  in d ic a te d  by an in c re ase d  

e x c re t io n  o f  n i t ro g e n .  This s i t u a t i o n  i s  r a th e r  analogous 

to  s ta r v a t io n ,  where some 13 per c e n t ,  o f  the energy expended 

comes from p r o te in .

Borst i 1948) in  h is  paper on P ro te in  ca tab o lism  

in  Uraemia, found th a t  in fe c t io n s  appeared to  have a d e le te r io u s  

e f f e c t  on a l l  p a t i e n t s  w ith  r e n a l  in s u f f ic ie n c y ;  even in  

minor in f e c t io n s  p ro te in  katabolism  was d e f i n i t e l y  in c re a se d .

In  one of  h i s  p a t ie n t s  iCase 2) th e re  was a rap id  

r i s e  in  the blood u re a  le v e l ,  p a r t l y  due to  r e n a l  in s u f f ic ie n c y ,  

and p a r t l y  due to  a cons iderab le  form ation  o f  u rea  probably  

brought about by bronchopneumonia causing  an ex ten s iv e  wastage 

of p r o te in  in  the  days immediately preceding dea th .

The g re a t  m a jo r i ty  of dying p a t i e n t s  ta k e  very  l i t t l e  

food during  the  s e v e ra l  days befo re  dea th , and in  most th e re  

is  p y rex ia .  I t  seems l i k e l y  then  th a t  some a t  l e a s t  of the



in c re a se  in  blood u rea  co n c en tra t io n  i s  due to  in c re ased  t i s s u e  

breakdown.

The azotaem ia may a lso  be p a r t ly  accounted f o r  by 

th e  mechanism of e x t r a - r e n a l  uraemia which Zondek 11948) has 

e x te n s iv e ly  s tu d ie d .

E x tr a - re n a l  uraemia occurs in  d ise a se s  not p r im a r i ly  

in v o lv in g  the  k idneys , and r e n a l  f a i l u r e  in  such cases  seems 

to be of a fu n c t io n a l  n a tu re .  A c h a r a c t e r i s t i c  of e x t r a -  

r e n a l  azotaem ia, according  to  Zondek, i s  in c re ased  endogenous 

breakdown of p r o te in  which can be diagnosed by in c re a s e  in  

the n o n -p ro te in  n i t ro g e n  in  the blood and d is s o c ia t io n  of 

the urea-sodium  c h lo r id e  ex c re t io n  in  the u r in e  l l a rg e  

q u a n t i t i e s  o f  urea and sm all q u a n t i t i e s  of sodium c h lo r id e ) .

E x tr a - re n a l  azotaemia occurs in  various  co n d it io n s  

such as burns, c ru sh in g , s u rg ic a l  shock and genera l in f e c t io n s  

such as W eil’s d is e a s e ,  and Smith (1945) p o in ts  out the 

c o n s ta n t ly  in c re a se d  blood urea le v e ls  in  severe  haematemesis 

which i s  probably  a l s o  a m a n ife s ta t io n  o f  t h i s  syndrome.

Although no evidence o f  g ross  r e n a l  f a i l u r e  was found 

in  the  p re se n t  s e r i e s  as judged by th e  continued  a b i l i t y  of 

the kidneys to  form and ex c re te  ammonia, i t  i s  thought th a t  

Zondek’ s e x t r a - r e n a l  azotaemia occurred  to  some e x te n t  in  th e  

l a s t  24 or  even 48 hours befo re  d ea th .
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In  t h i s  period  th e  p a t i e n t  was u s u a l ly  semi- 

comatose or even comatose, could no t take  f l u i d ,  and was in  

a s t a t e  of c o l la p s e ,  with a weak, th read y  p u lse .  I t  w i l l  

be shown in  the s e c t io n  d ea lin g  w ith  u r in e  th a t  in  se v e ra l  

cases  the  c o n c e n tra t io n  of u r in a ry  ammonia f e l l  in  the 

specimen tak en  from the b ladder a t  dea th , in d ic a t in g  a 

p o s s ib le  k idney d y sfunc tion  s h o r t ly  b e fo re  death .

I t  has been p o ss ib le  only  to  dem onstrate the  

behaviour of  the blood u rea  le v e l  i n  the p re - te rm in a l  s t a t e  

and to  make t e n t a t i v e  suggestions as to  th e  cause of  the  

changes found. C o r re la t io n  w ith  o th e r  blood and u r in e  

c o n s t i tu e n ts  w i l l  be made in  a fo llow ing  c h a p te r .  To make 

any more dogmatic s ta tem ent reg a rd in g  p ro te in  metabolism a t  

death  would r e q u i r e  much more e x te n s iv e  in v e s t ig a t io n  than  

has been a ttem pted  here .

f .  Plasma B i l i r u b i n .

The plasma b i l i r u b i n  was es tim ated  in  35 cases  of 

the s e r i e s  a t  v a r io u s  tim es in  the p re -ag o n a l s t a t e ,  and 

immediately a f t e r  dea th . One Case, No. 27, was excluded 

because of jaund ice  caused by secondary carcinoma of the  l i v e r .

The e s t im a tio n  of plasma b i l i r u b i n  was inc luded  

because i n  th e  e a r l i e r  cases s tu d ied  i t  was n o tic ed  th a t  th e  

plasma a t  dea th  was c o n s i s te n t ly  i c t e r i c  in  co lou r.
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Other yellow  pigments such as c a ro t in o id s  may appear 

in  the plasma in  cases of d ia b e te s ,  in  s t a rv a t io n ,  and in  

in d iv id u a ls  who have been tak in g  a d i e t  very r i c h  in  v eg e tab les  

(S tew art & Dunlop, 1930). In  o rd e r  to  exclude th ese  pigments 

the d iazo  method of measuring the plasma b i l i r u b i n  was used.

Lups & Franeke (1947) dem onstrated the  occurrence 

of a f u r th e r  yellow pigment d i f f e r e n t  from b i l i r u b i n  and 

c a ro t in o id s  in  th e  se ra  of h e a l th y  persons and i c t e r i c  p a t i e n t s .  

I t s  presence was dem onstrated in  v a r io u s  d is e a s e s ,  but w ith  

no p a r t i c u l a r  r e l a t io n s h ip  to  any one. Although the  d iazo  

method of e s t im a tin g  b i l i r u b i n  does not d i f f e r e n t i a t e  t h i s  

yellow pigment i t  was considered  th a t  the method would be 

a c c u ra te  enough s in c e  the amounts of the pigment d esc r ib ed  

by Lups & Franeke a re  r e l a t i v e l y  sm all.

Vaughan & Hasslewood (1938) found th a t  the l e v e l  o f  

plasma b i l i r u b i n  in  100 h e a l th y  a d u l ts  v a r ied  from 0 .2  to  1.7 

mgms. per 100 ccs ,  93 per ce n t ,  o f  v a lu es  being below 0 .8  mgms. 

per 100 c c s .  The mean value fo r  the whole of t h e i r  s e r i e s  

was 0.539 mgm. per 100 ccs .

Whitby & B r i t to n  (1942) g ive the  normal v a lu e  of 

plasma b i l i r u b i n  as 0 .31 t  0.03 mgm. per 100 c o s . ,  while in  

the a u th o r ’ s s e r i e s  the  mean value of plasma b i l i r u b i n  in  

35 cases  a t  d ea th  was 2.75 mgms. p e r  100 ccs .  and the 

composite graph (F igure  16) shows th a t  th e re  was a s te ad y  

r i s e  in  b i l i r u b i n  c o n c en tra t io n  towards d ea th .



Hansen did not s tudy  th e  plasma b i l i r u b i n  in  h is  

s e r i e s  and no comparable re fe re n c e  to  th e  su b je c t  appears 

in  the l i t e r a t u r e .
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B i l i r u b in  i s  e labo ra ted  from the  haemoglobin of 

the  red  blood co rpusc les  in  th e  c e l l s  o f  th e  r e t ic u lo -e n d o -  

t h e l i a l  system, mainly the Kiipffer c e l l s  o f  th e  l i v e r .  The 

b i l e  pigment formed in  these c e l l s  i s  taken  up by the  polygonal 

c e l l s  l in in g  th e  b i l e  channels , and a f t e r  s l i g h t  m o d if ic a t io n  

is  t r a n s f e r r e d  to  th e se  channels iMcNee, 1913).



Accumulation of b i l i r u b i n  in  the blood may a r i s e  

in  se v e ra l  w ays:-

1. I t  may be caused by o b s tru c t io n  to  the escape of b i l e  

from the f in e  b i l e  channels , the pigment, which has passed 

through the  polygonal c e l l s ,  being re -ab so rb ed  in to  the  blood 

stream .

2. I t  may be due to  an i n a b i l i t y  of the polygonal c e l l s

to  allow  en trance  of the  pigment manufactured by the  r e t i c u l o ­

e n d o th e l ia l  c e l l s ,  th e  pigment th e re fo re  passing  d i r e c t  in to  

the h ep a tic  v e in .

3. There may be too  g rea t  a sy n th e s is  of b i l i r u b i n ,  more 

than th e  polygonal c e l l s  could d ea l  w ith ,  though fu n c t io n in g  

normally.

4. I t  may be due to  a combination o f  o b s t ru c t io n  and damage 

to  the  polygonal c e l l s ,  or o v er-p ro d u c tio n  of pigment.

According to  Rich & Resnik 11926), the  r e t e n t io n  of 

b i l e  pigment in  th e  blood which occurs in  p r a c t i c a l l y  every  

case of outspoken pass ive  congestion  o f  the l i v e r  i s  caused 

by two f a c t o r s ;  impairment of the  ex c re to ry  fu n c tio n  o f  the  

l i v e r  by anoxaemia and in c re ased  burden p laced  on the  fu n c t io n ­

a l ly  im paired l i v e r  by the  demand fo r  th e  e x c re t io n  o f  a l a rg e r  

amount of b i l e  pigment than  normally.



kugel & Lichtman (1933) s tu d ied  the  cause of jaund ice  

in  various  types of card iac  d is e a s e  and concluded th a t  anoxaemia 

of the l i v e r  c e l l s  alone d id  no t produce c l i n i c a l  jaund ice , 

but the inc idence  was in c reased  a f t e r  pulmonary in f a r c t i o n  

due to  lo c a l  haemolysis and r e s o rp t io n  of biJLirubin. Although 

Kugel & Lichtman were concerned only w ith  c l i n i c a l  jaund ice , 

they  agree w ith  Rich th a t  anoxaemia of the  l i v e r  c e l l s  does 

produce l a t e n t  jaund ice .

I t  i s  though t, th e re fo r e ,  th a t  the h y p e rb i l i ru b in -  

aemia found in  dying p a t ie n t s  i s  l i k e l y  to  be due to  anoxaemia, 

a lthough not n e c e s s a r i ly  in  con junc tion  w ith  venous co n g es tio n . 

The oxygen supply of the l i v e r  i s  always r a th e r  p re c a r io u s ,  

and accord ing  to  Trowell (1944) i t  i s  u s u a l ly  th e  f i r s t  organ 

to  show d egenera tion  in  co n d it io n s  o f  chronic anoxia.

I t  has a lre a d y  been shown th a t  anoxia i s  a f e a tu re  

of the  agonal s t a t e ,  and damage to  the  l i v e r  c e l l s  i s  l i k e l y  

to  occur w ith  the consequent i n a b i l i t y  of the polygonal c e l l s  

to dea l  w ith  b i l i r u b i n  norm ally produced. Thus th e re  i s  a 

r i s e  in  plasma b i l i r u b i n  in  in v e rse  r a t i o  to  the oxygen 

s a tu r a t io n  of the blood.

I t  was not p o ss ib le  to  d i s t in g u is h  th e  type of 

b i l i r u b i n  formed, and modern tendency i s  to  d iscoun t the  

in t e r p r e t a t i o n  of the d i r e c t ,  delayed and i n d i r e c t  van den 

Bergh r e a c t io n  (Gray, 1947).
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The q u es tio n  of haemolysis of red  blood c e l l s  as 

a cause of the b il i ru b in a e m ia  a ro se ,  e s p e c ia l ly  s ince  i t  i s  

known th a t  such haemolysis may occur in  the M arohiafava- 

M icheli syndrome a t  n ig h t ,  when the  pH o f  the  blood tends 

to  be a t  i t s  lowest l e v e l  (Hickey & Malley, 1948; Marks, 1949),

Hendry i 1947) showed th a t  haemolysis of red  blood 

c e l l s  in  v i t r o  i s  a c c e le ra te d  i f  the pH of blood i s  lowered, 

and r e ta rd e d  i f  r a i s e d ,  concluding th a t  the f r a g i l i t y  of red  

blood c e l l s  depends on the pH of the blood.

In  the  p resen t s e r ie s  uf c a ses ,  no evidence of 

haemolysis could be found as judged by the absence o f  in c rease d  

u r o b i l in  e x c re t io n  in  the u r in e  on ro u t in e  side-room t e s t i n g .

None of th e  p a t i e n t s  s tu d ied  showed c l i n i c a l  ja u n d ice .  

I t  i s  concluded, then , th a t  p ro g re ss iv e  anoxia in  th e  p re ­

agonal p e r io d  causes l i v e r  d y sfunc tion  s u f f i c i e n t  to  produce 

a g rad u a l in c re a se  in  plasma b i l i r u b i n  to  le v e ls  above th o se  

which a re  g e n e ra l ly  accepted to  be th e  upper l im i t  of normal.

g. Plasma and U rinary  C h lo r id e s .

I t  has been thought b e s t  to  p re se n t  the plasma and 

u r in a ry  c h lo r id e  r e s u l t s  to g e th e r  a l though  the o th e r  u r in a ry  

f in d in g s  w i l l  be l e f t  u n t i l  the end of the c h a p te r .

The plasma c h lo r id e ,  es tim a ted  as sodium c h lo r id e ,  

was reco rded  in  4 3  cases a t  death  and th e  mean read in g  found
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was 571 mgms, per 100 ccs . The plasma c h lo r id e  le v e ls  a re  

dep ic ted  in  the  composite graph in  F igure 17.

PLASMA CHLORIDE (NaCI)
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Figure 17.

The u r in a ry  c h lo r id e s  were es tim ated  in  24 p a t i e n t s ,  

the r e s u l t s  being expressed as grammes of sodium c h lo r id e  per 

l i t r e ,  and where p o s s ib le ,  24 hour c o l le c t io n s  of u r in e  were
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examined. As explained p rev io u s ly ,  i t  was sometimes 

im possib le  to  o b ta in  ac cu ra te  24 hour c o l le c t io n s  due to  

in c o n tin e n ce , in  which case in d iv id u a l  specimens were used.

In  a l l  c a se s ,  the  u r in e  withdrawn from the b ladder a t  death  

was an in d iv id u a l  specimen, and the c h lo r id e  c o n c en tra t io n  

was expressed  as grammes per l i t r e .

The mean le v e l  of u r in a ry  sodium c h lo r id e  i n  the  

24 cases  a t  d ea th  was 0.5 g. per l i t r e ,  and the average of 

the  o th e r  e s t im a tio n s  on the days p r io r  to  death  i s  shown 

in  F igure 17.

While i t  i s  d i f f i c u l t  to draw any conc lusive  

op in ion  about the  plasma c h lo r id e s ,  i t  w i l l  be seen th a t  

th e re  i s  a very  d e f in i t e  d im inu tion  o f  u r in a ry  c h lo r id e  as 

death  approaches. There would seem to  be an approximate 

r e l a t i o n  between th e  two, both tend ing  to  f a l l .

The normal range of plasma sodium c h lo r id e  in  h e a l th  

i s  given as 560 - 650 mgms. per 100 c c s .  plasma by Van Slyke 

& Sendroy il923) and 560 - 620 mgms. per 100 ccs .  by M artin -  

da le  i 1943). The genera l l e v e l  of plasma c h lo r id e s  in  th e  

p re se n t  s e r i e s  tends  to  be r a th e r  low, e s p e c ia l ly  d u ring  the  

l a s t  f iv e  days of l i f e ,  the lowest mean value of 549 mgms. 

per 100 ccs .  being recorded 24 hours before  d ea th .

The r i s e  to  571 mgms. per 100 c c s .  a t  dea th  i s  

thought to  be due t o  dehydration  and p o ss ib ly  kidney d y sfu n c tio n  

occurr ing  du ring  the 24 hours before dea th .
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Dehydration a lone accounted f o r  the in c re a se  in  

c h lo r id e s ,  plasma p ro te in s  and l a c t i c  ac id  in  27 c h i ld re n  

s u f f e r in g  from d ia r rh o e a  and vom iting fo llow ing  m a s to id i t i s  

i Hartmann, 1928; A ldridge, 1941).

A ldridge t l9 4 I )  showed th a t  th e re  was a s te ad y  

r i s e  of plasma c h lo r id e s  in  the p re-agonal period  of in f a n t s  

s u f f e r in g  from g a s t r o - e n t e r i t i s  w ith  dehydra tion , and values  

of over 900 mgms. per 100 ccs . were recorded  in  a few cases .

I t  i s  th e  a u th o r ’s im pression  t h a t  a s te ep  f a l l  

in  plasma c h lo r id e  a t  death  was masked by dehydra tion , because 

in  s e v e ra l  cases m  the s e r ie s  where dea th  was r e l a t i v e l y  

quick and dehydra tion  minimal, ve ry  low va lues  were recorded : 

Case 15, who d ied  of congestive  ca rd iac  f a i l u r e  2 days 

a f t e r  adm ission had a plasma c h lo r id e  o f  522 mgms. per 100 cc s .  

a t dea th  iF igure  18).

Case 19 was a p a t i e n t  w ith  severe  tu b e rc u lo s is  who d ied  

q u ick ly  5 days a f t e r  admission. The plasma c h lo r id e  was 

512 mgms. per  100 cc s .  a t  dea th , having f a l l e n  from a l e v e l  

of 556 mgms. p e r  100 ccs .  th re e  days p re v io u s ly  iF igu re  19).

Another example o f  the  s te e p  f a l l  o f  plasma c h lo r id e s  

a t  dea th  i n  a p a t i e n t  who died r e l a t i v e l y  qu ick ly  i s  shown 

by Case 27. This p a t i e n t ,  a lthough he had carcinoma of a 

bronchus, was in  q u i te  good g en e ra l  co n d i t io n  up to  a few 

days b e fo re  dea th . The speed of dea th  was due to  r a p id  growth
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of seco n d arie s  in  the b ra in .  The plasma c h lo r id e  f e l l  to  

519 mgms. per 100 ccs .  a t  d ea th ,  having been p re v io u s ly  

w ith in  normal l im i t s  iF igure ZQ).

The mean agonal le v e l  uf plasma c h lo r id e  in  Hansen’s 

s e r i e s  was 584.4 mgms. per 100 c c s .  w ith  a range of 474 to  

705 mgms. per 100 c c s .  This corresponds c lo s e ly  to the

f ig u re  of 571 in  the a u th o r ’s s e r i e s .

Hansen concluded th a t  an agunal decrease  in  plasma 

c h lo r id e  i s  more common than an in c re a s e ,  but i s  r a th e r  vague 

in  h i s  ex p lan a t io n  of the change, which he th in k s  might p o ss ­

ib ly  be due to  a te rm in a l pneumonia or i n a b i l i t y  of the  

kidneys to  r e t a i n  ch lo r id e  -  in  analogy  w ith  the in c re a se d  

c h lo r id e  e x c re t io n  o f te n  seen in  advanced n e p h r i t i s .

In  th e  p re s e n t  s e r i e s ,  th e  low plasma c h lo r id e  

le v e ls  a t  dea th  tend to  be even lower than in  Hansen’ s , 

but i t  i s  the  a u th o r ’s opin ion  th a t  te rm in a l  pneumonia of 

pyogenic o r ig in  i s  not the reason , and in  any case i t  i s  

r a th e r  a h y p o th e t ic a l  c o n d i t io n .  Nor does i t  appear to  be 

due to  in c re a se d  ex c re t io n  of c h lo r id e ,  s in c e  the r e s u l t s

show th a t  th e  c h lo r id e  co n c en tra t io n  of th e  u r in e  s t e a d i l y

f a l l s  towards d ea th .

I t  i s  thought th a t  the s h i f t  o f  Cl~ ions from 

plasma to  red  co rp u sc les  which occurs in  a c id o s is  i s  s u f f i c i e n t  

to  account fo r  the  f a l l  in  plasma c h lo r id e .  I t  i s  a lso



p o ss ib le  th a t  th e re  i s  an element of a d r e n o -c o r t ic a l  f a i l u r e  

(Cameron & Carm ichael, 1946) e s p e c i a l ly  in  a s th e n ic  and 

c a ch e c tic  p a t i e n t s ,  which, in  analogy w ith  Addison’s d is e a s e ,  

may cause hypochloraemia.

The conclusion  drawn from the  p re se n t  f in d in g s  i s  

th a t  the plasma ch lo r id e s  tend to  be lower than  normal, and 

sometimes very  low in  the agonal and p re -agona l p e r io d .

There i s  a s te ad y  d im inution i n  th e  c h lo r id e  c o n c e n tra t io n  

of th e  u r in e  as d ea th  approaches.

h . Plasma Phosphorus and Blood L a c ta te .

The plasma phosphorus and blood l a c t a t e  w i l l  be 

cons idered  to g e th e r  in  th i s  ch ap te r  because the  two substances  

are  i n t e r - r e l a t e d  in  th e i r  behaviour when th e re  i s  a s t a t e  

of anoxaemia. The l a t t e r  co n d i t io n  has been shown to  be 

f re q u en t  in  the  days preceding  dea th .

The plasma phosphorus was es tim a ted  a t  v a r io u s  

tim es in  48 cases  of the s e r i e s .  The* mean value  found a t  

death  was 5.6 mgms. per c e n t . ,  and the  mean le v e l  in  the  days 

preced ing  d ea th  i s  shown in  the composite graph (F igure  21).

The blood l a c t a t e  was e s tim a ted  in  26 cases  o f  the  

s e r i e s  a t  v a r io u s  tim es during l i f e  and a t  d ea th .  The mean 

le v e l  a t  d ea th  was found to  be 65 mgms. per c e n t . ,  and th e  

le v e ls  p reced ing  d ea th  a re  shown in  the  composite graph 

(F igure  22).
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The normal range of va lues  f o r  plasma phosphorus 

is  given as 2 - 4 mgms. per c e n t ,  fo r  a d u l ts  and 4 - 6  mgms. 

per c e n t ,  fo r  c h i ld re n  (M artinda le , 1943).

For blood l a c t a t e ,  the  normal range of values  i s  

given by Hawk, Oser & Summerson (1947) as 5 -  20 mgms. per 

c e n t . ,  but th e re  seems to  be a f a i r l y  wide d ivergence of 

views on what should be regarded  as the average normal l e v e l .

J e r v e l l  (1928) in  h is  own experiments found 27.38 

mgms. per c e n t ,  to  be the  mean normal l e v e l ,  and the  ta b le  

below (F igure  23), adapted from J e r v e l l ,  shows the  f ig u re s  

of o th e r  a u th o rs .

Author Year Normal Values of 
L ac tic  Acid in  mgms.^.

B e rl in b la u 1888 8
R y ffe l 1909 12.5
F r ie s 1911 9.63
L ich tw itz 1914 20 -  40
Clausen 1922 15 -  32
Himwich, Loebel, B arr , Green 1923-4 10 -  25
H i l l  & co-workers 1924 1 0  -  2 0
Long 1924 10 -  15
B a rc ro f t 1925 1 2  -  24
Mendel, Engel, Goldschneider 1925 15 - 16
C ollazo , Lewicki 1925 15.9
Schenk 1925 17 ( 6  -  22)
Bohelmann 1927 17.3 

(15.2 -  21.3)

F i a i r e  2 3 .



I t  w i l l  be seen th a t  the  mean phosphorus va lues  

in  th e  p re - te rm in a l  s t a t e  remain w ith in  the  normal range, 

and th a t  the  le v e l  seems* to  r i s e  on ly  in  the  l a s t  24 hours 

of l i f e .

The h ig h e s t  va lue  found was in  Case 21, where th e  

le v e l  of plasma phosphorus was 18.2  mgms. per  c e n t ,  a t  dea th , 

having been on ly  3 .7  mgas. per c e n t .  48 hours p rev io u s ly .

This p a t i e n t  d ied  of advanced pulmonary tu b e rc u lo s is ,  and 

u n fo r tu n a te ly  corresponding blood l a c t a t e  e s t im a tio n s  were 

not done in  t h i s  ca se .

An i n t e r e s t i n g  e f f e c t  of th e  a d m in is t ra t io n  of 

oxygen on the phosphorus and l a c ta t e  le v e ls  i s  shown in  

Case 34. This p a t i e n t  had acu te  bronchopneumonic tu b e r ­

c u lo s is  aggrava ted  by an a b o r t io n .  She was extrem ely cyanosed 

and dyspnoeic f o r  s e v e ra l  days p r io r  to  d ea th , and oxygen 

was adm in is te red  by BLB mask on the  5 th  and 6 th  days be fo re  

dea th .

