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of the burned patient. 

proved practical management of the eeverely burned patient. 

Progress is being made In basic understanding leadlng to h- 

The place of whole blood 

//-in burn therapy, for example, can now be described with greater authority and this ir 
/-I--' ---.--- 3 
a pressing problem in the planning for disaster management. 
b c The baee of investigation has spread once again from burns to other field8. 

The aminoaciduria and creatinuria Beu clue8 have suggested a shift in emphasis. 

observed in the burned patient makes it wise to find out where else in trauma and 

surgical disease comparable nitrogen excretion may be found; a wide search is in f u l l  

avlng.) The course of the eosinophils in the burned patient is not satisfactorily ex- 

plained rolelg by the glandular upheaval resulting from the trauma; here again a 

rearch ir advisable to see where eimilar changes may be found and a lead obbined 

as to the physiologic meaning of the eosinophilia. 

.- A etea4 f low of burned patlentn, e p l e  for inveetigatirs need8,han continued 

to come to this hospital. 

cared for by the personnel of this research unit at the Massachusetts General Hospital. 

In the last thirteen months 116 burned patient8 have been .--,------"----.- _-. .- - - -  I .~ I. .-y<'i ->," , + %  -;.,". . - . -. ._ . L _  -------- ----- -++%iw- -7-ypT-T-T - -  - -- 

The number of patients places a heavy work load of patient care upon our  group of  

investigators. The load encroaches upon time for investigation but it cannot be 

managed othervise. Investigations of wound management and metabolic dera.ngements 

demand that the investigator also assume responsibility for other aspects of patient 

care. If patient care and investigation are divorced, there is too much of a chance 

that the patient will suffer. The investigator may also not be aware of the vagaries 

of the patient'e condition and fail t o  make due allowance for each in his conclusions. 



The pat ien t8  with conditions o ther  than burno who have been studied, include those 

with problems o f  p l a s t i c  surgery r equ i r ing  skin gra f t ing ,  with d isease  of the adrenal 

,- 'cortex requiring adrenalectoqy, those requi r ing  o ther  operationr and a feu v i t h  maJor 
1 

f r ac tu re r .  These pa t i en t s  a l s o  a r e  under the charge of members of the i n r e r t i g a t i r e  

group. A considerable portion of the  inves t iga t ive  work continues t o  be done i n  the 

experimental laboratory. 

P a r t  11. Stndirr  -- Progress Hade. 

The r tnd ier  ca r r i ed  out a r e  divided i n t o  the  following ca tegor ie r t  Uound 

Healing, Shock, Xetabolism, Infec t ion  and the  Consequences o f  Per fora t ion  of a Pep t i e  

ulcer.  

A. Wound Healing. 

1. The Bffect of Tenmeratwe and Humidity on the Rate of Vound Healing. 

Drr. Cannon, Xinor and Bascom. 'Phis p r o j e c t  I8 organized t o  ob ta in  baaic information 

bearing upon the problem o f  the open vetsue t h e  cloeed method of treating burn 

wounds. The rate of e p i t h e l i a l  regeneration l e  being observed in the non-Infected, 

controlled,  experimental wounds of patients under varying conditions of temperature 

and humidity. S p l i t  thickness g r a f t s  of i d e n t i c a l  thickness and s i z e  a r e  removed 

-.,,-., ., - .  ... . u * w  . C .  I ---..I-.----"- -- -- -. 
,WI 1 -  
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from each thigh of pa t i en t s  who need skin gra f t ing  for one o r  another reason. The 

dressing t o  each thigh is i den t i ca l ,  One th igh  is maintained i n  a controlled environ- 

ment 'by mean8 of a bedside air conditioning unit; the o ther  thigh is cared for under 

room air conditions. The healing of  the  two thigh wounds is compared. 

The ra t iona le  behind t h i s  i nves t iga t ion  is a8 f o l l o w s .  Bac te r i a  f l o u r i s h  i n  a 

w a r m ,  m o i s t  environment. The burn wound under a th i ck  dress ing  i s  w a r m  and m o i s t .  

That t rea ted  by the exposure method is r e l a t i v e l y  dry and cool. The open method Of 

treating a burn therefore  should impede b a c t e r i a l  generation and growth. 

On the o the r  hand, the regeneration of e p i t h e l i a l  c e l l s  may also be influenced 
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tion may be slower In the cool wound and the spread of the epithelium may be impeded 

under dry conditionr. The advantagee of the open method of treating the burn w o u n d  

gained in regard to bacteria m y  be lost in relation to epithelial cell regeneration. 

The advantages and disadv&tager of the two method6 of treating burn wound# there- 

fore  may cancel each other out. 

A lot is known about the influence of temperature and humidity on bacterial 

growth, but little about epithelial regeneration and wound healing beyond the indir- 

ect information gained from tissue cultures. 

An advantage of our experimental approach in the patient l a  that infection ir 

essentially eliminated It is virtually impoesible to mansgo the wounds of erperG 

mental animal8 under comparable bacterial control. 

The observations a r e  tedious, time-consuming, and only an accasional patient 

ir euitable. lfe have nothing.as yet to report but the obaervatione are underway. 

2. The observatione on wound healing in Cushingts dlaeaee and other 

projects mentioned in the previous reports have either been completed or are In 

abeyance. 

-- -.--..* --.- - - ~ > 1 +:-+, I 1  .- - . *-* I . . - i -2&.?M.-."*,&A&- A- - 
B. Shock - Fluid Therapy. 

