
A. 9- 7 3 g DNA1.940928.104 

w o r t  Prepared By: Oliver Cme. I.D. Oate: 26 J b n u m  1954 
For Period 1 January 1953 - 31 December 1963 

TECHNICAL LIBhLqY 
116198  

16-ORI-76, ProJect  XIIX 

AEEUU -1 Total  budgeted Annual Rate of hpend i tu re  
$68,593.00 J---TT r?-;T; 

(. 3 -  1. 

1 
I ., L- - ' L C - * S  PFLGJECT 

CORTRACTOB: A e r i d e n t  and h l l o w s  of Barnud C o l l e e  7 0 FEP 1954 

PRINCIPAL UfVESTXGEl'ORt Oliver  C o p ,  1.1). 
-y_- 

Arroc ia te  Rofeeeor of Surgemy, Earyard N e d i c a l  School 
Vie i t ing  Surgeon, Haesachusetts Qeneral Hospital  

\ 

Arr le tan te t  Bradford Cannon, N.D. 
Cl in ica l  ALeaociate i n  SurgeFy, Harvard Medical School 
P l a s t i c  Surgeon, flaasachusette General Hoepital 

Qeorge L. l a r d i ,  HODo 
Ins t ruc to r  i n  Surgery, Hanard Hedical School 
A8eh tan t  In  Surgery, Xaseachueette General Hospital  

Aane uight. .&A. 
Research h e o c i a t e ,  Harvard Nedical SrAool 
Cl in ica l  and Research Fellow I n  Surgery, kiss. Gen. Hospital 

Charles L. Xinor,  H.D. 
Research Fellow i n  Surgery, Harvard Xedical School 
C l i n i c a l  and Research Fellow i n  Surgery, Naes. Gen. Hosp i t a l  

Oeorge S. Baecom, HOD. 
Research fellow in Surgery, Hsrvard Nedical School 
Clinical and Research Pellow i n  Surgery, Xare. Gen. Hoepi td  

TITLE Of PRWPCTr I n t r a c e l l u l a r  Changes in Trauma, Depletion and Repair - with Special 
Reference t o  Burnr 

ObJsctiver& The improvement of  the therapy of trauma through etady of i t s  ce l lu l a r  
and metabolic effecte .  Since 1950 the  lnveet igat ione have centered c? 
the problem of burns. Pa t i en t8  with endocrine bireaees such as 
CPshina'r disease and with perforated duodenal ulcera have been 
includ&. The etudiee have-b 
phyelologlc and at p rac t i ca l  

* 
Other  requests for this document must I ' 
b e  referred to Director, Dcfense Atomic 
Support Agency, Washington, D. C. 20305 

HRE-0328 



- 2 -  

I. Since S t a r t  of Project 

A. 19-1949 - The first 2$ years of the prodect were 'spent largely 

In i n  the inves t iga t ion  of methods and the  s e t t i n g  up of laboratory routine. 

the second half of t h i s  period with the departure of Dr. h-ancis D. Moore t o  

the Peter  Bent Brigham Hospital the b-t and technical  personnel were 

divided. 

A first s tep  was the e8tablishmertt of a metabolism ward f o r  the 

study of p a t i e n t s  with surgical diseases. I b e  scope and f a c i l i t i e s  of  the 

chemistry laboratory were enlarged. The flame photometer u a s  introduced f o r  

the measurement of potassium and sodium. Much time was spent i n  t ry ing  t o  

adapt this instrument t o  the measurement of magnesium and calcium, but vl thout  

avail because of t he  l o w  biological  concentrations. 

A f u l l  fledged isotope l abora to ry  was organized. Professional 

and technical personnel were t ra ined  under the guidance o f  consulting physi- 

c i s t s .  Adequate instrumentation has gradually been achieved. 

Pour f i e l d s  of i so tope  invest igat ion were i n i t i a t e d  and developed 

during these f i r s t  years. The technic of  .measuring the radioactive sodium 

space was mastered. 

renal function and the metabolic a c t i v i t y  o f  t issues.  Dr.  I?. D. Woore intro- 

Radioactive phosphorus was used i n  the meaeurement o f  

duced radioact ive potassium and deuterium o d d e  t o  meaaure the  in t r ace l lu l a r  

space and t h e  t o t a l  body water. 

The surgical diseases studied were various. Dr.  2. D. Hoore 

studied the e f f ec t  of  operation and a number of surgical  conditions, includ- 

ing those associated wi th  malnutrition. 

h i s  monograph, Moore P. D. and H. R. B a l l :  The Wetabolic Response t o  Surgery, 

Springfield,  I l l i n o i s ,  Charlew'C Thomas, 1952, 156 pp. 

These studies  formed the  basis  of 
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A t  the Hassachneetts General Hospital metabolic aapecte of  

Gushing's disease were studied. 

ment of the  sodium space before and a f t e r  successf'ul surgical r e l i e f  by 

abrenalectoag. Bo abnowal i ty  of the sodium space was determined in the 

pa t i en t s  studied. 

Pr inc ipa l  a t t e n t i o n  was glren the measure- 

The equi l ibra t ion  r a t e  and renal excretion of P-32 were 

measured i n  pa t i en t s  with hyperparathyroidism In  the  hope of  f inding a more 

sens i t ive  t e s t  fo r  the diagnosis o f  t h i s  disease. These thoughts proved 

i l lusory.  

as compared w i t h  normal parathyroid t issue.  A comparable increase i n  P-32 

uptake was found in other  endocrine tumors including those of the thymus, 

adrenal and thyroid.  

An increaeed uptake of P-32 was found in the parathyroid adenomas 

The study of the metabolic e f f ec t  of  a perforated pept ic  u lcer  

was i n i t i a t e d  during this period. 

Appendix 3.) 

(See 11. W r e n t  Beport Period, and 

B. 19-1952 - With the rearmament program and the outbreak of the 

Korean War the work of t h i s  project  v a s  enlarged and reoriented t o  the 

problem of burns. 

others joined the project.  

Dr. Bradford Cannon, p l a s t i c  surgeon t o  t h i s  hospi ta l ,  and 

The therapeut ic  p o s s i b i l i t i e s  of A m  and cortisone were an 

immediate concern. Their use i n  the shock therapy and i n  wound healing were 

investigated In  experimental animals and burned pat ients .  The Drinker lymph 

preparation i n  the f o o t  o f  the dog and the r a t e  of  development of blebs in 

the skin of young hogs were used as experimental preparations t o  study the 

e f fec t  o f  these hormones on the abnormal capi l la ry  permeability engendered 

by a burn. The hormones were found n o t  t o  influence the r a t e  of f i l t r a t i o n  

or the pro te in  concentration o f  the f l u i d  seeping through the damaged 
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capillaries. 

Hormones and Increased Capillary Permeability of Burn8. A.H.A. Arch. Surg. 

(wight, A,, P. A- Veiaman, E. L. b r i t  and 0. Cope: Adzend. 

658 309, 1952) 

The rates of edema fomat ion  and edema resorption were measured 

i n  a steri le plethysmograph as the bes t  method of approaching this problem 

i n  the  human being. 

cort isone developed as much edema as the control burned hands of  pa t i en t s  

without hormone thera2y. 

edema was as long i n  the t r ea t ed  as i n  the  untreated patients.  

subsidence of the edema was comparable i n  the two groups of pat ients .  Had 

the adrenal hormones been e f f ec t ive  i n  l imi t ing  the aeepage from the 

cap i l l a r i e s ,  and thus in diminishing the amount of f l u i d  needed as therapy, 

the r a t e  of edema formation would have been less. Had the hormones brolight 

about ear ly  healing of the  damaged c a p i l l a r i e s  the  t h e  at which the peak 

of edana was reached would have been advanced and presumably the  sabsidence 

of edema hastened. Experimental burns vere made on pa t ien ts  w i t h  Gushing's 

disease and normal volunteers. The same rate of  bleb formation and healing 

w a s  observed i n  the two groups. The only possible conclusion from all these 

observations was that A(;TH and cortisone were without demonstrable e f f e c t  

or therapeutic usefulness i n  th i s  aspect of burn therapy. 

A. Wight. A. J.D. Michel and 0. Cope: A Clinical  and Experimental Evaluation 

of the Influence o f  ACTH on the Heed €or Fluid 'Eherapy o f  the Burned Pat ient .  

Ann. Surg. 134: 614, 1951) 

The burned hands of  pa t i en t s  t rea ted  with ACTH o r  

The length o f  time taken t o  reach the peak of 

The rate of 

(Baker, J.W.. 

The poesible e f fec t  o f  these hormones i n  prolonging the survival 

of homografts was studied i n  experimental animals. 

the l i t e r a t u r e  of  that time no such e f f ec t  w a s  found. 

%inby, Jr., A. Wight and E. Cannon8 The Adrenal C o r t i c a l  Hormones and 

Contrary t o  claims in 

(Vefsmao, P. A., W.C. 



135 rg. percent tro days before death. 

of amino-aciduria correspond~d roughly t o  the -period of grea tea t  nitrogen 

n a g n t i r i e .  Hoverer, amino-aciduria - ~ r r i a t e d  after r e s to ra t ion  of -writin 

n i tmgen  balance, arrgbsrting that the quant i ta t ive  and qua l i t a t ive  e z r e t i a  

of e l n o  ac ids  vaa indepndsnt of the oror-all nitmgen balance. 

Chart 6A dsrOnStrateS t h a t  the period 

A 6 b p 3 a ~ 0 1 d  mman w i t h  a thermal bprn of 64% of her body surface, 

sore than hali of vhich was f a l l  t h i C k w 8 0 ,  died on her t e n t h  hoopital w ,  
Amino-aciduria Derr is ted,  though wboiding, u n t i l  the t h e  of death (Chart 7 ,  

Case 52-83). 

pendently of over-all  nitrogen balance. 

acid excret ion may hare been due t o  a reduced glomerular f i l t r a t i o n .  

In Chart 7 A  the amino acid excret ion again f luctuates  We- 

The terminal rednetion of amino 

T b  Unburned 

Chromatography of the y e o p e r a t i r e  ur ine  specimens of the  f i r e  w t l e n t s  

-der@- surgery revealed a n o d  pa t t e rn  i n  every case. 

snch as hemorrhoidectomy and excision of f i s s u r e  i n  an0 resulted in little 

If any deviat ion f r o m  normal. Case S-3) re- 

sulted in somewhat l e s s  amino-aciduria than that seen in Chart: 5 .  e s t e r -  

e e b q  and herniorrhaphy resu l ted  i n  a pa t te rn  which ley between that of' 

gastrectomy and hemorrhoidectomy. 

Ninor Drocednres 

P a r t i a l  gastrechniy (Chart 8 

3 

The three pa t i en t s  with Crrshinga8 disease shoved a g r e a t e r  than normal 

urinary excretion of amino acid8 before operation. Chart 9 i l l u s t r a t e e  

the typical  f inding8 in one o f  these cases. 

voman v i t h  a ruddy f ace ,  abnormal f a t  d i s t r ibu t ion ,  h i r e u t l m ,  and hyper- 

tension. 

cyclopropane anesthesia.  The postoFerative course was unerentfhl  and the 

dosage o f  cor t isone vas gradually reduced from 200 mg. Der day t o  a daily 

mintenance done of 30 rig. over a period of t v o  weeks. 

The pa t ien t  was a 42-year-old 

A two-stage, radical, subto ta l ,  adrenalectomy war carried out under 

After t h i s  maintenance 
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dome had been er tab l i shed ,  daily ariparp ce l l ec t ion r  were c a r r i e d  out for 

f ive  - 8 .  hspl te  tb. po8sible residual  effect8 of rurgery, the m i W  

amino acid excretion is striking. 

acidaria in the -matoporstire phare Bo v e l l  as the o v e r a l l  nitrogen n t a b o l i u .  

C b r t  9 A shove the reduction of &no- 

I m f n o a d d u r i a  accompanied the increa8ed urinary nitrogen l o r e  uhlch 

Pollour r e m r e  thermal trausa. I t  was a l s o  present  a f t e r  major rprgical 

prowdorer. 

nnonerrential '  amino acids n o d l y  found in ur ine  and the M e r  molecular 

ve ight ,  nesren t ia lm amino acids not  nwally preeent. 

that both the  qua l i t a t ive  and quant i ta t ive  aspects  of the amino-aciduria 

ray be proportional t o  the sever i ty  of the trauM. 

b.rrmed re rere ly  enough t o  endanger t he i r  l i v e r  and pa t ien t8  undergoing r inor  

spsgical prooedureta showed o n l y  m i n i m a l  amino ac id  excretion v i t h  a prepcn- 

derance of mnoneseential* amino acids. Those dying of t h e i r  b u n s  or 

undergoing major surgery had a massive excretion of both weasent ia la  and 

annoneesentfala amino acids.  

I t  consis ted of an increase i n  both the lorer moleculsz weight, 
* 

Thore vas some snggestion 

Patients who uere not 

!the ac tua l  mechanism of this tdno-ac idur ia  is not c l ea r .  There are 

Amino-aciduria may result when elevated blood amino three g o e e i b i l i t i e s .  

acid levels exceed the renal threshold. 

damgo and failure of tubular reabsorption may cause amino-aciduria. 

mino-aciduria may be seen vith normal blood leve l8  and ' in tact* kidneys 

in cer ta in  mmetabolica disorders -- l e e . ,  'grinmry amlno-aciduriaw as i n  

the de 'Tonidsac& syadmnw, and cyet innria .  

are inadequate to rule out much a mechanism in thermal tranma, a metabolic 

dioorder of this mort reem unl ikely.  

the escape of amino ac ids  observed is due t o  efther elevated plasma amino 

With normal blood leve ls ,  r d  

Pina l ly ,  

Although the available data 

1% would seem most l i k e l y ,  then, tbat 
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dressings over corresponding halves of each donor s i t e  were removed t o  

favor surface evaporation. 

each of  the  four areas. 

Comparisons were made in the  healing t h e  o 

More rapid heal ing was noted i n  the (21'888 from vhich the  o 

go difference in he dressings were removed than in those l e f t  covered. 

time vas a t t r i b u t a b l e  t o  t he  tearp.rature differential. 

B. Shock - n u i d  T h s r a ~ ~ .  

1. mole Blood versus Plasma as the  Colloid Them~y of Ch 

Omen discussing t h i s  problem of burn therapy about vhich there has been 

siderable dispute  i t  is e s s e n t i a l  a t  the  OUt8et t o  define what we a r e  t 

about. Whole blood is badly needed in the  therapy o f  almost all severe 

burned pat ients .  Anemia develops rap id ly  in the first weeks i n  p a t i e n t  

with extensive, open, infected wounds. 'Phis anemia i n  our  opinion is d 

t o  the infection,and repeated replacement of red cells by transFusion I 

essent ia l  t o  good therapy. The anemia may be apparent well within the 

veek a f t e r  injury and continues u n t i l  the  wounds a r e  covered with skin 

the infect ious process is in abeyance. Bo one disputes  t h i s  need for w 

blood transfusion. What is i n  question i s  the  amount of  whole blood ne 

i n  the f l u i d  therapy of the  meverely burned pa t i en t  in the f i r s t  48 hon 

the so-called shock phase of burn therapy. The need for  whole blood at 

time depends log ica l ly  upon the volume of red c e l l s  destroyed by the he 

those hemolyzed immediately and those sens i t ized  and undergoing subsequ 

hanolysis .  