The e f f e c t  obta ined  i s  recorded  in  graphic form 

in  F igure  24, and i t  w i l l  be seen th a t  th e  oxygen s a tu r a t io n  

of th e  venous blood was improved, w h ile  the blood l a c t a t e  

f e l l  markedly and the  phosphorus f e l l  to  a l e s s e r  e x te n t .

On d isc o n t in u in g  oxygen therapy , the  phosphorus and l a c t a t e  

values  r o s e ,  and th e  oxygen s a tu r a t io n  o f  the venous blood 

re tu rn ed  to  n i l .
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Hansen (1948), who o f  course made h is  es t im a tio n s  

only a t  dea th , found a mean agonal va lue  fo r  serum phosphorus 

of 4 .6  mgms. per c e n t .  The h ig h e s t  f ig u re  fo r  h is  s e r i e s  

was 9 .2  mgms. per ce n t.  These va lues  compare w ith  5 .6  and 

18.2 mgms. per c e n t ,  r e s p e c t iv e ly  in  th e  a u th o r 's  s e r i e s .

Hansen concluded th a t  the  in c re a se  in  serum phos­

phorus i s  a common agonal phenomenon.

J e r v e l l  (1928) in v e s t ig a te d  th e  behaviour of plasma 

inorgan ic  phosphorus in  persons su b je c te d  to  e x e rc ise .  He 

found a d e f i n i t e  r i s e  in  the plasma phosphorus along w ith  a 

r i s e  in  l a c t i c  ac id  and a decrease  in  the  a l k a l i  re se rv e  

brought about by e x e rc is e .

The in c re ase  in  th e  q u a n t i ty  of phosphorus was 

m a te r i a l ly  le s s  than  the  e q u iv a le n t q u a n t i ty  of l a c t i c  a c id .  

An example from one of h is  cases (No. 13) i s  i l l u s t r a t i v e : - 

There was an in c re a se  of l a c t i c  ac id  from 21 mgms. per c e n t ,  

to  45.5  mgms. per  c e n t ,  and a f a l l  i n  a l k a l i  r e s e rv e ,  along 

w ith an in c re a se  of plasma ino rgan ic  phosphorus from 2.99 

mgns. per c e n t ,  to  4 .0  mgms. per c e n t .  In  o th e r  words, as 

J e r v e l l  puts i t ,  th e re  i s  a breakdown of hexose phosphate 

during  th e  anaerobic  phase in  severe  e x e rc ise  w ith  fo rm ation  

of eq u iv a le n t  q u a n t i t i e s  of l a c t i c  ac id  and phosphoric a c id .

As reg a rd s  the  blood l a c t a t e  va lues  in  the  a u th o r fs 

s e r i e s ,  i t  w i l l  be seen from th e  shape of the graph in  

F igure 22 th a t  th e re  i s  a s i g n i f i c a n t l y  s te e p  r i s e  in  the
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l a s t  48 hours befo re  d ea th . The v a lu es  in  th e  days p re ­

ceding t h i s  period  range between 10 and 30 mgnis. per c e n t .

The sp ike on the  graph a t  th e  10th  day is  due to  an abnormally 

high v a lu e  of 72 mgms. per c e n t ,  in  Case 34, the p a t ie n t  

being se v e re ly  dyspnoeic a t  the  tim e.

Study o f  the  changes in  phosphorus and l a c t a t e  

show th a t  th e re  i s  a sudden in c re a s e  in  the  blood le v e ls  of 

both th e se  substances s h o r t ly  be fo re  dea th , and comparison 

w ith the  graph of venous oxygen s a tu r a t io n  would in d ic a te  

th a t  t h i s  i s  due to  t i s s u e  anoxia . Presumably the  metabolism 

r e v e r t s  p a r t l y  to  th e  anaerobic type .

The f ig u re s  fo r  blood l a c t a t e  quoted by Hansen 

are  i n t e r e s t i n g .  He found th a t  th e  plasma l a c t i c  ac id  was 

in c re ase d  in  a l l  samples taken  p re -  and p o s t-m o r ta l ly ,  and 

in  many cases th e  va lues  were so h igh  th a t  they  rank w ith  the  

h ig h es t  ever rep o r te d  in  th e  l i t e r a t u r e .  Hansen th in k s  t h a t  

t h i s  f in d in g  has to  be taken as being p e c u l i a r ly  c h a ra c te r ­

i s t i c  of the  agonal s t a t e .

The mean c o n tro l  value in  h is  s e r i e s  was 12.6 mgms. 

per c e n t ,  w ith  a range of 7.2 to  22.5 mgms. per c e n t ,  the  

su b je c ts  having r e s te d  fo r  30 m inutes.

The mean value fo r  a l l  p re -  and p o s t-m o r ta l  samples 

was 98.1  mgms. per c e n t . ,  bu t the  mean value  in  the  seven 

cases  in  which the blood was examined s h o r t ly  b efo re  dea th



was 46.8  mgms. per c e n t . ,  w hile  th e  mean value* in  the 

remainder of the cases in  which blood was taken a f t e r  dea th  

was 109.8 mgms. per ce n t.

In  th e  a u th o r 's  s e r i e s ,  the mean agonal value 

of b lood l a c t a t e  i s  65 mgms. per c e n t ,  which a lthough a 

high value  i s  much lower than  th a t  found by Hansen. Also, 

the  mean blood l a c t a t e  recorded w ith in  24 hours of death  in  

the  a u th o r 's  s e r ie s  o f  cases was 37 mgns. per  cen t,  and in  

th e  days p r i o r  to t h i s  the values  f lu c tu a te d  between 20 and 

30 mgms. per ce n t .

The r e s u l t s  now recorded  s u b s ta n t ia te  Hansen's 

s ta tem en t th a t  the  le v e l  of l a c t i c  ac id  in  th e  blood r i s e s  

to  v e ry  high va lues  a t  death  in  a l l  c a se s .  F u r th e r ,  i t  

can be s a id  th a t  th e  r i s e  in  blood l a c t i c  a c id  tends to  occur 

about 48 hours be fo re  death and i s  p ro g re s s iv e .

A word remains t o  be sa id  reg a rd in g  th e  cause of 

the  in c reased  le v e ls  of blood phosphorus and l a c t a t e  a t  dea th . 

Hansen does not g ive any exp lana tion  of the r i s e  o f  blood 

phosphorus, bu t cons iders  th a t  th e  h igh  l a c t a t e  le v e ls  may 

be p a r t ly  due to  ca rd iac  in s u f f ic ie n c y  which must be assumed 

to  e x i s t  fo r  some time before  c e s s a t io n  o f  ca rd iac  a c t i v i t y .

I t  has been shown th a t  the  blood l a c t a t e  does tend 

to  r i s e  in  co n g es tiv e  ca rd iac  f a i l u r e  i J e r v e l l ,  1928; Hawk,



Qser & Summerson, 1947) but th e  prim ary cause o f  the l a c to -  

acidaemia i s  anoxia which i s  secondary to ca rd iac  f a i l u r e .

This i s  a ls o  the ex p lan a tio n  of the  in c re ased  blood l a c t a t e  

values found i n  p e r ip h e ra l  s t a s i s ,  and a f t e r  severe  e x e rc is e  

iLundsgaard & M oller, 1923).

Hansen d isco u n ts  the th eo ry  th a t  l i v e r  fu n c tio n  

i s  so depressed  th a t  i t  p revents  c i r c u l a t i n g  l a c t i c  ac id  from 

being converted  in to  glycogen, s in ce  h is  cases w ith  i c t e r u s  

showed l a c t i c  ac id  le v e ls  only very  s l i g h t l y  above the  mean 

fo r  a l l  the  p a t i e n t s .

Although the  au thor has a lso  shown th a t  fo rm ation  

of u rea  by th e  r i v e r  i s  not impaired even up to  the time of 

d ea th , i t  i s  l i k e l y  th a t  th e re  must be some impairment of 

glycogen fo rm ation , s in c e  Cori & Oori have shown th a t  c i r c u l ­

a t in g  l a c t i c  a c id  re q u ir e s  oxygen in  o rder  to  convert i t  to  

pyruvic ac id  and through th e  s ta g e s  of  phosphory la tion  to  

l i v e r  glycogen.

I t  seems c le a r ,  however, th a t  th e  prim ary cause of 

th e  r i s e  in  b lood phosphorus and l a c t a t e  i s  due to  th e  p rocess  

of anaerob ic  c e l l u l a r  metabolism. This a lso  occurs during  

s trenuous e x e r t io n  in  a h ea lthy  s u b je c t ,  in  conges tive  

ca rd iac  f a i l u r e ,  as w e ll  as in  th e  few hours preced ing  d ea th .

The a c tu a l  biochem ical p rocess by which phosphorus 

and l a c t i c  a c id  a re  f re ed  in  th e  t i s s u e  f l u id s  and blood has 

been mentioned i n  the  chapter on Theory, and w i l l  a l s o  be 

considered  l a t e r  in  th e  d isc u ss io n .
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The U rin e .

I .  Hydrogen Ion C o n cen tra t io n .

A t o t a l  of 150 es tim a tio n s  of the pH of u r in e  were 

performed in  45 cases  of the  s e r i e s .

The mean pH value of th e  u r in e  c a th e te r i s e d  from 

the  b ladder imm ediately a f t e r  d ea th  was 5 .08 , w ith  a range 

of 4 .6  to  5 .8 .

The graph (Figure 25) shows th e  composite curve 

ob ta ined  by p lo t t i n g  the  mean va lues  f o r  the  v a r io u s  days 

before  d ea th .  I t  w i l l  be seen th a t  up to  about 5 or 6 days 

before  death  th e  r e a c t io n  o f  th e  u r in e  f lu c tu a te s  in  the 

normal manner and th a t  n ea re r  d ea th  i t  becomes f ix e d  a t  a 

more ac id  le v e l  and s te a d i ly  f a l l s  u n t i l  i t  reaches  pH 5.08 

a t  d ea th .

In  h e a l th ,  the  pH of mixed specimens o f  u r in e  over 

24 hours i s  approxim ately  6 (Thorpe, 1940; M artinda le , 1943) 

although  th e re  i s  a f a i r l y  wide f lu c tu a t io n  depending on the  

type of d i e t  taken . In  g en e ra l ,  ca rn iv e ro u s  animals and 

men on a mixed d i e t  pass an ac id  u r in e .

D evising  t h e i r  own c o lo r im e tr ic  pH s ta n d a rd s ,  

Henderson & Palmer H913) found th a t  normal u r in e  u s u a l ly  

ranged between pH 4.82  and pH 7 .45 , the  mean value being 6 .0 .
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The a c i d i t y  of th e  u r in e  may be in c reased  a f t e r  

strenuous muscular e x e rc is e ,  by in g e s t io n  o f  ammonium s a l t s  

of s tro n g  a c id s ,  e .g .  Ammonium c h lo r id e ,  or by p a th o lo g ic a l  

co n d it io n s  promoting a c id o s is ,  n o ta b ly  d ia b e t ic  coma (Thorpe, 

1940).
t

Morris & MaoRae (1930) showed th a t  a f t e r  in g e s t io n  

of ammonium c h lo r id e  th e  u r in e  became very  much more ac id ,  

and th a t  the  ammonia and t i t r a t a b l e  a c i d i t y  were in c re a se d .

McCance & von Finck (1947) say th a t  pH 4 .9  i s  

about the l im i t  o f  a c id i t y  a t  any age.

I t  i s  c le a r  then th a t  in  the  p re - te rm in a l  s t a t e

th e  pH of th e  u r in e  tends to  become f ix e d  a t  a low le v e l ,  

which con tinues  to  f a l l  s t e a d i l y  up to  the time o f  d ea th .

i
j . T i t r a t a b l e  A c id i ty  and Ammonia Content of U rin e .

An a d u l t  on a mixed d ie t  norm ally  ex c re te s  the  

e q u iv a le n t  of 33 - 60 N/10 ac id  p er  100 c c s .  u r in e  over th e  

day (Thorpe, 1940). F a r t  o f  t h i s  i s  in  th e  form of ac id  

which can be t i t r a t e d  a g a in s t  sodium hydroxide, 13 -  27 cc s .  

N/10 per  100 c c s . ,  and part  in  th e  form of ammonium s a l t s ,

20 -  33 cc s .  N/10 per 100 cos.

In  severe  d ia b e t ic  a c id o s is  a t o t a l  o f  6,000 ccs .

N/10 ac id  per day may be e l im in a ted  -  eq u iv a le n t to  about

400 c c s .  N/10 ac id  per 100 c c s .  o f  u r in e .



169
The t i t r a t a b l e  a c i d i t y  and ammonia ex c re tio n  in  

th e  u r in e  was measured a t  v a r io u s  tim es before  and a t  death  

in  37 cases  of the p re se n t  s e r i e s .  The r e s u l t s ,  fo r  reasons 

given p re v io u s ly ,  a re  expressed as cc s .  of N/10 per 100 c c s . ,  

and the  mean curves a re  d ep ic ted  in  the graph in  F igure 26.

The mean ex c re t io n  of ammonia and t i t r a t a b l e  

a c i d i t y  as shown by measurement of th e  u r in e  c a th e te r i s e d  

a t  d ea th  i s  77.3 and 68.4 c c s .  N/lQ per 100 c c s . ,  which 

gives a t o t a l  ac id  s e c re t io n  of 145.7 cc s .  N/10 per 100 ccs . 

This i s  c o n s id e ra b ly  h igher than th e  normal range of 33 - ,60
UR.IME AMMONIA e- N” 5----®----------0 w
TlTRATA&LE. a c i d i t y  . *  *

DEATH

PA Y S 6EFOR.E. D E A T H .

Figure 26.

ccs. N/10 per 100 cc s .

i t  w i l l  be seen th a t  th e  l e v e ls  o f  ammonia and 

t i t r a t a b l e  a c i d i t y  begin to r i s e  s t e a d i l y  from about the 

5th day b efo re  d ea th .  Before t h i s  th e re  i s  a wide f l u c t ­

u a tio n  from day to  day j.n th e  e x c re t io n  of  th e  two su b s tan ces ,
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but tend ing  g e n e ra l ly  to  be a l i t t l e  above normal.

These u r in a ry  f in d in g s  a re  th e re fo re  c o n s is te n t  

with what one would expect in  a moderate a c id o s is .

The r a t i o  of ac id  to  ammonia i s  a lso  of i n t e r e s t ,  

ra inier & Henderson 11915) found th e  average normal ac id  - 

ammonia r a t i o  to  be 0 .7 8 5 . ,  b u t th a t  in  d is e a se  s e v e re ly  

a f f e c t in g  the  g lom eruli of th e  k idneys, th e  r a t i o  may r i s e  

to  as much as 1 .4 .

only  in  i s o la te d  e s tim a tio n s  in  the  p resen t s e r i e s  

d id  the  ac id  - ammonia r a t i o  r i s e  above u n i ty ,  and then 

only s l i g h t l y .



CHAPTER V II I .

DISCUSSION

The biochem ical a l t e r a t i o n s  in  th e  blood and u r in e  

as death  approaches have been d ep ic ted  in  th e  fo rego ing  

c h a p te r ,  and i t  i s  now n ecessary  to  examine the  r e s u l t s  and 

attem pt to  e x p la in  them as f a r  as p o s s ib le  from p h y s io lo g ic a l  

p r in c ip l e s .

I t  w i l l  be seen th a t  the  m a jo r i ty  of c o n s t i tu e n ts  

examined showed no g rea t  a l t e r a t i o n  from normal up to  a few 

days before  d ea th ,  and even in  th e  immediate p re -ag o n a l 

period  no dram atic  changes occurred , a lthough  they  were 

s ig n i f i c a n t  and f a i r l y  co n s tan t .

Taking th e  r e s u l t s  as a whole, th e  g e n e ra l  p a t t e r n  

seems to  be th a t  of a moderate a c id o s i s .  The low plasma 

b ica rb o n a te  and h igh  l a c t i c  ac id  and phosphorus l e v e l s  in  

the  blood, and the  low pH and high ae id  and ammonia con ten t 

of th e  u r in e  p o in t  d e f i n i t e l y  to  t h i s .
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However, one i s  accustomed to  expect a much more 

severe  a c id o s is  in  d ia b e t ic  coma, chronic n e p h r i t i s  o r  in  

g a s t r o - e n t e r i t i s  of in f a n ts .

Since the  blood pH was not es tim ated  in  the  p resen t 

in v e s t ig a t io n ,  i t  has no t been p o s s ib le  to  c l a s s i f y  the  

p re c is e  type of  a c id o s is  p re s e n t .  Hansen 11948), on the 

o th e r  hand, was ab le  to  do t h i s  by u s in g  th e  diagram prepared 

by P e te rs  & Van Slyke 11931) on which a re  p lo t t e d  as lo g ­

a r ithm ic  c o -o rd in a te s  the  v a lu es  of plasma pH, b ica rb o n a te  

and carbon d iox ide  te n s io n .

The m a jo r i ty  of h is  p a t i e n t s ,  30, had a mixed type 

of a c id o s i s ,  p a r t l y  r e s p i r a to r y  and p a r t ly  m e ta b o l ic , w hile  

f iv e  were c l a s s i f i e d  as pu re ly  m etabolic  and th re e  as r e s p i r ­

a to ry .  Hansen p o in ts  out th a t  t h i s  i s  an unusual type o f  

a c id o s is  to  f in d  and th a t  P e te rs  & Van Slyke d iscovered  only  

10 such cases out o f  450 cases of  non-agonal a c id o s i s .

The in t e r e s t i n g  f e a tu re ,  however, i s  not the  type 

of a c id o s is  p rese n t a t  dea th , but th e  method of i t s  deve lop­

ment. T h is ,  Hansen did not s tudy , fo r  he on ly  made one s e t  

of e s t im a tio n s  on each p a t i e n t ,  u s u a l ly  im m ediately a f t e r  

d ea th , and in  seven cases very  s h o r t ly  b e fo re .

From a study  o f  the  mean r e s u l t s  d ep ic te d  i n  the 

graphs in  th e  p rev ious ch a p te r ,  the t a b le  below \F ig u re  27) 

has been prepared  to  show approxim ately  th e  number of days
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before  death  when a d e f in i t e  change in  the tren d  o f  the 

es tim ated  substance was found, e i t h e r  a f a l l  or r i s e .

Estim ation

Number of Days 
befo re  Death 
when Change in  
Trend of Values 

noted.

BLOOD Plasma b icarbonate 3 - 5
Venous oxygen s a tu ra t io n 2
Plasma b i l i r u b in 3
Plasma ch lo rides 5
Blood l a c t a t e 2
Plasma phosphorus 1
Blood u rea 10

URINE PH 3
Chloride 3
Ammonia & T i t r a t a b le  A c id i ty  3

Figure 27.

I t  can be seen th a t  a change is  g e n e ra l ly  ob ta ined , 

except in  the  case uf blood u rea , abo rt 2 to  4 days b e fo re  

dea th . A s tudy  of the  case h i s t o r i e s  r e v e a ls  a lso  th a t  a t  

t h i s  period b efo re  death  the c h a ra c te r  of the p a t i e n t s ’ 

r e s p i r a t io n s  changes. Dyspnoea becomes more ap p a ren t,  and 

the p a t i e n t  becomes drowsy and sometimes semi-comatose.

The r e s p i r a t o r y  excursion  does not seem to be f u l l  enough
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to  make good th e  oxygen la c k  which i s  obv iously  p re s e n t ,  

and f a t ig u e  of the muscles of r e s p i r a t i o n  and of the  r e s p i r ­

a to ry  c e n tre  supervenes. The r e s p i r a t o r y  derangement 

becomes p ro g re s s iv e ly  worse u n t i l  dea th .

I t  would appear p o s s ib le  th a t  anox ia , which can 

produce v io le n t  m etabo lic  u p se ts  in  o th e r  c o n d i t io n s ,  might 

be r e s p o n s ib le  f o r  th e  t r a i n  o f  b iochem ical events in  the  

p re - te rm in a l  s t a t e .

The work of Koehler, Behnemann, B enell & Loeven- 

h a r t  (1925) which has a lre a d y  been d e a l t  w ith  f u l l y  in  a 

p rev ious  chap ter  may be b r i e f ly  mentioned again  as an i l l u s ­

t r a t i o n  of the e f f e c t s  of anoxia . I t  w i l l  be r e c a l l e d  th a t  

these  a u th o rs  s tu d ie d  the  response of p igs  to  anoxia , measuring 

the blood pH, t o t a l  carbon d io x id e , carbon d io x id e  te n s io n  

and r e s p i r a t o r y  r a t e .

Two of t h e i r  experiments have been reproduced 

g ra p h ic a l ly  (F igures  28 & 29) and a re  s e l f - e x p la n a to ry .

I t  may a lso  be r e c a l l e d  th a t  the  animals which 

were given a s o lu t io n  of sodium b ica rb o n a te  in t ra v e n o u s ly  

l iv ed  2 .5  tim es as long as th e  c o n t ro ls ,  and th a t  t h i s  was 

explained by assuming th a t  th e  v ic io u s  c i r c l e  o f  a c id o s is  

induced by anoxia and the reby  in  tu rn  causing  impairment o f  

oxygen u t i l i s a t i o n  was to  some ex ten t broken.
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In  o rd e r  to  ex p la in  the  crude b iochem ical f in d in g s  

of j io e h le r 's  experim ents, and a ls o  of the p re se n t  s e r i e s  o f  

ca ses ,  i t  i s  n ecessa ry  to  cons ider  c e r t a in  work which has 

been done in the  f i e l d  of m icro-b io logy .

Walter hempner 11939) made some i n t e r e s t i n g  o b se r­

v a t io n s  concerning th e  r6 le  of oxygen te n s io n  in  b io lo g ic a l  

o x id a t io n s .  I t  had been an unquestioned f a c t  b e fo re  t h i s  

th a t  c e l l  r e s p i r a t i o n  was e n t i r e l y  independent of v a r i a t io n s  

in  oxygen te n s io n ,  and th a t  i t  continued a t  i t s  optim al 

r a t e  as long as th e  sm a lle s t  amount of  oxygen was a v a i la b le  

\Warburg, 1908). But Jiempner, experim enting on a wide 

range of c e l l u l a r  t i s s u e  found th a t  under p h y s io lo g ic a l  

co n d it io n s  a t  37° C., a l l  n u c lea ted  u n in ju red  blood c e l l s ,  

and a g re a t  number o f  young b a c te r ia ,  showed a d e c is iv e  

dependence of t h e i r  r e s p i r a t i o n  on v a r ia t io n s  of oxygen 

te n s io n .

T uberc le  b a c i l l i  because of t h e i r  r e l a t i v e  r e s i s t ­

ance and slow growth were found s u i t a b le  organisms to  demon­

s t r a t e  oxygen consumption a t  v a r io u s  oxygen te n s io n s  over 

periods  up to  36 hours, and the  r e s u l t  of one o f  th e se  

experiments i s  shown g rap h ic a l ly  in  F igure 30.



117

I O ' S - \

u)£
Xo
<y
v/>rz

2 4 - 6  *  / 0  /.2  < f / 6  fS6  20
VOLS. PEG. C E N T  Q z  (.O H C E H T R fiJ -tO N

Fif^ire 30 .

Rate of r e s p i r a t io n  of 1 mgm. dry weight of 
T uberc le  b a c i l l i  H37 a t  various oxygen c o n c e n tra t io n s ,  
37 .8°  C.



118
P as te u r  (1879) had d iscovered  th a t  many c e l l s  form 

l a c t i c  ac id  in  the  absence of oxygen, and th e  Warburg -  Meyer­

hof theo ry  p o s tu la te s  th a t  every decrease  in  r e s p i r a t i o n  

b rings about a d i r e c t  in c re a se  i n  th e  fo rm ation  of l a c t i c  acid , 

Most normal animal c e l l s  show r e s p i r a t i o n  and no 

l a c t i c  ac id  form ation  when examined in  a i r  or in  pure oxygen,
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Figure 31.

but in  th e  t o t a l  absence of oxygen when r e s p i r a t i o n  is  zero , 

l a c t i c  ac id  i s  found in  la rg e  amounts. The diagram (F igure  31) 

a f t e r  Kempner (1937) i l l u s t r a t e s  th e  r e c i p r o c i ty  of oxygen 

and l a c t i c  a c id  in  c e l l u l a r  r e s p i r a t i o n .  I t  w i l l  be n o tic e d  

th a t  th e  t i s s u e  can w ithstand  a f a i r  degree of oxygen la ck



b efo re  r e s p i r a t i o n  i s  impeded and l a c t i c  ac id  formed. Kempner, 

working w ith  n u c le a te d ,  un in ju red  red  blood c e l l s  showed th a t  

a t  4 .9  v o ls .  per c e n t ,  oxygen r e s p i r a t i o n  was in h ib i t e d  by 

49 per c e n t ,  compared to  th a t  i n  a i r ,  b u t w ith  no in c re a se  in  

l a c t i c  ac id  fo rm ation , and even when the r e s p i r a t i o n  was i n ­

h ib i t e d  up to  70 p er  ce n t ,  compared to  th a t  in  a i r ,  the c e l l s  

f a i l e d  to  r e a c t  w ith  any kind of l a c t i c  ac id  form ation  (F ig ­

ure  31). At lower oxygen c o n c e n tra t io n s ,  however, l a c t i c  

ac id  was formed in  in c re as in g  amounts.