_--------------___r____Ic-.^"- - _  , ~. 
~~ ~ 

1. Whole Blood versus Plasma as the Colloid Therapy of Choice. When dis- 

cussing this problem of burn therapy about which there has been considerable dispute 

it is essential at the outset to define what we are talking about, whole blood is 

badly needed in the therapy of almost all severely burned patients. hernia develops 

rapidly in patients with extensive, open8 infected wounds. This anemia in our 

opinion is due to the infection and repeated replacement of red cells by transfusion 

is essential to good therapy. The need for tranefusion comes a s  infection develops 

in many patients. This is apparent well within the first week after injury and 

continues until the wounds are covered with skin and the infectious process is in 

abeyance. Bo one disputes this need for whole blood transfusion. What is in 



pat ien t  i n  tho f i r e t  48 hours -- the so-called shock phase of burn theram. The 

need for whole blood at t h i s  time depende log ica l ly  upon the rolnme o f  red ce l l a  

destroyed by the heat -- those hemolyzed immediately and thoee eenei t ized and 

undergoing rubsequent hemolyeirr. 

The question o f  the co l lo id  solut ion o f  choice to be used in the prevention 

o r  therapy of burn shock 18 a c r i t i c a l  one both f o r  the Armed Borces and c iv i l i an  

dofenre. If, a8 gome bel ieve,  whole blood i s  an eesen t i a l  part of the i n i t i a l  

therapy of the exteneivsly burned pa t ien t ,  then means will  have t o  be found t o  in- 

cseaee the  a v a i l a b i l i t y  of whole b lood  i n  war areas  and i n  civilian area8 threatened 

with atomic bomb attack in order t o  treat extensively burned caeualtierr. If, how- 

ever, plasma i e  equally o r  near ly  a8 good ae whole blood, then the problem-of 

supply and storage i a  f a c i l i t a t e d .  What whole blood l e  a v a i l a b l e  in an area of 

bieaeter  could be reserved for those casua l t iee  who have suf fered  t r u e  whole blood 

hemorrhage, the burned p a t i e n t s  being t r ea t ed  with plasma o r  a plasma expander. 

Because o f  the log is t ic  importance of t h i s  queetion we have continued to puah the 

invest igat ion r e l a t i n g  t o  t h i s  problem during the course o f  these  last  six  months. 
\ 

col loid solut ion o f  choice i n  the therapy of burn shock l a  worth reviewing. Other- 

wise i t  i s  hard t o  understand w h y  some take the pos i t i on  that the bea t  therapy ie 

a combination of plasma and e l e c t r o l y t e  eolutione while o the r s  be l ieve  that whole 

blood ehould be used ins tead  of the plasma o r  a plasma expander. The difference 

of opinion stems from a d i f f e r e n t  i n t e rp re t a t ion  o f  t he  v a l i d i t y  and meaning of 

measurements made i n  burned p a t i e n t s  and m o r t a l i t y  e tudles  i n  burned animals. 
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emerged as the best  f l u i d  therapy for the burned pa t ien t  

in the f i r a t  two d a y s  a f t e r  i n j w .  

in the f irst  two d a y s  t o  replace those red c e l l s  deetroyed by the  burn and l a t e r  

i n  l a rge r  quant i t ies  a8 signs o f  anemia developed. 

out a t  t h i e  hospi ta l  and elsewhere, notably Glasgow, and B i r m i n g h a m  I n  Xngland, which 

indicated that a t  most from 7 t o  lo$ o f  the red c e l l  mas8 was destroyed by the heat 

a t  the time o f  the  burn. The Evan8 Blue dye method was the one used f o r  t hem 

measurementr; t h i s  method waa then and subsequently has been open to  question. 

(See Moore, Peacock, Blakely, and Cope, AIUQ Surg. 124:811,1946; and Colebrook, L. 

e t  &, Report8 o f  the Burns Unit, Royal Infirmary, Olasgow, 19424s. 

Uhole blood was t o  be given i n  small quant i t ie r  

Extensive studies were car r ied  

Published 1944.) 

In 1944 Hoyer, Coller e t  a1 (Ann. Surg. 1208367) repor ted  stndier on eurvival 

of  severely burned dogs ind ica t ing  that a combination of def ib r ina t ed  whole blood 

and an e lec t ro ly t e  so lu t ion  gave a more prolonged e n r v i v a l  than plasm and electro- 

l y te  aolution. 

time o f  burned dogs is notoriously variable and YO have always wondered whether tho 

reealts would not be sonewhat otherwise if the experimentr of Woyer were extended t o  

The number of  dogs i n  each seriea of experiments was small. Survival 

- ---a W g e r  Dsrfer, -- --L --______ __ -____ - -__ - . - - , "~  --c 

Bear the end o f  World War I1 s tudies  made here using r ad ioac t ive  i r o n  tagged 

red c e l l s  t o  measure the r e d  c e l l  mass confirmed the e a r l i e r  observat ions using the 

l e s s  accurate p l a s m d y e  method. (Seeabova Moores Peacock, Blakely, and Cope refer- 

ence.) 

tagged red ce l l s .  As high as 43$ destruct ion of the  red c e l l  mass has  been reported. 

Puzzled by the discrepancies  between o u r  o m  observations, those of Moyer a d  Caller  

and o f  Evans, we have reexamined the question using two new approaches. 

Wore recent ly ,  1950, Evans and others  have tackled the  problem using P32 

a, Radioactive Chromium Tacped Red Cel l s  i n  the  Mea6urement of Bed 

Cell  Destruction, Drs. M e r  and Bovit have adapted the rad ioac t ive  chromate method 

o f  t aggingred  c e l l s  t o  the measurement o f  r ed  c e l l  des t ruc t ion  by the  burn. The 
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tory md offers the beet method thus f a r  found fo r  the measurement of the red c e l l  

naso i n  the burned pa t ien t .  The manuscript by Raker and Bovit describin'g t h e i r  

trial o f  the method and i t s  use in eqer imente  with burned dogs is given am 

Appendix A. 