The question of the co l lo id  solut ion of  choice t o  be u 

in the prevention o r  therapy of burn shock is a c r i t i c a l  one both f o r  t 

Armed Forces and Civi l ian Defense. If, as some believe,  whole blood is 

essent ia l  p a r t  o f  the  i n i t i a l  therapy of the extensively burned pa t ien t  

then means w i l l  have t o  be found t o  increase the a v a i l a b i l i t y  of whole 
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blood i n  w a r  areas and i n  c i v i l i a n  areas threatened with atomic bomb attack 

in order t o  treat extensively burned casualt ies.  Lf, howemr, plasma is 

equally o r  near ly  as good as whole blood, then the problem of supply and 

storage i s  faci l i ta ted.  Uhat whole blood i s  ava i lab le  in an area of 

disaster  could be reserved for those casualties who have suffered t r u e  whole 

blood hemorrhage, the  burned p t i e n t s  being t rea ted  with p l a w .  o r  a plasma 

expander. Whole blood therapy could be postponed u n t i l  the casualties are 

evacuated t o  areas where more whole blood i s  available.  Because of the 

l o g i s t i c  importance of t h i s  question w e  have continued t o  push the  fnvesti-  

gztion r e l a t i n g  t o  t h i s  problem during the  past  year. 

The h i s to ry  of the  development of  the d i f f e ren t  po in ts  of 
view regarding the co l lo id  solut ion of choice i n  the therzpy of burn shock 
i s  wor th  reviewing. Otherwise it  its hard  t o  understand why some take the  
position that the best  therapy i s  a combination of plasma and e l ec t ro ly t e  
solutions while others  bel ieve tb.t whole blood should be used instead of 
the plasma o r  a plasma expander. 
different i n t e rp re t a t ion  of the v a l i d i t y  and meening of measurements made 
in  burned pa t i en t s  and mor ta l i ty  6tUdies i n  burned aninals.  

The difference o f  opinion s t m e  from a 

During the  early part of World War I1 a combinetion o f  
plasma, i so tonic  e l ec t ro ly t e  so lu t ion  end water emerged as the  bes t  f l u i d  
therapy for  t he  burned pa t i en t  i n  the  f i rs t  two days af ter  injury.  Whole 
b l o o d  was to  be given i n  small quan t i t i e s  i n  the f irst  two days t o  replace 
those red c e l l s  destroyed by the  burn and l a t e r  i n  l a rge r  quant i t ies  as 
signs o f  anemia developed. 
hospital and elsewhere, notably Glasgow, and Birmingkiam in England, which 
indicated that a t  most from 7 t o  16 of the red  c e l l  mass was d e s t r o p d  by 
t h e  heat at the time of  the burn. The Evans Blue dye method wss the on0 
used f o r  these measurements; this method was then and eubsequentlp has been 
open t o  question. (See Moore, Peacock, Blakely, and Cope: Ann. S u g .  124: 
811, 1946; and Colebrook, L. e t  al, Reports of the Burns Unit, Royal. 
Infirmary, Glasgow, 194243. Published i n  1944.) 

Extensive s tudies  were car r ied  out a t  this 

In 1944 Moyer, Col le r  e t  a1 (Ann. Snrg. 120: 367) reported 
studies on survival of severely burned dogs ind ica t ing  that a combination o f  
defibrinated whole blood and an e l e c t r o l y t e  solut ion gave a more prolonged 
survival than p l a s m  and e l ec t ro ly t e  solution. 
Rumival time of burned dogs i s  notor iously var ieb le  and w e  have always 
Wondered whether the result6 would not  be somewhat otherwise i f  the experiments 
of Hoyer were extended to  a larger ser ies .  

I n  our OM experience the 

Bear the end of World War I1 s tudies  made here using radio- 
f ict ive i ron tagged red  cells t o  measure the red c e l l  mas8 confirmed the 
epr l ie r  observations using the less accurate plasma-dye method. (See above 
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Woore. Peacock, Blakely, and Cope reference.) 
and others  have tackled the problem nsingP-32 tagged red cells. 
as 43% destruct ion of t he  red c e l l  mass has bean reported,  

b r e  recent ly ,  1950, Evans 
As high 

Puzzled by the  discrepancies between our own observations, 

those of Wager and Coller ,  and o f  Gvans, we have re-examined the question 

using two new approaches. 

a. Radioactive Chromium TaRRed Red Cells i n  the Weasiiement 

of Red Cel l  Destruction. 

&ornate method of  tagging red c e l l s  t o  the measurement of red c e l l  destruc- 

t i o n  by the burn. %e method w a s  developed by Drs. S t e r l i ng  and Gray o f  the 

b r v a r d  Biophysical Laboratory and o f f e r s  the best  method thus far found f o r  

the measurement of the red c e l l  pass in the burned pat ient .  

by Raker and Bovit describing t h e i r  trial o f  the method and i t s  use i n  

experiments with burned dogs was included 8s Appendix A in the Sernidmud 

Progress Beport of 30 June 1953. 

Gynecology and Obstetrics.  

Drs. Baker and Bovit have adapted the radioact ive 

The manuscript 

The a r t i c l e  is  in press  i n  Surgery, 

Baker and Bovit confirm that the chromate ion forms a 

firm bond with the red c e l l  without destroying the ce l l .  The bond is formed 

quickly wi th in  a half hour. The chromium a t taches  i t s e l f  t o  the globin. If 

the red c e l l  is hemolyzed by a burn, i t  sticks t o  the glokin i n  the plasma. 

The concentration o f  chromium i n  the plasma can thus be used as a measure of 

hemolysis following a burn i n  an experimental animal in jec ted  with chromium 

tagged red c e l l s  p r i o r  t o  burning. 

chromium tagged c e l l s  quant i ta te  the red c e l l  destruction. 

is by giving a second in jec t ion  o f  the tagged cells a f t e r  the burn and com- 

Pming t h i s  second volume with the pre-burn volume. 

check  method and good cor re la t ion  has been observed. 

'Phis i s  the f i r s t  way In  which the 

The second way 

It i s  thus a double 

I n  our  hands t h i s  method 

proved be t t e r  than the radioact ive phosphorus method f o r  tagging red 

cells. 
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I n  their experiments with dogs Raker and Bovit found 

that a burn of 50$ of the  body s d a c e ,  of moderate i n t e n s i t y , ( h e r s l o n  In 

mter at 8 5 O C  f o r  30 seconds) gave an average red cell  destruct ion of 8$ of 

the red cell volume before Injury. This thermal 1nJu.q I s  believed t o  be 

comparable t o  that  observed i n  a chance eevere burn of the hnman being. 

When the sever i ty  of t he  burn was increased t o  a deep 

cooking bu rn , ( lmers ion  in water at 8 5 O C  for 3 minutes) then the destruct ion 

of the red cells reached 40$ of the red cell volume. 

deep burn is ra re ly  encountered i n  the human being. 

hot  water barns, and indeed those of burning clothing r a re ly  penetrate  deeply 

beneath the skin. Only high voltage electrical burns penetrate  deeply and 

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

The percentage of red c e l l  volume destroyed i n  these 

Th i s  type of severe, 

The in2u-y of flash burrs, 

experiments i s  w h a t  one would have predicted from the amount of blood circn- 

la t ing  in  the tissues at the time of burning. Only a s m a l l  proportion of the  

body's blood i s  i n  the skin or immediately beneath it. Therefore i f  all of 

the red c e l l s  touched by the burn a r e  destroyed, i f  the burn is l imited t o  

the akin, only a small proportion of the body's red cells will be hemolyzed. 

If on the other hand the heat reaches i n t o  the deeper recesses of  the body, 

I t  w i l l  obviously reach a greater  proportion o f  the red c e l l s  and R grea ter  

proportion of the t o t a l  volume w i l l  be destroyed. 

The red c e l l  volume has been determined by the chromium 

method in  16 ser iously burned pa t i en t s  and f n  24 control mnormalm pereons. 

In the burned the observations were car r ied  out  within the f irst  24 hour8 

a f te r  Injury. 

C r i t i c a l  evaluation of the observations awaits fu r the r  

vork. 

befo re  burning. 

Evaluation depends upon the assumption n e  of the volume of red cells 

We need more controls and w e  may have t o  measure each 
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m i r i n g  burned p a t i e n t  after f u l l  recorery. !Chis too might be de- 

leading. 

Using the d a t a  thns far obtained no evidence has yet 

been found t o  ind ica te  that a large f r a c t i o n  of  the circulating red  cells 

i s  destroyed by severe thermal trauma. The r e s u l k o f  the  p a t i e n t  study are  

thus i n  agreement with those of the animal work. Further s tud iea  are plerned, 

b. Blood Viscosity and Blood F l o w  i n  the C r i t i c a l  Epalna- 

The hematocrit of the blood rises as a result t ion  of Whole Blood 'Pherapx. 

of a burn. If whole blood ra ther  than plasma i s  need as the  co l lo id  replace- 

ment therapy of the burned pa t ien t ,  the h i g h  hematocrit i s  maintained or 

further elevated. 

I t  has been demonstrated by Seligman, Blalock and the i r  

colleagues that in a va r i e ty  of experimental conditions the viscosity of  the 

blood var ies  d i r e c t l y  with t h e  hematocrit. 

experimental and human burns by Dr. @inby. The a r t i c l e  descr ibing th i s  

This  ha8 been found t o  be t r u e  i n  

work has been published i n  Surgery and r ep r in t s  were submitted as technical  

reports during the period covered by t h i s  report ,  (Quinby, W. C., Jr. and 

0 .  Cope: Blood ViSCOSity and the Whole Blood Therapy of Bums. Surgery 

32: 316, 1952.) 

I t  has remained t o  be shown whether the more visccus 

blood re ta rds  blood flow and endangers the funct ion of the e s sen t i a l  unburned 

organs such as l iver ,  brain,  and kidney. Even i f  the blood flow is re tarded 

by the increased v i scos i ty  i t  must be recognized that the more viscous blood 

with i t s  high hematocrit has a grea te r  than normal oxygen carrying capacity. 

Such increased owgen capacity could permit greater oxygen u t i l i z a t i o n  by 

the t i s sues  and although the  blood flow was reduced the t i s sues  might receive 

the m e  amount of  orygen. 
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SLIS problem of blood flow uas first at tacked by Dr. 

-by In burned dogs. 

quant i ta t ing the blood f l d n g  out of the severed bteFnal jngdlarIwin. 

did f ind that the  blood flw of the more Viscona blood uas indeed reduced 

and that the  oxygen n t l l i z a t l o n  from each cc of blood was increased. The 

r e d t s  of the experiments varied,  however. 

was e m ,  in others  reduced. 

He t r i e d  t o  m e a s u r e  the  blood f lw t o  the brain by 

He 

In some the  oxygen n t i l i t a t i o n  

The v a r i a b i l i t y  of the  blood f l o v  method enployed by 

Dr. Wnby was so great that we vere  unable to  d r a w  any conclusions from the 

' experiments. This approach has, therefore ,  been abandoned. 

Dr. Xardi has taken .qp the problem from a d i f f e ren t  point 

of view.  

pat ients  using the aethod of Dobson. 

He is m e a s u r i n g  the blood f l o w  through the l i v e r  b dogs and burned 

I An account of  the method used and of the 

experiments thus far car r ied  out is given by Dr. Eardi in  Appendix D. 

fortunate that a method should nou be avai lable  f o r  observing l i v e r  blood flow 

and that Dr. Dobson is also studying barn trawna i n  the dog. 

G. F. Warner: Liver Blood n o w  Changee i n  Thermal Injury. To be presented at 

the rederation Meetings, A t l an t i c  City,  1954.) 

It  Le 

(Dobson, E. L. and 

Dr. Bardi's r e s u l t s  in the dog confirm those of Dobson; 
b 

liver flow i s  grea t ly  reduced. 

These reductions may be due i n  l a rge  part t o  shunting and i n  d l  part t o  the 

increaeed viscosity.  

He a l s o  f inds a reduction i n  the burned pa t ien t .  

Wore work i s  needed. 

2. poster ior  P i t u i t a r y  Act ivi ty  i n  Burn Shock. Dr. Bascom with 

the  collaboration of Dr. Alexander Leaf. 

dration call  fo r th  secret ion of the aa t i -d iure t ic  hormone of the pos te r ior  

pi tui tary.  

in Our extensively burned p a t i e n t s  of continued high spec i f i c  gravi ty  Wine 

nrggeste that the poster ior  p i t u i t a r y  may well play a part i n  the compensation 

Verney has shown that pain and dehy- 

B o t h  pain and dehydration occur i n  the burned pa t ien t .  The f inding 

i 
I 
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I evidence o f  renal  fdlare. A l l  had received a hl& sodium in$alre i n t r a v ~ n o a s ~  

f o r  the f i r s t  48 h o w .  

been given f o r  each l$ of boas d a C e  burned in the  first 24 ~ O V S  and one 

half that quantity In  the recond 24 hours. 

in addition for kidney function. 

been moderate t o  low. 

concentration dropped promptly below nornml t o  the 120-135 medl range and 

stayed l o w  f o r  8 few t o  several w&s. 

Seventy-fire cc e m  and 75 cc d i n e  so l a t ion  had 

V a t e r  and glucose had been given 

In the enbseQuent daps the eodium intake had 

In 8p i t8  of a p O S i e i Y € i  sodium balance the 8erum ~ o d i ~ m  

Additional sodium chloride intage did 

not  ra i se  the concentration. This lover- of  the  8 e m  sodium concentration 

v8 believe t o  be part of the  normal, ‘healthy” response of the severely burned 

patient. 

S ix  p a t i e n t s  had renal damage and died of renal fa i lure .  

Three were given the above rout ine therapy. The serum sodium levels of all rose 

t o  above normal. Sodium poured out i n  the  exudate reducing the scdium balance 

t o  s l igh t ly  posit ive.  

The other three with renal f a i l u r e  received l e e s  sodium in 

therapy because the renal  damage vas recognized promptly and therapy restrained. 

Their serum sodium l e v e l s  fell promptly t o  approximately 120 meqfl and stsyed 

there. They l o s t  more sodium i n  the exndate than the 24 p a t i e n t s  with fun- 

tioning kidneys but le86 than the three who received higher intakes. 

In approximate sodium balance. 

solution and his  serum sodium rose rapidly t o  160 meq. 

They were 

On the 12th day one received 3$ sodium chloride 

This s a l t  was given him 

because of a fear that the l eve l  o f  120 meq ras deleterious.  A t  tha t  time he 

was clear mentally and considered t o  be weathering h i s  rena l  damage eatisfac- 

tori ly.  After the hypertonic salt solut ion he deter iorated and died i n  36 hours. 

The balance and exudate e tudies  ind ica te  that with r e d  

impairment the wounds a c t  as a sluiceway for sodium. 

of these three groups m e  given as Appendix 0. 

Graphs of the  88- l e v e l s  
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Raker and Minor are a l s o  atndying the  eodlum and electro- 

4 t e  problem f r o m  the angle of call penetration and cel l  less, In dogs they 

m e  measuring the  sodium epace and the  electrolyte concentration of  unburned 

as well as burned tissues -1ng radioactive ~ O d i m  and chemical methods. 

dogs are being treated wlth high, medium and l o w  aodium intakes. 