I t  i s  ev id en t ,  th e re fo r e ,  th a t  t i s s u e s ,  a lthough 

they have a good r e s i s ta n c e  to  a moderate degree of oxygen 

lack , w i l l  u l t im a te ly  produce la rg e  amounts of l a c t i c  ac id  

i f  th e  oxygen supply i s  reduced s t i l l  f u r th e r .

Severe anoxaemia has been a co n s ta n t  f in d in g  in  

th e  period im m ediately  before  dea th  in  the  p re se n t  s e r i e s  of 

ca ses ,  and was the  d i r e c t  cause of  a c id o s is  i n  K oeh ler’ s 

experim enta l p ig s .  The f in d in g s  in  Kempner’ s micro e x p e r i ­

ments could be ap p lied  to  what i s  happening to  the t i s s u e s  

of the human body s h o r t ly  before dea th  and a lso  to  those  of 

the p ig  su b je c t  to  anoxia.

The q u es tio n  a r i s e s :  a re  th e  t i s s u e  c e l l s  o f  a

person dying w ith  same chron ic , to x ic  diseas© (such as tu b e r ­

c u lo s is  o r  carcinoma) normal? This p o in t  i s  r a i s e d  because 

Kempner (1939) a lso  found th a t  cancer c e l l s  and in ju re d  t i s s u e
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c e l l s  (whether by cyanide, carbon monoxide, or v a r io u s  

to x in s  lead in g  to  g radual death  o f  the c e l l ” behaved in  a 

t o t a l l y  d i f f e r e n t  way from normal t i s s u e .

These abnormal c e l l s  formed la rg e  amounts o f  l a c t i c  

ac id  under ae rob ic  c o n d i t io n s ,  and the  f i r s t  s ig n  of the  

d y in g -o ff  o f  c e l l s  according to  Kempner i s  in ju re d  r e s p i r ­

a t io n ,  so th a t  la rg e  amounts of l a c t i c  ac id  appear even in

a i r .  In  s h o r t ,  Kempner exp la in s  th i s  phenomenon by a 

d i r e c t  p a th o lo g ic a l  change in  the c a t a l y t i c  system of the  

c e l l s  whereby an i r r e v e r s ib l e  change occurs in  such a way 

th a t  t h e i r  c a p a c i ty  of spontaneous r e a c t io n  w ith  oxygen i s  

l o s t  once and fo r  a l l .

That th e  t i s s u e  c e l l s  o f  p a t ie n ts  dying of a chronic  

d ise a se  such as tu b e rc u lo s is  a re  in ju re d  i s  p o s s ib le .  They 

may respond to  anox ia , a t  l e a s t  to  a degree in  th e  same
9

manner as Kempner’s experim ental damaged t i s s u e ,  and t h e i r  

a b i l i t y  to  r e s p i r e  normally may be a l t e r e d .

I t  would be extrem ely d i f f i c u l t  to  prove th a t  the

r e s p i r a to r y  change was i r r e v e r s i b l e ,  o r  i f  so a t  what p o in t .

Not a l l  dea ths  fo llow  toxaemia such as i s  found in  

tu b e rc u lo s i s ,  and dea th  fo llow ing c e re b ra l  haemorrhage might 

be accompanied by very  l i t t l e .

Many cases a re  an reco rd  where persons have been 

revived by a r t i f i c i a l  r e s p i r a t io n  or ca rd ia c  massage. In
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most cases of  t h i s  kind th e  t i s s u e s  of th e  body have been 

su b jec ted  to  complete anoxia fo r  vary ing  i n t e r v a l s  and y e t 

have been rev ived  to  l iv e  ag a in . One cannot p o s tu la te  the  

th e o ry  of  i r r e v e r s i b l e  change h e re ,  a lthough i t  must be 

s a id  th a t  most persons who r e q u i r e  a r t i f i c i a l  r e s p i r a t i o n  

are  o therw ise  h e a l th y  and have h e a l th y  t i s s u e  c e l l s .

The r e v e r s i b i l i t y  o f  the  b iochem ical changes in  

the blood and u r in e  have been dem onstrated in  two cases of 

severe  congestive  ca rd iac  f a i l u r e  who recovered  (Cases A 

and B, Appendix). The temporary b e n e f i c ia l  e f f e c t  o f  oxygen 

on th e  r a i s e d  blood l a c t i c  ac id  and plasma phosphorus has 

a lso  been dem onstrated in  a case of tu b e rcu lo u s  broncho­

pneumonia (Case 34, Figure 24).

Kempner’s experim ental evidence t h a t  th e  r e s p i r ­

a to ry  fu n c t io n  of damaged c e l l s  can be i r r e v e r s i b l y  impaired 

may s t i l l  be a f a c t o r  opera ting  in  the  immediate p re -ag o n a l 

phase of ch ron ic  in f e c t iv e  d is e a s e .  More th an  t h a t  cannot 

be s a id .

Anaerobic metabolism in  the  new-born i n f a n t  has 

been s tu d ie d  by Wilson e t a l . (1948). They th in k  i t  h ig h ly  

probable  th a t  th e  new-born human, as w e ll  as th e  new-born of 

o th e r  sp e c ie s  makes use  of an anaerobic  mechanism in  h is  

f o e t a l  l i f e  which i s  l o s t  soon a f t e r  b i r t h .  This mechanism
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reaches an end p o in t  in  the  carbohydrate  breakdown sh o r t  

of carbon d iox ide  and w ater.

Wilson e t a l .  found a lowered blood pH, lowered 

a l k a l i  r e s e rv e ,  in c reased  blood l a c t i c  a c id  and in c reased  

u r in a ry  e x c re t io n  of organic ac id s  in  new-born b ab ie s .

They deduced th a t  the  m etabolic a c id o s is  i s  an in d ic a t io n  

of anaerobic  metabolism, and of th e  p roduction  of an end 

product o th e r  than  carbonic ac id ,  such as l a c t i c  and pyruvic 

a c id s .  This enables th e  in fa n t  to  m ain ta in  l i f e  w ith  a 

g rea t  economy of oxygen. Wilson’ s in v e s t ig a t io n s  show aga in  

how ad ap tab le  a re  th e  h e a l th y  human c e l l s  in  response  to  

anoxia and how they  can w ithstand  t h i s  abnormal environment 

fo r  long p e r io d s  w ithout i l l  e f f e c t .

The behaviour of the  plasma phosphorus in  th e  p r e ­

te rm in a l s t a t e  may now be considered  f u r t h e r .  Great f l u c t ­

u a t io n s  in  the  le v e ls  were not found except in  i s o l a t e d  c a se s ,  

and the  mean value  remained w ith in  normal l im i t s  up to  24 

hours from dea th .

I t  i s  w ell known th a t  th e  plasma phosphorus r i s e s ,  

sometimes to  v e ry  high v a lu es ,  in  chronic k idney d ise a se s  

with im paired e x c re to ry  fu n c tio n ,  and th e  p o s s i b i l i t y  th a t  

the te rm in a l  r i s e  of plasma phosphorus a t  dea th  might be due 

to  fu n c t io n a l  r e n a l  impairment must be co n s id e red .

S p e c i f ic  t e s t s  o f  r e n a l  fu n c t io n  were not done in  

the  a u t h o r ’s oases , bu t on c l i n i c a l  evidence i t  has been



assumed th a t  no organic kidney d is e a s e  was p r e s e n t .  This 

was confirmed in  th e  f iv e  cases on which autopsy  was c a r r ie d  

o u t .

I t  has been c l e a r l y  shown th a t  azotaemia can occur 

i n  a wide v a r i e ty  of d ise ase s  due to  a fu n c t io n a l  r e n a l  

impairment or r e n a l  anoxia (Zondek, 1948; M aegraith , Havard 

& Parsons, 1945).

Such c a u sa t iv e  co n d it io n s  as burns, c ru sh ing  

i n j u r i e s ,  s u rg ic a l  shock and g en e ra l  in f e c t io n s  such as 

W eil’ s d is e a se  can cause e x t r a - r e n a l  azotaem ia and i t  i s  

conceivable  th a t  t h i s  might occur a few hours b e fo re  dea th  

when the p u lse  becomes almost im p e rc e p t ib le ,  blood p ressu re  

f a l l s ,  and a s t a t e  of c i r c u la to r y  c o l la p se  occurs . The 

te rm in a l r i s e  in  blood urea and plasma phosphorus, and the 

almost ccmplete absence of ch lo r id e s  in  th e  u r in e  could be 

explained on th e se  grounds.

A gainst th i s  is  the f a c t  th a t  th e  ammonia con ten t 

of th e  u r in e  s t e a d i l y  r i s e s ,  and th e  c o n c e n tra t io n  in  the 

specimen withdrawn by c a th e te r  a t  dea th  i s  u s u a l ly  h igher  

than th a t  o f  the  previous 24 hours .

The u r in e  withdrawn a t  d ea th ,  however, probably  

r e p re s e n ts  th e  s e c r e t io n  over th e  previous 5 - 8  hours , and 

i f ,  f a r  exan$>le, fu n c t io n a l  r e n a l  f a i l u r e  occurred  two hours 

b e fo re  d ea th ,  the  ammonia content o f  th e  t o t a l  specimen
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would not be a t ru e  r e f l e c t i o n  of the  s t a t e  o f  a f f a i r s  

o b ta in in g  in  the  f i n a l  two hours .

In  Case Ho. 11 i t  has been p o ss ib le  to  show th a t  

th e  ammonia co n c e n tra t io n  of th e  u r in e  a t  dea th  (66 .4  v o ls .  

N/10 per 100 c c s . )  was lower than  th a t  found th re e  hours 

before  d ea th  (77 .2  v o ls .  N/10 per 100 c c s . ) .

Also in  Case No. 21, th e  u r in e  a t  dea th  showed a 

lower c o n c e n tra t io n  of ammonia than  24 hours p re v io u s ly ,

36.8 v o ls .  a g a in s t  53.4 v o ls .

The conclusion  drawn from th ese  f ig u re s  i s  th a t  

the  a b i l i t y  of the Kidneys to  produce ammonia had become 

impaired a t  some p o in t  between the  tak in g  of the  two r e s p e c t ­

ive  specimens.

The experim enta l f in d in g s  of Kempner (1939) would 

appear to  support the  conc lusion  made above. He s e t  out 

to  measure the  e f f e c t  o f  oxygen te n s io n  on th e  o x id a t iv e  

de-am ination  of amino ac id s  in  k idney t i s s u e ,  and found th a t  

below an oxygen te n s io n  of 60 mms. Hg. (which i s  about the  

normal va lue  i n  the  kidneys under p h y s io lo g ic a l  c o n d it io n s )  

the r a t e  o f  de-am ination  was markedly dependent on v a r i a t io n s  

of oxygen te n s io n .

Since de-am ination  of amino a c id s  i s  th e  main 

source of u r in a r y  ammonia (Krebs, 1933), r e n a l  anoxia le ad s



to  d is tu rb a n c e  o f  the  a c id /b a se  e q u il ib r iu m  in  the body.

The c o n d i t io n ,  however, i s  r e v e r s ib l e ,  and deam ination can 

be r e s to r e d  to  normal by in c re a se  in  the  oxygen a v a i la b le  

to  the kidney c e l l s .

Baldwin (1947) cons iders  th a t  th e  v a s t  bulk of 

evidence r e l a t i n g  to  animal m etabolism i s  in  favour of an 

o x id a t iv e  p rocess  o f  de-am ination , dep ic ted  th u s :

m 2 0
/  /

R • CH + 1 / 2  Oc = R • C + NH„
\  2 \  3

COOH COOH

On t h e  o th e r  hand, an a l t e r n a t i v e  method i s  

a v a i l a b le ,  namely h y d ro ly s is :

NHo .OH
/  /

R • CH + H „0 = R • CH + N H ,
\  2 \  3  

COOH COOH

I t  i s  dou b tfu l,  however, i f  th e  body can make use 

of th e  h y d ro ly t ic  p rocess to  a s u f f i c i e n t  degree to  o f f s e t  

the e f f e c t s  of anoxia iBaldwin, 1947).

In  th e  a u th o r ’ s cases , the  c i r c u l a to r y  c o l la p se  

along w ith  d im in ish ing  oxygenation of the  blood make i t  

probable th a t  fu n c t io n a l  r e n a l  f a i l u r e  does oc‘cur s e v e ra l  

hours b e fo re  dea th .
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On th ese  grounds i t  i s  j u s t i f i a b l e  to  a s c r ib e  th e  

te rm in a l  r i s e  of  b lood phosphorus to  phosphate r e t e n t io n  

fo llow ing  r e n a l  f a i l u r e .

The o th e r  exp lana tion  o f  th e  r i s e  in  the l e v e l  of 

blood phosphorus has been mentioned in  p rev ious c h a p te rs ,  

namely, th a t  which occurs during  p e r io d s  of anaerobic meta­

bolism.

I t  has been shown th a t  ino rgan ic  phosphorus i s  

s e t  f r e e  from the enzyme system phosphagen - adenosine t r i ­

phosphate during  anaerobic a c t i v i t y ,  and J e r v e l l  (1928) has 

dem onstrated an in c re a se  of in o rgan ic  phosphorus in  the  

blood in  persons sub jec ted  to  severe  e x e rc is e .  The r i s e ,

however, was sm all ( in  one case from 2.99 to  4 .0  mgms. per

ce n t .  ) and i t  does not seem th a t  the  r i s e  o f  plasma phosphorus 

a t  d ea th  can be wholly a sc r ibed  to  the  anaerobic  metabolism 

which occurs  a t  t h i s  tim e.

I t  i s  more l i k e l y  th a t  both mechanisms - f a i l u r e

of r e n a l  fu n c t io n  p lus  anaerobic metabolism - a r e  to g e th e r  

r e sp o n s ib le  fo r  the  sudden r i s e  of plasma phosphorus during  

the 24 hours befo re  dea th .

The r e s u l t s  fo r  plasma and u r in a r y  c h lo r id e s  in  

the p re se n t  work conform to those  which would be found in  

any r e s p i r a t o r y  or m etabolic a c id o s is ,  and th e re fo re  f i t  in to
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the  g en e ra l  p a t te r n  of an agonal a c id o s i s .  Apart from a 

sm all te rm in a l  r i s e  in  plasma c h lo r id e  which i s  thought to  

be due to  haem oconcentration, the  genera l l e v e l  tends to  be 

low during  th e  l a s t  few days of l i f e .  The low le v e l  can 

be exp la ined  (a) by th e  c h lo r id e  s h i f t  from plasma to  

c o rp u sc le s ,  lb) th e  low d ie ta r y  s a l t  in tak e  to  which p a t i e n t s  

who a re  dying a re  u s u a l ly  s u b je c t ,  and ic )  i n  the  tu be rcu lous  

p a t i e n t s ,  by lo s s  o f  ch lo r id e  in  p e r s p i r a t io n .

In  h e a l th  the  r e l a t i o n  between blood and u r in a r y  

c h lo r id e  i s  f a i r l y  c o n s ta n t ,  the c o n c e n tra t io n  in  the  u r in e  

being approx im ate ly  double th a t  of the  blood. Wright 11940) 

s t a t e s  th a t  c h lo r id e  ex c re tio n  in  th e  u r in e  ceases when the 

plasma le v e l  f a l l s  below 520 mgms. p e r  c e n t .

in  d is e a s e ,  however, the  c h lo r id e  th re sh o ld  v a r ie s  

and the  f a c to r s  governing th e  v a r ia t io n s  a re  s t i l l  not com­

p le t e l y  unders tood . For example, c h lo r id e  con tinues  to  be 

exc re ted  in  d ia b e t i c  a c id o s is  and chronic r e n a l  d is e a se  even 

when th e  plasma co n c en tra t io n  has reached very  low l e v e l s ,  

and c o n v e rse ly  u r in a ry  ch lo r id e  e x c re t io n  remains i n f in i t e s im a l  

when the  plasma ch lo r id e  i s  very  high  in  p y lo r ic  s te n o s is  or 

the hyperpnoea o f  e n c e p h a l i t i s  l e th a r g i e s  iGraham & M orris , 1933).

McCance & Young (1941) have shown th a t  sodium and 

c h lo r id e  c le a ran c e  by the kidneys of new-born in f a n t s  i s  very
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low, even when the  plasma va lues  a re  very  h igh .

Wilkinson e£ a l .  (1949) s tu d ie d  th e  u r in a r y  e x c re t io n  

of c h lo r id e s  i n  th e  p o s t-o p e ra t iv e  period  and found i t  ex trem ely  

low fo r  about s ix  days a f t e r  o p e ra t io n  d e s p i te  th e  f a c t  th a t  

10 g. sodium c h lo r id e  per day was given o r a l ly .  At the  same 

time th e re  was a n e g a tiv e  n i tro g e n  b a lan ce , and they co n s id er  

th a t  c h lo r id e  r e te n t io n  i s  in  some way connected w ith  the 

" k a ta b o l ic  phase” described  by C uthbertson  (1948).

As death approaches th e  e x c re t io n  of c h lo r id e  

becomes l e s s  and le s s  and i s  p robab ly  a r e f l e c t i o n  of the 

f a l l i n g  le v e l  of plasma c h lo r id e .  This ex p lan a tio n  seems 

reasonab le  and may be accepted  u n t i l  th e  q u es tio n  of  c h lo r id e  

metabolism and e x c re t io n  i s  more f u l l y  understood .

Of a l l  th e  c o n s t i tu e n ts  o f  th e  blood examined in  

dying p a t i e n t s ,  th e  blood u rea  alone seems to  be u n re la te d  

to the  changes found in  the  o th e r s ,  except p o s s ib ly  in  th e
V

l a s t  24 hours c f  l i f e .  I t  has been shown th a t  the  le v e l  

of the  blood u rea  i s  s u b s t a n t i a l l y  above normal f o r  about 

ten  days befo re  dea th  in  th e  average o f  th e  cases s tu d ie d .

The sharp  r i s e  found in  the  l a s t  specimen of blood examined 

a t  d ea th  i s  l i k e l y  to  be due to  the te rm in a l  r e n a l  i n s u f f ­

ic ie n c y ,  which has been d iscussed  in  p rev ious  pages. The 

ex p lan a t io n  of t h i s  r i s e  in  blood u re a  l e v e l  i s  o f fe re d  by 

Kempner 11939). He says: "Urea i s  the  end p roduct of de­
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am ination of amino-aoids in  th e  l i v e r ,  as i s  ammonia in  

th e  k idney . I f  th e  k idneyTs power of de-am ination  i s  im­

p a i re d ,  the p o r t io n  of am ino-acids norm ally  handled by the 

h e a l th y  k idney  i s  o ffe red  to  the l i v e r  and converted  th e re  

in to  su rp lu s  u re a ;  th e re fo re  th e  blood u rea  must r i s e . ”

To summarise, the r i s e  in  blood u rea  which takes  

p lace  s e v e ra l  days befo re  death  i s  due to  pyrex ia  and a 

d im inished in ta k e  of food lead ing  to  excess ive  t i s s u e  b reak ­

down. The sharper  r i s e  which occurs in  the  immediate p r e ­

agonal phase is  probably  due to  super-added e x t r a - r e n a l  

azotaem ia.

I t  would appear from the  evidence found in  th e  

p resen t in v e s t ig a t io n  th a t  the le v e l  of blood urea i s  i n ­

dependent of the  degree of a c id o s i s .

Hansen was a l s o  unable to  dem onstrate  any c o r r e l ­

a t io n  between agonal a c id o s is  and n itro g en o u s  substances in  

the  blood, and concluded th a t  i t  was no t th e  f a l l  in  pH

i t s e l f  which causes in c rease d  t i s s u e  breakdown.
*

An a t tem p t has been made in  t h i s  chap te r  to  t r a c e  

the development of the  changes in  blood b iochem istry  up to  

the time of dea th  and show th e i r  c o r r e l a t io n  w ith  a g ra d u a l ly  

in c re a s in g  anoxaemia.
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The anoxaemia which i s  i n i t i a l l y  determined by 

a f a i l i n g  r e s p i r a t o r y  cen tre  and muscular weakness causes 

in  tu rn  deranged c e l l u l a r  r e s p i r a t i o n  w ith  in c re a se  in  

l a c t i c  and phosphoric a c id s ;  t h i s  in  tu rn  causes a f a l l  in  

th e  plasma b ic a rb o n a te ,  thus c a l l i n g  in to  a c t io n  the  acce sso ry  

mechanisms fo r  d e a lin g  w ith an a l t e r a t i o n  i n  th e  a c id /b a se  

balance  of th e  body, namely th e  e x c re t io n  o f  ac id s  as ammonium 

s a l t s  by the  k idneys, and the  c h lo r id e  s h i f t  between plasma 

and c o rp u sc le s .

The r e s p i r a t o r y  element in  th e  p roduction  o f  the

te rm in a l a c id o s i s ,  namely carbon d iox ide  r e t e n t io n ,  i s

assumed to  e x i s t ,  although not ex p e rim en ta lly  dem onstrated in  

the p re s e n t  in v e s t ig a t io n s .

When r e s p i r a t i o n  becomes laboured  and i r r e g u l a r ,

and th e  normal excursion  le ssened , gaseous exchange in  the

pulmonary a lv e o l i  i s  in te r f e r e d  w ith ,  le a d in g  on the one hand

to  anoxaemia and on the o th e r  to  carbon d io x id e  r e t e n t io n

in  th e  blood. The a lv e o la r  carbon d iox ide  te n s io n  r i s e s  and

so consequen tly  does th e  carbon d io x id e  te n s io n  of th e  blood

in  o rd e r  th a t  d i f fu s io n  of the gas may ta k e  p lace  ac ro ss  the
%

a lv e o la r  membrane. Carbon d iox ide i s  an e a s i ly  d i f f u s i b l e  

gas, however, and the  p re ssu re  d i f fe re n c e  between blood and 

a lv eo lu s  need on ly  be q u i te  sm all -  about 6 mms. Hg. -  in  

order th a t  a moderate degree of d i f fu s io n  of carbon d iox ide  

may ta k e  p la c e  iW right, 1940).



The p h y s io lo g ic a l  response to  in c re ase  in  blood 

carbon d io x id e  i s  h y p e rv e n t i la t io n ,  bu t t h i s  m es^n ism  i s  \fJ 

not a v a i la b le  to  the  p a t ie n t  who i s  dying, because th e  

r e s p i r a t o r y  c e n tre  i s  exhausted . I f  i t  i s  not a l re a d y  so , 

i t  r a p id ly  f a i l s  to  respond to  th e  s t im u lu s .

i t  may be mentioned here  th a t  the  m a jo r i ty  of th e  

p a t i e n t s  s tu d ie d  in  t h i s  s e r ie s  were re c e iv in g  morphine 

se v e ra l  days befo re  dea th , thus f u r th e r  dep ress ing  the r e s p i r ­

a to ry  c e n tr e  iL inhard , 1911; .P resco tt e t  a l . ,  1949).

The o b se rv a tio n  by S ir  nauder Brunt on in  1901 th a t  

th e  dying p a t i e n t  s l i p s  away a n a e s th e t is e d  by h is  own carbon 

d iox ide  may w e ll  be t r u e .

The h y p erb iliru b in aem ia  which occurs i n  th e  immed­

i a t e  p re -ag o n a l period  was d iscovered  by chance during  the  

course o f  the in v e s t ig a t io n s .  I t  i s  not a f e a tu re  of 

a c id o s is  per  se , and no re fe re n c e  to  i t s  occurrence could be 

found in  the l i t e r a t u r e  p e r ta in in g  to  d ia b e t i c  a c id o s is  or 

in  the  experim enta l a c id o s is  induced by ammonium c h lo r id e  

iM orris & MacRae, 1930). I t  does, however, seem to  be 

r e la te d  to  anoxaemia, as th e  graphs in  the  p resen t in v e s t ­

ig a t io n  show. The r i s e  in  the b i l i r u b i n  l e v e l  of th e  blood 

i s  a w e ll  recogn ised  phenomenon in  co n g es tiv e  ca rd iac  f a i l u r e ,  

and i t s  f a l l  to  normal le v e ls  consequent on recovery  and 

e f f i c i e n t  oxygenation o f  the  blood has been dem onstrated in  

Cases A and B in  the Appendix.