Raker and b v i t  confirm that the  chromate ion forms a f i rm bond with the red 

c e l l  without destroying the red ce l l .  The bond i s  formed quickly within a half 

hour. The chromium a t taches  i t s e l f  t o  the globin. I f  the r e d  c e l l  i t 3  hemolyzed 

by a burn, i t  s t i c k s  t o  the  globin i n  the plasma. The concentration of chromium in 

the plasma can thua he used as a measure of hemolyeis following a burn in an eqeri -  

mental animal in jec ted  with chromium tagged red c e l l s  p r ior  t o  burning. Thia i o  

the f irst  way i n  which the chromium tagged c e l l s  quant i ta te  the red  c e l l  destrrtG 

tion. The second way is by g i r h g  a second iq j ee t ion  of the tagged c e l l e  d t e r  the  

burn and comparing thlr second volume with the  pre-burn voltma. It l a  thus a h u b l o  

check method and good co r re l a t ion  ha8 been observed. 

Thir method has proved b e t t e r  than the  radioact ive phoaphorue method f o r  tsg- 

g ing  red cella.  We mspect  from our own obeervatione that the phoaphornr i o  not 

bound __I------ securely enough fo r  use in inves t iga t ing  _____---- t h l e  problem. _ _  --*e..-.. Phosphate - + * . s i  i s  7 a , . phyeio. - _  0 

l o g i c i o n  passing constantly i n  and out of the red ce l l ,  

i n  the or ig ina l  tagged red c e l l s  when i n j ec t ed  in to  the t e s t  object  but can pat38 aut 

It therefore  may not stay 

aga in  i n t o  the plasma. The I n i t i a l  excess of the phosphate in the plasma i s  also 

d i f f i c u l t  to  waeh from the c e l l s  in preparing the red  c e l l e  f o r  inject ion.  

In the i r  experiments with dogs Raker and Rovit found that a burn of 50$ of 

the body surface, o f  moderate in t ene i ty ,  gave an average r ed  c e l l  des t ruc t ion  of 8% 

of the red c e l l  volume before injury. This thermal in jury  i s  believed t o  be C O I p  

parable t o  that observed I n  a chance severe 'burn of the human being. 
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c e l l s  reached 4G$ o f  the red c e l l  volume. This type o f  

severe, deep burn i s  r a r e l y  encountered i n  the human being. 

barns, hot water burns, and indeed those o f  burning clothing rarely penetrato 

deeply beneath the skin. 

these r a re ly  extend t o  more than one or two extremities.  

The injury of f l a a h  

Only high voltage e l e c t r i c a l  burns penetrate  deeply and 

The percentage of red c e l l  volume destroyed in these two experiments is w h a t  

one wuld have predicted from the amount o f  blood c i r cu la t ing  In the  burned t i s sues .  

Only a small proportion o f  the bOdy'8 blood is in the skin or immediately beneath it. 

Therefope If all of  the red  cells touched by the  burn are destroyed, i f  the burn i r  

l h l t e d  t o  the ekin, only 8 small proportion of the body's r ed  c e l l e  W i l l  be hemolyzed. 

If on the  other  hand the  hsa t  reschee In to  the deeper recesses  o f  t he  body, i t  will 

obviously reach a greater proportion o f  the red c e l l s  and a grea te r  proportion o f  the  

t o t a l  volume will be destroyed. (See Appendix 1.) 

Xe have, of course, been using the  chromium method t o  measure the  red c e l l  

des t ruc t ion  i n  burned pa t ien ts .  

EO studied. On the baeia of the  probable red cell m e r  beforu injury i t  1188 esti- 

mated tha t  not over 10 t o  12$ of the red cell  mass had been destroyed by the exten- 

s lve  burn. I t  has been possible  t o  measure only 2 more pa t i en t8  s ince that report .  

The observations on theee pa t i en t s  a r e  in l i n e  with the  earlier ones. 

more observations w i l l  be needed before having an adequate experience t o  publish 

the mater ia l ,  but i t  is o u r  imixession at th i s  time that the observat ions I n  the 

p a t i e n t s  are i n  l i n e  with the experimental work being recorded by Raker and Rovit. 

(Appendix A . )  Since the  observations agree with those made earlier, during Yorld 

War 11, we f e e l  tha t  the current trend toward  the use o f  whole b l o o d  i n  the shock 

therapy of the extensively burned pa t i en t  could well be reviewed. 

By the  time of the last r-eport 9 pat ient6 had been 

---- - -  - .  I- - -  - - * _ _  - 1_ _I _ _  l__---. " , 1 _--____- ~ - _  

Ye f e e l  that 
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Whole Blood Theram. The hematocrit of the  blood r i s e s  aa a r e e u l t  o f  8 burn. I f  

whole blood r a the r  than plasma is used as the c o l l o i d  replacement therapy of the 

burned pa t ien t ,  t he  high hematocrit i o  maintained or fu r the r  elevated. 