The 

4, po P ressure Dre s s i u  s Effect ivelv D iminiah the Beed f o r  Fluid 

Therapy? I n  World Var I1 i t  was an accepted v h c i p l e  o f  burn therapy that 

preseure dressings should be applied t o  the head and extremities of the  burned 

patient in order t o  dlminish the f l u i d  needed 8 a  therapy or i n  prevention of 

burn shock. 

experimental evidence of S i l e r  and Reid, Glenn and Drinker, and others. The 

impression of many c l in i c i ans  fell in with the experimental evidence and the 

principle became accepted, 

This attitude had many ear ly  backers and seemed w e l l  supported by 

Vith the recent swing toward open therapy of the burn wound 

in i t i a t ed  by Wallace, Blocker and Arlaeki,  the possible  value of  the pressure 

dressing in sparing f lu id  reems t o  have been l o s t  r igh t  of. Has t h i s  been wise? 

Are we forgetting something important? I n  seeking aimpllcity of the Care of the 

wound are we adding t o  our troubles in the f lu id  therapy of the  burned pa t ien t?  

Two yeare ago D r .  Vilain,  a French research fellow in p l a s t i c  

a u g e x y ,  was assigned t h i s  problem of t e s t ing  the efficacy of pressure dressings. 

The problem proved more d i f f i c u l t  than an t ic ipa ted  for him and a l i t t l e  more 

than 8 year ago Dr. Wight Joined t o  help him. Dr. P i l a i n  returned t o  Ranee 

three months l a t e r  and Dr. Wight has oontinued with the observations. 

a m  not yet completed t o  her r a t i r f ac t ion  and I t  is hoped that during t h i s  next 

d x  months she w i l l  be ab le  t o  devote u l b i t i o n a l  time t o  uomplete them. 

They 

The observations nray be t en ta t iva ly  rnmmnrited a s  follovs.  It 

18 probable that a properly applied p r e r w e  &easing o r  a tight fi t t ing p l a s t e r  
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=st does diminish the l o s s  of fluid from the plasma i n t o  the burn wound. 

decrease i n  l o s s  is slight, however, and therefore the axperimental method 

needed t o  measure i t  has t o  be refined. 

The 

fiom the point  of view of the clinical  therapy of' the burned 

patient i t  can probably be eaid that proper pressure d r e s s h g a  appl ied t o  burns 

of the extremit ies  and the  head do diminish s l i g h t l y  the  volume of replacenent 

therapy needed in the  prevention or treatment of burn shock. 

gpared i s  slight and not too much is being sacr i f iced  in the fluid therapy of 

the patient when the  burn wound is t r ea t ed  by the  open method. 

certainly true when adequate supplies of  plasma or a plasma expander are avail- 

able for the therapy and when the  veins avai lable  are adequate. 

The volume 

I 

This is  

C. Intermediary HetaboliaaL 

1. The Elevation of the Hetabolic Rate in the  Burned Pa t ien t .  

The metabolic r a t e (  oxygen consumption) of the severely burned pa t ien t  has been 

studied and found t o  be elevated t o  l e v e l s  comparable t o  those o f  severe hyper- 

thyroidism. The rise in r a t e  i s  ea r ly  and abrupt and the  r a t e  slowly subsides 

as wound healing takes place. 

iodine and radioact ive iodine turnover i n  the thyroid gland) ind ica te  that 

thy ro id  function remains v i t h i n  the normal range and that the  thyroid hormone 

i s  no t  responsible. 

as et iologic  s ince the metabolic r a t e  and radioact ive iodine turnover a r e  s l igh t ly  

depressed i n  Gushing's disease. We have the hunch i t  is  r e l a t ed  t o  wound 

metabolism. It cer ta in ly  explains the  rapid wasting which these pa t i en t s  

Buffer, 

and reprints  have already been dis t r ibuted.  (Cope, 0 . .  G. L. R a r d i ,  EI. k i j a n o ,  

E. L. Bovit, J. B. Stanbury and A. Wight: Hetabolic Rate and Thyroid Function 

rollowing Acute Thermal Trauma in Wan. Am. Surg. 137: 165, 1953) We have 

Heasurements o f  thyroid function(protein-bomd 

The outburst of  adrenal c o r t i c a l  a c t i v i t y  is  a l s o  excluded 

This Study has been publiehed during the  period covered by t h i s  report  
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tmned t o  measuring metabolic ra te  and thyroid function in other conditions 

of t m m  including patients r i t h  rerjor fractures and severe chronic infections,  

2. The Heanl~lp of  t he  Flood Tlde of the EosinobbiLs in the 

Severely Burned Pat ient .  In the repor t  of 8 year ago w e  described the varying 

coarse o f  theeoeihaphil l eve l  i n  the blood following a burn injury emphasizing 

the serions prognostic BignificanCe of a Conthl0d 10V eosinophil  count and 

the good omen of  flood t i d e  of eosinophils In the severely damaged pa t ien t  

responding well t o  his trauma. 

forwarded as technical r e p o r t s  during the  period covered by this  report, 

A . ,  J. W. Raker, U. E. Herrington and 0.  Cope: The Ebb and Flood of the 

~osinophil8 in the Bnrned Pa t ien t  and Their Use in the C l i n i c a l  Xanagement. 

Ann. Surg. 137: 175, 1953) 

'phis work ha8 DOv been published and r ep r in t s  

( W i g h t ,  

The ptibliahed report  described nine p a t i e n t s  with continued 

low eosinophil counts who died as a consequence of  t h e i r  burn injury. 

f e l t  reasonably ce r t a in  o f  our  f indings in that group, I n  the group v i th  the 

f l o o d  t i de  of eosinophils l a t e r  during the course o f  the grafting and healing 

of their  wounds, there  were only f i v e  pat ients .  !he range of eosinophils was 

considerable and we f e l t  that fu r the r  observations were Indicated, f i r s t  t o  

substantiate the flood t i d e  as a phenomenon and second t o  f ind  out I t s  meaning. 

Ve 

Accordingly we have continued t o  observe the eosinophil l eve l  

of  the blood in severely burned pa t ien ts .  

i s  indeed a phenomenon frequently encountered i n  the severely burned. 

enclose a chart o f  a case encountered in these last s ix  months. 

The c l in ica l  course of  t h i s  pa t ien t  i s  described i n  the legend. 

ha0 a l s o  appeared by Dr. S v i t t D  from the Hedical Research Council Burns Unit 

i n  Bimingham, England, describing t h e  ident ica l  phenomenon. 

appeared while we were assembling our  own data. 

avare of the a r t i c l e  and therefore d id  not re fer  t o  his work in o u r  report. 

We can report  that the f l o o d  t i d e  

We 

(See next page) 

An a r t i c l e  

His a r t i c l e  

Unfortunately we were not 



CASE 5 2 - 9 0  I a x M R L E S  

111lH 1 1  

CHdBT 1I;LUSTBBTING THE C ( W B S  OF TE& BUCD POSINOFBILES IN A PATIENl' WITH DEEP 
dUWS OF HOXRATE EXTENT. 
burn involving the en t i ro  circumference of both leg0 from the ankles t o  above the  
b e e s .  The eosinophileo f e l l  t o  almost zero s h o r t l y  a f t e r  the  trauma. Excision 
and grafting of the burned ~ r e a e  was carr ied out on the  s i x t h  and eleventh days, 
and the pat ient  responded well  i n  the ear ly  period with i n i t i a l  take of the  
g r a f t s .  Supportive therapy included several  whole blood transfusions.  Gradually 
the g r a f t s  melted, apparently due t o  infec t ion ,  and h i e  condition de te r iora ted  
through the s ix th  week. There waa only a moderate r i se  i n  h i s  eosinophile count. 
In the seventh week he w a s  given a d a i l y  t ransfusion f o r  f i v e  days with marked 
improvement i n  h i s  appearance and with cleaning up of the  denbded areas. 
third major operative procedure vas carried out i n  the  ten th  week as h i s  eosino- 
philee were r i s i n g  a t  a rapid rate. 
th0ub.h a long time vas required to c l e a r  up the  in fec t ion  of the burned areas  and 
C C t  them covered with skin. 
thirteenth week, the count slowly f e l l  as the  pa t ien t  itaproved, u n t i l  i t  reached 
t h e  no rma l  l e v e l  i n  the twenty-fourth week when he w a s  near ly  ready t o  go  home. 
ACTH and o r a l  cortisone given during the f lood ' t ide  were followed by a s ign i f i can t  
drop  in the eosinophile level .  

A 26 year old v h i t e  male suf fered  a 20$ t h i r d  degree 

The 

From t h i s  da te  he d i d  wel l  c l i n i c a l l y  al- 

A f t e r  reaching the peak of  3334 eoo/cu.mm. i n  the 
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Oar i n t e r e s t  has extended beyond confirmation t o  try to  f ind  

out the meaning of the flood tide. Ye have been able t o  f ind  that the 

elevated eosinophil count is still suppressed by cort isone o r  A,C!FJ3. It ther+ 

fore  remains under p o t e n t i a l  control  of the adrenal gland. 

present throughout a period when Drs. Bathanson and =el are able t o  demo& 

strate abnowally large quan t i t i e s  of the cor t ico ids  i n  the urine. 

t i de  occurs therefore  presumably when the adrenal is s t i l l  hyperactive, 

other influence has become daminant, 

seems logical t o  us t o  believe that the f lood tide is related t o  the infection. 

Because the pa t i en t  ie doing w e l l  during the  f lood  t ide  it represents  a moa 

omen and perhaps i s  related t o  a good Immune body response of  the pa t i en t  t o  

the infecting organisms. We have no factual evidence t o  support th i s  concept -- 
only armchair reasoning. 

The f lood  tide is 

The flood 

Some 

In considering the p o s s i b i l i t i e s  it 

3. Pattern of Urinary Steroids. Drs. &gel  and Bathanson. Drs. 

Lewis figel and Ira T. Bathanson have continued t h e i r  s tudies  o f  the urinary 

s te ro id  excretion in col laborat ion wi th  us. 

has been i n  pa t i en t s  w i t h  adrenal c o r t i c a l  disease, 

Cuehing'e type of adrenal c o r t i c a l  disease and two with adrenal cor t ical  

v i r i l i sm have been studied both before and after operation upon the adrenal 

glands with reduction i n  adrenocort ical  ac t iv i ty .  It is believed that the 

findings i n  these pa t i en t s  w i l l  prove a n  in t e re s t ing  contrast  t o  the s te ro id  

pa t te rn  of  the burned pat ient .  

before and a f t e r  t o t a l  adrenalectomy f o r  metastatic carcinoma of  the breast .  

A comparison o f  the various c l i n i c a l  s t a t e s  associated with changes in adrenal 

cor t ica l  function should  throw some l i g h t  on the  pa t t e rn  o f  adrenal over- 

ac t iv i ty  f o l l o w i n g  burn trauma. 

The emphasis during this year 

Four pa t i en t s  w i t h  the  

In addi t ion  fou r  pa t i en t s  have been studied 
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4. Intermediam Xitrogen letabolix. Dr. Eardi. l h i n  part 

of our program has become a dominant and exciting one. Dr .  lard1 hae die- 

covered a break in the w a l l  of mystery enclosing the upset in n'itrogen 

metabolism which follows burn trauma. The background of this project i e  as 

follovs. 

In 1945-46 Drs. Eathanson and Hilda Wilson, while checking 

the completenese of 24 hour urine collections in our bnrned patients, analyzed 

the urine for both creatine and creatinine. 

excreted in large quantities, indicating an important derangement in nitrogen 

metabolism(unpub1ished dah.). 

similar .Eindings. 

They found that both were 

Ualker and others_-bars.eubsequently reported 

Dr. Hardi has widened the study by analJreing the urinary 

excretion pattern of more nitrogen fractions, by measuring the blood serum 

level of the several amino acids and by the disappearance rate o f  6 3 5  tagged 

methionine. He has found an outpouring of a large quantity of amino acids in 

the urine. The excretion of the non-essential amino acids normally present 

is increased. There are in addition other non-essential and essential amino 

acids put out in large quantities. The excretion of both non-essential anti 

essential amino acids is larger than would be eqected f rom the increase in 

total nitrogen. Therefore the amino acid concentration is abnormally great. 

This work has been written up and accepted for publication in the J o u r n a l  of 

C l i n i c a l  Investigation. The mannscript is appended as Appendix A. 

In addition Dr. Bardi has studied the excretion pattern of 

the amino acids in patients with Gushing's disease and in patients before and 

after a variety of maJor operations. 

there is a l s o  an outpouring of a variety of amino acids which disappears after 

subtotal adrenalectoply. 

In the patients with Gushing's disease 

Following various operatione the excretion is 
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increased qualitatively and quantitatively. The variety and aronnt of amino 

-ids is proportional t o  the magnitude of the surgery, In this latter group 

at least he suspects that the findings a r e  the result of the failure of tubular 

resorption. 

Appendix B). 

'phis work has a l s o  been accepted for publication in Snrgery(See 

Paper chromatogrape has been adapted to the measurement of 

free amino acids in the blood plasma and studies are in progress in Cnshing'e 

diseatae, other surgical conditions and in burned patients. An article 

describing an original method devised in this laboratory for the chromatography 

of free amino acids in blood has been accepted for publication by the J o u r n a l  

of Laboratory and Clinical Medicine and is to appear in the Nay, 1954 issue. 

(See Appendix C) 

Partition studies of the total nitrogen excretion in the urine 

and of the l o s s  in wound exudate are under study in the burned patient. 

protein turnover rate is being studied by D r .  Eardi in the severely burned and 

in patients with hshing's disease. The experience to date in these two areas 

I s  recounted under Plans-Immediate. As with the other nitrogen studies they 

are directed at elucidating the role of the adrenal cortex i n  the metabolic 

The 

response to trauma. 

D. Acute Dehydration, Potassium Deficiency and Hetabolic DeranEement 

?ollowinc: Perforation of a PeDtic Ulcer. 

The acute effects of the perforation of a peptic ulcer on water 

and electrolyte distribution and nitrogen balance have been studied in 24 

patients. The assembling of the data has been completed, the conclusions drawn, 

and written up in four mnnscripts. 

cation. 

These will shortly be submitted for publi- 

For the sake of brevity of this Annual Report only the first manuscript 

1s appended(see Appendix S). 

character of the stuu. 

This first manuscript gives the Scope and 

The reason  f o r  the study is given in the introduction. 



It describes the evidence for  the acute dehydration which occurs as a result 

of the chemical burn of the peritoneum. 

The second manuscript describes the shifts in potassium and phoe- 

phoms, the evidence for loss of these intracellular electrolytes. In those 

patient8 receiving no parenteral potassium therapy there is a decline in the 

serum potassium level to below normal. 

pouring of potasaium in the urine and a negative potassium balance. 

in serum potassium is prevented by including potaesium in the fluid therapy 

during the shock and postoperative peritonitis phases. 

not proven by onr cases, that this acute potessium 1088 and low serum potassium 

level contributes to the continued high mortality in this condition. 

in the future should include parenteral potassium. It is of note that the 

burned patient does not suffer as large an acute potassium l o s s  in the mine 

and does not exhibit a drop in serum potassium level. 