The o r ig in  of th e  b i l i ru b in a e m ia  has a lre ad y  been 

d iscu ssed  in  a p rev ious  c h a p te r ;  i t  i s  thought to  be due 

to  d ep ress io n  of the fu n c tio n  of  the  r e t i c u lo - e n d o th e l i a l  

c e l l s  of the l i v e r  by anoxia iRich & Resnik, 1986; hugel 

& Lichtman, 1933).



CHAPTER IX.

THERAPY

The aim of therapy in  d is e a se  i s ,  whenever p o s s ib le ,  

d i r e c te d  towards the  e r a d ic a t io n  o f  the prim ary le s io n  causing  

th e  d is e a s e .  In  the  p re - te rm in a l  s t a t e ,  the aim of th e ra p y  

should be d i r e c te d  a t  keeping th e  p a t ie n t  a l iv e  long enough 

fo r  more s p e c i f ic  measures a g a in s t  th e  prim ary cause of the 

m orb id ity  to  take e f f e c t .

U n fo r tu n a te ly ,  in  the  p re se n t  s e r ie s  o f  c a se s ,  th e  

cause o f  m o rb id ity  was such th a t  no s p e c i f ic  therapy  could 

be ap p l ied  to  i t s  e ra d ic a t io n .  The m a jo r i ty  o f  p a t i e n t s  

were s u f fe r in g  from advancing tu b e rc u lo s i s ,  and th e  rem ainder 

from in o p e ra b le  carcinoma, severe  v a lv u la r  d is e a se  of  the  

h e a r t  and c e re b ra l  haemorrhage.

N ev e rth e less ,  in  a small m in o r i ty  o f  cases i t  might 

be p o ss ib le  by the a p p l ic a t io n  o f  c e r t a in  m easures, to  keep 

a p a t i e n t  a l iv e  u n t i l  the primary d ise a se  i s  brought under
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c o n t r o l .  D iseases such as acu te  primary pneumonia and 

c e r t a i n  types of  septicaem ia respond w ell to  p e n i c i l l i n  

and drugs o f  th e  sulphonamide s e r i e s ,  but some p a t ie n t s  d ie  

befo re  s p e c i f i c  therapy  has a chance to  take  e f f e c t ,  u s u a l ly  

because of l a t e  d iag n o s is .

What measures can be taken to  prolong l i f e ?

I t  has been shown in  the r e s u l t s  of the  p re se n t  in v e s t ig a t io n  

th a t  anoxia is  the primary cause of th e  m etabo lic  changes 

which occur during the l a s t  24 hours of l i f e ;  i t  d i r e c t l y  

causes a m etabo lic  a c id o s is ,  and in  a d d i t io n ,  due to  carbon 

d iox ide  r e t e n t io n ,  a gaseous a c id o s is .  The r e s p i r a t o r y  

c e n tre  ceases to  respond to  the s tim ulus of carbon d io x id e  

excess and oxygen la ck , and thus f u r th e r  agg rava tes  the  

a c id o s i s .

I t  would seem, th e re fo r e ,  t h a t  the  e f f i c i e n t  

a d m in is t ra t io n  of oxygen should be s u f f i c i e n t  to  break  th e
t

v ic io u s  c i r c l e .  i t  would allow normal c e l l u l a r  metabolism 

to proceed w ith  th e  form ation  of no excess of ac id  m e ta b o l i te s  

such as l a c t i c  a c id .  Because of a lowered a lv e o la r  carbon 

d iox ide  te n s io n ,  i t  would allow  the  passage of excess blood 

carbonic ac id  ac ross  the c a p i1la r y - a le v o la r  membrane, and

so to  be exhaled .

I f  the r e s p i r a t o r y  c e n tre  has a lre a d y  been ex­

hausted  b e fo re  oxygen the rapy  i s  commenced, i t s  i r r i t a b i l i t y  

may be r e s to r e d  tem p o ra ri ly  by th e  a d m in is t ra t io n  of corsmine
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° r  one of the  a l l i e d  drugs, Ccr amine used v ig o ro u s ly  i s  a 

v a lu a b le  drug in  co n d it io n s  such as have been d esc r ib ed .

in  extreme cases i t  may be ad v isab le  to  c o r re c t  

an a l re a d y  e s ta b l i s h e d  a c id o s is  by th e  a d m in is t ra t io n  of an 

a lk a l in e  s o lu t io n  in trav en o u s ly .

Koehler e t  a l .  11925J prolonged th e  l i f e  of p ig s  

a p p re c ia b ly  by ad m in is te r in g  a sodium b ic a rb o n a te  s o lu t io n  

in tra v e n o u s ly  a f t e r  a severe  a c id o s is  had been produced by 

anoxia.

In travenous sodium b ica rb o n a te  has been used in  

th e  trea tm en t o f  diiabetic a c id o s i s ,  but was dropped because 

i t  i s  a d i f f i c u l t  s o lu t io n  to  s t e r i l i s e ,  but a lso  because 

eq u iv a le n t  r e s u l t s  could be ob ta ined  by u s in g  s a l in e  and 

i n s u l in  and allow ing the body to  c o r r e c t  th e  a c id o s is  by 

p h y s io lo g ic a l  means.

.N evertheless, when speed i s  th e  Keynote, and when 

the  p h y s io lo g ic a l  p rocesses  of th e  body a re  depressed , the 

in fu s io n  o f  a sm all amount of a lk a l in e  f l u id  to  a n e a r ly  

moribund p a t i e n t  might help  g r e a t ly  in  augmenting a decreased  

a l k a l i  r e se rv e  u n t i l  the  e f f e c t s  of oxygen a d m in is t ra t io n  

a re  f u l l y  e s ta b l i s h e d .

Hansen a l s o  advocates the  use of r e s p i r a t o r y  

s t im u la n ts  in  the pre-agonal s t a t e ,  where th e re  i s  hope of 

sav ing  the  p a t i e n t  by s p e c i f ic  means. He d e sc r ib e s  th e  case
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of a woman s u f f e r in g  from b i l a t e r a l  pneumonia whose g enera l 

co n d it io n  was very  bad, but whose r e s p i r a t o r y  c e n tre  was kept 

a c t iv e  fo r  the f i r s t  24 hours w ith  a t o t a l  dosage of 57 ml. 

Coramine. T h e rea f te r  the  pneumonia, which was caused by 

the  Type I  pneumococcus, responded s a t i s f a c t o r i l y  to  the  

a d m in is t ra t io n  of s u lp h a th ia z o le .

Hansen a lso  used oxygen th e rap y , and in travenous 

1 . 3 7 0  sodium b ica rb o n a te  so lu t io n s  in  s e v e ra l  of h is  cases 

but g ives  no d e t a i l e d  r e s u l t s  except to  say th a t  i t  seemed to  

have a temporary good e f f e c t  and prolonged l i f e  longer than  

was expected . Most of n a n s e ^ s  cases were s im i la r  to  the  

a u th o rTs in  th a t  the na tu re  of the  prim ary  i l l n e s s  made 

death  i n e v i t a b le .

A ris in g  from the  r e s u l t s  obta ined  in  the  p re se n t  

in v e s t ig a t io n  c o n t ra - in d ic a t io n s  in  th e rap y  may be mentioned.

i t  i s  common p ra c t ic e  to  ad m in is te r  ac id  s a l t s  

such as ammonium c h lo r id e  p r io r  to  m ersa ly l  i n j e c t io n s  in  

cases of severe  ca rd iac  f a i l u r e  w ith  oedema. In  such cases 

of ca rd iac  f a i l u r e  examined in  th i s  s e r i e s  i t  was found th a t

an a c id o s is  of moderate degree a lre a d y  e x i s t s  when dyspnoea

and venous congestion  are  ev id en t .  The plasma b ica rb o n a te  

i s  s l i g h t l y  lowered, the blood l a c t i c  a c id  i s  r a i s e d ,  and

th e  u r in a r y  pH depressed . By g iv in g  a c id  forming s a l t s  m

the doses advocated, an a lre a d y  e s ta b l i s h e d  a c id o s is  w i l l  be
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in c re ased  dangerously , and th e  l i f e  u f  an i l l  p a t i e n t  

im p e r i l le d .

I t  i s  th e re fo re  thought unnecessary  to ad m in is te r  

ac id  s a l t s  p r io r  to  g iv ing  m e rsa ly l  i n  cases o f  severe  con­

g e s t iv e  ca rd iac  f a i l u r e  with oedema.

When oxygen i s  adm in is te red  to  moribund p a t ie n t s  

in  an e f f o r t  to  prolong l i f e ,  i t  i s  v e ry  im portant to  make 

sure  th a t  the  c y l in d e r  does not co n ta in  a percen tage  of 

carbon d io x id e , s in c e  th e re  i s  a l re a d y  an in c re ase d  carbon 

d iox ide te n s io n  in  the blood of such p a t i e n t s .  Oxygen gas 

alone should be th e  therapy of ch o ice .

The qu es tio n  of morphine a d m in is t ra t io n  a l s o  

r e q u ir e s  c o n s id e ra t io n .

In  advanced pulmonary tu b e rc u lo s is  w ith  hopeless 

p rognosis  morphine i s  almost a s p e c i f i c  fo r  the  uncom fortable 

dyspnoea which occurs se v e ra l  days b efo re  d ea th .  I t s  u se  

c e r t a i n l y  keeps th e  p a t ie n t  comfcsrtable and the f r a n t i c  

gasping fo r  b re a th  i s  g r e a t ly  d im in ished . Morphine used 

in  t h i s  way i s  j u s t i f i a b l e ,  s in c e  th e  u l t im a te  dea th  of  the 

p a t i e n t  i s  i n e v i t a b le .

The fo rego ing  remarks a ls o  apply to  d is e a se s  such 

as in o p e rab le  cancer and o th e rs  having a hopeless  p ro g n o sis .

In  fu lm in a tin g  in f e c t io n s  l ik e  pneumonia, s e p t i c ­

aemia, or acu te  meningococcal m e n in g it is  where th e  p a t i e n t
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i s  c o l la p se d ,  i t  would be w iser to  w ithhold  morphine and use 

a r e s p i r a t o r y  s t im u la n t  u n t i l  s p e c i f i c  th e rap y  has had time 

to  a c t .

In  m ild e r  cases o f  pneumonia, e s p e c ia l ly  w ith  

severe  p le u ra l  p a in , i t  i s  j u s t i f i a b l e  to  ad m in is te r  morphine, 

e s p e c ia l ly  during  the  f i r s t  24 hours . Diminution of p le u r a l  

pain alone w i l l  he lp  to  in c re a se  th e  r e s p i r a to r y  excurs ion .

Morphine i s  undoubtedly b e n e f i c i a l  in  c e r t a in  

types of ca rd iac  t ro u b le ,  fo r  example ca rd iac  asthma and the 

pain  of  coronary throm bosis. On the  o th e r  hand, when a 

p a t ie n t  i s  adm itted  to  h o s p i t a l  w ith severe  conges tive  c a rd ia c  

f a i l u r e  and orthopnoea i t  would be proper not to  depress the 

r e s p i r a t o r y  c e n tre  w ith morphine and so cause f u r th e r  carbon 

d io x id e  r e t e n t io n  and increased  a c id o s i s .  The r a t i o n a l  

th e ra p e u t ic  approach would be to  ad m in is te r  oxygen e f f i c i e n t l y  

and d i g i t a l i s e  th e  p a t ie n t  q u ic k ly . I f  the  p a t ie n t  re q u ire d  

a s e d a t iv e ,  one which does not a c t  on the r e s p i r a t o r y  c e n tre  

should be chosen.

To sum up, i t  may be sa id  t h a t  whenever th e re  i s  

reasonab le  hope t h a t  l i f e  might be saved in  a d e s p e ra te  c a se ,  

no th ing  should be done which has the  e f f e c t  o f  in c re a s in g  

a c id o s is ,  e i t h e r  by o r a l  m edication or a d m in is t ra t io n  of 

morphine. In  th e  case w ith hope less  p rognosis ,  morphine 

should not be w ithhe ld .
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CHAPTER X.

CONCLUSIONS

In  p a t i e n t s  dying of chronic d i s e a s e s ,  no g re a t  

changes in  the b lood or u r in e  b iochem is try  can be d e tec ted  

up to w i th in  two or th re e  days of d ea th ,  w ith  the excep tion  

of the blood u re a .

The r i s e  in  the blood u rea  l e v e l  i s  independent 

of the changes in  the o th e r  blood c o n s t i tu e n t s  and seemed to  

depend on in c reased  katabolism  due to  p y rex ia ,  and a dim in­

ished food in ta k e .  This r i s e  i s  seen o f ten  as e a r ly  as ten  

days b e fo re  dea th .

The p a t te r n  of b iochem ical changes which occurs 

in  the  two o r  th re e  days before  dea th  shows an in c re a s in g  

tendency towards a c id o s is ,  which i s  most apparen t in  the 

f i n a l  specimens of blood and u r in e  taken  immediately a f t e r  

death .
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The prim ary cause of th e  p re -ag o n a l a c id o s is  i s  

anox ia , which i s  produced by weakness o f  the  r e s p i r a t o r y  

muscles and exhaustion  of the r e s p i r a t o r y  c e n t r e .  A v ic io u s  

c i r c l e  i s  s e t  up in  which anoxia causes a c id o s is  which in  

tu rn  f u r th e r  i n t e r f e r e s  w ith  e f f i c i e n t  oxygenation of the  

t i s s u e s .  Carbon d iox ide  r e t e n t io n  occurs due to  d e f ic ie n t  

pulmonary v e n t i l a t i o n ,  and th i s  combined w ith  in c re a se d  ac id  

m e ta b o l i te s  in  the blood produces a mixed type of a c id o s is .

Several hours before  dea th  r e n a l  fu n c t io n  becomes 

im paired due to  anoxia of the kidney c e l l s ,  and i t  i s  thought 

th a t  t h i s  phenomenon explains th e  sharp  in c re a se  i n  a c id o s is  

found a t  dea th .

I t  i s  suggested th a t  an i r r e v e r s i b l e  change occurs 

in  the  r e s p i r a t o r y  enzyme s t r u c tu r e  of the  t i s s u e  c e l l s  

s h o r t ly  be fo re  dea th , lead ing  to  the  p roduc tion  of la rg e  

amounts of l a c t i c  a c id .  The damaging agent i s  most l i k e ly  

to  be the  to x ic  products of the  d is e a se  p ro c e s s .

I f  th e  primary le s io n  caus ing  the  d is e a s e  i s  

t r e a t a b l e  and th e  p a t i e n t  has reached an almost moribund 

s t a t e ,  immediate measures should be d i r e c te d  towards p r e ­

ven ting  or c o r re c t in g  a c id o s is .  Oxygen should be given 

by an e f f i c i e n t  method, and the e x c i t a b i l i t y  of th e  r e s p i r a t o r y  

c e n tre  should be in c reased  by g iv in g  Coramine. In  d e sp e ra te
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cases  a sm all amount of in travenous sodium b icarb o n a te  

s o lu t io n  might be u s e fu l  as an a d d i t io n a l  measure.
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Case 1. S .J . Male. Age 1+0. Admitted : 
Died :

3 0 .5 .4 7 .
2 9 .6 .4 7 .

The p a tie n t gave a h is to r y  o f lumbar pain sin ce  January 
1947. This was accompanied hy in creasin g  b rea th lessn ess  on 
exertion  and cough. A fter  a severe bout o f vom iting on 
2 7 /5 /4 7 , he was admitted to Glasgow Royal Infirm ary.

On adm ission, he was seen to  be a th in  r e s t le s s  man, 
rather p ale and dyspnoeic. having a frequent cough and 
abundant sputum. There was no clubbing o f the f in g e r s ,  
k oilon ych ia  or palpable glands.

Examination of the ch est revealed w asting, impaired 
percussion  note and cavernous breath ing with s t ick y  creps at 
the r igh t apex. Xray o f ch est confirmed a large ca v ita t in g  
le s io n  at the r igh t apex, and the sputum on d ir e c t  smear 
revealed numerous tubercle b a c i l l i .

On 9 /6 /4 7  the p a tien t appeared f a ir ly  com fortable and 
was not dypnoeic at r e s t . However, a f te r  another week i t  
was evident that there was considerable d e ter io ra tio n . 
R esp irations had become hurried and were 34 per minute.

On 25 /6 /47  he had become semicomatose but could be roused 
to answer q u estion s, but from th is  date h is  con d ition  rap id ly  
d eteriorated  and he died on 29/ 6/ 47 .

The temperature had been in term itten t sin ce the day o f  
adm ission, but became subnormal 12 hours before death.

Cardiac puncture was performed immediately a f te r  death. 

D iagnosis : Pulmonary T uberculosis.

Case 2. W.R. Male Age 52 Admitted : 1 6 .6 .4 7 .

The p a tien t was admitted to Glasgow Royal Infirmary fo r  
ch est in v e s t ig a t io n .

He gave a h is to ry  o f having had a cough and lo s s  o f weight 
fo r  three months p rev iou sly . A few weeks before adm ission he 
had a small haem optysis, fo llow ed  by another a few days la te r .

Died 5 .7 .4 7

On adm ission, the p a tie n t was orthopnoeic and showed 
some d is t r e s s ,  but w ith r e s t  in  bed th is  s e t t le d  down. He was



pale  and had lo s t  a lo t  o f  w eight, and there were sign s o f  
a pulmonary le s io n  on the r ig h t s id e . Xray o f ch est confirmed 
the presence o f the le s io n  which c l in i c a l l y  and r a d io lo g ic a lly  
was a bronchial carcinoma.

By the time the f i r s t  blood and urine specimens were taken 
on 2 /7 /4 9 , the p a tien t had again become very d is tre sse d  and 
was obviously  f a i l in g .

Dyspnoea p e rs is ted  u n t il  death.

The la s t  specimens were taken 10 hours before death. 

D iagnosis : Bronchial Carcinoma.

Case 3. D.P. Male. Age 15. Admitted : 1 9 .6 .4 7
Died : 2 8 .6 .4 7

The p a tien t was admitted as a case o f  acute a p p en d ic itis  
to the Surgical Wards o f Glasgow Royal Infirm ary, but no 
operation was performed because o f  a ty p ic a l h is to ry  and s ig n s.

He had a convulsion on the evening o f 2 0 .6 .4 7  and th e rea fter  
transferred  to the Medical Wards on 2 1 .6 .4 7 .

His cond ition  on tran sfer  was poor; he was in  a sem i- 
comatose s ta te , but could be roused, and complained o f  
headache.

Examination revealed that he had b i la t e r a l  p a lsy  o f  the 
external r e c t i  m uscles, papilloedem a, and an extensor p lan tar  
response on the l e f t  s id e .

There was a loud blowing s y s to l ic  murmur at the apex, but 
no sign s o f cardiac fa ilu r e .

Abdominal examination was n eg a tiv e , and there was no 
abnormality o f the urine.

Lumbar puncture produced a c lea r  f lu id  under p ressure, and 
the fo llow in g  was the p a th o lo g ica l report.

a. No growth o f Tb on cu ltu re .
b. C e ll count o f  50/c.m.m. -  mixed polymorphs and 

lyn?>hocytes.
c . P rotein  9 5  ragms$.
d. Chloriad 529 mgms$

The con d ition  was considered to be tuberculous m en in g itis .
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P ro g ress  : D e te r io ra t io n  was s tead y  day by day and coma

deepened. The b re a th in g  was of th e  Cheyne-Stokes 
type f o r  24 hours b e fo re  dea th .

Blood was tak en  by c a rd ia c  p u nctu re  im m ediately a f t e r  d ea th . 

D iagnosis : Tuberculous M en in g itis .

Case 4. J.McG. Male. Age 32. Admitted : 2 6 .6 .4 7
Died : 5 .7 .4 7

The p a tie n t was admitted to  the Medical Wards w ith a 
h isto ry  o f dyspnoea and ch est pain  o f 7 weeks duration.

The f i r s t  sign  o f h is  present i l ln e s s  was in  1940 when he 
was discharged from the Army because o f a ’’bad heart’’ . He had 
had repeated attacks of rheumatic fev er  sin ce he was 11 years 
old .

A fter discharge from the Army he found work as a labourer, 
but was co n tin u a lly  o f f  work due to dyspnoea.

On adm ission, the p a tien t was d is tr e s se d , b rea th less  and 
cyanosed. His l iv e r  was 3 f in g e rs  breadth enlarged below the 
r igh t c o s ta l margin. His sp leen  was not p a lpab le , and there  
was no oedema.

The pu lse was regular and rapid -  120 per minute. The 
apex beat was palpable 6” to the l e f t  in  the 6th in tersp ace .

S y s to lic  and d ia s to lic  murmurs were e a s i ly  heard at both  
apex and b a se , and ind icated  d isea se  i f  both m itra l and a o rtic  
v a lv e s .

His cond ition  s e tt le d  a l i t t l e  a f te r  adm ission, but 
th e rea fter  he gradually d eteriora ted . The dyspnoea became more 
pronounced and he had repeated haemoptyses.

He died a t 1 p.m. on 5 .7 .4 7 , and blood was taken 
immediately from the jugular v e in , and the bladder emptied by 
ca th eter .

D iagnosis : Congestive cardiac fa i lu r e .
Rheumatic c a r d i t i s .



Case 5- W.P. Male. Age 40. Admitted : 1 2 .6 .4 7
Died : 11.7-47

The p a t ie n t  on adm ission com plained o f p a in  in  the  r ig h t  
s id e  o f c h e s t of 6 weeks d u ra tio n ; a lso  a lump growing on 
th e  r ig h t  s id e  o f ch e s t and l e f t  s id e  of neck.

He had l o s t  only a l i t t l e  w eight and was very  s l i g h t ly  
dyspnoeic on e x e r tio n .

On exam ination the  p a t ie n t  was found to  he a s tro n g  w ell 
b u i l t  man, who had no t ap p a re n tly  l o s t  much w eight. P h y s ic a l 
s ig n s  in  th e  c h e s t were th o se  o f  a r ig h t  p le u ra l  e f fu s io n  and 
th e  tumours on th e  ch e s t w all were f irm , hard  and no t te n d e r , 
and appeared to  be f ix e d  to  th e  deep t i s s u e s .

S tr a ig h t  Xray o f ch ea t and tomograph showed c o lla p se  o f  
th e  r ig h t  middle lobe and a r ig h t  p le u ra l  e f fu s io n . B iopsy of 
th e  tumour confirm ed th a t  i t  was n e o p la s t ic .

The co n d itio n  th en , was b ro n c h ia l carcinom a w ith  
se c o n d a r ie s .

The p a t i e n t ’ s g en e ra l c o n d itio n  began to  d e te r io r a te  very  
ra p id ly ;  f le s h  was qu ick ly  l o s t ;  he became anaemic and 
b f e a th le s s .

On 4 .7 .4 7  he rece iv ed  one m assive dose o f  deep Xray 
th e ra p y , b u t w ith  no n o tic e a b le  e f f e c t .

By th e  tim e the  f i r s t  b iochem ical e s tim a tio n s  were made, 
th e  p a t ie n t  was extrem ely  dyspnoeic; th e  tem pera tu re  was 
s l i g h t ly  r a is e d ,  and he was re c e iv in g  Morphine a t  n ig h t .

Blood was removed from th e  h e a r t  im m ediately a f t e r  d ea th .

P o s t Mortem confirm ed th e  d ia g n o s is  o f r ig h t  b ro n c h ia l
carcinom a w ith  seco n d aries  in  th e  t i s s u e s  o f th e  a n te r io r
c h e s t w a ll , and l e f t  s u p ra c la v ic u la r  g lan d s. There were
a few sm all seco n d aries  in  th e  l i v e r .

D iagnosis : B ronch ia l Carcinoma.

Case 6. K.C. Male. Age 27. A dm itted : 2 4 /7 .4 7 .
Died : 7 .8 .4 7 .

T his p a t ie n t  gave a h is to r y  o f in c re a s in g  b re a th le s s n e s s  
o f one month1s d u ra tio n . D uring th e  war he served  as a



paratrooper, and was taken P risoner o f  War at Arnheim. He 
was discharged from the Army in  November 1945 w ith a la b e l  
o f "neurosis” , but there was no note o f any cardiac le s io n  
on h is  papers. He had remained w ell apart from b ro n ch itis  
u n t i l  the present i l ln e s s  commenced.

He had mumps and m easles in  childhood, but there was no 
h isto ry  of rheumatic fev er , chorea, or growing pains.

Examination revealed a p a le  man o f medium build; he was 
very dyspnoeic, and had s l ig h t  oedema o f the ankles.

The heart was enlarged and there was a loud d ia s to l ic  
murmur at the a o rtic  area and down the l e f t  border o f the 
sternum. An A u stin -F lin t murmur was w ell heard at the apex.

The W.R. and Kahn t e s t s  were n egative .

The l iv e r  was enlarged and tender, and the sp leen  was 
e a s i ly  palpable 2" below the l e f t  c o s ta l margin. He was 
running a temperature, but th is  gradually  s e t t le d  with  
0 .5  mega u n its  o f  P e n ic i l l in  per day. The sp leen  a lso  became 
gradually sm aller.