I t  has been demonstrated by Seligman, Blalock and t h e i r  colleague8 that in a 

v a r i e t y  of  experimental conditione the v iecoe i ty  of the  blood va r i e s  d i r ec t ly  with 

the  hematocrit. This has been found t o  be t rue  in experimental and human burn8 

by Dr. Qinby. The a r t i c l e  desoribing t h i e  work haa been publiehed i n  Snrgery 

and r ep r in t s  were submitted as technical r epor t s  during the per iod covered by t h i r  

r epor t  . 
. It  ha8 remained t o  be ahown whether the more viscous blood retards blood f l o w  

and endangers the funct ion of the eseential unburned organs ruch ar l iver ,  b-rain, 

and kidney. Even if the  blood flow l e  re ta rded  by the increaeed v i scos i ty  i t  

m e t  be recognized that the more viscoue blood with i ts  high hematocrit has a 

greater than normal oxygen carrying capacity. Such increased oxygen capacity 

could permit greater oxygen u t i l i z a t i o n  by the tissues and altho- the blood 

f l o w  was reduced the t iaenea right receive the m e  amount of  oxygen. 

.-- -. - . .~  This I problem - -  T7.*-5r-v.7---- of  blood =----;-_ f l o w  - was first  a t tacked  by Dr. QuinbLin ~ . -,~~---- burned dogs. .. --- .... - _ _ _  _ _  * 
~~~ . ~ . ~ .  ~ .. 

._ . 

He t r i e d  to measure the  blood f l o w  t o  the b ra in  by quan t i t a t ing  the blood flowing 

out  o f  the severed in t e rna l  jugular vein, He d id  f i n d  that the blood flow of the 

more viscous blood was indeed reduced and that the oxygen u t i l i z a t i o n  from each cc. 

of blood was increased.. The r e m l t e  of  the  experiments var ied,  however, I n  some 

t h e  oxygen u t i l i z a t i o n  waa equal, i n  o thers  reduced. 

The v a r i a b i l i t y  of .the blood f l o w  method employed by Dr. Quinby was so great  

that we were unable t o  draw any conclusions from t he  experiments, This approach 

has therefore been abandoned. 

Dr. Nardi has taken up the problem f r o m  a d i f f e r e n t  po in t  o f  view, He is 

measuring the  blood flow through the l i v e r s  and because o f  t h e  method he is em- 



An account o f  the method ueed and of the  experiments thus f a r  car r ied  out is given 

by Dr. Bard1 in Appendix B. I t  l e  considered p a r t i c u l a r l y  for tuna te  that a method 

should now be a v a i l a b l e  fQr observing l i v e r  blood f l o w  and that D r .  loardi l e  taking 

on t h i s  problem in t h e  burned pa t ien t .  The l i v e r  has l ong  been neglected a0 an 

organ to be inves t iga ted  following trauna such as a burn. Dr. Bardi  i s  Wing a 

s t a r t  on l i v e r  func t ion  by t h i s  approach and a l so  by that using S35 tagged amino 

acids, t o  be recounted under Metabolism. 

2. posterior P i t u i t a r y  Act iv i ty  in Burn Shock. There i s  much to  

ruggest that the pouter lor  p i t u i t a r y  gland i s  a c t i v e l y  sec re t ing  i t a  an t i t l iu re t io  

hormone following the  trauma of a burn. 

pa t i en te  remains high in the f irst  days after injury even when the f luid therapy 

The epecl f io  g r a v i t y  of the urine i n  o u r  

i r  apparently adequate o r  more than adequate, 

more than adequate for h i e  na8d8, the apec i f i c  grav i ty  o f  the  urine fallr, 

I n  a n o w  individual given f luid 
', , . ... 

The 

experiments of Vernag of Cambridge, England, suggert that the re  should be an otatpu* 

of  an t id fa re t i c  hormone i n  reeponse t o  the pain of t he  trauma and t o  & dehydra- 

t i o n  developing secondary t o  the injury. 

of  antidiuretia hormone in the i n i t f a l  hours, 

These two would account for the aecretion 

- - 7  _.-_l_--~-- - _____c__- ~. -- - .-. .. . . . I  I_ .__c___ - .__~_ ._____.___ 

Continued s e c r e t i r o f  the  a a t i d i n r e t i o  

hormone m i g h t  w e l l  i n t e r f e r e  with the unloading of the e x t r a  f l u i d  given as therapy 

during the phase of edsrna r e s o ~ t i o a a  This ~ e c o n d  phase which s t a r t s  a f t e r  t he  

thirty-sixth hour appeare frequently t o  give trouble i n  the extensively burned 

p a t i e n t ,  leading t o  generalized edema and occasionally pulmonary edema, 

secre t ion  o f  the a n t i d i u r e t i c  hormone could somehow be cut off, elimination of t he  

If the 

excess fluid could be f a c i l i t a t e d  and water-logging prevented. In both phasess 

that 1s the i n i t i a l  phase of dehydration and development o f  edema, and the subse- 

quent phase o f  edema resorption and water-logging, i t  should be important t o  know 

w h a t  the pos te r ior  p i t u i t a r y  i s  doing. We have long had this problem i n  mind, The 

arrival o f  D r .  Bascom as Research Fellow now makes t h i s  possible,  



Medicine a8 an  advisor and col labora tor  in t h i s  project .  

ing the a n t i d i u r e t i c  hormone a e t i r i t y  in variour medical conditione and he ha8 

Dr. Leaf has been study- 

recent ly  obtained exc i t ing  evidence of a volume receptor control  of the pos te r ior  

p i t u i t a r y  output. (See Alexander Leaf, J. Olin. Invest.,  31864,1951; 31860,1951; 

and 31 1914,1952. ) 

3. Edema V a l u e  and need f o r  Sodium In  the Shock Therapy o f  the Burn 

pat ien t .  Drs. E&er and Minor. This l a  a pro jea t  which wao e ta r t ed  In December 

1952. 

port .  

t o  include In  the f lu id  therapy of  t he  burned pat ient .  

others bel ieve that the all important element to  the shock therapy of burn8 i s  tho 