The third manuscript describes the shifts in sodium and chloride. 

The decline IS concomitant with an out- 

The drop 

It is probable, though 

Therapy 

An interpretation of the sodium and thiocyanate spaces is given. 

The fourth aranuscript recounts the nitrogen balance. Haintenance 

Of potassium balance does not affect the nitrogen loss. 

program of therapy is described. 

A comprehensive 

Since a significant difference has been found in the metabolic 

response of these patients as compared to that of burned patients, study of 

other forms of trauma, fractures and intestinal injuries, is indicated. 
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P U S  BIB HlTURB 

I. Immediate 

A. Wound Healiq. 

The tifect of Temperature and Humidits on the Rate of Tound 1. 

Healing. 

wmds will be continued as patients become available. 

strong points. Second, 

they are of fundaaental character and should prove of interest to the nranage- 

m a t  of other kinds of wounds. 

This project beering on the open Terms closed method of treating burn 

The stud ies  have tvo 

First they are being carried out in the human being. 

B. Shock - n u i d  Theram. 
1. m o l e  Blood VerePe P l a s w  as the Colloid 'pherauy of Choice. 

a. Radioactive Chromium T e e d  Bed Cells in the Measurement 

of Bed Cell Destruction. Drs. Baker and Minor. Extensively burned patients 

' w i l l  continue to be studied f o r  evidence of red cell destruction by the burn, 

using the radioactive chromium tagged method. This project is of practical 

importance to both the Armed Services and Civil- Defense. 

Section B,l,a 

. of 30 June 1953.) 

(See Abstract 

of this Report and Appendix A of Semi-Annual Progress Report 
L 

b. Blood Viscosity and Blood F l o w  in the Critical Evalua-  

I 

: 
L 

i 

1 
8 
I role of the liver. 

tion of Whole Blood 'PheraDy. 

f low in vPrions clinical states including burn shock. 

not o n l y  to the puestion of the use of whole blood in burns with its consequent 

rice in hematocrit and viscosity but it should a l s o  yield informstion -on the 

Dr.  Bardi wi l l  continue his-studies of liver blood 

This study is significant 

2. posterior Pituitary Activity in Burn Shock. Drs. Bascom and 
t 

1 
Leaf. It is p l w e d  to continue the study of the diuretic mechanism in b u m  

.hock and the role of the posterior pituitary with its anti-diuretic hormone. 
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Ye do not as y e t  have enough infOmKItiOn t o  b o w  t o  w h a t  extent  this project 

w i l l  be carried. Ye are still i n  the p i l o t  stages, our earlier isterest in 

rem1 blockage by an axcess of calclum has been absorbed by this  project ,  

3. 

Burned Pat ient .  

t o  therapy but because of i t s  difficult fundamental character  involving cell  

lpiiieu and intracellular balance i t  is a l s o  a long range one( See Appendix a) .  

pi euna Volume and l k e d  for Sodim in the Shock Theraps of the  

Drs. bker and Y h w r ,  !!%is is a pro jec t  of immediate concern 

4, Po Pressure Dressiqs Effectively Dlminish the  Beed f o r  Fluid 

'pherapg. Dr. W i g h t ,  A t  the moment the re  seem t o  be more pressing s tudies  than 

th i s  one. Although not s a t i s f a c t o r i l y  answered, our  observations t o  date suggest 

that any advantage accruing from the use of pressure dressings is  slight, 'Eo be 

certain of t h i s  w i l l  require  a l o t  more work and other s tud ies  a r e  more pressing. 

It w i l l  probably prove wise t o  come back t o  i t  l a t e r  s ince i t  should be answered 

securely, 

C. Intermediary Hetabolism. 

1. Metabolic Rate and Thyroid %unction in Trauma. 

continue t h i s  i n t e r e s t  i n  other f i e l d s  o f  trauma including f r ac tu res  and chronic 

infect ions. 

We plan to  

2. The HeaninE of t he  F l o o d l i d e  o f  the EOsfnODhil6 i n  the Severely 

Burned Patient.  

trauma and pa r t i cu la r ly  t o  pa t i en t s  with severe chronic seps is  when such a r e  

encountered. 

of trauma but also t o  the immune reaction. 

This study too i s  t o  be continued and spread t o  other forms of 

It involves the r e l a t i o n  of the  adrenal cor tex not only t o  stress 

3. pa t t e rn  o f  Urinary Steroids.  Drs. Engel  and Nathanson. By 

adapting chromatography t o  the f i n a l  s tep  of 17-ketosteroid ana lys i s  Dr .  Engel 

has  succeeded i n  dividing that group of s te ro ids  i n t o  some 15 compounds. 

C-e of excretion of those separate compounds w i l l  now be studied in the urine 

The 

! 
a 
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of burned patients, the gross or collective curve having been adequately 

described. One of the chemical technicians is to be transferred to fbll 

time in this work. 

analyzed. 

Later the other two classes of steroids will be similarly 

In the same patients. a pilot study is t o  be made by a psy- 

chiatrist of the day to day mental attitudes. 

infrequently develop a psychotlo-llke reaction after the first week or 10 d a y s ,  

reminiscent of the psychosis encountered in patients under ACTH or cortisone 

therapy. 

It is hopd in this way to learn something about why burned patients are such 

difficult behavior problems to their nurses and doctors. This portion of the 

project will be in collaboration with the Unit of Child Psychiatry of this 

ho spi tal . 

Severely burned patients not 

The steroid excretion will be compared with the mental pattern. 

4. Intermediary Nitropen Hetabolism. Dr. Bardi. Dr. Bardi is 

pushing his nitrogen studies as fast as conditions permit and p l a s  so to 

continue. (See a l s o  LO% -age) 

To determine the significance of the negative nitrogen balance, 

a dissection of the nitrogen excretion of badly burned patients has been under- 

taken. 

The l o s s  in the wound exudate as well as ur ine  has been measured. The work is 

Each individual metabolite has its own role in the body physiology. 

illustrated in the accompanying chart termed “Nitrogen PartitionD of one of t h e  

patient s 

Patient 53-46 was a 9 year old boy who suffered third degree 

burns of approximately 4@ of the body surface. A total balance of nitrogen 

was carried out in a conventional fashion, intake being carefully calculated 

and weighed and 24 hour urine collections being subjected to a Kjeldhal analysis 

for nitrogen. 

days. 

This type of determination was carried out f o r  a period of 37 

Simultaneous studies were carried out on the burn erudate f o r  the first 
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15 dags by ex t rac t ing  and analyzing t h e  dressings. 

t o t a l  balance, there  is an e a r l y  phase of negative balance i n  the first feu 

d a y s  f o l l o w i n g  the barns and of considerable significance from a therapeut ic  

be can be seen in the 

p o i n t  of v i e w  i s  the  fact that the negative nitrogen balance can be minimized 

by adequate nitrogen intake. 

In order t o  carry out the abovc+mantioned d issec t ion  of the 

nitrogen excretion, determinations for urea, alpha amino nitrogen, uric acid, 

c r a t i n i n e ,  and crea t ine  were car r ied  out on aliquota of  the  u r ine  and exudate. 

The difference between the sum of these values and the  t o t a l  nitrogen excretion 

W+E termed %nundetermined nitrogen" and p lo t t ed  as such. 

Several i n t e re s t ing  and per t inent  observations r e s d t  from 

andlysis of t h i s  data. 

by far the grea tes t  component of ni t rogen excretion. 

great part of t h i s  undetermined nitrogen may be polypeptide ni t rogen and 

eqeriments a r e  now under way t o  confirm t h i s  suspicion. 

In the  ear ly  days the undetermined ni t rogen makes q 

It  is bel ieved thst a 

U r e a ,  as might be expected, forms the  second l a r g e s t  component 

o f  t h e  nitrogen excretion. However, this does not seem t o  reach a s tab le  value 

unti l  a f t e r  a week or more and then remains at r e l a t i v e l y  constant levels .  

Our i n i t i a l  observations o f  the independence of the amino acid 

excretion seem confirmed by t h i s  quant i ta t ive study i n  which i t  pcan easily be 

Been that the quant i ta t ive alpha amino excretion reaches a peak value ccn- 

i i d e r a b l y  a f t e r  the overal l  nitrogen excretion has reached i t s  peak value. 

h i n o  a c i d u r i a  seems t o  continue long a f t e r  the r e s to ra t ion  of an overa l l  

total nitrogen balance. 

The shaded areas of uric ac id ,  c rea t in ine ,  and crea t ine  

the amount o f  these compounds present i n  the  exudate nitrogen. The 

laree Quanti t ies  o f  these compounds present again emphasizes the necessi ty  

Of e-te W l y s e s  before an overa l l  balance can be determined for any burned 
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pat ient ,  i .e.,  l o s ses  from the bum wound may make up a major part of 

metabolite excret ion in the burned pat ient .  This la t ter  po in t  l a  agaln 

r emphasized by the  quant i ta t ive  studies O f  e l ec t ro ly t e s  i n  this 8ame pa t i en t  
I 
1 (second Chart) i n  which It can be seen that the major portion of s o d i m  excr+ 

tion i n  the f i r s t  10 d a y s  after burning is t o  be found i n  the exudate ra ther  
I 

! than i n  the urine. 

In the recent study of  the elevated metabolic rate and thyroid 
I 

function i n  the severely burned pa t i en t s  i t  was postulated that the increased 

orygen consumption v a s  due t o  the metabolic demands of t he  burn wound. 

elucidate t h i s  metabolic acce lera t ion  i t  wa0 decided t o  determine the p r o t e i c  

turnover r a t e  i n  pa t i en t s  who had suffered severe burns and i n  pa t i en t s  with 

Cushing's disease, the lat ter t o  evaluate the r o l e  of adrenal hyperfunction. 

S-35 labeled methionine represents  a research too l  which c a n  

be  used safely i n  the human subject f o r  the evaluation o f  p ro t e in  metabolism. 

The iqcorporation of t h i s  material  i n t o  plasma proteins  i n  normal individuals 

occurs a t  a predictable  rate. This i s  equally true of  i t s  later disappearance 

f rom plasma proteins. Since the %35 concentration i n  the plasma protein-free 

f i l t r a t e  reaGhes leve ls  t o o  low t o  permit measurement withio.48 hours o€ s-35 

adminietration, one may asaume that a t  t h i s  time(48 hours) all S-35 which has 

n o t  been excreted i s  incorporated i n  various organs an& tissues. 

decreasing concentration o f  S-35 i n  plasma pro te in  after the i n i t i d  48 hour  

P e r i o d  may be regarded a8 an index of  t he  rate of catabolism of plasma protein. 

The h a l f  l i f e  o f  plasma pro te in  i n  n o m 1  individuals  measured i n  t h i s  fashion 

i@ from 24 t o  32 days. (Kinsell ,  V. L. e t  al: J. Clin. Invest. 29: 238, 1950) 

To help 

Hence the 

Two p a t i e n t s  with Gushing's disease were Injected intravenously 

50 microcuries of S-35 methionine. 

48 h o u r s  and assayed f o r  radioact ivi ty .  

P t i e n t s  was 12.5 d a y s ,  suggesting that adrenal  hyperfunction per se increases 

Daily blood samples were drawn after 

The p ro te in  half-life of both these 

, 
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protein cataboliau. 

i n  the i r  one pa t i en t  w i t h  Cuahing'e disease. 

These findings are i n  accord v i t h  that of Kinsel l  e t  al 

h r o  severely burned p a t i e n t s  were s tudied in a,similar fashion. 

Both pa t ien ts  had severe burns of 4o-W of  t h e i r  body surface. In jec t ion  uas 

carried out during the  s ixth  post-burn week at which time the wounds wme o n l y  

I 
p i r t i a l l y  healed. 

indicating a p ro te in  turnover even more rap id  than that associated with the 

a b e a  m e r a c t i v i t y  of the degree in those p a t i e n t s  with Cushing's disease. 

Pro te in  half l i v e s  of 8.1 days and 11 b y e  were found, 

These f indings a l s o  lend support t o  the  ccncept that the 

increased orygen consumption obsemed i n  severely burned pa t i en t s  i s  a mani- 

festation of the intense metabolic a c t i v i t y  resu l t ing  from the  bodyls efforts 

t o  repair the burned wound. I t  i s  obvious that fu r the r  observations a r 6  

needed, observations i n  more pa t i en t s  and i n  the burned p a t i e n t s  at varyiLg 

intervals a f t e r  injury including during the convalescence. 

11. Long Range 

Surgical conditions associated with trauma, deplet ion and repa i r  should 

continue t o  be rewarding f i e l d s  o f  investigation. 'At0 themes have aminated  olir 

interest in the past  and w i l l  continue t o  do so i n  the future.  These themes a r e  

t h e  Intracel lular  phase of metabolism and the  endocrine compocent in the 

metabolic response t o  these surgical conditions. 

Clinical research has advanced only i n  recent years t o  the point  where 

i t  can attack the in t r ace l lu l a r  phase of metabolism. 

world war 11; progress has been slow because methodology i s  s t i l l  la rge ly  

dependent upon ind i rec t  measurement. 

i1luminatee well the slow r a t e  o f  progress of investigatior. i n  this f ie ld .  

D ' n i %  World War I invest igators  determined that maintenance of the c i r cu la t ing  

b l o o d  volume was the essent ia l  of the therapy o f  shock. A col lo id  solut ion was 

I t  had i t s  advenc with 

The h ie tory  of the invest igat ion of d o c k  

neceaary since the intravenous in j ec t ion  of a salt solut ion without 
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colloid gave only a temporary rise In blood pressure, Phat the salt solution 

seeped out through the capillaries YBS observed, but where it vent was little 

understood. In the period between the two World Wars the extragellular fluid 

qace was defined. It was into this space that the salt solution seeped. It 

was not until World War I1 that clinical inrestigators became aware of the 

intracellular space. 

the chemical significance of the difference between the intra- and extracellular 

phases, there was a long latent period between their observations and the 

clinicians’ appreciation of their possible meaning to therapy. 

Although the biochemist had for many years pointed out 

Our understanding of the cell membrane and its meaning to therapy i e  

Still hazy and full of conjecture. Methods of attack in investigation are  

still largely dependent upon measurements made in the extracellular phase. 

approaches are needed. 

such a8 the adaptation of isotope techniques and tissue biopsies, 

of b i o p s y  data remains dependent upon assumption and calculation but they are 

nearer to direct measurements of intracellular phases than the a n d y s l s  of bfood 

plasma, lymph and measurements of total balance exchanges. 

larging o u r  use of tissue biopsies, of undamaged as well as damaged tissues, i n  

our future program. 

New 

In  our program we are constantly evaluating new approaches 

Interpretation 

We look toward en- 

The endocrine theme of our studies is based upon the long  know- and 

f i r m l y  established fact that the balance of the endccrine system ie disturbed 

by trauma and other diseases such as acute infection. 

*?stun 

i t  has seemed wise to compare the abnormal metabolism of spontaneous endocrice 

diamae8 with that following trauma and other s u r g i c a l  states associated with 

de21etion and wwnd healing problems. We feel reasonably sure OL o u r  present 

orida?c@ that the whole upset of metabolism following trauma is not satfsfactorily 

ar2’ained bY the adrenal cortex alone. 