Although i t  appeared that the in fe c t io n  was being  
co n tro lled , the va lvu lar le s io n  was so gross that the p a tien t  
became gradually more and more dyspnoeic and died on 7 . 8 . 4 7 .

Blood was removed immediately by cardiac puncture.

Post Mortem confirmed sub-acute b a c te r ia l en d ocard itis  
superimposed on a con gen ita l b icusp id  aortjc va lve .

D iagnosis : Sub-acute B a cter ia l E ndocard itis.
Congestive Cardiac F a ilu re .

Case 7. B.S. Female. Age 59. Admitted : 2 3 .8 .4 7
Died : 2 7 .8 .4 7

The h is to ry /o ?  nocturnal dyspnoea o f 7 month’ s duration , 
which had become much worse during the two weeks before  
admission.

She had been p r a c t ic a lly  confined to  bed fo r  the la s t  
6 months because o f b rea th lessn ess on exertion  and oedema o f  
the an k les, and paroxysmal nocturnal dyspnoea was o ften  severe, 
R ecently  the symptoms became much worse and she began to vomit 
and the dyspnoea became continuous.



There was no previous h is to ry  o f n ep h r itis  and kidney  
function  was l i t t l e  impaired, hut she had su ffered  a stroke  
5 years p rev iou sly  which l e f t  her r ig h t sid e weak.

On examination, the p a tien t was orthopnoeic, cyanosed 
and had oedema o f the ankles and puffy  eyes.

The p u lse  was regu lar, 98 per minute, and the blood  
pressure = 240/135. The apex beat was 5” from the raidsternum 
in  the 5th l e f t  in tersp ace. The lungs were c lea r  except fo r  
m oist r a le s  at both bases.

The c l in ic a l  p ictu re  was o f cardiac fa ilu r e  fo llo w in g  
hypertension.

The p a tie n t gradually became more comatose, and f in a l ly  
developed Oheyne-Stokes breathing 24 hours before death.

Blood was taken immediately by cardiac puncture.

Post Mortem. The l e f t  in tern a l capsule showed sign s o f an
old  haemorrhage, and the g a ll  bladder was f u l l  o f c a lc u l i .  
The l e f t  v en tr ic le  was g ro ss ly  enlarged.

D iagnosis : Cardiac fa i lu r e .

Case 8 . H.McC. Male. Age 38. Adm itted:2 0 .4 .4 7
Died : 8 .8 .4 7

This man was admitted to the Medical Wards o f Glasgow 
Royal Infirm ary with a transverse m y e lit is  o f f a ir ly  sudden 
on set. There was no improvement in  e ith e r  the motor or 
sensory lo s s  which extended from the hips donwards, and bedsores 
o f huge dimensions soon developed.

He remained a liv e  fo r  nearly  four months gradually  
becoming weaker and weaker due to  to x ic  absorption from the 
ex ten siv e  bedsores. His was a p rotracted  and slow death over 
many weeks, and he was p yrex ia l most o f  the time.

The urine became in fected  at an ea r ly  sta g e , and an 
in dw elling  ca th eter  was f i t t e d .  No accurate b iochem ical 
a n a ly s is  could be made of the urine because o f the heavy 
in fe c t io n .

Blood was removed by cardiac puncture immediately a f te r  
death.
D iagnosis • T ransverse  M y e lit is .



C a s e  9 .  P . D .  M a l e .  A g e  4 7 .  A d m i t t e d  : 2 4 . 1 0 . 4 7
D i e d  : 3 . 1 1 . 4 7

The p a tien t was semi-comatose on adm ission, hut could  
he roused to answer questions. The only h isto ry  which could  
he e l ic i t e d  was that he had developed a severe headache a few 
days p rior to admission. The n ight before being admitted 
to the Medical Wards o f Glasgow Royal Infirm ary, he had had 
h is  stomach washed out and admitted to the Casualty Ward.

He presented as a w ell nourished and w ell b u ilt  ad u lt. 
There was no cyanosis or jaundice and the skin  and mucus 
membranes were w ell coloured.

Blood pressure : 120/80.
R esp irations : 20/m inute.
Pulse : 8i|/m inute.

The p u p ils were unequal in  s iz e  and both p lan tar responses 
were exten sor, and there was moderate s p a s t ic ity  o f  both lower 
lim bs.

Lumbar puncture produced a blood sta in ed  cerebr£>. sp in a l 
f lu id . On 2 .1 1 .4 7  the re sp ira tio n s began to r is e  up to  
40/m inute and the fo llow in g  day they were 60/in inute w ith the 
pulse running at l4 V mi nu't e - He f e l l  in to  a deep coma and 
became in con tin en t, but the urine could be c o lle c te d .

Two hours before death the re sp ira tio n s began to  get  
slower and became Cheyne-Stokes in  character.

The f in a l  blood sample was taken by cardiac puncture 
immediately a fte r  death.

D iagnosis : Subarachnoid Haemorrhage.

Case 10. T.H. Male. Age 76. Admitted : 4 .9 .4 7 .
Died : 2 1 .1 0 .4 7 .

At the beginning of Ju ly  1947 the p a tie n t had an attack  
o f  jaundice which la s te d  three weeks. According to  h is  
own D octor’ s Notes h is  l iv e r  was enlarged three f in g e rs  breadth. 
The jaundice slow ly cleared  but the abdomen began to sw ell and 
weight was rap id ly  lo s t .  The ankLes a lso  became oedematous.

On admission to  the Medical Wards o f Glasgow Royal 
Infirmary on 4 .9 .4 7  the p a tien t had a "muddy" complexion and had



lo s t  a lo t  o f w eight. The p er ito n ea l ca v ity  was f u l l  o f f lu id ,  
which, a f te r  p a ra cen tes is , enabled the l iv e r  to be f e l t  
about three f in g e rs  breadth below the c o s ta l margin. The 
sp leen  was not f e l t .  There was a sm all p leu ra l e ffu s io n  on the 
r igh t sid e but otherwise the lungs were h ealthy .

He remained f a ir ly  w ell u n t i l  6 .1 0 .4 7  when jaundice 
reappeared growing s te a d ily  deeper in  hue. The other p h ysica l 
sign s remained unaltered .

By 19 .l0 .l47  the p a tien t had become very weak and sem i- 
comatose. The ‘breathing was sLow, shallow , and laboured.
This p e r s is te d  u n t i l  death on 21 .10 .47  at 12 noon. Blood fo r  
examination was obtained by cardiac puncture immediately a f te r  
death.

Treatment given con sisted  o f Morphine during the la s t  
four days, and he had a lso  been having in je c t io n s  o f 2 c .c s .  of 
M ersalyl on a ltern a te  days, which were preceeded by severa l 
doses o f Ammonium Chloride. The acid  s a lt  had no doubt 
in fluenced  the le v e l  o f the pH o f the u rin e, and a lso  the 
le v e l  o f the plasma bicarbonate.

P ost Mortem revealed a primary carcinoma o f the body o f the
pancreas with one large secondary d ep osit in  the l iv e r .

D iagnosis : Carcinoma o f Pancreas.

Case 11. D.B. Male. Age 50. Admitted : 3 0 .7 .4 7 .
Died : 1 8 .8 .4 7 .

This man complained o f sw e llin g  o f  the l e f t  arm, 
huskiness o f h is  vo ice and b rea th lessn ess  o f s ix  week* s 
duration.

He had su ffered  from b ro n ch itis  fo r  many years but two 
months ago he developed a pain in  the l e f t  s id e  o f h is  ch est  
which la s ted  fo r  a week but did not recur. The sputum had 
become copious said mucopurulent.

The patient* s general con d ition  on adm ission was f a ir ly  
good; He appeared comfortable and showed no dyspnoea at r e s t .  
The $ |iy s ica l sign s and h isto ry  suggested a carcinoma o f the 
bronchus on the l e f t  s id e  causing pressure on the l e f t  
recurrent laryngeal nerve and subslavian  vein^.



On 6 .8 .4 7  when the in v e s t ig a t io n  was s ta r te d , the 
p a tien t s t i l l  remained comfortable and was not dyspnoeic.
By 1 4 .8 .4 7  h is  g enera l co n d i t io n  had obv iously  d e te r io r a te d  
and he was b r e a th le s s .  This g ra d u a l ly  became worse and he 
d ied  a t  12 noon on 1 8 .8 .4 7 .

Blood was taken  by ca rd ia c  punctu re  imm ediately a f t e r  
dea th .

P o s t Mortem. There was a sm all c o n tra c te d  carcinoma o f  the 
l e f t  upper lobe bronchus w ith  secondary pneumonic 
c o n s o l id a t io n  on the  l e f t  s id e .  There were secondary 
d e p o s i ts  in  th e  glands below the l e f t  c l a v ic l e  com pressing 
the  su b c lav ian  vein .

D iagnosis  : B ronchial Carcinoma.

Case 12. E.S. Male. Age 58. Admitted : 2 9 .8 .4 7
Died : 2 6 .9 .4 7

This man had complained o f  dyspnoea f o r  about 3 months
b e fo re  adm ission to  Glasgow Royal In f irm a ry  on 2 9 -8 .4 7 .
Since the  b r e a th le s s n e s s  s t a r t e d ,  he has had an a t t a c k  alm ost 
every n ig h t .  During the  day he was com fortab le  b u t had 
dyspnoea on e x e r t io n .  He never  had any oedema o f  th e  a n k le s ,  
nor headaches.

There was no th ing  re le v a n t  in  h i s  p rev io u s  o r  fam ily  
h i s to r y .

On exam ination , the  p a t i e n t  appeared com fortab le ; th e re  
was no dyspnoea, cyanosis ,  o r  oedema. The p u lse  was r e g u la r ,  
and the  blood p re ssu re  = 210/133. The h e a r t  was en la rg ed ,
th e  apex b e a t  be ing  3i "  from midsternum in  th e  5 th  l e f t  i n t e r ­
space. W.R. was n e g a tiv e .  There was a t r a c e  o f  albumen and
a few g ra n u la r  c a s t s  in  th e  u r in e .

The p a t i e n t  remained f a i r l y  com fortab le  up to  1 1 .9 .4 7  
a l though  he s t i l l  had n o c tu rn a l a t ta c k s  o f  dyspnoea. The 
b re a th in g  became Cheyne-Stokes in  c h a r a c te r ,  and h i s  g en e ra l  
co n d i t io n  d e te r io r a te d  t h e r e a f t e r .  Three days p r i o r  to  
d ea th  he became comatose, and th e  r e s p i r a t i o n s  were very  
labou red . Cyanosis was marked, and th e  u r in a ry  o u tp u t 
d im in ished . He d ied  on 2 6 .9 .4 7 .

Drugs given : C ardophyllin
D i g i t a l i s  
Calcium Gluconate

D iagnosis : H ypertensive C ardiac F a i lu r e .



C a s e  1 3 .  R .R .  M a l e .  A g e  6 7 .  A d m i t t e d  : 1 3 . 1 1 . 4 7
D i e d  : 2 9 . 1 2 . 4 7

The p a tie n t was admitted a fte r  having co llapsed  in  the 
s tr e e t .  He was semi-comatose and com pletely aphasic.

In August 1947 he was in v estig a ted  fo r  anaemia, and 
a routine Xray of chest at th at time revealed an opacity  which 
was considered to  he a neoplasm o f a bronchus in  the l e f t  s id e .

Four weeks before admission he had a cough and blood­
sta in ed  sputum with p eriod ic pain  in  the l e f t  ch est.

His previous h isto ry  revealed  nothing re levan t.

Examination revealed a pale man who had lo s t  a lo t  o f  
w eight. He was not jaundiced and had no oedema or palpable
glands. He was aphasic, and had a r ig h t sided hem iplegia.
Blood Pressure = 100/70.

The aphasia gradually cleared  up over a period o f days, 
but the hem iplegia p ers is te d .

The cerebroi sp inal f lu id  was not under p ressu re , c le a r ,  
and showed no p a th o log ica l changes.

Bed sores began to appear, and they became deep and 
n e c r o t ic .

I t  was evident that the p a t ie n t ’ s con d ition  was d eteriorating . 
He had always been s l ig h t ly  dyspnoeic sin ce  adm ission, but 
Cheyne-Stokes breathing was noted f i r s t  on 4 .1 2 .4 7  and continued  
u n t i l  death.

The i l ln e s s  was protracted .

No Post Mortem was performed, but the case was considered  
to  be bronchial carcinoma with a secondary tumour <&f the brain .

No drugs given .

The la s t  specimen o f blood was taken 3 hours before death.
No urine could be c o lle c te d  because o f incontinence.

D iagnosis : Bronchial Carcinoma.



192
C a s e  1 4 .  J . H .  M a l e .  . A ge  5 7 .  A d m i t t e d  : 4 . 1 2 . 4 7

D i e d  : 2 2 .  1 . 4 B

For two months t h i s  p a t i e n t  had complained of p a in  in  
the  r ig h t  s id e  o f  the  c h e s t .  The onse t was g rad u a l ,  and was 
more a d u l l  ache than  a sha rp , p l e u r i t i c -  type of p a in ,  and 
i t  was not c o n s ta n t ly  p re s e n t .  He had dyspnoea on e x e r t io n .
A week b efo re  adm ission , the p a in  became more sev ere .

He had only  a s l i g h t  cough w ith  a w h it is h  sputum, and had 
n o t ic e d  no b lo o d s tan in g . About one s tone in  weight had been 
l o s t  s ince  th e  i l l n e s s  commenced.

On adm ission , he looked a f a i r l y  w ell  b u i l t  man and had 
a p le th o r i c  f a c i e s .  The f in g e r s  showed some c lubb ing .
C l in ic a l  exam ination rev ea led  s igns  o f  an e f fu s io n  a t  th e  
r i g h t  b a se ,  and Xray confirmed t h i s ,  showing a lso  an o p a c ity  
which was in  keeping w ith  the  d ia g n o s is  of b ro n c h ia l  carcinoma.

W hils t  in  h o s p i t a l ,  th e re  was no s ig n  of dyspnoea, and 
the  g en e ra l  co n d i t io n  was good, a l though  p a lp a b le  nodules 
appeared on th e  sca lp  and en larged  g lands could now be f e l t  in  
the  l e f t  a x i l l a .

The p a tien t* s death on 22 .1 .4 8  was very sudden, occurring  
w ithin  the space of 15 m inutes. He presumably had a 
cerebral catastrophe caused by secondary carcinomatous growth 
in  the brain .

Because of h i s  r e l a t i v e l y  good g en e ra l  c o n d i t io n  w h i ls t  
in  h o s p i t a l ,  and th e  sudden n a tu re  o f  h i s  d e a th ,  the  
b iochem ical f in d in g s  d id  no t d i f f e r  in  any way from th e  normal.

Blood was taken  a t  death  by ca rd ia c  p u n c tu re .

D iagnosis  : B ronch ia l Carcinoma.
C ereb ra l Haemorrhage.

Case 15. J.M. Male. Age 52. Admitted : 2 0 .11 .47
Died : 2 1 .11 .47

This p a t i e n t  had s y p h i l i t i c  a o r t i t i s ,  and had been in  
h o s p i t a l  tw ice w ith in  re c e n t  months, A p r i l  1947 and J u ly  1947. 
He had severe a o r t i c  incompetence w ith  ca rd ia c  f a i l u r e .

He was adm itted  f o r  the  t h i r d  time on 20 .1 1 .4 7  com plaining 
o f  severe p r e c o r d ia l  p a in  and b r e a th le s s n e s s  o f  two days 
d u ra t io n .



C lin ic a l ly ,  he was very dyspnoeic, and venous 
congestion  was marked. The p u lse  was 90/m inute, regu lar, 
and the apex heat was palpable 5” to the l e f t  o f the  
m idsternal l in e  in  the 6th  in tersp ace . There was a loud 
a o r tic  d ia s to l ic  murmur, and an A u stin -F lin t murmur at the 
apex.

The p a tien t was pale and sweating and the accessory  
muscles o f  re sp ira tio n  were being brought in to  u se , so great 
was the dyspnoea. He gradually became worse and d ied  on 
2 1 .1 1 .4 7 , the day a fte r  admission.

Blood was obtained by cardiac puncture immediately a f te r  
death.

D iagnosis : Cardiac fa i lu r e .
S y p h ilit ic  A o r t it is .

Case 16. W.S. Male. Age 41. Admitted : 2 3 .1 .4 6
Died : 4 .7 .4 8

The p a t i e n t  had a long  h i s to r y  o f  cough, l a s s i t u d e  and 
lo s s  o f  w eigh t, and had been in  h o s p i t a l  in  1945, from which 
he took h is  own d ischarge .

When adm itted  to  Robroyston H o sp ita l  on 2 3 .1 .4 6 , he 
complained o f  an o rex ia , n ig h t  sw eats , cough and copious sputum 
which was o c c as io n a lly  blood s ta in e d .

Xray o f  ch es t  on 4 .6 .4 6  showed tu b e rc u lo u s  d is e a se  in  th e  
g r e a t e r  p a r t  o f  bo th  lungs w ith  c a v i t a t i o n  in  th e  upper zones. 
S ince t h a t  time he had remained w ell and regained  some weight 
and s t r e n g th  on Sanatorium regime.

By 2 3 .5 .4 8 , the  p a t i e n t  was seen to  be ly in g  com fortab ly  
in  bed w ith  no dyspnoea a t  r e s t ;  he was r a th e r  t h i n  and had 
a ty p ic a l  p ink  m alar f lu s h .  He had been re c e iv in g  r e g u la r  
doses o f  an alksELlhte* m ixture f o r  in d ig e s t io n .

On 1 .7 .4 8  i t  was obvious t h a t  h is  c o n d i t io n  was beg inn ing  
to  d e t e r io r a t e .  Morphine had to  be adm in is te red  a t  n ig h t  
because of r e s t l e s s n e s s  and d iscom fort in  th e  c h e s t .  He became 
very  drowsy and th e  r e s p i r a t io n s  were weak and shallow .

On 4 .7 .4 8  the  dyspnoea was more marked, and had been so f o r  
th e  p a s t  48 hours . He had had se v e ra l  lo o se  m otions, and th e  
e f f o r t  o f  be ing  l i f t e d  on and o f f  a bed pan proved too  much f o r  
him and he d ied  a t  1.35  p.ni.

C ardiac puncture 5 m inutes a f t e r  d ea th .

D iagnosis : Pulmonary T u b e rc u lo s is .



194
C a s e  1 7 .  M.C. M a l e .  A g e  4 8 .  A d m i t t e d  : 2 7 . 5 * 4 8

D i e d  : 1 8 . 6 . 4 8

The p a tien t was admitted to Robroyston H ospital on
2 7 .5 .4 8 , having been seen at a Tuberculosis C lin ic  in  h is  
d i s t r i c t .

He gave a h is to ry  of la s s itu d e , lo s s  o f weight and cough, 
with an abundant sputum, of 6 month1 s duration. Xray of  
ch est and sputum examination at the C lin ic  had confirmed 
that the con d ition  was pulmonary tu b e r cu lo s is , and he had 
been r e s t in g  at home for  severa l weeks p r io r  to adm ission.

C lin ic a l ly  he was rather a spare, th in  man, w ith  a 
troublesome cough and a copious purulent sputum. He was seen  
to be s l ig h t ly  b rea th less even at r e s t .

Examination o f the ch est gave evidence of co n so lid a tio n  o f  
the r igh t upper h a lf  o f the lung, with c a v ita t io n . There were 
a few s t ic k y  creps a lso  heard in  the l e f t  a x i l la .  Xray 
confirmed the tuberculous con so lid a tion  of the r igh t upper h a lf  
and ear ly  in f i l t r a t io n  in  the l e f t  upper th ird .

Rest in  bed over a period o f weeks did not have much 
e f f e c t  on the general con d ition . The p u lse remained about 
100 -  120 per minute, and th e  temperature never s e t t le d .  He 
grew more b rea th less  day by day, u n t i l  fo r  the la s t  three days 
before death resp ira tio n s were very laboured and shallow .

Cardiac puncture was performed 5 minutes a f te r  death. 

D iagnosis : Pulmonary T uberculosis.

Case 18. I . S. Female. Age 29. Admitted : 2 .1 0 .4 7 .
Died : 27. 5 .48 .

There was a long  h i s to r y  of abdominal u p se t ;  the  p a t i e n t  
had complained o f  abdominal p a in  and lo o se  motions s in ce  
June 1947, and she had been in  v a r io u s  h o s p i t a l s  w ith  
suspec ted  p e lv i s  ab scess ,  a p p e n d ic i t i s ,  and f i n a l l y  tu b e rcu lo u s  
p e r i t o n i t i s  was suspected .

On adm ission to  Robroyston H o sp ita l  h e r  c o n d i t io n  was 
po o r , and h e r  sk in  was a p a le  c o lo u r  w ith  a lemon yellow  t i n t .  
Clubbing of th e  f in g e r s  was p re s e n t  and she was very  wasted.

On 2 4 .1 0 .4 7 , she developed an is c h io  r e c t a l  abscess  which 
ru p tu red , and remained p a te n t  u n t i l  h e r  d ea th . At v a r io u s  
tim es u r in e  and faec es  were d ischarged  th rough  the  s in u s ,  and



i t  w as  a l s o  s u s p e c t e d  t h a t  s h e  h a d  a r e c t o - v e s i c a l  f i s t u l a ,
b e c a u s e  h e r  u r i n e  w as  f o u l  s m e l l i n g  and p u s s y ,  and o c c a s i o n a l l y
f a e c a l  m a t e r i a l  w as  a d m ix e d  w i t h  t h e  u r i n e .

The g en e ra l  c o n d it io n  s t e a d i l y  d e te r io r a te d .  On c l i n i c a l  
f in d in g s ,  tu b e rcu lo u s  p e r i t o n i t i s  was diagnosed; the  abdomen 
was f u l l  and doughy to  p a lp a t io n  and a mass was f e l t  in  th e  
l e f t  i l i a c  fo ssa .

When th e  f i r s t  blood sample was taken  on 2 5 .5 .4 8 , the  
p a t i e n t  was extrem ely  em aciated , b u t conscious. She d ied  
two days l a t e r  on 27 .5 .48  a t  11 a .m .,  and blood was withdrawn 
by ca rd ia c  punctu re  w ith in  5 m inutes.

There was no tu be rcu lous  l e s io n  in  th e  lu n g s ,  and the 
tem perature  du ring  the l a s t  month of l i f e  averaged normal.

No u r in e  e s t im a tio n s  were p o s s ib le  due to  con tam ination . 

D iagnosis : Abdominal T u b ercu lo s is .

Case 19. H.McC. Female. Age 21. Admitted : 2 .6 .4 8 .
Died : 7 .6 .4 8 .

This g ir l  had been a known case o f pulmonary tu b ercu lo sis  
since 1945, and had received  treatment in  R uch ill H ospital 
from 7 .1 .4 6  to 1 8 .3 .4 7 . She had a r igh t a r t i f i c i a l  pneumo­
thorax and recovered s u f f ic ie n t ly  w e ll enough fo r  d ism issa l.

She was admitted to Robroyston H ospital on 2 .6 .4 8  in  an 
extremely poor con d ition . She was g ro ssly  oedematous, the 
p arts a ffec ted  were the ankles, back and fa c e , and resp ira tory  
d is tr e s s  was very marked.

C lin ic a lly  there was chronic tuberculous d isea se  o f the 
r igh t lung which was co llapsed  2 /3  in  the upper zone and showed 
a hydropneumothorax. The l e f t  lung was fib ro sed , but looked  
q u iescen t.

The sputum was p o s it iv e  fo r  acid  a lcohol f a s t  b a c i l l i ,  and 
a 24 hour specimen o f urine a lso  showed the organism, 
confirm ing an in fe c tio n  of the renal tr a c t .

There was no c l in ic a l  improvement w ith r e s t  in  bed, and 
her condition  s te a d ily  d eter io ra ted . The resp ira tory  r a te ,  
which was 25 per minute on admission s te a d ily  rose to 33 per 
minute by 6 .6 .4 8 . T hereafter, the re sp ira tio n s  became slow er  
and the excursion shallow er, u n t i l  she died on 7 . 6 . 4 8 .

Morphine was l i b e r a l l y  a d m in istered  d u rin g  th e  l a s t  th r e e  
days o f  l i f e .



Cardiac puncture was performed 10 minutes a fte r  death. 

D iagnosis : Pulmonary T uberculosis.

Case 20. M.K. Female. Age 44. Admitted : 1 .4 .4 8 .
Died : 7 .6 .4 8 .

The p a tien t developed a pain  in  the l e f t  s id e o f the 
ch est in  A pril 1947 while nursing her daughter who had 
pulmonary tu b ercu lo sis .

During the fo llow in g  twelve months her health  had 
d eter io ra ted , she lo s t  w eight, f e l t  t ir e d , and had a trou b le­
some cough with abundant sputum.

When admitted to Robroyston H ospital on 1 .4 .4 8 , pulmonary 
tu b ercu lo sis  was confirmed by Xray o f ch est and sputum 
examination.