The reasons f o r  the  p r o j e c t  were given in the last semi-annual progrerr  re- 

In  b r i e f ,  we a r e  d i s s a t i s f i e d  with our.knowledge regarding h o w  &ch eoditu 

Bosenthal e t  al, fox and 

sodium ion. Dre. Butler and Talbot of o u r  Ped ia t r i c s  Staff on the other hand have 

the Idea that eince all eodlnm that is given 8 8  therapy In the init ial  hours after 

Injury must subsequently be excreted through the kidney, we should be sure t o  g ive  

the minhum In order  t o  facilitate the kldney'r "hi8 sagger- oubsequent problem. 

t i on  arose as a r e s u l t  of two f a t a l i t i e s  and two near f a t a l i t i e s  in burned chil- 

Our own point  o f  view ha8 been a median one. Ye have postulated that the 

Important thing in the  shock therapy of t he  burned pa t i en t  i s  t o  maintain bi normal 

environment f o r  the unburned t i s s u e s  and organa. 

beyond o u r  control ;  therefore  we feed the pa t i en t  w h a t  the wound robs and i n  re- 

The wound is a pa ras i t e  and 

gard t o  sodium we have t r ied t o  give nei ther  t o o  much nor too l i t t l e .  

I t  has seemed w i s e  t o  r e inves t iga t e  the sodium need and f r o m  a new angle. 

Baker and Minor a r e  measuring the d i s t r ibu t ion  of sodium i n  the  unburned portione 

of the body, both ex t ra  and i n t r a c e l l u l a r ,  which r e s u l t s  from therapies  of high, 

medium, and low sodium. The ezperiments a r e  being ca r r i ed  out on burned dogs and 



i n re r t iga t ion r  lire only in t h e i r  i n i t i a l  phase. 

4. Do Prerture Dreesinaa Ef rec t ive lg  Diminish the Heed for n u i d  TheragZ) 

I n  World ldar I1 i t  ma an accepted p r i n c i p l e  of burn therapy that pressure drbseingr 

rhould bo appl ied t o  the head and ex t remi t ie r  o f  the burned p a t i e n t  i n  order t o  

diminish the f l u i d  needed as therapy o r  in prevention o f  burn shock. Thie a t t i t u d e  

had many ear ly  backers and seemed well supported by experimental evidence o f  8 i l e r  

and Beid, cllenn and Drinker, and otherr .  The impreasion of aany c l in ic ian8  fell 

in with the erperimental evidence and the pr inciple  became accepted. 

Uith the recent  swing toward open therapy of  the burn wound i n i t i a t e d  by 

Vcrllacr, Blocker and Palaakl, t he  poeeible  value of the  pressure dressing i n  

sparing fluid 8eeme bo have been l o o t  e ight  of. Ha8 this been wise? Are we folc 

ge t t ing  romething important? In seeking simplicity of the  care o f  the  wound are . .  
we adding t o  o u r  t roubles  in the  f l u i d  therapy o f  the burned p a t i e n t ?  

Ifm year8 ago Dr. Vilain, a Prench research fe l low in p l a s t i o  surger7, waa 

asrigned this problem of testing the e f f i c a q  of preaenre dressings. 

proved more d i f f i c u l t  than an t i c ipa t ed  f o r  him and a l i t t l e  more than a year ago 

The problem 

.vi ghg --$a I ~ - e ~ - - ~ - ~ - - - ~ e ~ p - ~ ~ ~ m ~ -  -- - D - -  l.a ~ - ~ - ~ ~ ~ ~ . ~ ~ - ~ ~ - ~ c - ~ ~ ~ - ~  e 2pozI 
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and Dr .  Wight has continued with the  observations. They are  not  ye t  completed t o  

her sa t i s f ac t ion  and i t  i s  hoped that during t h i s  next SIX months she will be able  

t o  devote add i t iona l  time t o  complete them. 

The observations may be t e n t a t i v e l y  summarized as fo l lows .  I t  i s  probable 

that a properly applied pressure dress ing  or a tight f i t t i n g  p l a s t e r  cast does 

diminish the loss o f  fluid from the  plasma i n t o  the burn wound. 

in loss is s l i g h t ,  however, and therefore  the experimental method needed t o  measure 

i t  has t o  be refined. 

The decrease 



probably be said that proper pressure dressings appl ied t o  burns of the  ex t reml t ie r  

and the head do diminish e l i g h t l y  the volume of replacement therapy needed i n  the 

prevention o r  tremtment o$ burn ehock. The volume spared 18 a l i g h t  and not t o o  

much i o  being sacr i f iced  in the f l u i d  therapy of the pa t ien t  when the  burn wound 

is t rea ted  'by the open method. This i a  c e r t a i n l y  t rue  when adeqnate anppliee o f  

plasma or a plasma expander are ava i l ab le  f o r  the  therapy and when the vein8 

avai lab le  m e  adequate. 

0. Intermediary Hetabolim. 

The program of invee t iga t ion  of the changer in intermediary metabolian 

reeul t ing  from trauma ha8 moved on a ghsae but  continues t o  occupy a principal 

por t ion  of  o u r  invee t iga t ive  e f f o r t s .  (See Cope, Bardi, Quijw, Rovit, BtAbury 

and Wight, Ann. Surg. 

the thyroid gland i n  response t o  burn trauma am accurately a8 we need t o  at the 

present tixae. 

fracturee.  

1378165,1963.) We be l ieve  we have t raced  the funct ion of 
c- 1 

Ue a r e  examining thyroid funct ion therefore  i n  p a t i e n t e  with 8evere 

l e  a r e  st i l l  puzzling over the  f lood  t ide  o f  the eoeinophhr found in  

the burned pa t ien t .  

of uric s t e ro id  hormones, and Dr. Bardi ii-ib full akhig-Zii'i'hTCiGoXE-lX3hT-- 

nitrogen metabolism. 

Drs. Rathanson and Engel a r e  carrying out f u r t h e r  analyees 

- - 

1. The Meaning. of the Flood Tide of the  ~ o e i n o p h i l s  i n  the Severely 

Burned Patient.  

the eosinophil l e v e l  i n  the blood fol lowing a burn injury emphasizing the prognoa- 