Since the endocrine 

a dominant influence in the metabolism of many organs and tissues 

It is true there are many similarities 
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between the  endocrine response t o  trauma 8tnd epontaneous Gushing's dieease,  

for the outstanding feature of Gushing's disease i n  our minds i s  a slow, 

c e l l u l a r  depletion. On the other  hand there  are several observations, scch 

as the high oxygen consumption of the burned pa t i en t  which do not  f i t  satis- 

factor i ly  with an outburst  of adrenal cortical a c t i v i t y  alone. We therefore  

should plan t o  continue t o  inves t iga te  spantaneously occurring endocrine 

s i tuat ions associated with t issue depletion. We w i l l  concentrate on patiects 

with Gushing's disease as such become available.  

compared with those made i n  pa t i en t s  following trauma, infections,  et&. 

The observations will be 

The study of the burned pa t i en t  w i l l  be continued dur ing  these  next 

several months. There i s  much t o  be done i n  burns, but there  i s  a pracTical 

reason f o r  sh i f t ing  t o  o ther  f i e l d s  of trauma o r  t o  other diseases  i f  the 

particular object i n  view is equally w e l l  sa t i s f i ed .  

f i e l d  o f  burns i s  cos t ly  i n  terms o f  personnel. It i s  impossible t o  do 

metabolic observations on p a t i e n t s  without complete supervision of the pa t ien t  

wire. The carrying out of t h i s  pa t i en t  care robs time o f  the i rves f i@to i  

w!-.ich might otherwise be appl ied  t o  h i s  researches. 

enormous amount  of professional a t tent ion.  D u r i n g  the  year 1953 the research 

personnel o f  t h i s  p ro jec t  supervised the care o f  115 burned pa t ien ts .  

Invest igat ion in the 
3 

Burned p a t i e n t s  denarx2 an 

The program of the fu ture  envisages continuation o f  inves t iga t ion  i n  

:he same areas of the burned pa t i en t  -- the  wound, shock-fluid therapy and 

intermediary metabolism. 

of  wound healing i n  the human being and careful se lec t ion  o f  elcperiments i n  

Wounds are a part of  surgisal disease aad observations 

a r e  an essent ia l  part of  the invest igat ion of trauma. 

The areas of f l u i d  therapy and intermediary metabolism overlap. 

P t ~ s i o l o g i c a l l y  one caniot separate nitrogen metabolism from e lec t ro ly t e  and water 

balmces- They have been separately defined f o r  s implici ty  o f  presentation. 
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Studies of the distribution of sodium and potassium will be pursued. 

eventually to master a more rapid technique for the meaaureaent of aragnesium 

and calcium. Ilr. Bardi will continue his studies of nitrogen metabolism. 

We hope 

I 

The responsible investigator has repeatedly expressed his uneasiness 

and dissatisfaction that there is no one in our investigative unit whose primary 

interest is in the infectious aspect of trauma, no one with spedal competence 

in infectious disease. For a year and a half we had a qnalified bacteriology 

technician, but her skilled services were not sufficient to manage a critical 

research program. Without research in infection our program may be lopside6.; 

we nm the danger of assuming that the observed changes may be due t o  an 

endocrine disturbance when in reality they are basically related to infection. 

Fifteen years ago extensively burned patients died within the first 24 

h o u r s ,  presumably from inadequate f l u i d  therapy. In the intervening years 

sufficient has been learned about the management of the dehydration and f l u i d  

imbalance to the extent that such patients survive the first few days aftep 

t h e i r  injury provided therapy is started promptly. 

w i t h  t h e  spectacle, therefore, of extensively and deeply burned patieats 

Furviving several d a y s  only  to die in spite of all efforts. Thess deaths 

ap?ear  to be due to infection. Our use of anti-bacterial chamotherapy, ai- 

t - . o ' qh  it has achieved much, is not able to obliterate bacterial growth, and 

i n f e c t i o n  mounts in the widespread wounds. 

h o r n  f a c t ,  and the only way to unravel the problem is by continued research both 

i n t o  the abnormalities of cellular metabolism and renewed research into the 

infectioue disease aspects. As far as o u r  own planning is concerned, should 

ros,ebodg j o i n  our staff with a special interest and competence in the field of 

I n f e c t i o n  it would be considered wise f o r  him to renew the investigation of the 

l " l c c t i Q U  aspect of the burn problem. 

We are now confron+,ed 

This is a clinical impression, not 
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Introduction 

!The negative nitrogen balance of thermal trauma i s  8 w e l l  recognized 

phenornenon.ls2 

a r e  -worQ d e r a t o o d .  

pret ing the significanoe of nitrogen loss. 

an increase i n  nonprotein urinary nitrogen o f  burned -patients. 

chiefly due t o  tmdertermined nitrogen, the latter defined as the difference 

betveen the total nonprotein nitrogen and the sum of urea, uric acfC, 

creat inine,  and alpha amino nitrogen. 

hare studied the u r ina ry  &no a c i d  excretion of severely burned pa t i en t s .  

Amino-aciduria har been found a f t e r  severe thermal trauma. A similar mino- 

aciduria ha5 been observed a f t e r  comparable surg ica l  trauma, suggesxing 

that the phenomemon i a  nonqec i f i c .  

corticiam (Cuehing's disease) auggest that the adrenal gland may be operatire 

i n  the amino-aciduria of thermal trauma. 

¶!he meaning and signif icance of this to  body metabolism 

P a r t i t i o n  of ur inary nitrogen may a a a l s t  i n  i n t e r -  

4 

T h i s  vas 

hlbg and Taylor e t  al found 

To analyze this p a r t i t i o n  further we 

Similar s tudies  on pa t i en t s  w i t h  hyper- 

Materials and Methods 

!!?he paper chromatographic technic described by Hartin and Synge,5 Caneden 

e t  a$> and Dent7 vas u t i l i z e d  t o  study the UrinEixy excret ion of f r e e  aminc 

acids .  Hydrolysis of  ur ine was not car r ied  out, and 80 the  ro l e  o f  peptiduria 

cannot be evaluated. 

Aliquots of 24-hour urine col lect ions were analyzed for nitrogen (KjePdahl) 

and volumes corresponding t o  250 micrograms of t o t a l  nitrogen were chromato- 

graghed two-dimensionally. The first  solvent consisted of phenol and water; 

and the second, of butanol, propionic acid,  and watereg 

develogwd by spraying l i g h t l y  w i  th  0 .I$ ninhydrin in ethanol. 

The papers were 

Using this technic, urine of normal people i s  found t o  contain mainly 

glycine and alanine with occasional t races  of o t b r  'nonessential" amino acids.  
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In w e d ,  only the  l o v e r  molecular weight, mnonessentiala -in0 acids a re  

found in ur ine .  9 >lo Jl1 

r i m  members of our laboratory personnel o e m d  am 'normals.' %Chart 

b represents  the amino ac id  pa t te rn  of the person i n  this g r o q  showing the 

grea te s t  excret ion of amino acids. I t  a l s o  i l l u s t r a t e s  o w  charting con- 

ventions. !?he amino ac ids  have been a r b i t r a r i l y  c l a s s i f i ed  as 'essentiala 

and   no nee sent la la in tams of the l a t e s t  avai lable  information regarding 

the necessi ty  of their presence i n  the diet of normal adul t  human beings 

i n  order t o  maintain pos i t ive  nitrogen balance.12 

amino ac ids  have been arranged in order of increasing molecular weight. 

Within both g r o q s  the 

The Severely B m e d  

Six severely burned -mtients were studied. A l l  were brought $0 the 

h o m i t a l  shor t ly  after i n ju ry  except for Case Eo. 52-51, who vas t ransferred 

f r o m  another hosp i t a l  48 hours a f t e r  in jury .  

thermal trauma involving from 15 t o  65 _Dement of  the t o t a l  body stufaee. 

All y a t i e n t s  were i n  good general hea l th  prior t o  being burned. 

A l l  had suffered extensive 

Treat- 

ment was similar in each instance.  Plasma and blood were used f o r  col loid 

reglacement according t o  a standard fo1mnla.~3 

were administered i n  every case.  A l l  the burned areas  were \ t rea ted  with 

occlusive dressings.  Administration and calculat ion of oral i s t ab  were 

supervised by a spec ia l  d i e t i  tian. 

collected I n  bottles containing thymol and toluol by means o f  an inchelling 

catheter. 

Penic i l l in  and streptomycin 

Twenty-four-hour w i n e  samples were 

Aliquots were used for analyses.  

The Unburned 

S imi l a r  observations were done on patients undergoing conventional surgical 

Frocedures. I n  order of increasing magnitude these procedures rere; excision 
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of f i ssure  in  -0 ,  hemRhoidectoqr ,  hemiomhagby, 

subto ta l  g a s t r e c t o q .  A l l  operations were e l e c t i r s  

t o t a l  hysterectomy, and 

and all peitienfs in good 

general and nu t r i t i ona l  condition. 

dl but the first tvo cases, uhere suinal anesthesia vas otilired. 

open t i r e ly ,  saline, glucoue, and water were administered intravenously 

an t i1  the -patientla oral intake was adequate. 

Bas-oxygen-etber anesthesia ra8 psed in 

Post- 

In an attemgt t o  evaluate the ro l e  of t h e  adrenal glands, three p t i e n t s  

with hypercorticisa due t o  fullblown CushFng's dlseaee were studied. Twenty- 

four-hour ur ine col lect ions were carried out  before and a f t e r  radical 

subtotal adrenalectomy. A minimum of fourteen d a y s  vas permitted t o  elapse 

a f t e r  surgery so that any e f f e c t s  due t o  surgical trauma per se (as  seen i n  

the previous groq) might be minimized. 

The findings i n  the burned pitients a r e  regorted i n  order of  increasing 

The f i rs t  represents toe aersri ty.  There are two chart8 f o r  some pa t ien ts .  

amino a c i d  excretion patterned a f t e r  Chart 1; the second correswndfng cha r t ,  

mff ixed  by the l e t t e r  A, shovs the simultaneous orer-alb ni tmgen balance 

m d  g m ~ 8  amino-aciduria for the  same pat ien t .  

t a i n l n g  equal mounts o f  n i  tragen were chromatographed daily, the significtUIC0 

o f  t h e  'A' chart become8 obvious. 

c o n r h t  Dercantege of the nitrogen excretion, then chromatography of urine 

containing equal amounts of nitrogen should r e su l t  in equal amounts of t o t a l  

u t n o  acld on the chromatogram. 

Since Yolnraes of Wine eat-  

I f  the amino-aciduria repreaents a 

A 19-month-old boy v i t h  deep second degree burns of l@ of his body 

@wf.ce (chart 2 - Caae 52-88) showed a pat tern of amino ac id  excretion 041y 
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s l i g h t l y  grea te r  than normal. 

the pa t te rn  might be considered a t  the upper l i m i t  of our 8n0n3als.a 

If taur ine and glutamine were t o  be excluded, 

A similar  pa t te rn  l a  8een i n  the amino acid excretion of a k-$ear-old 

who eaffered a thermal burn of  30% of  h i e  body surface; about half of 

t h i s  was fall thickness (Chart 3, Case 52-10). Amino-aciduria subsided 

somevhat a f t e r  the first f o u r  weeks. 

Chart 4 ( b e e  52-51) demonstrates the amino acids  present i n  the urine 

of a 30-year-old lineman who suffered deep, high voltage, e l e c t r i c a l  burns 

of the e n t i r e  r igh t  a m  aad both thighs. 

and both l egs  were rad ica l ly  debrided at the time of admission, 48 hours after 

% arm vas amputated at the shoulder 

injury. His convalescence vas uneventful. Taurine and glutamine were again 

!resent. 

throughout the period of obeervation. 

The over-all  amino acid excretion apDeared greater  than normal 

In  chart b this patient's nitmogsxb 

balance has been charted synchronously with the number of amino acid8 excreted. 

Bitrogen balance vas calculated by subtractfng the grams of nit rogen (Kjel dahl) 

in the urine, feces ,  and dressings from grams of nitrogen administered by 

nonth and parenteral ly .  I t  is of i n t e r e s t  t o  note the r e l a t ive  constancy 

of  the amino-aciduria deepi te  the s h i f t s  i n  nitrogen balance. 

QLart 5 (Case 52-90) represent8 the amino-aciduria of a 23-year-old IBB 

who suffered thermal burns o f  40% of h i s  t o t a l  body mrface ,  mos t  of which 

were f u l l  thickness. Amino-aciduria vas s t i l l  present a f t e r  f o r t y  d a y s ,  at 

which time many areas  were s t i l l  unhealed. 

had been eomFleted, reduction i n  amino ac id  excretion, p a r t i c u l a r l y  a8 regards 

t h e  'essential" amino ac ids ,  is evldent. 

f f ter  139 dasa  when grafting 

The amino acid p t t e r n  of a 45-gear-old voman with 50% body surface burns, 

Over half o f  which wem f u l l  thickness, is summarized in Chart 6 (Case 52-92). 

She died seven days a f t e r  burning, while I n  o l i g u r i a .  

a t r o g e n  had risen f r o m  a va lue  of 31 m g .  percent at the time of admission t o  

The seIpIII nonprotein 

i 
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Ghromatogrqhy of the p r e o p r a t i r e  ur ine sDeciaens of the f i v e  F t i e n t s  

nndergolng surgery revealed a n o d  pa t t e rn  i n  every case, 

such as hemorrhoidectomy and excision of f i s su re  i n  CULO r e su l t ed  in l i t t l e  

if any deviat ion from normal. P a r t i a l  gastrectoqy (Chart 8 Case S-3) re- 

sulted in somewhat l e s s  amino-aciduria than that seen i n  Chart 5. Byster- 

ectomy and herniorrha* resul ted i n  tb pat tern which l ay  between that of 

gastrectomy and  hemorrhoidectomy. 

Ninor Drocedures 

The three pa t i en t s  with CnshingIs disease shoved a g rea t e r  than nomal 

urinary excretion of  amino ac ids  before ogeration. Chart 9 i l l u s t r a t e s  

the typical  f indings i n  one of these cases. 

voman with a ruddy face,  abnormal fa t  d is t r ibu t ion ,  hirsutism, and hyper- 

tension ~ 

The pa t ien t  was a 42-year-old 

A two-s tage, r ad ica l ,  eubtotal , adrenalectomy was ca r r i ed  out under 
I 

135 rg. percent two days beiore death. 

of amino-aciduria corresponded rpughlp t o  the period of greatest nitrogen 

nggat i r i ty .  However, &no-aciduria pers ia t sd  after r e s to ra t ion  of posit ive 

nitrogen balance, r w s t i n g  that the qaarr t i ta t i re  and qua l i t a t ive  excretion 

of amino acids was independent of  the orer-all nitrogen balance. 

Chart 6A demonstrates that the period 

A 64-year-old yoman r i t h  a thermal barn of 64% of her body surface, 

more than half of w h i c h  w a s  f u l l  thiclare88, died on her t e n t h  hospi ta l  d q .  

Amino-aciduria p w s i r t e d ,  though subsiding, u n t i l  the  time of death (Chart 7, 

Cam 52-83). 

pendently of over-all nitrogen balance. 