There was a c tiv e  tuberculous d isea se  in  the upper 2 /3  o f  
the r igh t lung, and considerable f ib r o s is  of the l e f t  lung  
with jn ed liastin a l s h if t  to  the l e f t .  There was a lso  a large  
c a v ity  in  the l e f t  upper t y 3 .

Progress The general cond ition  was poor, and she ran an 
irreg u la r  pyrexia which p e rs is ted  u n t i l  death. A fter  a few 
day18 bed r e st  dyspnoea was not n o tic ea b le , but fo r  severa l 
days before death i t  became much more n o ticea b le . Under the 
in flu en ce o f Morphine, the re sp ira tio n s  became very shallow  
and laboured, e s p e c ia lly  during the la s t  24 hours.

The urine was h ea v ily  in fe c ted , and th is  v it ia te d  the 
estim ation  o f pH and ammonia, but not the ch lo r id es .

The p a tie n t was extrem ely emaciated a t death, and had not 
taken food fo r  severa l days.

Cardiac puncture was performed 10 minutes a f te r  death. 

D iagnosis : Pulmonary T uberculosis.

Case 21. A.S. Mgle^l. Age 21. Admitted : 7 .8 .4 7
Died : 6 .6 .4 8

£he p a tien t gave a h is to ry  o f pulmonary tu b ercu lo sis  
sin ce  194.2. He had been ir reg u la r ly  d ism issed  from another 
Sanatorium in  Ju ly  1946 and had attended Baird S tr e e t . A.P. 
C lin ic  fo r  r e f i l l s  o f a l e f t  a r t i f i c i a l  pneumothorax which was



maintained s a t is fa c to r i ly  w ith in je c tio n s  every s ix  to e igh t  
weeks. At the end of June 1947, he experienced an acute 
and sudden attack  o f b rea th lessn ess , and readm ission to 
h o sp ita l was arranged.

On admission h is  cond ition  was only fa ir ;  he had a had 
cough and copious sputum, and a pain in  the l e f t  ch est. He 
had a hydropneumothorax on the l e f t  side with a w ell defined  
f lu id  l e v e l ,  and asp ira tion  at regular in te rv a ls  was performed. 
The straw-coloured f lu id  even tu a lly  became in fe c ted , and a 
d ir e c t  smear revealed numerous tubercle b a c i l l i .

Up to 3 1 .5 .4 8 , the pyopneumothorax was repeatedly  
asp ira ted , and a fte r  each a sp ira tio n  20 c . c . s  o f para-amino- 
s a l i c y l i c  acid  was in jec ted , without any c l in ic a l  or b a c ter io ­
lo g ic a l  e f f e c t .

At th is  tim e, i t  was seen that h is  general con d ition  was 
beginning to d eter io ra te  rapid ly; amyloid d isea se  o f the 
l iv e r  was p resen t, and the abdomen became distended.

During the la s t  10 days, Morphine was l ib e r a l ly  
adm inistered, and the breathing became shallow  and n o isy , and 
was accompanied by vigorous e f fo r t s  by a l l  accessory muscles 
o f re sp ira tio n .

The p a tie n t even tu a lly  d ied at 8 .55 p.m. on 6 .6 .4 8 .
Cardiac puncture was performed immediately a fte r  death.

D iagnosis : Pulaonary T uberculosis.

Case 22. T.McM. Male. Age 30. Admitted : 3 .6 .4 8
Died : 2 2 .6 .4 8

This man was admitted to Robroyston H ospital w ith  a 
h is to r y  o f having had a cough o f f  and on fo r  two y ea rs, which 
had been g e tt in g  worse. He had lo s t  h is  vo ice  two years  
p rev io u sly , but had no pain in  the throat. He had never had 
any b loodsta in in g  o f the sputum, which was, however, abundant.

He had been in  the Army from 1939 and was discharged  
because o f a g a str ic  u lcer .

On adm ission, h is  general con d ition  was very poor. He 
was th in , p a le , and h is  breath ing was d is tr e s se d . There was 
cyanosis and clubbing o f the f in g e r s .

Exam ination o f  th e  c h e s t ,  b oth  c l i n i c a l l y  and by  
rad iograp h y , r e v e a le d  v ery  e x te n s iv e  and a c t iv e  tu b e r c u lo s is  
o f  b o th  lu n g s .



W i t h  "bed r e s t ,  t h e  p a t i e n t  s e t t l e d  down a l i t t l e  and
t h e  d y s p n o e a  s u b s i d e d ,  a l t h o u g h  t h e  c o u g h  w as  v e r y  t r o u b l e s o m e
and t h e  s p u tu m  c o p i o u s .

more
On the evening o f 2 1 .6 .4 8 , the p a tien t becam e/breath less, 

and th is  increased u n t il  the afternoon o f 2 2 .6 .4 8  when he 
became comatose. Thereafter the resp ira tory  excursion  
became le s s  and the rate slow er u n t i l  he died at 11 p.m. on 
2 2 . 6 . 4 8 .

He had received  no oral m edication apart from a Codeine 
m ixture, and he a lso  had Omnopon by in je c t io n . The urine 
was free  from albumin and sugar.

A blood sample was taken by cardiac puncture w ithin  
10 minutes o f death.

D iagnosis : Pulmonary T uberculosis.

Case 23. P.D. Female. Age 23. Admitted : 2 0 .5 .4 8
Died : 8 .6 .4 8

Headaches developed 10 days before adm ission, and became 
gradually w orse. She was drowsy and complained o f nausea and 
vom iting, and the ap p etite  was lo s t .

These symptoms became more marked, and the headache 
became mainly o c c ip ita l .  There had been periods o f mental 
confusion and delirium .

As a c h ild , the p a tien t had rheumatic fev er .

She had p leu r isy  in  1942 which developed in to  pulmonary 
tu b ercu lo sis . In 1944 the p a tien t was admitted to Robroyston 
H ospital with tu b ercu lo sis  o f the dorso lumbar spine and was 
discharged 2 years la te r  in  a p la s te r  jack et.

The p a tie n t’ s general con d ition  on admission was poor; 
she looked th in  and to x ic . The p u lse  rate  was 58 per minute
and there was a so ft  s y s to l ic  murmur a t the apex. There was
s l ig h t  nuchal r ig id ity .

Progress There was a rapid d e ter io ra tio n  in  her con d ition . 
The headache became very severe , and nuchal r ig id i ty  was more 
d e f in ite .

On 5 .6 .4 8  the p up ils became irreg u la r , and the p a tien t
was d e lir io u s . Morphine was commenced.

On 6 .6 .4 8  the resp iratory  excursions were n o ticeab ly
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shallow er, and breathing was laboured.

8 .6 .4 8 . The p a tien t was moribund; she had no food  
sin ce adm ission, and very l i t t l e  f lu id . I t  was evident that 
death was imminent. Cyanosis became extreme, and dyspnoea 
was marked just before death at 8 .10 p.m.

Cardiac puncture was performed immediately.

D iagnosis : Tuberculous M eningitis.

Case 24. J .B . Female. Age 35. Admitted : 1 7 .1 .4 8
Died : 25 .6 .4 8

The f i r s t  sign  o f i l ln e s s  was in  January 1947 when the 
p a tien t began to  cough and s p i t .  Since then, she became 
t ir e d  e a s i ly  and lo s t  weight.

In A pril 1947, the p a tien t had a b risk  haemoptysis, and 
the d isease was d iscovered to be pulmonary tu b ercu lo sis  a f te r  
Xray bf chest at her lo c a l C lin ic .

Up to  her admission to Robroyston H ospital on 1 7 .1 .4 8 , 
she had remained indoors, r e s t in g  in  bed as much as p o ss ib le .

Xray o f chest showed ex ten siv e  tuberculous d isease  in  the  
r igh t lung, e s p e c ia lly  in  the upper h a lf ,  which was a c t iv e ,  
and of the pneumonic type. Sputum -  p o s it iv e  fo r  acid and 
alcohol fa s t  b a c i l l i .

A fter a period o f bed r e s t  and general Sanatorium regime, 
the p a tien t s e t t le d  down; her temperature and p u lse  f e l l ,  and 
a l i t t l e  weight was gained. A r igh t a r t i f i c i a l  pneumothorax 
was su c c e ss fu lly  induced on 21 . 4 *4 8 , and r e f i l l s  were continued  
w ith. I t  was ev id en t, however, that th is  was not going to be 
su ccessfu l because o f dense adhesions, and i t  was decided to  
abandon i t  and subsequently perform a thoracop lasty . 
U nfortunately, the previous improvement was not m aintained, 
and there was a fresh  spread to the co n tra la tera l lung.

Toxaemia and dyspnoea became in crea sin g ly  marked.

On 2 4 .6 .4 8 , oxygen was given by nasal ca th eter , but no 
good e f f e c t  was produced and i t  was d iscontinued . The dyspnoea 
was r e lie v ed  much b e tte r  by Morphine.

2 5 .6 .4 8 . P atien t moribund; dyspnoea was very severe , and
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she died a t  2+ p.m.

Cardiac punctu re  was performed w ith in  10 minutes of dea th . 

D iagnosis : Pulmonary T u b ercu lo s is .

Case 25. A.A. Male. Age 2+1. Admitted 26.6.2+8
Died 2. 7.2+8

S ight weeks before admission to Robroyston H osp ital on 
26 . 6 .2+8 . the p a tien t had complained o f pain in both h ips and 
was treated  for n e u r it is . At the same time he had a bad cough 
with copious sputum, which was noted to be b loodstained on 
several occasion s.

He admitted o f having had a cough sin ce December 192+7, 
but said  i t  had not troubled him s u f f ic ie n t ly  to seek advice.

On adm ission, the p a tien t was in  rather poor con d ition , 
p a le , th in , and s l ig h t ly  dyspnoeic. The dyspnoea became 
somewhat le s s  a fte r  a few days complete bed r e s t , but never­
th e le s s  was s t i l l  ev ident.

On c l in ic a l  exam ination, i t  was found that there was 
exten sive  involvement of the whole l e f t  lung and upper 1 /3  
o f the r ig h t lung by an inflammatory process which was proved 
to be tuberculous on sputum exam ination .'

The b rea th lessn ess suddenly became worse on the evening  
o f 1.7.2+8, and he co llapsed  in to  semi-coma. The breathing  
became shallow  and gradually weaker u n t i l  he died at 6 a.m. 
on 2 . 7 . 2+8 .

Cardiac puncture was performed 10 minutes a f te r  death.
He had received  no other drug treatm ent except Morphine, fo r  
two days before death.

D iagnosis : Pulmonary T uberculosis.

Case 26. M.McC. Female. Age 37. Admitted: 12+.2.2+8
Died : 18. 7.2+8.

The p a tien t developed a cough in  June 192+6 which was 
diagnosed as b ro n ch itis  by her fam ily  doctor. The cough did 
not respond to treatm ent, and she was sent fo r  Xray, which 
revealed pulmonary tu b ercu lo s is , th is  being confirmed by 
sputum examination.
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The Xray r e p o r t ,  th e n , was th a t  th e re  was advanced 
f ib ro -c a se o u s  d ise a se  w ith  c a v i t a t io n  on bo th  s id e s .

On adm ission to  Robroyston H o sp ita l ,  h e r  g en e ra l  c o n d i t io n  
was poor and d id  no t seem to  improve w ith  Sanatorium  regime.

During the l a s t  two months o f  l i f e  the tem pera tu re  showed 
an evening r i s e ,  vary ing  from 99° to  101°, which p e r s i s t e d  
u n t i l  the  l a s t  24 hours befo re  dea th  when i t  became subnormal.

Dyspnoea a t  r e s t  was a f a i r l y  marked f e a t u r e ,  and t h i s  got 
worse du ring  th e  l a s t  week of l i f e .

The p a tien t became semi-comatose on 1 7 .7 .4 8 , f in a l ly  
la p sin g  in to  deep coma with Cheyne-Stokes breathing a few 
hours before death.

This p a t i e n t  had been re c e iv in g  Morphine g r .^  d a i ly  f o r  
two months befo re  death .

Cardiac punctu re  was performed immediately on d ea th . 

D iagnosis : Pulmonary T u b ercu lo s is .

Case 27. J .C . Male. Age 42. Admitted : 2 8 .6 .4 8
Died : 17 .7 .4 8

The p a t i e n t  was adm itted  to  Robroyston H o sp ita l  on 
28 .6 .48  because o f  a cough, and because an Xray o f  c h e s t  as 
an O u t-P a tien t  showed a su sp ic io u s  shadow a t  the  l e f t  apex.

The gen e ra l co n d i t io n  was e x c e l le n t  and th e re  was no 
b r e a th le s s n e s s .  He had a troublesom e cough and complained of 
p a in  in  the  l e f t  shou lder.

The sputum was re p e a te d ly  neg a tiv e  f o r  a c id - a lc o h o l - f a s t  
b a c i l l i ,  and f u r t h e r  in v e s t ig a t io n  was undertaken  to  determ ine 
th e  pa tho logy  o f  th e  pulmonary l e s io n .

Laryngoscopic exam ination rev ea led  an adduction  p a r a l y s i s  
o f  the  l e f t  vocal cord .

A bronchogram showed th a t  the l e f t  upper lobe bronchus 
was b locked.

Carcinoma o f  th e  bronchus was d iagnosed, and t h i s  was 
s u b s ta n t ia te d  by the  course o f  ev e n ts .  He had a convulsion  
on 2 .7 .4 8 , never having had one b e fo re .  Weight began to  be 
l o s t ’ r a p id ly ,  and dyspnoea tiecame e v id e n t .



T h r e e  d a y s  b e f o r e  d e a t h  i t  was  n o t e d  t h a t  t h e  s c l e r o t i o s
w e r e  b e c o m i n g  j a u n d i c e d ,  and n e x t  d a y  t h i s  h a d  b e c o m e  o b v i o u s
on t h e  s k i n .

During th e  s ta y  in  h o s p i t a l  th e re  was no p y re x ia .
Morphia was adm inistered  d u r in g  the  l a s t  th r e e  days of l i f e .

A blood sample was taken  by c a rd ia c  punctu re  immediately 
a f t e r  dea th .

D iagnosis : B ronchial Carcinoma.

Case 28. M.W. Female Age 26 Admitted : 24 .6 .4 8
Died : 10 .7 .4 8

The p a tien t had been confined 8  ̂ months previous to  
admission. Previous to t h i s ,  in  October 1947, she had had 
a s l ig h t  haem optysis, and an Xray o f chest immediately 
afterw ards, confirmed the d iagnosis o f  pulmonary tu b ercu lo s is .

Just before admission to Robroyston H ospital on 2 4 .6 .4 8 , 
she had another moderate haem optysis.

On examination, she looked p a le , to x ic  and cyanosed, with  
b rea th lessn ess at r e s t . The dyspnoea s e t t le d  a l i t t l e  w ith  
complete bed r e s t ,  but her evening temperature c o n s is te n t ly  
reached high le v e ls ,  with an average of about 102° .

Her pu lse rate was high.

An Xray o f ch est on 29 .6 .4 8  showed bronchopneumonia type 
o f tu b ercu losis  throughout the r ig h t lung and in the l e f t  
lower h a lf ,  the d isease tending to become con fluent. The 
le s io n  was very a c t iv e . There appeared to be very l i t t l e  
fu n ction in g  lung t is s u e  l e f t .

The general cond ition  d eteriorated  q uick ly , and during 
the la s t  week of l i f e  dyspnoea was p a r t ic u la r ly  marked. The 
d is t r e s s ,  however, was co n tro lled  by l ib e r a l  use o f Morphine.

She became comatose 4 hours before death, which took 
p lace on 10. 7 . 4 8 .

Cardiac puncture was performed w ith in  10 minutes of death. 

D iagnosis : Pulmonary T uberculosis.
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C a s e  2 9 .  W.L. M a l e .  A ge  1+3. A d m i t t e d  : 3 1 . 1 . U 8

D i e d  : 2 0 . 1 0 . U 8

The p a tien t was admitted to  Robroyston H ospital on 
31.1.U8 having p rev iously  been in  a Sanatorium fo r  f iv e  months 
in  19U3.

He had remained f a ir ly  w ell a f te r  discharge in 1 9 k 3 ,  but 
had noticed  a d eter io ra tio n  in  h is  h ea lth  during the Summer 
of 191+7. He complained of la s s itu d e , troublesome cough 
and sweating at n ig h t, and was lo s in g  w eight.

On exam ination, he was seen to be a h ea v ily  b u ilt  ad u lt, 
rather pale and showing sign s o f lo s s  o f f le s h . He was 
p y rex ia l, and th is  continued u n t i l  h is  death nine months la te r .

Xray of chest revealed ex ten siv e , a c tiv e  tuberculous 
d isease  in  both lungs, mainly confined to the upper h a lves.
There was a large ca v ity  at the l e f t  apex and a sm aller one in  
the f i r s t  r ig h t in terspace. The prognosis was poor, and 
conservative Sanatorium treatment was the only treatment 
p o ss ib le .

The general condition  gradually d eteriorated ; sputum was 
abundant and purulent, but there was no b lood sta in in g . In
the la s t  two months before death there was considerable  
d eter io ra tio n .

On 19.10.1+8 i t  was noted that the p a tie n t was becoming 
drowsy and h is  p u p ils were unequal. Nuchal r ig id i ty  was present 
to  a s l ig h t  degree, and he was very ir r ita b le .  R esp irations  
were 25 per minute, and there was no obvious d is tr e s s  in  
breathing. I t  was considered that he had developed tuberculous 
m en in g itis .

On 20.10.U8 the p a tien t lapsed  in to  coma and the 
resp ira tio n s became Cheyne-Stokes in  type, and were very shallow . 
He died at 11 a.m.

He had received  Nembutal gr. 6 per day during the la s t  
four days o f l i f e .

Blood was removed immediately by c a rd iac  p u n c tu re .

D iagnosis : Pulmonary T u b ercu lo s is .
T ubercu la r  M en in g itis .



C a s e  30.  P . N .  M a l e .  A g e  1 9 .  A d m i t t e d  : 2 9 . 9 . 4 8
D i e d  : 5 * 1 2 . 4 8

This p a tie n t had been treated  in  another h o sp ita l sin ce  
May 1947 where he had been admitted because o f p le u r isy .
Pulmonary tu b ercu losis a f fe c t in g  the r ig h t lung was discovered  
a fte r  Xray of the ch est.

He was treated  by bed re st  and received  a course of  
M yocrisin, and la te r  a r igh t a r t i f i c i a l  pneumothorax was 
commenced but was subsequently abandoned.

He was transferred  to Robroyston H osp ita l on 29*9*48.

His general cond ition  was fa ir ;  he was rather th in , p a le , 
and had a troublesome cough at n ig h t, the sputum being moderate 
in  amount. B reath lessness was present only on ex ertio n .

Xray of the chest on 4*10.48 showed a large ca v ity  in  the 
righ t upper th ird , and the remainder o f the r igh t lung was 
o b litera ted  by p leu ra l th ickening. The l e f t  lung was congested  
but showed no tuberculous le s io n .

In view o f th is  report i t  was decided to embark on a 
righ t thoracop lasty , and the f i r s t  stage was performed on 
22.10.1+8, the f i r s t  and th ird  r ib s being resected . The second 
stage was performed on 3 *12 . 1+8 , ribs four to seven being  
removed.

A fter lea v in g  th ea tre , the p a tien t co lla p sed . The p u lse  
was rapid and "thready” , dyspnoea was marked., and the t ip s  o f  
the ears, nose and l ip s  were b lu e . D esp ite r e su sc ita t in g  
measures, he remained in  th is  cond ition  fo r  1+8 hours, u ltim a te ly  
dying at 6 .1+0 p.m. on 5*12 .1+8 .

His temperature had shown an evening r is e  of 101° fo r  the  
la s t  10 days before death, and the drugs given were Coramine 
and Omnopon. Cardiac puncture was performed w ith in  5 minutes

o f  death.
D iagnosis : Pulmonary T uberculosis.

Case 31. G.M. Male. Age 1+3. Admitted : 28.4.1+8.
Died : 2 0 .6 .4 8 .

The p a tien t had p leu r isy  in  1940 w hile serv in g  in  the Army.

In February 1948, he complained of pain in  the chest  
accompanied by a cough. Eventually he had h is  ch est Xrayed
four weeks before adm ission, and pulmonary tu b ercu lo sis  was 
discovered .
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On adm ission, h is  general cond ition  was very poor. He 

had a bad cough with abundant purhlent sputum which showed 
numerous a c id -a co h o l-fa st  b a c i l l i  on d irec t smear.

There were no signs o f renal or abdominal tu b ercu lo sis .

The Xray report on the chest on 4 .5 .4 8  was ’’There i s  
tuberculous d isea se  in  the r ig h t upper h a lf  and throughout 
the l e f t  lung. There i s  an a ]3 ic a l  pneumothorax on the l e f t  
sid e  with co lla p se  of the l e f t  upper h a lf  of the lung. The 
d isease  on both sid es  i s  very a c tiv e ” .

Progress . There was steady d e ter io ra tio n , and weakness 
was more evident about a month a fte r  admission ( 19 . 5 . 48).
The b rea th lessn ess became more severe every day and e s p e c ia lly  
so a fte r  bouts o f coughing.

On 17 .8 .4 8  he was confused and tended to be drowsy.
There was oedema o f the fe e t  and ankles, and cyan osis o f the 
l i p s ,  nose and ears.

During the la s t  48 hours o f l i f e ,  dyspnoea became severe , 
and th is  gradually lapsed in to  the slow , shallow  type of 
breathing so often  seen in  the term inal s ta g es . He died in  
coma at 2 .30 a.m. on 20. 6 .4 8 .

His temperature had been swinging to 102° but there was 
a term inal f a l l  to 97° in  the la s t  24 hours.

D iagnosis : Tuberculous Bronchopneumonia.

Case 32. T.D. Male. Age 21. Admitted 20 .10 .48
Died 9-11 .48 .

The p a t i e n t  had a ro u t in e  Xray of c h e s t  in  th e  Navy 
a f t e r  e n l i s t i n g  in  1945, and i t  was found th a t  he had 
pulmonary tu b e rc u lo s is .  He was in v a l id e d ,  and a t ten d ed  a
T ubercu los is  C l in ic  as an O u t-P a t ie n t .

He did no work fo r  15 months, but was taken on as a 
Mental Attendant in  A pril  1947. About th is  time he got m arried .

In  June 1948 he had an a t t a c k  of "pneumonia" , which d id  
no t c l e a r  up as expected; he began to  lo se  weight and developed 
a bad cough w ith  abundant sputum.

Soon a f te rw ard s  he was re-X rayed , and i t  was found th a t  
he had now developed ex tens ive  pulmonary tu b e rc u lo s i s .
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He was adm itted  to  Robroyston H o sp ita l  a f t e r  hav ing  "been 

confined  to  bed a t  home f o r  se v e ra l  weeks.

The d ise a se  was ex tens ive  and bronchopneumonic in  
c h a ra c te r ,  invo lv ing  bo th  lu n g s . He had a se v e re ,  p a in fu l  
l a r y n g i t i s .

P ro g ress .  The p a t i e n t  was very  i l l ,  p a le  and em aciated.
R est in  bed d id  no t seem to  have any b e n e f i c i a l  e f f e c t ,  and 
h is  g en e ra l  co n d it io n  was seen to  d e t e r io r a t e  from day to  day. 
The tem pera tu re  was high and re m it te n t  u n t i l  the  day of d ea th  
when i t  became subnormal.

No food was taken f o r  th re e  days b e fo re  d ea th ,  and very  
l i t t l e  f l u i d .  Dyspnoea was no t very  marked u n t i l  the  day 
o f  dea th , when th e  ty p ic a l  f a s t ,  shallow  r e s p i r a t i o n  was seen , 
and t h i s  g ra d u a l ly  changed to  slow i r r e g u l a r  b re a th in g  u n t i l  
the  hour of dea th .

Morphine had been adm in is te red  f o r  13 days p r i o r  to  dea th .

Blood and u r in e  were c o l le c te d  imm ediately a f t e r  d ea th .

D iagnosis : Pulmonary T u b ercu lo s is .
Tuberculous L a ry n g i t i s .

Case 33. B.M. Female. Age i+3. Admitted : 13 .10 .48
Died : 2 .1 1 .W

The p a tien t had been in  Gartloch H ospital 3 years p rev iou sly  
w ith asthma, and again in S to b h ill  H ospital in  September 1948, 
where pulmonary tu b ercu losis  was diagnosed. She was tran sferred  j 
to  Robroyston H ospital on 1 3 .1 0 .4 8 .

She gave a h is to ry  of having been unwell fo r  about a year, 
w ith a vague f e e l in g  of la s s itu d e , lo s s  o f w eight, and s l ig h t  
cough.

The cough became worse and she had an abundant purulent 
sputum, and sweated p rofu sely  at n ig h ts .