t i c  significance o f  a continued l o w  eosinophi l  count and the f l o o d  t ide  o f  eosino- 

phile i n  the severely damaged p a t i e n t  rewonding well t o  h i s  trauma. 

m a  eubsequently wr i t ten  up and is published; the r ep r in t s  were forwarded as 

technical repor t s  during the period covered by t h i s  semi-annual report ,  

In  the repor t  of a year ago we described the varying course o f  

This work 
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'The -'pu%liehed report ddscribea- 9 patient E wfth-continued' l o w  eosinophil :Co&ka 2 

who died ar a consequence of their burn inJuq. We felt reasonably certain of o u r  

findings in that group. In the group with the flood tide of eosinophil8 later 

during the course of the grafting and healing of their wounds, there nere only 5 

patients. The range of eoalnophlls wao coneiderable and we felt that further 

obeervatione were Indicated, first to substantiate the flood tide a8 a phenomenon 

and second to find out its meaning. 

Accordingly ve have continued to observe the eosinophil level of the blood In 

severely burned patients. le can regort that the f lood tide le indeed a phenomenon 

frequently encountered in the severely burned, 

countered in these last 6 months. (See page 13 IC.) The clinical COWBO of thin 

patient is described in the legend. An article has a l e 0  sppaared by Dr. Sffitt, 

#e enclose a chart of a case en= 

from the Medical Research Council Burns Unit in Birminghamr &gland, beeorlbing 

the identical phenomenon. 

data. 

# I  ._ 
His article appeared while we were assembling our own 

Unfortunetelp we were not aware of the article and therefore did not refer 

t o  his  work ln o u r  report, 

Our interest has extended beyond confirmation to try to find out the meaning 
-_ .~__ - ..___ _-__ -_ ____ __ 
of -the fzood tide.  

still suppressed by cortisone or ACTH. 

of the adrenal gland, The flood tide is present throughout a period when Dre. 

Bathanson and Engel a r e  able to demonstrate abnormally large quantities of the 

corticoida I n  the urine, 

adrenal ie s t i l l  hyperactive. 

sidering the possibilities it seems l og ica l  to us to believe that the flood tide l a  

related to the infection. 

it represents a good omen and perhaps is related to a good Immune body response 

We haye 'been-'&le-~'to- ?i%d . t ~ ~ t - t h e ~ e ~ ~ ~ - t e d ~ ~ ~ o ~ l ~ p ~ - ~ c o ~ t  i# 

It therefore remains under potential control 

The flood tide occurs therefore presumably when the 

Some other influence has become dominant. In Con- 

Because the patient i s  doing well during the flood tido 
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CHJWZ IUUSTUTIHG THE COURSE OF THE BLOOD EOSINOPHILE8 IBI A PATIIZIPT WITH D m  BWBS 
OP WODEBaTE x3cTm. 
rol- the entire circumference of both lege  from the ankler to  above the  knees. 
The e is inophi les  f e l l  t o  almost zero s h o r t l y  after the trauma. 
ing of the burned areal waa ca r r i ed  out on the  rixth and eleventh days, and the  
p a t i e n t  reeponded well in the early period with I n i t i a l  tdq q f  . q e  grqtr,  
t ive  therapy included several vhole blood transfusions.  
melted, apparently due t o  infec t ion ,  and h i e  condition de te r io ra t ed  through the 

- . - sixth week,-- Pherei-waroaly a nodewto rise in ht$-tmsln~phi~a-~!attnt .?"T3n-thcwmmth"- 
week he was given a d a i l y  t ransfus ion  for f i v e  days with marked improvement in hie 
appearance and with cleaning up of the  denuded areaso  The t h i r d  major operative 
procedure waa ca r r i ed  out i n  the ten th  week as h i s  eosinophiles were rising at  a 
rapid rate .  
quired t o  c lear  up the in fec t ion  of the burned areas  and get  them covered wi th  skin. 
After  reaching the peak of 3334 e o s / m .  mm. i n  the th i r t een th  week, the count 
slowly f e l l  as the  p a t i e n t  improved, until i t  reached the normal l e v e l  in the 
twenty-fourth week when he was nearly ready t o  go home. 
given during the f l o o d  t i d e  were followed by a s ign i f i can t  drop i n  the eosinophile 
1 evel. 

A 26 year old  white male suffered a 20$ t h i r d  degree burn i b  

'Jbtcision and graft- 

S U ~ ~ O E  
G r & d l y  the  grafts 

Prom t h i s  da t e  he d i d  well clinically although a l o n g  time was re- 

ACTH and oral cortisone 
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'- - of -i$hb'patient -to the--'infecting organism. #e have no factual evidence to support 

tBia aoncept -- only -chair reasoning. 

2. Pattern of Urinary Steroidp -- Drs. Engel and Bathanson. Drs. Levir  

-el and Ira Eathanson have continued their studier of the urinary steroid excre- 

tion i n  collaboration with ue. 

patients with adrenal cortical disease. 

adrenal cortical disease and two with adrenal cortical virilism have been 

atudied both before and after operation upon the adrenal glands with reduotion in 

adreno-cortical activity. 

will prove an interesting contrast to the steroid pattern of the burned patient. 

In addition four patient8 hare been studied before and after total adrenalectomy 

for metastatic carcinoma of the breaet. A comparison of the various c l i n i d  

states aesociated with changea in adrenal cortical function should throw some 

light on the pattern of adrenal overactivity following burn trauma. 

'phe tmphaeis i n  the p e t  e i x  month8 ha8 been I n  

Four patients with the Cuahing's type of 

i 

It is believed that, the findings in t h e m  patients 