In Chart 7 A  the amino acid excretion again f luc tua te s  h d e -  

The terminal reduction of amino 

acid excret ion may bare been due t o  a reduced g l o a e d a r  f i l t r a t i o n .  

cyclopropane aneatheeia. The postoperative course was uneventful and the 

dosage of  cor t isone vas gradually reduced from 200 mg. Der day t o  a daily 

Wintenance dose of 30 mg. over a period o f  two weeks. After  t h i s  maintenance 
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dose had bean establ ished,  daily urinary ce l lec t ione  were c a r r i e d  out f o r  

fire days. Deqite the possible res idus l  e f f e c t s  of ourgery, the minlmi 

amino acid excretion i o  8 t r lkhg .  

aciduria i n  the mstogmrat i re  -phase ao re11  as  the over-al l  nitrogen a e t a b o l i ~ a .  

C h a r t  9 A shows the reduction of &no- 

dmino-adduria accompanied the increased urinary nitrogen loss which 

followo severe thermal trauma. 

procednms. 

"noneusentiald amino ac ids  normally found in urine and the higber molecular 

weight, "essent ia l"  amino acids  not  n w a l l y  present.  

that both the qua l i t a t ive  and quant i ta t ive  aspects  of  the amino-aciduria 

m a y  be proportional t o  the severi ty  o f  the trauma. 

burned severely enough t o  endanger t he i r  l i v e s  and g a t i e n t s  undergoing minor 

s u r g i c a l  procedures showed o n l y  minimal amino acid excretion wi th  a prepcn- 

derance of Mnonessential" amino acids .  Those dying of  t h e i r  burns o r  

undergoing major surgery had a massive excret ion of  both "essential" and 

%onessential" amino acids. 

I t  w a s  a l s o  present  a f t e r  mador surgical 

I t  conelsted of  an  increase in both the lower molecular weight, - 

There was some suggestion 

Pa t i en t s  who were not 

The ac tua l  mechanism of this amino-aciduria is not c l e a r .  There a re  

Amino-aciduria may resuls when elevated blood amino three p o s s i b i l i t i e s .  

acid l e r e l o  exceed the renal  threshold. 

braage and failure of tubular reabsorption may cause amino-aciduria. 

amino-aciduria may be seen with normal blood l e v e l s  and " in t ac t "  kidney6 

in  cer ta in  Mmetabolic" disorders  -- ioe., "grimary amino-aciduria" a6 in 

With n o m 1  blood l e v e l s ,  renal 

Pinally, 

the de Toni-Pezlcopf rypdronre and cys t inur ia .  

are inadequate to rule out such a mechanism in thc4rmal traama, a metabolic 

disorder of this sort seems unl ikely.  

the escaFe of amino acid8 observed is due t o  e i t h e r  elevated Dlaema m h o  

Although the ava i lab le  data 

It would 8eem most l i k e l y ,  then, that 
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acid 1 0 ~ 0 1 8  o r  r d  dysfunction (although no eridence for the latter ass 

bssn found), or a combination of these tn, rer-hnnfaas. 

Lmenson et  allrC have demonstrated elevation of alpha &no a i t rogen  

in the blood of eight of twelve pstients with t h e e  burns in the  first 

24 h a t 8  after injury. Hoverer, marked hemoconcentration was present in 

these 1Jatiemts. Rewated plasma amino nitro- levels determined in our 

pa t i en t s  w h e n  hemoconcentration was not present were always found t o  be 

u i t h i n  normal limits, i .e . ,  less than 5 mg. percent ,  

R e r r o n  and ~ritschell5 f a i l e d  to  show any rise in plasma amino nit rogen 

wbseqwnt  t o  anesthesia and surgery. 

a117 suggest that c o r t i c a l  ex t r ac t  or adrenocorticotropic hormone may 

increase the l e v e l  of plasma amino acids. 

n i f i can t  fall in the plasma amino ac id  l eve l  of a hypopituitary pa t i en t  

remiring adrenocorticotropic hormone e 

i n  blood ureJa in nephrectomized rats resulting from intravenously adminietered 

amino acid8 was markedly reduced by this Ditui tary hormone. 

Riedberg  and Qreenber& and L i  e t  

Orief,lg bowever, found a sig- 

~amse11lg found that the increase 

Tbe high protein intake admlnietered t o  convalescing brvned pa t i en t s  

m i g h t  be 8 fac to r  i n  elevating the plasma amino acid level. '.Dent and 

S c h i l l i ~ @  shaved that after ingestion of groteins  la rge  rime occurred 

i n  the concentration of many amino ac ids  in the p o r t a l  blood o f  dogs, which 

could be accompanied by amino-aciduria. I t  is doubtful that a high grots in  

Intake played a r ign i f icant  ro l e  i n  o u r  pa t i en t s ,  since the amino-aciduria 

was subsiding a i  tho lratientr  improved c l i n i c a l l y  and were able  to ingest  

more yrotein.  

protein during the first day8 of convalescence. 

In addi t ion,  the rurgical pa t i en t s  received little or no 

Certainly all these f a c t o r s ,  y o t e i n  breakdovn, shock, aad in~r6a00d  

eteroid production, are operating In the burned and traumatized -patients. 

brerer, it seems unlikely that increased blood concentration of  mino acids 

alone can account for the observed amino-aciduria. 
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increase in urinary adno acid excretion, vhich returned to  normal ugon 

cessation of therapy. 

prorsd rate of de-aalnatioll in adrenalectomized rats when cortisone y8d 

administered, Btzrnett23 o~ggeated  that steroid a d d n l s t r a t i o n  imgrored 

tnbdlat reabsorption i n  lddison'o biseass. 

Hoverer, Epamll and T i l h e h i z  demonstrated an ir- 

cogan bt a124 f e l t  that 

cortiwne caused increased tubular reabsorption of i n t r a m n o u s 4  administered 

amino acids in t r e a t e d  Addisonisnr. It  $8 possible that om of the 

steroids o t h r  than cortimone 16 res_Donrible f o r  f a i l u r e  of tubular re- 

absorption, but we have no evidence for this a t  prerent ,  Since adrenal 

hyperfunction i a  probably present in  dl our  burno, cort isone may be suspected 

a a  a causative factor. 

The kidney  lay a spec i f i c  ro l e  in the amino-aciduria of  trauma. 

h i n o  ac ids  aeem t o  resemble glncore i n  their renal behavior, 

the mechanism of tubular reabsorption must d i f f e r  since phlor!.zh poisoning 

doee not Droduce amino-aciduria. 

However, 

Since amino acids f i l t e r  f r e e l y  thm- 

the glomernlns, amino-aciduria may result f rom f a i lu re  of tubular  reabsorption 

P i t t s25  has shown a competitive tubular  reabeorptian for c r e a t i n  and glycine. 

since nUmemua investigators26r27 128 have shown the presence of c rea t inu r i a  

i n  burns, a possible  ewlana t ion  f o r  an accompanying amino-aciduria is 

suggested. However, since such competition ex i s t s  o n l y  at very high plasma 

levels ,  this f a c t o r  is probably of no im-mrtance. 

Pinally, the influence o f  amino ac ids  themselves on the  renal tubules 

must be considered. Kamin and Handler29 have shown that the excretion of 

threonine and h i s t i d i n e  was e a s i l y  e f f ec t ed  by the gresence of an unusual 

quantity of any o the r  amino ac id  in the p l a m .  Perhaps the presence of a 

disorderly, a l b e i t  not  elevated, pa t te rn  of amino a c i d s  in the  rena l  tubale 

is eno- t o  i n i t i a t e  a disturbance of tubular  reabsorption. 
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&I!Ez 

bn a'bn~& slim-acidaria conmisting of excretion o f  "esren t ia l"  amino 

acids not normally prerent  i n  wine 8s w e l l  as Increased q u a n t i t i e s  of 

'SzmneBsential' a i m  acids vas found i n  the urine8 of revere l r  bnrned o r  

t ranra t lzed  *tieats e 

The qua l i t a t ive  and qaantitatlre asFects of this amino-aciduria niay be 

proportional t o  the severity of t he  tranma. 

influesttea by but not completely dependent w n  the t o t a l  urinary nttrogen. 

Hy_Deractirity of the adrenal cortex as seen in Cushhg 'a  disease resulted 

in a moderate degree of amino-aciduria. 

by a da i ly  maintenance dose of 30 m g .  cort isone a f t e r  bilateral subtotal 

Tha mino acid excretion was 

¶!he latter effect w a s  not reproduced 

adrenalectomy. 

This escape of amino acids is most likely dne t o  a failure of tubular 

reabsorption. 

some adrenal s t e ro id  other than cort isone,  t o  an abnormal amino add F t t e r n  

presented to  the tubule, or t o  some other factor. 

The reaaon f o r  the latter is not  clear but may be d m  t o  
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S m g i C d  vards of the Hassachusetts General H o e ~ i t a l ;  a l i quo t8  vere  analyzed 

f o r  nitrogen ( X j e l W )  and rolumes containing equal €UnOUntS of nitrugen were 

chromatographed two dimensionally on !=Der Using the technic  of 

Phenol and water vas used as the first solvent and butanol-propionic acid 

and water as the second.5 The amino ac ids  were developed by spraying with 

In  t roduc t i on 

,' 

I t  is w e l l  h o r n  that p a t i e n t s  uho hare undergone surgery lose large 

amounts of nitrogen in t b i r  urine6 in the i m d i a b  Dostoperative Deriod.l,2 

However, i t  i s  not knoun in what proFortione these n i t rogen  containing con- 

s t i t u e n t s  a r e  excreted dnring this negative nitrogen phase, 

normally contains only t racea  of free amino acids amounting t o  one o r  two 

percent of the t o t a l  ur inary ni t rogen,3 i t  w a s  thonght of interest t o  study 

the amino ac ids  Kesent in the m i n e s  of p a t i e n t s  undergoing aargezy o f  

varying degree9 of  magnitude. 

Since urine 

He thods 

O . l $ n i w d r i n  i n  ethanol. 

Uin ly  glycine and alanine and occasional mall  quan t i t i e s  of  serine, glutamic 

a c i d ,  and threonine.6,7jg 

QW88entia.l amino ac ids  a r e  to  be found i n  ur ine.  

'Whi.l daily normal excret ion pa t te rn  of one of o u r  laboratory personnel. 

Using this technic,  urine of normal people contains 

In general ,  only the lower m o l e c u l a r  veight ,  

C b r t  1 represents  a 

r i v e  pat ien ts  were studied. The operations reDresented are: excision 

'' f i ~ m r e ,  hemorrhoidectomy, inguinal herniorrhapy, t o t a l  hysterectomy 

Derlneorrhap@y, and subto tal gastrectomy. 



CHART I 
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Chart 2 represents  the effects of the m i n i m a l  anesthed.8 and surgery 

required for excis ion of a d l  anal fissnre. 

l i t t l e  dor ia t ion  from normal, 

As can be seem, there i s  

Eetmorrhoidectomy, a pmcedare of somewhat g rea t e r  aagnitnde, prodaced a 

slight bnt d e f i n i t e  increase in aa ino  ac id  excretion. (Chart 3) 

Charta 4 and 5 r e y e s e n t  the a m i n d d u r t a  occurring a f t e r  herniorr-h~ 

and hysterectomy res-pectlrely. 

t o  the tvo Drevions, l e s s e r  Drocedures I s  obvious.  

The greater lose of amino ac ids  as cornmred 

phe marked amim-addurla produced in a Pat ien t  undergoing subtotal g a s -  

trectomy is I l l u s t r a t e d  by Chart  6. 

Ami-la accoqan les  the increase In urinary nitrogen loss which 

follows surgical treuma. 

the lower molecular weight nonesrent ia l  amino ac ids  normally found i n  urine 

as vel1 as of the higher molecular weight e s s e n t i a l  amino acid8 not usually 

?resent. The degree of mino-aciduria seems proportional t o  the magnitude 

of the surgical traarsa. 

This amino-aciduria cons is t s  of an increase i n  both 

Di B cu 8 S I  on 

%re a r e  three causes of amino-acidaria.7 I t  may resalt if blood amino 

acid l e w l e  exceed the renal threshold. Another cause with normal amino acid 

blood l eve l s  is renal d,amage or f a i l u r e  of tubular reabsorption. 

mechanism i s  the amino-aciduria occurring with normal blood l e v e l s  o f  amino 

acids and normal re& function -- the prlaary amino-aciduria of various 

metabolic diseases .  The l a t t e r  need not concern us. 

A th i rd  

Everson and Fri techelg have ahovn no r i s e  i n  Dlasma amino nitrogen sub- 

i lequent t o  anesthesia  and surgery.  l a d o  has found a postoperative f a l l  i n  
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Paper chromatography of the f r e e  amino ac ids  w e s e n t  In blood has presented 

nmmus technical d i f f i c u l t i e s  which hare r e s u l t e d  i n  f a i l u r e  t o  u t i l i z e  this 

tecbniqw. 

use in the chemical analysis of ur ine and tissue ext rac ts .  

serpp, hoverer, contains three substances uhich make  the^ apDlication of ident i -  

cal te&nIqnes Impossible. 

An e l e c t r o l y t i c  desa l t ing  machine has been devised and u t i l i z e d  for remoral of 

the s a l t ~ . l , ~ 9 3  

the amino ac ids  during the process of d e ~ a l t i n g . ~ , 5  In addi t ion,  the method 

i s  cumbermme. The use of the usual Drotein-Drecipitat1n.g agants of ten r e s u l t s  

in a l o s s  of numemus amino ac ids  .6 

d t r a f i l t r a t i o n ,  but this t o o  i s  tedious. 

in a technical ly  unsa t i s fac tory  chromatogram with smearing and smdging, 

Paper Dar t i t i on  chromatograw has found increasingly widespread 

Blood plasma or 

These a r e  salts, gro te ins ,  and l i p i d  materials.  

However, i t  has been ahown that there  is a loss of some of 

Deproteinization can be effected by 

The presence o f  l iDid material  r e s u l t s  

The most e f f i c i e n t  way t o  achieve separation of the anino ac ids  in blood 

would be by a ser ious of ion-exchange res ins .  

by the recent work of Stein and 

tedious and time consuming and does not lend i t s e l f  to  the study of a large 

number of sauqles of small volume and concentration. 

This procedure i s  bes t  i l l a s t r a t e d  

However, t h i s  technique i s  extremely 

Recent reports  i n  the Brench l i t e r a tu re '  have suggested a chemical nrethod 

of preparing blood for Pager chromatography. 

and have been ab le  t o  produce sa t i s f ac to ry  chmmatograms o f  human blood plaaria 

or serum. We have summarized o u r  f indings i n  the form of a "map" of the f r e e  

amino acid and ninhydrin-reacting coeounds w h i c h  a r e  t o  be found in normal 

hunvM blood by o u r  technique. 

We have modified such a method 

He tho ds 

One cc. of blood plasma i a  placed i n  a c r y s t a l l i z i n g  dish measuring 50 by 

The l a t t e r  is placed in a vacuum desiccator  containing technical grade 35 mm. 

galphuric acid and the glasma' is a l lo red  t o  dry orernl.ght. 
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To the dry plasma 8 cc, of acetone containing 1.6 cc. of 6 I HC1 per 100 cc. 

i s  added. The dr ied  Dlaama is then ground very f i n e l y  aad t h e  c rys t a l l i z ing  

d ish  covered with a 3 x 3 in .  glass p l a t e  meared w i t h  stogcock grease. The 

dish i s  then ag i ta ted  for a period of two hours. The acetone solution is then 

traneferred t o  a 15 c c .  centrifuge tube, as m u c h  of the  preciDlteted protein 

being transferred am possible.  

t h m  added 5 cc. of t b  acetone and E 1  mixture. 