He general cond ition  was only f a i r ,  and i t  was obvious 
she had lo s t  a considerable amount o f w eight. She was p a le , 
but showed no obvious sign s o f d is tr e s s .

C lin ic a l examination revealed an a c t iv e  inflammatory 
process in  the r igh t upper h a lf  and throughout the l e f t  lung  
whibh was adjudged tuberculous on account o f her p o s it iv e  sputum.
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Progress The temperature was high rem ittent in  ch aracter, 
and remained so u n t il  her death. Two days before death she 
developed oedema of the le g s  and sacra l pad, and on the 
actual day of death, 6 hours b efore, she became sem i-com atose, 
resp ira tio n  was embarassed and she coughed up mouthfuls o f pus. 
Cyanosis was marked for  severa l hours before death.

She died at 2 p.m. on 2.11.1+8, and blood was c o lle c te d  
immediately by cardiac puncture.

Morphine had been adm inistered freq u en tly  fo r  severa l 
days previous to death.

D iagnosis : Pulmonary T uberculosis.

Case 3U. M.McC. Female. Age 21. Admitted : 18.10.1+8
Died : 7.11.1+8

In 1946, a fte r  the b ir th  o f a c h ild , the p a tie n t  
developed a cough and sp it  and f e l t  languid; she lo s t  her 
a p p e tite .

Several months la te r  she was admitted to S to b h ill H osp ita l 
with p le u r isy , but only remained for  one week. Xray at 
that time revealed tuberculous d isea se  in  the l e f t  upper th ir d , 
the r igh t lung being c lea r . D eter iora tion  was p rogressive  
from th is  time.

On admission to Robroyston H ospital on 18.10.1+8, the 
p a tie n t was found to be s ix  months pregnant. The d isea se  now 
a ffec ted  both lungs e x te n s iv e ly , and she had a lso  developed  
tu b ercu lo sis  o f  the l e f t  hip jo in t .

Ten days a fte r  admission she had a m iscarriage, and 
subsequently her general cond ition  seemed to improve a l i t t l e ,  
but th is  was short l iv e d . Cyanosis and dyspnoea were marked 
fe a tu r e s , and the temperature was rem itten t. The pain in  
the hip n ece ss ita ted  tra c tio n  and Morphine an a lgesia .

Oxygen was administered at in te r v a ls  during the la s t  week 
o f l i f e ,  and had some in te r e s t in g  e f f e c t s  on the blood  
chem istry.

The Xray report on 21.10.1+8 was that there was an 
ex ten sive  bronchopneumonia le s io n  throughout both lungs.

21+ hours before death, the p a tien t lapsed in to  coma; the
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breathing gradually became shallow er and u ltim a te ly  
irregu lar  and gasping.

Blood was withdrawn by cardiac puncture w ith in  5 minutes 
of death.

D iagnosis : Pulmonary T uberculosis.

Case 35* A.C. Female. Age 20. Admitted : 2+. 2.2+8
Died : 2l+. 11.2+8

The p a tie n t was a known tuberculous subject s in ce  A pril 
19U6. She had been nursed in  the Southern General H ospital 
from A pril to December 192+6, and on discharge attended a 
Tuberculosis C lin ic .fo r  " r e f i l l s ” o f a r igh t a r t i f i c i a l  pneumo­
thorax. The la t t e r  was abandoned in  Ju ly  191+7.

She had a haemoptysis in  December 191+7, which did not 
recur, but her general cond ition  grew worse, and she was 
admitted to Robroyston H ospital on 1+.2.I+8.

Xray of chest at th is  time showed that there was a 
tuberculous con so lid ation  throughout both lu ngs, w ith  p leu ra l 
th ickening. There was a sm all e ffu s io n  at the r ig h t base and 
large c a v it ie s  in  the l e f t  lung.

S e r ia l Xrays confirmed the c l in ic a l  assessm ent th a t the 
d isease was a c tiv e  and p ro g ressv iv e .

The p a tie n t received the usual conservative and 
Sanatorium regime -  s t r ic t  bed r e s t ,  fr e sh  a ir  and n u tr it io u s  
feed in g , but the course of her i l ln e s s  was s te a d ily  dow nhill. 
I t  was noted that the d eter io ra tio n  was hastened w ith the 
advent o f Winter.

When the f i r s t  blood estim ation  was done, the p a tie n t was 
only moderately cyanosed and her r e sp ira tio n s  were a l i t t l e  
hurried. She s te a d ily  became more dyspnoeic and to x ic , and 
her parents took her home aga in st advice on 22 . 11 . 1+8 ; i t  was 
learned that she died two days la t e r ,  on 22+. 11 . 1+8 .

The la s t  blood estim ation  was done on 21.11.1+8, three days 
before death.

D iagnosis  : Pulmonary T u b ercu lo s is .
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C a s e  3 6 . R . E .  M a l e .  A ge  3 6 . A d m i t t e d  : 2 1 . 7 . 4 8

D i e d  : 2 3 - 1 1 . 4 8

Pulmonary tu b ercu losis  had been diagnosed in  the case of 
th is  p a tien t in  1942, and he was admitted to a Sanatorium  
from 1943 u n t i l  1944. He remained f a ir ly  w ell a f te r  that  
u n t il  December 1947 when he lo s t  weight and developed pain in  
both th igh s. He had developed tu b ercu lo sis  o f the lumbar 
sp in e .

He was admitted to Robroyston H osp ita l on 21 .7 .48  in  a 
poor con d ition . He was th in  and to x ic  look ing.

Xray of spine revealed severe tuberculous ca r ie s  of  
L. 1 and 2, with almost complete d estru ction  o f L .2 . There 
was productive d isease throughout both lungs with ca v ita tio n  
in  the l e f t  upper h a lf .

W hilst in  h o sp ita l, the p a t ie n t ’ s general con d ition  did
not improve, and he had sev era l sm all haemoptyses. A
pneumo-peritoneum was Induced, and th is  seemed to have some 
a ffe c t  in  co n tro llin g  the b leed in g . There was no paraplegia  
or bladder u p set, although the p a tien t continued to complain 
of pain in  both th ighs.

About a week before death, when the f i r s t  estim ation s  
were done the p a tien t was cyanosed and had developed a l i t t l e
oedema of the ankles and sacral pad. The breathing was
q u iet.

Rapid d eter io ra tio n  fo llow ed , and when the la s t  specimen 
was withdrawn l£  hours before death, he was sem i-com atose, and 
the breathing was irregu lar  and shallow .

His temperature had been high fo r  sev era l weeks.

Morphine had been adm inistered as required during the 
la s t  week o f l i f e .

D iagnosis : Pulmonary T uberculosis.

Case 37. M.G. Female. Age 32 . Admitted : 7 .11 .48
Died : 7 .1 2 .4 8

The p a tien t was admitted to the Sanatorium from the  
M aternity Unit of Robroyston H ospital on 7 .1 1 .4 8 . She was 
5  ̂ months pregnant, and was su ffer in g  from advanced b i la t e r a l  
pulmonary tu b ercu lo sis .

Her general cond ition  was very poor; the temperature 
showed an average swing from 100o to  9-70 and there was a constant



t a c h y c a r d i a .

She had lo s t  a lo t  of w eight, and the face was flushed  
and she complained of severe n ight sweats.

Her chest cond ition  was aggravated hy a severe and 
p ain fu l tuberculous la r y n g it is  which n ece ss ita ted  regular  
Morphine and sem i-so lid  food.

P rogress. There was no improvement with bed re st  and she 
s te a d ily  d eteriorated . The cough was d is tr e s s in g , and sputum 
abundant.

When the f i r s t  blood estim ation  was done there was no 
obvious dyspnoea at r e s t .

Two days before death the breath ing became somewhat 
laboured and the p a tien t was r e s t le s s .  This gradually changed 
in  the next 1+8 hours to  the shallow , rapid type of re sp ir a tio n , 
which, as death approached, became irreg u la r  and gasping.
She died at 5.1+5 a.m. on 7.12.1+8, and blood was immediately 
obtained by cardiac puncture. Morphine was the only drug 
adm inistered.

D iagnosis : Tuberculous L a ry n g itis .
Pulmonary T uberculosis.

Case 38. C.G. Female. Age 2l+. Admitted : 21.10.1+7.
Died : 28.11.1+8.

This p a tie n t was o r ig in a lly  admitted to the pneumonia ward 
o f Robroyston H ospital as a case o f acute pneumonia. When 
the d iagnosis o f pulmonary tu b ercu lo sis  was made, she was 
transferred  to  the Sanatorium.

A l e f t  a r t i f i c i a l  pneumothorax was induced on 12.11.1+7, 
but a hydropneumothorax developed. This was repeated ly  
asp ira ted , and la te r  the a r t i f i c i a l  pneumothorax was abandoned 
when i t  was discovered that the d isea se  had spread to  the 
r ig h t midzone.

From June to September 19U8 she received  a course of  
P ara-am ino-Salicy lic  a c id , 23 grams per day, which was then on 
c l in ic a l  t r ia l .  There was no c l in ic a l  or ra d io lo g ica l 
improvement: rather the reverse.



On 13.10.1+8 Xray of c h e s t  showed sp read ing  d ise a se  in  
th e  r ig h t  lung w ith  c a v i ta t io n  in  the  second in te rs p a c e .
There was a la rg e  hydropneumothorax in  the l e f t  s id e .

The p a t i e n t  g ra d u a l ly  d e t e r io r a te d ,  and during  th e  l a s t  
two days of l i f e  when the  b iochem ical e s t im a tio n s  were be ing  
done, th e  p a t i e n t  was p a le ,  cyano tic  and em aciated.

No g re a t  dyspnoea was noted u n t i l  the  1+8 hours b e fo re  
dea th  when b re a th in g  was seen to  be d i f f i c u l t .  As the  p a t i e n t  
passed  from semi-coma to  deeper coma, th e  r e s p i r a t i o n s  became 
more shallow , u l t im a te ly  changing to  th e  slow i r r e g u l a r  gasps 
seen in  th e  immediate p re -ag o n a l p e r io d .

Pyrex ia  had been p re se n t  f o r  many months, f a l l i n g  to  
subnormal 2 1+ hours befo re  dea th .

Blood was obta ined  by c a rd ia c  punctu re  immediately a f t e r  
dea th .

D iagnosis : Pulmonary T u b ercu lo s is .

Case 39- M.McC. Female. Age 2 5 . Admitted : 22.7.1+8.
Died : 15.12.1+8

In  March 191+8 the p a t i e n t  developed a bad co ld  w ith  a 
cough which p e r s i s t e d  lo n g e r  th a n  expected . She began to  g e t  
e a s i l y  t i r e d  and f e l t  l i s t l e s s .  On b e in g  r e f e r r e d  to  a 
T ubercu los is  C l in ic ,  h e r  sputum was found to  be p o s i t i v e  f o r  
tu b e rc le  b a c i l l i .

She was adm itted  to  Robroyston H o sp ita l  on 22.7.1+8 and 
h e r  gen e ra l c o n d i t io n  was seen to  be poor. She was p a le  and 
to x ic  look ing  and had l o s t  some w eight. Cough was troublesom e 
and h e r  sputum abundant. There was no dyspnoea a t  r e s t .

Xray of ch e s t  on 5 . 8 .U8  rev ea led  e x te n s iv e ,  a c t iv e  
tu b e rc u lo s is  in  the  r ig h t  and l e f t  upper two t h i r d s ,  and th e re  
was a la rg e  c a v i ty  in  the  l e f t  upper h a l f .

P ro g ress  There was a p e r s i s t e n t  low grade p y re x ia  and a f a s t  
p u ls e ,  and weight was g ra d u a l ly  l o s t  d e s p i te  c a r e fu l  
co n se rv a tiv e  measures.

On 9 .8.1+8 a course  of  23 grams P a ra -a m in o -S a l ic y l ic  ac id  
p e r  day was commenced, b u t on 2 9 . 8 . 1+8 to x ic  symptoms of the  
drug appeared (which had been noted in  s e v e ra l  o th e r  p a t i e n t s  
r e c e iv in g  the "ac id"  form of th e  d ru g ),  namely e x t r a s y s to l e s ,
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oedema, and peripheral n e u r it is .  The P ara-am ino-Salicy lic  
acid was d iscontinued.

The general cond ition  rap id ly  d eter io ra ted , and on 
30.11.U 8, dyspnoea ar rest was ev ident.

By 6.12.U8 Morphine had to he administered to keep the 
p a tien t com fortable.

1U.12.U8. P a tien t comatose; re sp ira tio n  hurried (35 per 
minute) and shallow . There was leaden hue o f the l ip s .

15.12.U 8. The p a tien t died at 11.35 a.ra.

The tem perature  had dropped to  a subnormal l e v e l  w ith in  
the  l a s t  2U hours.

Blood was removed by cardiac puncture w ithin  10 minutes 
of death.
D iagnosis:Pulmonary T uberculosis.

Case UO. J.H. Female. Age 32 Admitted : 9.12.U8
Died : 2U.12.U8

This p a tien t was admitted to the Sanatorium on 9.12.U8  
from the O bstetric  Unit where she had had a hysterotomy and 
s t e r i l i s a t io n  performed. This had been advised because o f  
severe pulmonary tu b ercu lo sis .

Her general condition  was extrem ely poor on adm ission, and 
no Xray o f the ch est was done on account o f her advanced 
cachexia , and because a record o f her most recent ch est Xray was 
obtained from the O ut-Patient D ispensary.

This showed ex ten siv e , a c t iv e  tu b e r cu lo s is , most marked 
in  both upper th ir d s , with spreading in f i l t r a t io n  towards both  
b ases. The sputum contained abundant a c id -a lc o h o l- fa s t  b a c i l l i .

The p a tien t was p a le , th in  and to x ic  look in g , and showed 
the ty p ica l malar f lu sh  and prominent cheeckbones through lo s s  o f  
f le s h .  Night sweating was profuse and the ten^perature ranged 
from 99° to 101° w ith tachycardia.

The f i r s t  blood estim ation  was done when the p a tien t was 
only s l ig h t ly  dyspnoeic, but from then onwards her general 
con d ition  s te a d ily  d eteriorated  and dyspnoea at r e s t  became more
marked.



About 2U hours before  dea th  the  p a t i e n t  la p sed  in to  
a semi-comatose c o n d i t io n ,  bu t could be roused . The 
r e s p i r a t io n s  became shallow and f a s t ,  u l t im a te ly  becoming slow 
and i r r e g u la r  two hours before  dea th .

Blood was ob ta ined  by c a rd ia c  puncture  w ith in  10 m inutes 
a f t e r  dea th . Drugs adm in is te red  du ring  the  l a s t  6  days were 
Nembutal and Morphine,

D iagnosis : Pulmonary T u b ercu lo s is .

Case U l .  J.D . Female. Age 2 2 . Admitted : 1 5 . 1 2 . U 8
Died : 1 1 .  1 . U 9

This g i r l  had been a t te n d in g  a T ubercu los is  C l in ic  in  
March 19U7 and a t  t h a t  time was known to  have tu b e rc u lo u s  
i n f i l t r a t i o n  in  both  upper t h i r d s  of th e  lungs. She was a lso  
p regnan t, b u t she m isca rr ied .

Following the  m is c a r r ia g e ,  h e r  h e a l th  had become worse 
a lthough she c a r r i e d  on h e r  household d u t ie s .

When seen a t  h e r  T ubercu los is  C l in ic  on IO .5 .U8  i t  was 
found th a t  she was again  p reg n an t. She was i l l - l o o k i n g ,  had 
a bad cough and s p i t ,  and had l o s t  s e v e ra l  pounds in  weight 
s in ce  h e r  l a s t  a t tendance  a t  th e  C l in ic .

The ch e s t  s ig n s  were of  very  a c t iv e  b i l a t e r a l  d is e a s e .

The p a t i e n t  was brought to  h o s p i t a l  on 1 5 . 1 2 . U 8  because 
she was alm ost a t  term, and a l iv e  c h i ld  was subsequen tly  
born on 1 9 . 1 2 . U 8 .

Before the  confinement h e r  tem pera tu re  had been s e t t l e d ,  
b u t immediately a f te rw ard s  i t  began to  r i s e  and swing. The 
gen e ra l c o n d i t io n  began to  d e t e r io r a t e  r a p id ly ,  b u t dyspnoea 
a t  r e s t  was no t n o t ic e a b le  u n t i l  the  a c tu a l  day of dea th  when 
she became semi-comatose said th e  r e s p i r a t i o n s  became laboured  
and d i f f i c u l t .  During th e  l a s t  hour o f  l i f e  th e  r e s p i r a t i o n s  
were slow, n o isy  and shallow .

Morphine had been given f o r  on ly  36  hours b e fo re  d ea th .  

D iagnosis  : Pulmonary T u b ercu lo s is .
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C a s e  U-2. M.S’. F e m a l e .  A ge  3 6 . A d m i t t e d  : 8 . 1 . 1 + 9

D i e d  : S’. 1.1+9

The p a t i e n t  was adm itted to  the  acu te  pneumonia ward
o f  Robroyston H o sp ita l  a t  1+ p.m. on 8 .1.1+9 in  a moribund s t a t e .

She gave a h i s to r y  of having a ttended  a T ubercu los is  
C l in ic  two yea rs  p re v io u s ly  because of a tf shadow” in  one lung 
which was suspected  to  be tu b e rcu lo u s  in  n a tu re .  A f te r  
v a r io u s  in v e s t ig a t io n s  she was to ld  th a t  the  c o n d it io n  was 
p robab ly  no t tu b e rc u lo u s ,  and consequen tly  she never bo thered  
to  a t te n d  th e  C l in ic  aga in .

The p re s e n t  i l l n e s s  dated  back many months, the  p r e s e n t in g
com plain ts be ing  cough, dyspnoea, n ig h t  sweats and lo s s  of
weight.

On exam ination , the  p a t i e n t  was t h in  and c a h e c t ic ,  and 
th e  sk in  was drenched in  p e r s p i r a t io n .

C l in i c a l ly  th e re  was ex ten s iv e  involvement o f  bo th  lungs 
w ith  marked dulness to  p e rc u ss io n  on th e  r i g h t  s ide  w ith  
f in e  creps  a l l  over both  lung  f i e l d s .  There was presumably
very  l i t t l e  h e a l th y  lung t i s s u e  rem aining.

A f te r  the  p a t i e n t  had been out to  bed , dyspnoea g ra d u a l ly  
became worse, and the ra p id  r e s p i r a t i o n s  changed to  the  
slow er, shallow type u s u a l ly  seen in  th e  p re -ag o n a l p e r io d .

The p a t i e n t  died a t  10 . 5 5  p.m.

She had rece ived  no drug tre a tm e n t .  The tem p era tu re ,
which was 1 0 2 ° on adm ission f e l l  to  subnormal j u s t  b e fo re  dea th .

Blood was obtained  by c a rd ia c  punc tu re  immediately a f t e r  
death .

No p o s t  mortem was performed.

D iagnosis  : Pulmonary T u b ercu lo s is .

Case 1+3. T.W. Male. Age 3 6 . Admitted : 10.1.1+8
Died : 2 7 .1 .4 9

The p a t i e n t  f i r s t  complained of a cough which d id  no t 
c l e a r  up, in  A p ri l  1947. The sputum became p ro fuse  a f t e r  a 
few weeks and he had g rad u a l ly  in c re a s in g  dyspnoea on e x e r t io n .  
U lt im a te ly ,  h i s  doc to r  send him f o r  an Xray o f  ch es t in
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October 1947, which confirmed th e  p resence o f  pulmonary 
tu b e rc u lo s is .

He was adm itted to  Robroyston H o sp ita l  on 1 0 .1 .4 8 ,  h is  
gen e ra l c o n d i t io n  being  only f a i r ,  He was s l i g h t l y  cyanosed 
and had a bad cough w ith  an abundant p u ru le n t  sputum which 
con ta ined  numerous a c id - a lc o h o l - f a s t  b a c i l l i .

On 2 .7 .4 8  the  Xray re p o r t  was "There i s  tu b e rc u lo u s  
d ise a se  throughout bo th  lu n g s , and on th e  r i g h t  s id e  c a v i t a t i o n  
i s  m u lt ip le  and extends from apex to  b a s e " .

The r e p o r t  5 months l a t e r  on 12.11 .48  was t h a t  th e  
c a v i t a t io n  had g r e a t ly  in c reased  on bo th  s id e s .  \

On 15.12.48 the  p a t i e n t ,  who p re v io u s ly  had m ain ta ined  
a f a i r  degree of h e a l th ,  had a copious haemoptysis which l e f t  
him very  b r e a th le s s  and o r thopnoe ic , b u t did no t seem to  a l t e r  
h is  c o n d i t io n  very  much. He remained s t a t i c  f o r  ano ther  th re e  \ 
weeks u n t i l  1 7 . 1 - 4 9  when th e  b r e a th le s s n e s s  became extreme |
n e c e s s i t a t in g  Morphine. He remained in  t h i s  d i s t r e s s e d  [
c o n d i t io n  under th e  in f lu en ce  of Morphine f o r  th e  nex t 10 days \
u n t i l  dea th . {

i

R e sp ira t io n s  on the  l a s t  3 days of l i f e  were very  slow, ;
shallow and n o isy , and the  p a t i e n t  became semi-comatpse.
The tem peratu re  was subnormal f o r  th e  l a s t  8 days. |j

Blood was withdrawn by c a rd ia c  punctu re  imm ediately a f t e r  
dea th . I

D iagnosis : Pulmonary T u b ercu lo s is .

Case 44. A.G. Male. Age 19. Admitted : 8 .1 .4 8
Died : 1 1 .2 .4 9  1

i
A f te r  having  a r e f i l l  of a r i g h t  a r t i f i c i a l  pneumothorax j

a t  a T ubercu los is  C l in ic ,  the  p a t i e n t  f e l t  unwell and had a j
b r i s k  haem optysis . j

f
He was adm itted  to  Robroyston H o s p i ta l 'o n  8 .1 .4 8  in  a j

to x ic  c o n d i t io n ,  w ith  a tem peratu re  reach ing  1 0 2 ° and th e  p u ls e  j
rang ing  from 100 to  120. The r i g h t  a r t i f i c i a l  pneumothorax 
was abandoned.

The Xray re p o r t  on th e  c h e s t  on 28 .1 .48  was "Each lung  
shows bronchopneumonic tu b e rc u lo s i s ;  th e  r i g h t  upper lobe i s  
b lacked  out in  i t s  lower h a l f  and th e  apex i s  adheren t"  .



A fte r  a p e r io d  of bed r e s t  and Sanatorium regime, the  
p a t i e n t  s e t t l e d  down and e v e n tu a l ly  the  tem pera tu re  became 
normal, a lthough the  p u lse  r a te  remained h igh .

A l e f t  a r t i f i c i a l  pneumothorax was induced, b u t a f t e r  
se v e ra l  weeks a hydropneumothorax developed, and i t  was 
abandoned.

By the  beginn ing  of December 1948, th e  p a t i e n t ' s  g en e ra l  
co n d it io n  was showing s igns  of d e t e r io r a t io n ,  having remained 
f a i r l y  s t a t io n a r y  f o r  se v e ra l  months. He was p a le ,  r a th e r  
t h in ,  bu t showed no sign  of dyspnoea a t  r e s t .  His ankles 
were sw ollen  and th e re  was a moderate a s c i t e s .

During December 1948 and January  1949> the  g en e ra l  
co n d it io n  d e te r io r a te d  f u r th e r ;  the  a s c i t e s  in c re ased  to  a 
degree n e c e s s i t a t in g  repea ted  a s p i r a t io n s  f o r  th e  comfort of 
the  p a t i e n t .  D iarrhoea was troublesome and was only 
p a r t i a l l y  c o n t ro l le d  by T in c t .  Q p ii.

On 31 .1 .49  when the  second blood sample was ta k en , th e  
p a t i e n t  was s l i g h t l y  dyspnoeic a t  r e s t .  The tem pera tu re  was 
r e m i t te n t  to  100°? and oedema o f  a n k le s ,  a s c i t e s  and d ia r rh o e a  
were marked.

He g ra d u a l ly  became weaker and th re e  days b e fo re  dea th  
lap sed  in to  semi-coma, dyspnoea now becoming a f e a tu r e .

He died on 11 .2 .49 .

D iagnosis : Pulmonary T u b ercu lo s is .
Tuberculous e n t e r i t i s .

Case 45* E.K. Female. Age 50. Admitted : 2 3 .1 .4 8
Died : 2 9 .1 .4 8 .

W hils t  shopping on 2 4 .1 .4 8 ,  the  p a t i e n t  co l lap se d  and was 
brought to  Glasgow Royal In f irm ary  in  a sem i-conscious s t a t e .

As f a r  as was known, th e  p a t i e n t  had been in  good h e a l th  
p re v io u s ly .

Examination revea led  lo s s  o f  power of the l e f t  s id e  of  
f a c e ,  l e f t  arm and le g .  The speech was noticefcbly  a f f e c t e d ,  
and she could only  re p ly  d i s j o in t e d ly  in  m onosy llab les  to  
q u es t io n s .