3. ht813nedi8l.v nitropen Netabolim - Dr. Bardi. This part of 

our  program has become a dominant end exciting ieeae. 

'break in the wall of mystery enclosing the upset in nitrogen-metabolism which f01- 
---. ~ l - o ~ w s  ~ - - t l  ~-. _i_. 

.* *_. _I r a ~ - ' a ~ ~ e ~ - a ~ - s i ~ ~ ~ ~ ~ ~  tEie-tire%Is:iii-f a e _ t l a s T m D c  :------* * - a 

Dr. Bardi her discovered 8 
. .  

I . ,  . 

The background of this project was given in the last semi-annual progress re- 

port. In brief, Drs. Bathanson and Hilda Wilson, while checking the completeneer 

of 24 hour urine collections in our  burned patiente,analyzed the U i n e  for creatine 

as well a8 creatinine. 

tities of creatine, indicating an important derangement in nitrogen metabolism. 

Dr. Bardi has extended the finding of creatinuria into a wider a d y s l s  of 

They found that the burned patients excreted large quan- 

the excretion pattern of all the nitrogen. 

quantity of amino acids. 

He has found an outpouring of a l a r e  

The excretion of the non-essential amino acids normally 



,. ~ .. 

present is increased. 

amino acids put out in large quantities, The excretion of both non-essential and 

essential amlno acids i s  larger than would be expected from the increase i n  total 

nitrogen. Therefore the amino acid concentration is abnormally great. 

Dr. Bard1 hao studied the excretion pattern of the amino acids In patients with 

CPahing'e disease and in patients before and after a variety of major operations. 

There-are in addition other non-eseential and essential 

In addition i I 
In the patients with Gushing's disease there is also an outpowlag of a variety of 

aaino acido w h i c h  diappear~ after clubtotal adrenalectomy. lrollowing various opera- 

tianm the erbr&tlbn i r  increas&d q&itatively an8'quantitativeLy. 

amount of amino acide is proportional t o  the magnitude of the surgery.  

latter group at least he suspects that the findings are  the result of the failure of  

The m i s t y  and 

In thir 

tubular resorption. 

The aminoaciduria in burned patients and in &shingle disease and that fol- 

l owing  surgery have already been written up and the manuscripts submitted for 

publication. 
G 

copy of the manuscript of each article i s  appended 6 8  Appendix> 

and b respectively. 

These a r e  exciting findings. They have l e d  Dr. Bardi on to a study of the 

formation regarding the upset in nitrogen metabolism which f o l l o w s  trauma &nil the 

role the adrenal cortex may play in it. 

Amino acid metabolism in the burned patient and in the patient with Cushing'a 

disease is being further studied by Dr. Bardi using S35 tagged amino acid. The 

tagged acid is injected into the patient and its disposition in the body fluids 

and u r i n e  measured. Here again it is hoped to determine the role of the adrenal 

cortex in nitrogen metabolism in general and following trauma in particular. 



. .  
D. Infection. 

._ . . .  

The only work in the f i e l d  of infection carried on during thie six month 

period has been the continued cataloguing of the bacterial organisme' infecting burn 

rounds. 

ir still in o u r  impression tho major cause of death of the burned patient. 

antibiotic therapy still does not an8wer the problem of bacterial organisms in a 

patient whose skin surface is half denuded. 

Infection remain8 a major problem of the extensively burned patient and 

Modern 

Better or more judicioua use of tho 

antibacterial agents now available would help, but our hunch 1 s  that immunologic 

considerations are more important. 

In the meantime nutritional and metabolic support i e  the best that we can offer. 

Xnowledge of h u m  b o o  production is needed. 

Bo one in our group has the epecial knowledge of bacteriology and ~mpunology 

which is needed t o  tackle this problem. The responeible inrertigator 1 s  about t o  

viait Great Britain to study the Burn Units in Birmingham and Edinburgh and bacte- 

rio~ogiets elsewhere, hoping to learn that promising leade in this field have been 

f O a a b  

E. 

Peptic Ulcer. 

Acute Dehydration and Metabolic Derangement Bollowing Perforation o f  a 

- _ i  ~ -. ~ _ -  -. -.- - - .  - - - --__-__ - .~ ~. .  ~~~ ____-____ t . . ..- . 
The -metabolic -derangements following operation have recently been' much - -- 

studied and much discussed. Tor the most part  conclueiona have been drawn from 

observations made In single cases or in just a few casea of a heterogeneous group 

of surgical procedures. Only in a few areasp euch as burn6 and fractureso has a 

single entity been studied repeatedly, and In  both of these extensively investigated 

conditions the variation8 within the group are wide. The experience to date with 

the metabolic changes in s u r g i c a l  dieease might thus be called an horizontal one. 

Four years ago i t  occurred to us that it would be valuable to gather a more vertical 

understanding, studying one entity sufficiently often t o  encounter most  of the  vari- 

ables. In this way we could hope to describe with authority any pattern which 

emerged. 
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, - .  _,Thp~~gelc~_requ~rsmqnt~for selection of the surgical condition to be .stud$sd ' -  . . - . - -  . - I. - e?"- . -- I . . -  

uas that it should be a disease entity with a relatively uniform pattern of 

iejury from patient to patient. The consequenceo of the perforation of a peptic 

ulcer fulfilled that requirement and Included the advantage of a clearly recog- 

nizable time o f  onset. 