‘phe transferred eolat ian in the centr i fuge tube i s  centrifuged f o r  ten minutes. 

The guyematant i s  t ransferred to  a t e s t  tube. ¶!he second batch of  the acetone 

solution i n  the c rys t a l l i z ing  dish is t ransferred t o  the original centrifnge 

tube, including again as much prec ip i t a t e  as possible.  

then centrifuged f o r  ten minutes and the sugernatant removed and added t c  the 

first  supernatant. The procedure i s  repeated a th i rd  t i m e  so tha t  a t  the end 

of the Drocedure the prec ip i ta ted  proteins  a re  washed three times with the 

acetone-HC1 mixture and the washing  is col lected i n  a s ingle  t e s t  tube. 

To the  residue i n  the c r y s t a l l i z i n g  d ish  is 

The a g i t a t i o n  i s  thau reDeated. 

The second batch i s  

A rpecial  t e s t  tube 16 mm. i n  dipmeter and 50 mm. in height is ?laced 

A stream of a i r  dr ied by passing t h r o u g h  a tube i n  a water bath of 37O C. 

of calcium chloride i s  blown near the tog of the tube by a small p ipe t t e .  

tube i s  then f i l l e d  with the acetone ex t r ac t s  o f  amino acid as evaporation 

occurs,  and evaporation i s  ca r r i ed  out in successive f r a c t i o n s  u n t i l  the res i -  

due i s  l e f t  dry on the bottom of the small t e s t  tube. 

a yellow-brown color.  I t  contains the amino ac ids  f r e e  of protein and  salt 

but with l iDids .  

The 

This residue will present 

One-half cc, of  d i s t i l l e d  water i s  placed i n  the bot tom of the t e s t  tube 

and the residue dissolved. An equal quant i ty  of d ie thylether  is then added 

and the tube ag i ta ted .  The e ther  layer  is then removed and this extract ion is 

repeated twice more for a total of three extract ions.  

the l i p i d  mater ia ls ,  

‘hie Droeedure removes 
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The remaining aqueous so la t ion  i s  then placed once more i n  the racrmm 

desiccator  over technical grade d p h n r l c  ac id  and evaporated t0 dryness. 

The d r i ed  residae is then dissolved i n  the desired volume of d i s t i l l e d  

water, usually 25 to  100 micro l i te rs ,  and applied t o  the f i l t e r  payer f o r  

chromatography. 

Chromatography can then be car r ied  ou t  i n  any of the asual methods. Ve 

prefer  t o  use *enol and water as the f i r s t  solvent and butaaoI-proDf.onic 

ac id  and water as the second solvent. The dried two-dimensional chmmatogrm 

is sprayed v i t h  an ethanol ic  solut ion of  0.15 ninhydrin and the color allowed 

t o  develop overnight at room t e g e r a t u r e .  

Such preparation requires a period of two days. However, a la rge  nmber 

of samDles can be car r ied  through simultaneously i n  a simple and uncomplicated 

fashion. 

g e s u l t s  

The above-described a n a l y s e s  were car r ied  out on the blood o f  numerous 

members o f  o u r  laboratory personnel. 

i n  some cases pooled samples o f  plasma were u t i l i z e d .  The chromatograms 

obtained uere qui te  similar i n  a l l  cases. 

amag" of the f r e e  amino ac ids  and pos i t ive  ninhydrin reacting compounds found 

i n  normal hnman blood by this technique. 

Both p l a m a  and serum were used, and 

Figure 1 represents a composite 

In o u r  er_oerience,if the e ther  ex t rac t ion  i s  not carr ied o u t ,  the area 

of the chromatograph proximal t o  alanine is smudged on the chromatogram and 

the spots of this a rea  lack  aharpncrs. 

t&antitative determination of  the alpha amino nitrogen by the Van Slyke 

method at various stages of  t he  procedure has shown that this technique results 

i n  a negl ig ib le  loss of t o t a l  alpha amino nitrogen. 

Ident i f ica t ion  of the spots  w a s  made by addition of a pure amino acid 

t o  a sample before ntnning it on the chromtogram and ver i fying the re-enforcement 



- 4 -  

in color of the particular spot and failnre of a new s-pot t o  appear, 

A0 can be seen from Figare 1, eleren ninhydrin-positive comgounds hare 

been i d e n t i f i e d  and naPed OII the chart. 

Six a d d i t i o n a l  q o t s  have not been def in i t e ly  i d e n t i f i e d  and are therefore 

shaded and numbered one to six. 

-sting that i t  is a decoqos f t ion  Drodnct of  the latter. 

ga tors  have reported the presence of h i s t i d i n e ,  arginine,  and lysine. 

were not found in o u r  raterial even efter spraying the chromatograms vith 

P d y l s  diazo reagent. 

may be inherent in this method. 

Spot Bo. 6 has a yellow color  and +peared only i n  the pooled p l a m .  

never a q a r e d  in individnsl blood q l e s  and t h r e f o r e  may not  repreeent 

8 normal const i tuent  o f  hnman plasma. Further specnlation as to t he  nature 

of these unident i f ied  materials does not 88fm justified at present. 

They a r e  charted as s o l i d  black. 

Swt Bo. 1 l e y  in the tail from the  cysteine,  

Other invest i -  

Thy 

The f a i l u r e  to demonstrate thsse basic amino acids 

Spots 2, 3, 4, and 5 remain unident i f ied.  

I t  

A method of preparing blood plasma or serum for -gaper chromtographie 

analysis has been described. 

reacting substances found i n  n o m a  )mlrum blood by t h i s  method have been 

de scri bed . 

The f r ee  alpha amino ac ids  and ninhydriz- 
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The desi-lfitr- of l iver blood f l o v  measurements r 6 S  expressed a t  a 

recant meeting of the Subcornittee on Burns of the I a t i o n a l  Research Counci1.1 

A t  t h i s  meeting we s t a t ed  that a method € o r  such m&?U?tm8&3nta vae being 

developed i n  o u r  l abora tor ies .  

findinga. 

Drerionsly r e F r t e d .  

I h i a  report  i a  a preliminary summary of ~m 

The e f f e c t  of thermal trauma on liver blood f l o w  has not been 

Though the over-sll  s h i f t s  of body f l u i d s  and e lec t ro ly tea  in burns and 

shock states have been vel1 deecribed,2 the d y m i c  e f fec t s  of this redistri- 

bution on organ flow i s  poorly understood. 

exception, and the importance of maintaining adequate renal  flow i s  obvious. 

The kidney is, perbgs,  an 

Another organ whose circulatory dynamics lnay be of equal imgort is the 

L i t t l e  is known of the e f f ec t s  of thermal trauma on l i v e r  clrcu- l i ~ e r . 3 , ~  

l a t ion .  

hemodynamics haa been the lack of a0 adequate technique of  quant i ta t ing  

liver blood f lows .  

t o  conditions where hemolysis may occur. 

One of the chief impediments in the vag of  a study of hepat ic  

Ths Bromsulfalein5 method is comglicated m i d  no: agplicable 

A s i q l e  and reproducible method 

of masuring l i v e r  blood f l o w  has recently been devised by Dobson and Joners. 6 

They have u t i l i z e d  the disappearance rate of a radioactive co l lo id ,  

cleared from the blood by the reticulo-endothelial  system. The col lo id  s ize  

is such that there is no extravascular leakage i n to  the burn wound. 

In actual prac t ice  f o u r  microcuries of radioactive c o l l o i d a l  chromic 

phosphate (P-32) is in jec ted  intravenously. He-parinieed blood samples a r e  

withdrawn at 2, 3, 4, 6, 8 ,  and 10-minute in t e rva l s ,  Dlated and assayed 

for rad ioac t iv i ty .  

function of  t i m e ,  and the beet e t ra ight  line f i t t e d  t o  the points.  

o f  t h i s  l i n e  is the disappearance constant or the f r ac t ion  o f  the blood volume 

flowing through the liver per minute. The normal adult male has been found 

t o  have %Droxinrately 24% of  his blood volume c i rcu la t ing  through h i s  l i v e r  

per minute .7 

?he a c t i v i t y  i s  p lo t ted  on semi-logarithmic Daper a a  a 

The slope 



- 2 -  

In order to determi- the changes in liver blood f l w  occurring after 

t h e d  barns as w e l l  an t o  evaluate the effect of various accepted replacement 

tbsraDies on l i v e r  blood flow, s tud ie s  were carried out  on expertmental animals. 

rour dogs were subJected t o  a standarized mmre 50$ body surface b u n  by 

immersing them f o r  tventy seconds t o  t h e i r  rgphoid proceeses i n  vater at 

S30 C.  (Hembut81 anesthesia) . 
I 

Blood flow deterniMtionS vere done before the burn and at 30-mlrmte 

in t e rva l s  a f t e r  burning. Hematocrits were done at the  t h e  of each deter- 

m i n a  t ion. 

Bo treatment was administered the f i rs t  dog. His prebarn hematocrit 

vas 47$ and his l i v e r  flow UZ~E 69% of his blood volume/minute. (Dogs noma11.y 

haye much higher flows than human belngs.)6 One-half hour a f t e r  burning, his 

hematocrit had r i s e n  t o  57% and his blood flow had f a l l e n  to  26%. 

hour the hematocrit was 61% and l i v e r  f l o w  down t o  lo$ -- a reduction i n  

l i v e r  blood flow t o  1/6 h i s  normal va lue .  

that the hemoconcentration and increased blood v iscos i ty  may play an inportant 

role  i n  t h i a  reduction of l i v e r  blood flow. 

viscos i ty  has been establ ished i n  t h i a  laboratory in r e l a t i o n  t o  thermal 

trauma in dogs and the human being--- a repr in t  already submitted.') 

Aftar one 

(Chart 1)  I t  is highly suggestive 

(The r e l a t i o n  of hematocrit ta 

Since i n  an untreated burn (Qrart I) we know that reduction of c i rcu la t ing  

volume occurs and since the data of C h a r t  1 represents only the percentage of 

blood volume flowing through the l i v e r  per minute, i t  is obvious that the 

actual  l i v e r  f l o w  in t e rns  of cc/minute 

values ! 

must be reduced t o  alarmingly lov 

Since survival  a f t e r  severe thermal tranma may be equally dependent on 

adequate l i v e r  funct ion as well as adequate renal function, the  evaluation 

o f  the effect iveness  o f  various blood replacements in maintaining l i v e r  

hemodynamics would seem essen t i a l .  
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In a second dog subjected to an identical burn saline was administered 

intravenously st a standard rate2 uhich is believed to  be optimal in these 

circumstances. 

One hour after - the  hematocrit had rleen t o  56$ but l i v e r  flow had be- 

reduced only to 1/2 the Dre-burn value. 

The obrioua imlrmvement in l i v e r  f l o v  can be seen In  Cbart 2. 

Baplacemnt rith plasma (Chart 3) resu l ted  in shilar f ind ings  w i t h  

reduction of l i v e r  flow to less than 1/2 the o r ig ina l  value. 

Two p a t i e n t s  w i t h  extensive f u l l  thickness burns hare been 8tudied. 

An &-year-old a8~1 vas admitted t o  the hospi ta l  v i t h  full thickness 

burns of 20% of his body surface. Plow detenaination vas done shor t ly  after 

his a r r i v a l  when he had received but 500 cc.  of sa l ine  and 500 cc. of plasma 

intravenously. 

a hematocrit of 53% at the  t h e  of the  detenaination. 

As can be seen in C h a r t  4, his flow of 23% vas normal d e w i t e  

Tbe semnd p a t i e n t  vas a +year-old woman w i t h  full thickness burns of 

I b i l y  l i v e r  f l o v  deterrninations were 

These revealed flows of 25 , 23 , and 20$ with 

apDmdmately 60$ of ber bow surface. 

done on three successive d a y s .  

simultaneous hematocrits of 54, 5,  and &6$, suggesting that the f l u i d  

themy which had maintained normal hematocrits had provided f o r  adequate 

l i v e r  b lood  flow. 

I t  is planned t o  extend these s tudies  t o  obtain simultaneous blood 

volumes by the radioactively- chromated (Cr 51) red c e l l  method so tha t  l i v e r  

flows can be exyessed in terms o f  cc/min. 

us t o  amroach - -  the ideal  therapy of  ths burned patient. 

Such measurements should enable 
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Appendix X 

POSI!IBIOR PI'FUI'EIUZT PB(W1CCT 

This project has been organized to evaluate the anti-diuretic mechanism 

The mechanism involves the posterior pitnit- gland in the burned patient. 

and its anti-diuretic hormone(ADH) as well as the end o r w ,  the renal tubule. 

There hare been two major stimuli to this study. The first consisted of 

observations of urine specific gravities over periods of one to eight weeks in 

15 burned patients. 

1.040, suggesting the possibility of a persistent anti-diuretic effect. 

In seven of these patients it ranged between 1.020 and 

The second stimulus was the current knowledge of the physiology of the 

posterior pituitary. The major  physiologic influences, that is changes in 

serum solute concentration and in "circulating blood volumea, are disturbed 

in the aeverely burned patient. It seemed logical therefore to explore the 

competency of the anti-diuretic mechanism in such patients. 

The problem of assessing anti-diuretic activity is central to t x s  study. 

Bio-assay is time consuming and has not been uniformly reliable. 

available index of ADH activity is urine solute concentration. 

resorption and, hence, urine solute concentration is regulated exclusively by 

ADH according to the evidence now available. 

is rapid and reproducible to within& 3 milliosmols per liter. 

The other 

Renal water 

Furthermore this determination 

This study includes both animals and patients. 

cyanate space, and the s e m  solute 1evel.are correlated with the urine solute 

concentration in 24 hour specimens and with the pattern of urine solute con- 

The bla'od volume, thio- 

centrations following water loads. 

is baeed on the work of Leaf who has demonstrated high urine solute levels and 

impaired water diuresis in the presence of a low serum solute concentration, 

probably because of the interference of volume regulating mechanisms. 

The concept of administering water loads 
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Blood volume has been determined by the d i lu t ion  of in jec ted  red  blood 

cells tagged with radioact ive chromium, the thiocyanate space by d i lu t ion  o f  

a hewn sample. Urhe  and o e m  solute  concentrations a r e  read on a eensi t ive 

f reez ing  point apparatus. 

Thus far four dogs and s i x  burned pa t i en t s  have been studied. 

The dogs have been followed f o r  seven t o  nine days a f t e r  a 5059 body 

surface burn i n  water at 7OoC. O f  the  f irst  two dogs, one received no s a l i n e  

replacenent, the other 200 cc n o m 1  sa l ine  on the  day of  the  burn. 

allowed t o  drink p la in  water. 

Both were 

The second pair was given about 60 meq sodium chloride pe r  day i n  the form 

They were offered no p la in  water. 

Both pairs received approximately 8 ounces o f  m e a t  daily. 