The b re a th in g  was n o isy , about 25 p e r  m inute, b u t r e g u la r .  
The h e a r t  was found to  be en la rg ed ; the apex be in g  p a lp ab le  
5" to  the l e f t  o f  the m id s te m a l  l i n e  in  the  5 th  in te r s p a c e .
The blood p re ssu re  was 165/90. There was a f a i n t  t r a c e  o f  
albumin in  the u r in e .  The r a d i a l  a r t e r i e s  were to r tu o u s  and 
hard .

On 27 .1 .48  th e  c o n d i t io n  of the p a t i e n t  was about the 
same as on adm ission, bu t 2 4  hours l a t e r  she became comatose 
and th e  b re a th in g  became Cheyne-Stokes in  ty p e . She d ied on 
29 .1 .48 .

D iagnosis  : C ereb ra l Haemorrhage.

Case 46. M.A. Female. Age 17- Admitted : 1 2 .4 .4 8 .
Died : 13 -9 .48 .

The p a t i e n t  was adm itted  to  Robroyston H o sp i ta l  on 12 .4 .4 8  
a f t e r  developing  a r ig h t  spontaneous pneumothorax.

Apart from th e  development of a hydropneumothroax, th e  
p a t i e n t  began to  make a s teady  recovery .

Xray of th e  ch e s t  on 26 .5 .48  confirmed the  presence  o f  a 
hydropneumothorax, bu t a lso  rev ea led  tu b e rcu lo u s  i n f i l t r a t i o n  
in  the upper th i r d  of the  l e f t  s id e .

The c h e s t  was a s p ira te d  on numerous o cc as io n s ,  bu t a f t e r  
th e  l a s t  a s p i r a t io n  on 1 0 .8 .4 8 ,  the  tem pera tu re  began to  r i s e  
and remained continuous.

She became i r r i t a b l e  and nuchal r i g i d i t y  became obvious 
on 1 .9 .4 8 .  Her c o n d i t io n  r a p id ly  d e t e r io r a te d  and i t  was c l e a r  
t h a t  she had developed tu b e rcu lo u s  m e n in g i t is .  Morphine was 
adm in is te red  on 10 .9 .48  and by 13 .9 .48  the  r e s p i r a t i o n s  had 
become slow and o f  th e  B iot ty p e . She d ied  a t  8 p.m. on th e  
same day.

Blood was removed by c a rd iac  punctu re  immediately a f t e r  
d ea th .

D iagnosis : Pulmonary T u b ercu lo s is .
Tuberculous M en in g itis .

Case 47. B.M. Female. Age 22. Admitted : 18 .10 .48
Died : 5 .11 .48

This p a t i e n t  gave a h i s to r y  of cough? s p i t ,  amenorrhoea 
and n ig h t  sweats of about 3  m onth 's  d u ra t io n .



She had l o s t  weight and was anaemic, and th e  gen e ra l 
co n d it io n  was poor.

The d ise ase  in  th e  lung,was confined  to  m odera te ly  
a c t iv e  tu b e rcu lo u s  i n f i l t r a t i o n  in  th e  upper t h i r d  of the 
l e f t  lung , b u t the  main cause of the  p re s e n t  i l l n e s s  was due 
to  tube rcu lous  e n t e r i t i s .

D e te r io ra t io n  was r a p id ,  and d ia r rh o e a  was only p o o r ly  
c o n t ro l le d  by T in t .  O pii. She was langu id  and p y rex ia  was 
high . R e p ira t io n s  were not p a r t i c u l a r l y  d i f f i c u l t ,  b u t on 
the  day of dea th  they  became shallow  and u l t im a te ly  i r r e g u l a r  
about h a l f - a n -h o u r  b e fo re  death .

D iagnosis : Abdominal T u b ercu lo s is .

Case 48. W.R. Male. Age 55- Admitted : 16 .1 .48
Died : 2 9 .1 .49

The p a t i e n t  had been in  h o s p i t a l  f o r  about 12 months.
His c o n d i t io n  had remained s t a t i c  f o r  a long  tim e, b u t  in  th e  
l a s t  th re e  months th e re  had been n o t ic e a b le  d e t e r io r a t i o n .

He had ex ten s iv e  pulmonary tu b e rc u lo s i s  and e v e n tu a l ly  
developed oedema of th e  ank les  and a s c i t e s .

He g ra d u a l ly  became comatose and d ied  on 29 .1 .49 .

Blood was withdrawn by c a rd ia c  punctu re  f iv e  m inutes 
a f t e r  d ea th .

D iagnosis : Pulmonary T u b e rcu lo s is .

Case 49- H.L. Male. Age 47. Admitted : 5. 6 .46
Died : 27.11.48

Pulmonary tu b e rc u lo s is  had been diagnosed a y ea r  p re v io u s  
to  adm ission on 5 . 6 . 4 6 .

During the. f i r s t  y ea r  o f  h i s  s ta y  in  h o s p i t a l ,  th e re  had 
been some improvement in  h i s  c o n d i t io n  and th e  weight had 
in c reased  by one s to n e ,  b u t t h e r e a f t e r  he began to  lo se  ground 
s t e a d i ly .

S e r i a l  Xrays of c h e s t  rev ea led  t h a t  th e  d is e a se  was 
g ra d u a l ly  sp read ing .



One month b efo re  d ea th ,  th e  p a t i e n t  was confined  s t r i c t l y  
to  bed again  because th e  tem perature  had >egun to  r i s e  above 
the  normal. He was no t p a r t i c u l a r l y  dyspnoeic a t  r e s t .

On l 6 . l l . i 4-8 the  bowels became loose  and he complained of 
d i s t r e s s in g  abdominal c o l i c ,  s ig n i fy in g  tu b e rcu lo u s  u lc e r a t io n  
of  the  i n t e s t i n e .  This was c o n t ro l le d  by re g u la r  
a d m in is t ra t io n  of  T in c t .  O pii.

I t  was obvious, however, t h a t  death  would no t be long 
de layed , and on 2 6 . 1 1 . 14-8 he became comatose and th e  b re a th in g  
became shallow and inc reased  in  r a t e .  During th e  e a r ly  hours 
of  2 7 . 1 1 . 1+8 th e  r e s p i r a t io n s  became i r r e g u la r  and gasp ing , and 
dea th  occurred a t  2 . 5  a.m.

D iagnosis : Pulmonary T u b ercu lo s is .
Tuberculous E n t e r i t i s .

Case 50. D.W. Male. Age 31. Admitted : 21.I+.1+7
Died : 5 .11.1+8

The p a t i e n t  had been i l l  a t  home s ince  December 191+6, 
and when adm itted  to  Robroyston H o sp ita l  on 21.1+. 1+7 he was 
found to  be an advanced case  of pulmonary tu b e rc u lo s i s .

His sputum was p o s i t iv e  f o r  a c id - a l c o h o l - f a s t  b a c i l l i  
up to  th e  time of death .

He developed a r ig h t  empyema which was r e p e a te d ly  
a s p i r a te d ,  and u l t im a te ly  re q u ire d  a r i b  r e s e c t io n  on 3 . 8 . 1+8 . 
The wound became s e p t i c ,  broke down, and t h e r e a f t e r  h i s  
c o n d i t io n  r a p id ly  d e te r io r a te d .

T erm inally  the tem perature  became h e c t i c ,  and the  p u lse  
h igh . Dyspnoea became marked th re e  days b e fo re  d e a th ,  and he 
u l t im a te ly  became comatose and d ied  on 5 . 1 1 .*+8 .

D iagnosis : Pulmonary T u b ercu lo s is .
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Three cases  were s tu d ie d ,  two of conges tive  c a rd ia c  

f a i l u r e  w ith  recovery , and the  t h i r d  of chron ic  re n a l  

f a i l u r e  w ith  uraemia who d ied .

These ca ses  a re  p resen ted  f o r  comparison w ith  those 

o f  th e  main s e r i e s .

Case A. M.C. Female. Age 34. Admitted : 1 .11 .48

The p a t i e n t  gave a h i s t o r y  o f TTh e a r t  t r o u b le ” f o r  the  
p a s t  13 y e a r s 5 and on adm ission to  Robroyston H o sp ita l  she 
was a c u te ly  i l l ,  dyspnoeic and cyanosed. There was massive 
oedema of the  leg s  and s a c r a l  pad, and th e  ju g u la r  v e in s  
were g ro s s ly  congested. The sk in  was n o t ic e a b ly  iG te r ic .

Examination o f  the  c a rd io v a s c u la r  system rev ea led  th a t  
the  p u lse  was i r r e g u la r ,  145 p e r  m inute, and th e  apex 
b e a t  was p a lp ab le  5 inches to  the  l e f t  of the  m id s te rn a l  
l i n e  in  the  5 th  in te r s p a c e .  There was a p r e s y s t o l i c  t h r i l l  
and murmur, and a rumbling m id -d ia s to l i c  sound a t  th e  
apex. The l i v e r  was p a lp a b le  4 inches below th e  r ig h t  
c o s ta l  margin.

P ro g ress  The f i r s t  b lood and u r in e  samples were taken 
on the  day a f t e r  adm ission.

A f te r  a week, the  p a t i e n t  began to  show s ig n s  of  
improvement w ith  r e s t  and d i g i t a l i s a t i o n ,  and t h e r e a f t e r  
improvement was s teady . By the  20th December 1948 th e re  
was no dyspnoea o r  oedema, and she was d ischarged .

D iagnosis  . : M itra l  S te n o s is .
Congestive C ardiac F a i lu r e .
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Case B. J .R . Female Age 54. Admitted : 2 4 .2 .4 7

The p a t i e n t  was adm itted to  Glasgow Royal In f irm a ry  
w ith  severe congestive  c a rd ia c  f a i l u r e .  She was g ro ss ly  
oedematous and th e re  was a s c i t e s .

Examination showed an irregu lar  f a s t  pulse and w ell  
marked venous congestion. The heart was enlarged and 
there was a rumbling p r e s y s to l ic  murmur at the apex.

The p a t ie n t ’ s condition  remained grave for  many weeks 
and desp ite  d ig i t a l i s a t io n  and mercurial d iu r e t ic s ,  the 
a s c i t e s  and oedema p e rs is ted . However, eventually  the 
oedema began to subside a f te r  prolonged bed rest  and there  
was no trace of i t  by 7 .7 .4 8 . Dyspnoea had a lso  disappeared.

She was allowed to go home much improved on 1 5 .7 .4 8 .

D iagnosis : M itra l  S te n o s is .
Congestive Cardiac F a i lu r e .
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C a s e  C. T .H .  M a l e .  A ge  3 2 .  A d m i t t e d  : 2 8 . 1 2 . 4 7

D i e d  : 3 0 . 1 2 . 4 7

The p a t i e n t  was adm itted  to  Glasgow Royal In f irm a ry  w ith  
a h i s to r y  from r e l a t i v e s  of having had a so re  th r o a t  th re e  
weeks b e fo re  adm ission, fo llow ed by a sk in  e ru p t io n ,  
an o rex ia ,  s le e p le s s n e s s  and convu lsions.

He was comatose, and the muscles of th e  arms, le g s  and 
face  were tw itc h in g .  The b re a th in g  was of  " h is s in g ” 
c h a ra c te r .

There was a p rev io u s  h i s to r y  of r e c u r re n t  ”kidney t r o u b le ” 
s in ce  1937.

The u r in e  had a s p e c i f i c  g r a v i ty  of 1 .007 , con ta ined  a 
th ic k  cloud of albumin, and m ic ro sc o p ic a l ly  g ra n u la r  c a s t s  
and red blood c e l l s  were seen. The blood p re s su re  was 
200/ 1 1 0 .

The p a t i e n t  did not reco v e r  consciousness and died two 
days a f t e r  adm ission. Although no autopsy was c a r r ie d  o u t ,  
the  d ia g n o s is  was cons idered  to  be c l e a r l y  one of uraemia 
consequent on chronic n e p h r i t i s .

The specimen of blood examined was ob ta ined  by venepuncture 
15 minutes be fo re  dea th , and th e  u r in e  was ob ta ined  by 
c a t h e f e r i s a t i o n  immediately a f t e r  d ea th .

D iagnosis : ' Uraemia
Chronic N e p h r i t i s .
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A p p e n d i x  ( e ) P r e s e r v a t i o n  o f  U r i n e  a n d  t h e  pH.
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S e v e r a l  e x p e r i m e n t s  w e r e  p e r f o r m e d  t o  d e m o n s t r a t e  t h e  

c h a n g e s  o f  pH w h i c h  t a k e  p l a c e  i n  u r i n e  w h i c h  i s  a l l o w e d  

t o  s t a n d  b o t h  p r e s e r v e d  w i t h  t o l u o l ,  a n d  u n p r e s e r v e d .  

T h e s e  a r e  p r e s e n t e d  b e l o w  i n  t a b u l a r  a n d  g r a p h i c  f o r m .

E x p e r i m e n t  1. J.L. U r i n e  u n p r e s e r v e d .

9

r

7

6
i  +  S '  6  7z/

1 3 .■5.• 4 7 pH 6..5
I k . ■ 5.>kl pH 7.
1 5 . 5.■ U7 pH 8 .• 3
1 6 .■ 5..k7 pH 8 .. 5
2 0 . 5..U7 pH 8. 7

DAYS

E x p e r i m e n t  2 .  J . C .  U r i n e  u n p r e s e r v e d .

1 3 - 5 - 4 7
1 4 .5 .4 7
15 .5 .47
1 6 .5 .47
2 0 .5 .47

pH 1 . 2  
pH 7 .4  
nH 7.8  
pH 7.9  
pH 8 .6

9

7 S ♦ F 6 7zI
DAYS



E x p e r i m e n t  p . •I. Me. U r i n e  u n p r e s e r v e <3.
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1 3 - 5 . 4 7 pH 3 . 7
1 4 . 5 . 4 7 pH 5 . 8
1 5 - 5 . 4 7 pH 5 . 9
1 6 . 5 . 4 7 pH 6 . 0
2 0 . 5 . 4 7 pH 6 . 8

7

6

2  3  4- 5 - 6 7/

J> A /6

E x p e r i m e n t  4 .  H .K .  U r i n e  u n p r e s e r v e d .

7

6
/ 2  3  4- S ' b 7

1 3 . • 5.. 4 7 pH 6.■ 5
1 4 . • 5.. 4 7 pH 6 ,. 5
1 5 . 5. . 4 7 pH 6. ,8
1 6 . 5-. 4 7 pH 6.■ 9
2 0 . 5.. 4 7 pH 8.■ 4

days

E x p e r i m e n t  5 .  A . R .  U r i n e  p r e s e r v e d  w i t h  T o l u o l .

1 3 . 5 . 4 7 pH 7 . 1
1 4 . 5 . 4 7 PH 7 . 1
1 5 . 5 * 4 7 PH 7 . 1
1 6 . 5 . 4 7 pH 7 . 2
2 0 . 5 . 4 7 pH 7 . 6

9

7 2  3  4- 5 - 6  7/
DAYS



Experiment 6. A.P. Urine p rese rv e d  w ith  T oluol.

2 2 .5 .4 7 pH 5.8
2 3 .5 .47 pH 5.8
24 .5 .47 pH 5.8
25-5 .47 PH 5.9
26 .5 .47 PH 6.1
27 .5 .4 7 PH 6.1

Experiment 7. J . J

pH

j i t
I X 5 4- $

DAYS

Urine unpreserved.

27,. 6 .47 PH 5..4
28..6,.47 PH 6..2
29..6,.47 t)H 7..5
30.,6..47 pH 8.,7

1 . 7..47 pH 8 . 7
2. 7..47 pH 8. 1

9

7

6

S

These experim ents show th a t  the  pH o f  unpreserved u r in e  

r i s e s  r a p id ly  from day to  day i f  l e f t  s ta n d in g . The r a te  o f  

r i s e  i s  dependent on the b a c t e r i a l  co n ten t p a r t i c u l a r l y  of  

those  organisms s p l i t t i n g  u rea  to  form ammonia.

A Specimen of u r in e  was b o i le d  in  o rd e r  to  k i l l  any 

b a c t e r i a ,  and th e  pH es tim a ted  d a i ly  f o r  s ix  days. This 

remained the  same throughout. (See Experiment 8 .)
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The p rese rv ed  u r in e  was noted to  m ain ta in  the  same 

pH f o r  about th re e  d a y s .a f t e r  which th e re  tended to  he 

a s l i g h t  r i s e .

I t  i s  im portant th e re fo re  th a t  u r in e  f o r  exam ination 

of pH and ammonia co n ten t should he p re se rv e d , and 

even then  i t  should p r e f e r a b ly  he t e s te d  w ith in  2b hours 

of c o l l e c t io n .

Experiment 8. Urine Boiled

3-7.U7 pH 5.0
b .7 .b 7 PH 5-0
5-7.U7 pH 5.0
6.7.U7 PH §.0
7.7.U7 pH 5.0
8.7.U7 PH 5.0

pH
S '  ( h — o  - o — G> O  Q>

■ 1
I X  3 4 - 5

DAYS

Appendix ( f ) Normal Ammonia E x cre tio n .

An e^qperiment was performed to  show the  normal ammonia 

and t i t r a h l e  ac id  e x c re t io n  in  th e  u r in e  from day to  day.

A p a t i e n t ,  T .H ., who had heen adm itted  to  th e  Medical 

Wards s ix  weeks p re v io u s ly  s u f f e r in g  from an a t t a c k  of 

acu te  b r o n c h i t i s  was co nva lesc ing . He had no t shown any
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symptoms fo r  two weeks and was on a normal h osp ita l d ie t .  

The estim ations were performed on 24 hour specimens of 

urine preserved with Toluol.

N/10 per 100 c .c s .

1 .3 .4 7
2 .3 .4 7
3 .3 .4 7
4 .3 .4 7
3 .3 .4 7

T i t r a t a b l e
A c id i ty .

4.8  
10.0

8 . 8  
4.8  
6.6

Ammonia.

9.6
1 4 .0
13.6
14.4
1 2 . 8

20

IS

NH
O 10

T-A.
$

O
DAYS

Appendix (g) The e f f e c t  o f  in g est io n  of 10 grammes of  
Sodium Bicarbonate

The e f f e c t  o f  taking 10 grammes of Sodium Bicarbonate by 

mouth was demonstrated in a normal healthy subject M.B.

The bladder was emptied at 10 a.m. 11.7.47* and 

estim ations of urinary pH, T itra tab le  a c id ity  and ammonia 

were performed. Blood was a lso  taken by venepuncture and 

the plasma bicarbonate and plasma chloride estim ated.

The subject swallowed 10 grammes of Sodium Bicarbonate 

d isso lved  in water and rested  u n t i l  10.45 a.m. when the 

bladder was again emptied and blood taken.
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The t a b u l a t e d  r e s u l t s  a r e  shown as f o l l o w s  : -  

U r in e  Blood
10 a .m. phi -  6 .0  P lasm a

T i t r a t a b l e  B i c a r b o n a t e  = 5 3 .6  v o l s . ^
A c i d i t y  = 16.2+ v o ls . r / lO ^S  Plasma
Ammonia = 2 k . k  v o l s  . n / l o f o  C h l o r i d e  = 5 6 5 .0  mgm.^

10 grammes Sodium B i c a r b o n a t e  swal lowed.
10.2+5 PH = 7 . 9  Plasma

a.m. T i t r a t a b l e  B i c a r b o n a t e  = 60. k  v o l s . /
A c i d i t y  = 2 .8  v o l s . n / 1 0 /  Plasma
Ammonia = 6 . 8  vo ls . i l / lC h 6 C h l o r id e  =602+.0 uyms. /

I n  g r a p h i c  form th e  u r i n e  r e s u l t s  a r e  as  f o l l o w s  : -



The changes in  th e  blood were found to  be n e g l ib le ,  

and th e re fo re  n o t worth reco rd in g  g ra p h ic a l ly .

The amount of a l k a l i  g iven produced a marked f a l l  

in  ammonia and t i t r a t a b l e  ac id  e x c re t io n  and a r e c ip ro c a l  

r i s e  in  the  pH of the u r in e .

No g re a t  change was found in  th e  plasma b ic a rb o n a te  

o r  c h lo r id e  due to  e f f i c i e n t  b u f fe r in g  of the  b lood.



233
Appendix (h) Methods

1. Plasma B ica rb o n a te . T i t r a t i o n  Method of Van Slyke (1922). 
This method involves the  e s t im a tio n  of th e  "bicarbonate 
con ten t of the  plasma under c o n d it io n s  of normal a lv e o la r
CO2  te n s io n .

The blood was c o l le c te d  under l iq u id  p a r a f f i n  in  a 
h e p a r in ised  tu b e , c e n tr i fu g e d  immediately and the plasma 
sep ara ted .

2. Plasma Inorgan ic  Phosphorus. Method of Briggs (1922).
The p r in c ip l e  or the  method i s ,  th e  p r o te in s  are  
p r e c i p i t a t e d  w ith  t r i c h l o r a c e t i c  ac id . An a l iq u o t  p o r t io n  
of  the  f i l t r a t e  i s  t r e a t e d  w ith  molybdic ac id  and the 
phospho-molyfldic ac id  thus  formed i s  reduced to  a b lue  
coloured  compound by hydroquinone p lu s  sodium s u lp h i te .

S ince h y d ro ly s is  of the  g lycerphosphates  in to  g ly c e ro l  
and in o rgan ic  phosphate by phosphatase  takes p la ce  r e a d i ly  
in  blood allowed to  s tan d  f o r  long , th e  specimen was 
c e n tr i fu g e d  immediately and th e  p ro te in s  p r e c i p i t a t e d  from 
th e  plasma.

3. Plasma and U rinary  C h lo r id e s .  Method of Van Slyke and
Sendroy (1923).

P r in c ip le .  The p ro te in s  a re  des troyed  and th e  c h lo r id e s  
are  p r e c i p i t a t e d  as s i l v e r  c h lo r id e  by h e a t in g  w ith  
co n cen tra ted  n i t r i c  ac id  and a known amount of s i l v e r  n i t r a t e .

Excess of s i l v e r  n i t r a t e  i s  determ ined by t i t r a t i o n  w ith  
po tassium  th io cy an a te  u s in g  iro n  alum as an in d ic a to r .

k.  B i l i r u b in  in  Plasma. Method of Van den Bergh m odified by
McNee and K eefe r  (1925)

5* Blood L a c t ic  Acid. Method of B arker and Summerson (l9U l) 
The p r in c ip l e  of  the  method i s  t h a t  the  g lucose and o th e r  
i n t e r f e r i n g  substances are  removed from th e  p r o te in  f r e e  b lood 
f i l t r a t e  by the Van Slyke-Salkow ski method of tre a tm e n t w ith  
copper su lpha te  and calcium  hydroxide. An a l iq u o t  o f  the 
r e s u l t i n g  s o lu t io n  i s  hea ted  w ith  co n c en tra te d  su lp h u r ic  ac id  
to  convert l a c t i c  ac id  to  ace ta ld eh y d e , which i s  then  
determ ined c o lo r im e t ic a l ly  by r e a c t io n  w ith  p-hydro^rdiphenyl 
in  th e  p resence  of copper io n s .

In  th e  o r ig in a l  d e s c r ip t io n  a p h o to - e le c t r i c  c o lo r im e te r  
was used bu t s in c e  t h i s  in s trum en t was not a v a i la b le  to the 
a u th o r ,  a K le t t-B io  c o lo r im e te r  was used in s te a d .



6. Blood Urea. Method o f  A rcher and Robb (1925)
The f i n a l  co lo u r  was matched w ith Lovibond Comparator D isc s ,  
and th e  r e s u l t  expressed  to  the  n e a re s t  5 mgms.

7. Oxygen co n ten t of blood. Method of Haldane (1920)
The e s t im a tio n s  were performed w ith  Haldane1s appara tu s  
co n s tru c ted  from th e  O rig in a l  by Dr. G .J. A itken  and k in d ly  
loaned to  the  au th o r.

8. Serum Calcium. C la rk -C o ll ip  m o d if ic a t io n  of th e
K ram er-T isdall Method (1925)

9- Plasma P ro te in s .  G rav im etric  method of P h i l l i p s ,
Van S lyke, Dole, Emerson, Hamilton and 
A rchibald  (19U5).

The,copper su lp h a te  s o lu t io n s  were prepared  under the 
p e r so n a l  su p e rv is io n  o f  the  au th o r  In the  L abora to ry  a t ta c h e d  
to  Ward I4-. Glasgow"Royal In f irm a ry .

10. pH of U rine. C a p i l l a to r  Method (B.D.H.)

11. Ammonia in  Urine. Pormol t i t r a t i o n  method a f t e r  Cole
— ( 1941)

This method e s t im a te s  both  ammonia and amino a c id s  and i s  there 
fo re  only an approximate measure of th e  amount of ammonia in  
u r in e 1; J
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