Three other factors also entered into our selection of perforated ulcera: 

the active controversy as to management of the perforation,the high mortality 

,A 

rate irrespective of the therapy choeen, and the probable similarity of the 

injury to that of a cataneoue burn. 

Becauae the problem of therapy cannot be settled by mortality l r t a t l s t l c s  and 

beca&!m of the continued high mortality, It is evident that -her investigation 

in to  the factor8 contributing to the deterioration of the perforated ulcer patlent 

i r  needed. Some of the confusion about the choice of therapy might be dissipated if 

we were t o  know more about the metabolic derangements and nutritional deficit6 which 

perforation eet r  in progress. Our selection of ulcer perforation for study was 

based in part on the hope that our finding8 might not only be informative regarding 

injury and operation i n  general, 'but that they m i g h t  lead directly t o  improveiment in 

The perforation itself I s  a wound of minor Importance. It is the insult of 
.. 

peritoneal contamination with gastric j a i c e s  which constitutes the real injury, a 

chemical burn. The area of the peritoneal surface involved i s  probably wide enough 

t o  be equivalent to a skin burn of moderate extent.  

burn is an obvious one and suggested the pro3ability that the same methods of study 

which had contributed so much t o  the understanding of burn shock might y i e l d  valuable 

information about the effects of peptic ulcer perforation and any subsequent operation 

as well. 

This comparison with a cutaneous 

1 
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To Insure an sdeq&te view of the pattern of injury 'knd -itb'-complicationr' the-: -- - --I. 

o t n 4  hae included 24 patiento. 

were consecutive in IO far a8 the Surgical Metabolic Unit and Laboratory were able 

to accept patient8 for study. 

There was no selection of caees. The patient8 

Treatment included slmple operative cloeure In 23 

case#. 

uncomplicated courseo. Pour requlred secondary operatione. One patient was managed 

conservatively without operation. 

the patients mhould be &ea. 

There were no primary feeectlons. Twenty of the patient8 ran relatlvoly 

There were no deaths. Chance dictated that a l l  

The observation8 have been completed and are currently being written up. 

manuscripte unfortunately a r e  no t  ready far inclusion with thie report; they Vi11 

be submitted eubsequently. 

The 

The etady has been rewarding. The chsmnlcal injury is followed by an am-te de- 

hydration in - way8 like tbat following a burn and l e  equivalent In degree to 

that of a burn of 20 to 30s of the skin eurface. 
There am cnrioue differencee, however. 

I C  v 

The potassium level of the blood, 

f o r  ~ X E L E Q ~ O ,  falls if no parenteral potaeeium i e  given. This i e  not encoun- 

tered following a cutaneoue barn, The K:E ratio in the urine is the reveree 

nitrogen excretion following ulcer perforation. 

A pattern d i d  emerge. An Improved echeme of therapy hae evolved. 
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The folloihglnermbsrr af  the s t d f  hare continued t o  serve throughout the t h e  

Responeible In ree t lga to r  Oliver Cope 

Principal  Inves t iga tors  

C l i n i c a l  and Research Bellow 

Bradford Oannon 
George L. Bardi 
Anne W i g h t  

Charles L. Minor 
" .*. 

Dr. Baker, a Pr inc ipa l  Inves t iga tor  for the  past th ree  years, has now been 

promoted by the Harvard Medical School t o  Baculty status as  Aeeoclate i n  Surgery. 

He 1s now establ ished as an independent member o f  the Department of Surgery. He 

has applied for and received a Grant from the  United S ta t e s  Pub l i c  Health Serv?ce 

t o  continue hie studiee on i n t r a c e l l u l a r  e lec t ro ly tes .  He i o  continuing t o  share 

i n  c e r t a i n  a c t i v i t i e s  o f  thiu TB& Order and w i l l  continue t o  use 'cn col labora t ion  

80- of the hstrruaents. He w i l l  receive no fu r the r  salary under t h i s  cont rac t .  

Dr. zlardl has taken Dr. Raker'r place as Laborataxy Adminiatrator. '  I t  is M- 

t l c i p a t e d  that he t o o  will 'be promoted t o  Baculty status in the hext"two t o  th ree  
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Dr. George S. Bascom joins the p ro jec t  as Clin ica l  and Research Bellow for the 

year starting 1 July  1953. 

Fellowship f o r  the  year. 

has served his surgical internship at the Hew Haven Hospital as the  first rung i n  

his surg ica l  t ra ining.  

Bev Haven Hospital t o  continue with the  residency t ra in ing .  

had an i n t e r e s t  In Invest igat ion and has participated i n  research  programs while  a 

student and an in te rn .  

He has been granted a Public  Health Service Research 

He graduated from the  Elarvard Medical School in 1952 and 

After the year  I n  inves t iga t ion  with us he r e tu rns  t o  the 

Dr. Bsscom has 10% 

3 

D r .  Y i l l i a m  C. Qninby, J r . ,  has not been able t o  f i n d  the t h e  t o  r e t u r n  t o  



c 

work gart t h e  on th lr  proJect. f i l a  it greatly regretted. 

On the technical rtaff, our half time bacteriologirt,  Wr. CUNminfJ, leavee un 

a1 o f  the 20th of  June. 

Shes, a chemicsl technician, war forced t o  withdraw becauae o f  pregzmncy, and her 

place has been taken by Wr. O'Brien, a co l lege  grsduate who is vorking his vw through 

a night lau school. 

Her hueband, a phyrlclan, has moved to Illinois. Mr#.LoI# 