Following the  pre-burn determinations of  thiocyanate s p c e  and Cr51 blood 

of N / 3  sa l ine  i n  the  d r i n k i n g  pans. 

volume, the animals were burned 2s described. These determinations were 

repeated da i ly  as nearly as possible thereaf ter .  The animals were sul jected t o  

d a i l y  loads o f  4-90 cc water by g a s t r i c  tube and the d iu re t i c  response followed 

w i t h  serum and urine so lu te  concentrations. Fluid intake and output. as well 

as weight were recorded dai ly ,  

It  was an t ic ipa ted  that the therapy described above m i g h t  lead t o  a f a l l  

i n  serum so lu te  concentration i n  one pair and t o  no change in the  other,  pro- 

viding an informative contrast .  

The normal serum so lu te  concentration i n  dogs and human beings f luc tua tes  

i n  a narrow range about 290 m i l l i o s m o l s  per l i t e r .  

l i t t l e  sodium chloride replacement the serum solute concentration f e l l  t o  the 

range of 270 to  275 m i l l i o s m o l s  per  l i t e r  on the first and four th  days 

respect ively and remained In that range. 

I n  the two dogs given 

The pair of dogs given ample sodium chloride replacement, on t h e  other 

hand, maintained serum so lu te  l eve l s  of  over 300 m i l l i s o m o l s  per  l i t e r  
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cons is ten t ly  after the barn. 

The thiocyanate space expanded t o  approximately the same degree in both 

paire o f  dogs and remained eIpanded throu&out the  period of observations 

between 110 and 125$ of  the  or ig ina l  values. 

Bed blood c e l l  volume fe l l (=cep t  Ln one dog in which the  cont ro l  

determination was probably in error and in which determinations were omitted 

a f t e r  the second post-burn day). The degree of t h i s  fall amounted t o  between 

30 and €io$ of the  o r ig ina l  red  blood c e l l  volume and was due pr imari ly  t o  the  

withdrawal of blood saxplea. 

Blood volume remained near control values i n  each of  the two low replac- 

ment dogs through the second and th i rd  post-burn days respect ively when the 

last determinations were done. 

replacement the  blood volume remained about 50$ of  the control value through 

the seventh post-burn day; i n  the other I t  was l2$ of  the pre-burn l eve l  on 

the eighth day. 

In one of the two dogs given high saline 

Uith in  the wide va r i a t ions  i n  thiocyanate $paces and blood volumes 

observed i n  these animals water d iu re s i s  WLS nnimpaired(Chart IS). Ir every 

case following the administration o f  400 cc water through a g a s t r i c  tube under 

conditions of r e s t  a normal fall i n  ur ine so l a t e  concentration occurred. 

'phe extremes of conditione under which this normal water d i u r e s i s  occurred 

a re  a8 follows; 

In  dog A-3, a low replacement animal, a normal water d iu re s i s  w a s  observed 

when the serum so lu te  concentration was i n  the range of  271 t o  270. &thou& 

no data a r e  ava i lab le  for the  spaces on t h i s  day, f i v e  previous determinations 

o f  the thiocyanate epace had shown i t  t o  be expanded between 112 and 159% of 

the pre-burn value. 

Dog B-1, a high replacement animal, displayed a normal water diuresis when 

the thiocyanate space was 111% and the  blood volume 5 3  of pre-burn values. 



I WTER DIURESIS BURNED DOGS 
8-2 

-uRIsE 
*--- 

400s~ HpO 

1 

I 1 1 

0 I 2  3 4  0 I 2 3 4  0 I 2 3 4  
HOURS 

CHART 11. 

in the post-burn period. 

concentration, and a thiocyanate space 111% of the pre-burn value; B-1 diureses 

normally with a normal serum solute concentration, a thiocyaxiate space 11$, 

and a blood volume 57$ of pre-burn values; B-2 diureses normally with a high 

s e m  solute concentration, a thiocyanate space 1365, and a blood volume 125$ 

of preburn  levels. 

d a y s  after the burn. 

Normal  water diuresis in 3 of the 4 dogs under various circumstances 

Dog A-3 diureses normally with a low 8erum solute 

The observations depicted were between the 6th and 8th 

I 

I 

1 
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Serum so lu t e  concentration at this time was nearly no-, however, varying 

between 300 and 292 milliosmols per  l i t e r  during the  period of observation. 

Dog B-2, the  second high replacement animsl, underwent a normal water 

d iu re s i s  when the thiocyanate space was 136% and the  blood volume 12$ o f  pre- 

burn values end t he  eerum so lu t e  concentration i n  the range of 350 t o  323 

milliosmols per l i ter .  

! h e  range of u r ine  so lu te  concentration on the day of the burn has been 

f ixed  i n  all but one of  the animals a t  a l eve l  well below the concentrating 

a b i l i t y  displayed on the subeequent cby(Chart I). 

an apparent waste of water at a t h e  that the burn wound is expanding, this 

phenomenon i s  of  i n t e re s t .  

hours a f t e r  the  burn w i l l  not lead t o  d i lu t ion  of the urine,  It i s  planned 

t o  administer p i t r e s s i n  at this  time t o  determine the  p o s s i b i l i t y  o f  raising 

t he  w i n e  so lu te  concentration toward maxhum levels .  

Inasamch as this  represents 

I t  has been found that an oral water load  two 

This  s e r i e s  represents  an inadequate basis f o r  any conclusions. Thus far, 

however, we have seen apparently normal water d iures i s  under f a i r l y  disparate  

conditions. 

Of considerable i n t e r e s t  t o  us i s  the narrow, f ixed range of  urine cox+ 

cent ra t ion  Immediately following the burn. This will be pursued fur ther ,  

The inves t iga t ion  of this problem i n  burned pa t i en t s  is  d i f f i c u l t .  

Multiple venipunctures, frequent,  large water loads, and manipulation of 

e l ec t ro ly t e  intake may all be impossible i n  the c r i t i c a l l y  ill. 

The f irst  phase o f  the work w i t h  pa t i en t s  has been essent ia l ly  descrip- 

t ive.  The var ia t ions  i n  ur ine solute  concentrations have been slapped in s i x  

pat ients .  Intakes and outputs were recorded and serum solute concentrations 

drawn whenever possible. 

was roughly between 300 and 800 milliosmols per  l i t e r  w i t h  the extremes at 

The range of ur ine  solute  concentrations observed 
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CBdRT I. Urine solute concentrations in 4 dogs burned 5C$ of their surface in 

water at 70° f o r  20 seconds, For therapy A-2 received 200 cc noma1 saline, 

A-3 none; B-1 and B-2 received 420 and 526 cc normal saline respectively in  the 

periods depicted. The dogs were anesthetized with 1% chloralose, receiving a 

total of  approximately 150 cc. A l l  were subjected to a water load of 200 to 

350 cc through a stomach tube 2 to 3 hours after the burn. It will be Been 

that no urine achieves maximum concentration in the hours immediately following 

the burn. With one exception, the urine solute concentrations observed the next 

day a r e  8ubstantie.lly higher. Since the urine volumes were low, the finding8 

suggest a temporary Impairment of concentrating ability in the immediate post-burn 
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210 and 1137 mil l iomols  per l i ter .  

t o  1200 milliosmols per l i ter ,  

t r a t i o n  r a r e l y  exceeded 900 r i l l i o m o l s  per liter. 

!the normal range i s  thought t o  be 200 

It is of interest  that urine so lu te  concen- 

One pa t i en t  developed an enormous thirst, polydipsia, and polyuria about 

P lu id  intake reached seven liters and urinary output the 20th post-burn day. 

f i v e  liters, Two previous water loads had been done, one intravenous, the 

other  oral. !?he first was equivocal, but the second seemed t o  resalt i n  an 

en t i r e ly  n o d  water diuresis.  

Robb t e s t  was performed with the intravenous infusion o f  2 cc * sa l ine  per 

During the height of  the polydipsia a Carter- 

kilogram body weight i n  45 minutes. This ra ised the s e m  solute l e v e l  from 

268 m i l ~ i o ~ o ~ s  per  l i t e r  t o  276, enough i n  the normal person t o  cause a 

zaarked concentration of  the ur ine  and a marked fall i n  mimiry  output. There 

ve.8 no change, however, i n  the ur ine  solute  concentration o f  400 t o  600 m i l l i -  

osmols per  l i t e r  and the ur ine  volume ac tua l ly  doubled during the t ee t .  This 

indicated an impairment o f  the  normal pitui tary-renal  water coriserving 

mechanism. Intramuscular p i t r e s s i n  tannate in o i l  was given t o  determine the 

a b i l i t y  of the  tubular mechanisms t o  reach t o  AIlH. There was no c lear  cut 

response t o  t h i s ,  indicat ing that renal  tubular impairment was an important. 

factor .  

One explanation we considered f o r  t h i s  arenal diabetes  idsipidus" was 

that the high calcium d i e t  an8 immobilization may have l e d  t o  high r e d  

calcium excret ion,  a s i tua t ion  believed by Baker t o  i n t e r f e r e  with r e d  water 

resorption. The pa t i en t  died before fu f the r  observations could be made. 

The next patient(Chart  111) was s t a r t e d  on a low calcium regimen(1ess than 

600 mgm. per day) and received a water load, a Carter-Bobb t e s t ,  and a 

p i t r e s s i n  i d e c t i o n  consecutively in one 24 hour period, These studies were 

repeated in th ree  weeks a f t e r  the  pa t i en t  bad been sh i f t ed  to  a high calcium 

regimen(3 t o  6 gm. per day). On both occasions(Chart8 IV and V) there was a 
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tannate in oil i n  a severely burned woman of 43 on a high calcium intake(6 grams 

per day for t he  previous 3 weeka)(Case 5S95). 

Z n d  pO6t-bUrn day during a phase of polydipsia and polyuria averaging more than 

7 and 5 l i t e r s  respect ively for the  previous 6 days. 

urine so lu te  concentration i n  response t o  e i t h e r  stimulue although there i e  

somewhat higher concentration a f t e r  2 i t r e s s i n  than a f t e r  saline.  

far below m a x i m u m  ur ine  concentration i n  the n o d  human being. 

The response t o  intravenous hypertonic sa l ine  and t o  5 units p i t r e s s i n  

The observations were made on the  

There i s  no s igni f icant  

All  values l i e  

c 
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CHART IV. The responses t o  oral water, intravenous hypertonic saline, and intra- 

muscular pitressin tannate in oil in a severely burned woman of 42 are shown(C8se 

53-101). 

had an intake of less than 600 mgm. calcium per day for the 2 preceding weeks. 

A normal water diuresis occurred. There is a sharp rise in urine solute concen- 

tration in response t o  the infusion of hypertonic saline, but this rise falls 

far short of the level of maximum concentration in the normal human being(1200 

milliosmols). 

one far below normal maximum capacity. 

The observations were made on the 12th post-burn day. The patient had 

Pitressin results in higher urine solute concentration but again 
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CHAET V. The responses to oral water, intravenous hypertonic saline, and intra- 

muscular pitressin tannate in oil in the same patient as Chart IV after 3 weeks 

of an intake of 3 grams of calcium per day(Case 53-101). 

there is no essential difference f rom the responses on t h e  low calcium regime. 

It will be noted that 

Water diuresis is normal, and urine solute concentration I s  far below normal 

maximum levels in response to hypertonic saline and pitressin. 

is somewhat more concentrated following pitressin than following hypertonic 

saline. 

Again the urine 
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notable i n a b i l i t y  t o  concentrate the urine maximally in respanee t o  t he  

p i t r e s s i n  or saline though a considerable d i lu t ion  was noted each t h e  i n  

reeponse t o  a water load. 

t e s t s  were 510 and 543 r l l l i o ~ o l ~  per l i t e r  respectively; f o l l o v i n g  the 

p i t r e s s i n  in j ec t ions  732 and 657 m i l ~ i o s m o ~ s  per l i t e r  respectively. 

be noted that these values all fall considerably belov the araxbmm concen- 

t r a t ion  men in the n o m a l  human being. 

a greater response t o  p i t r e s s i n  than t o  the elevation of Berum so lu te  l eve l s  

with the Carter-Bobb t e s t ;  t h i s  would indicate  a degree of pos te r ior  p i t u i t a r y  

insuff iciency. 

The maxirum concentration8 during the Cptelr-Bobb 

It will 

It  may be s igni f icant  that there  wa8 

Further observations a r e  being made. 
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LaracwJCTIoB 

Abundant twidence has a c d a t e d  in recent years t o  i n h i a t e  that snrg ica l  diseases 

md operations give r ise t o  widespread and significant metabolic derangements*. 1-12 0 

number of conditions hare been inveet lgated,  and a general pa t t e rn  is emerging, but the 

i ifferencee between individual  conditions or operations which aay he of signif icance t o  

therapy are not fully apparent. Only in a feu a r e a s ,  such as burns and f r ac tu res ,  has 

1 single e n t i t y  been studied repeatedly, and in both of these extensively invest igated 

:onititions the var ia t ions  within t h e  group are vide. To da te  the  experience with the 

netabolic & a g e s  of surgical d isease  might be .ca l led  horizontal .  

x c u r e d  t o  as t h a t  i t  would be valuable t o  take a more v e r t i c a l  view, studying oc6 

inti ty s u f f i c i e n t l y  of ten  t o  encounter most of the  var iables ,  

.nvestlgation would enable us t o  describe with au thor i ty  any com~lon F t t e r n  which 

!merged and would lead  t o  a more secure plan of therapy. 

The basic  requirement f o r  s e l ec t ion  of the surgical condition t o  be studied waa 

,hat i t  should be a disease e n t i t y  v i t h  a r e l a t i v e l y  uniform pa t t e rn  of in jury  from 

Iatient t o  pa t ien t .  The consequences of the perforat ion of a pep t i c  ulcer  f u l f i l l e d  

:hat requirement. 

Five years ago i t  

We hoped t h i s  type of 

Three other f ac to r s  a l s o  entered i n t o  the  se lec t ion  o f  perforated ulcers; the 

ictive controversy as t o  the management o f  the perforat ion,  the  high mortal i ty  rats 

irrespective of the  therapy chosen, and the probable s imi l a r i t y  of the in jury  t o  that  

3f a cutaneous burn. A t  present t h ree  modes of therapy f o r  per fora t ion  have en thus ias t ic  

aupporters and no agreement e x i s t s  a8 t o  which treatment should be employed. The COG- 

~erva t ives  avoid surgery,  t h e  middle-of-the-road surgeons advocate simple closure and 

the more rad ica l  wou ld  add immediate subto ta l  gastrectomy. Each method of treatment 

involves a r i sk .  

There a r e  nnmerons papers covering t h i s  f i e l d  of i n t e re s t .  
Small but representat ive f r ac t ion  of the ex is t ing  l i t e r a t u r e  on metabolic e f f e c t s  of 
Surgical disease. 

Those quoted conet i tu te  a 
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Simple closure is relatively well tolerated if performed early and it preverrts 

extension of the chemical peritonitis by sealing off  the perforation through which the 

imitating peptic juice8 escape. The r i s k  of this operation increases, however, as 

13-19 the interval between perforation and operation lengthens. 

The decision to go beyond the immediate closure of the perforation adding subtotal 

gastrectomy offers the possibility of a healthier future at the risk of a more hazardous 

opera t i on. 

The conservative, non-operative approach is based in part upon the concept that 

the likelihood of spontaneous sealing of the perforation increases with the passage 

of time. A more important reason for abandoning operative therapy, however, is thet 

the patient who suffers from this form of peritonitis sickens rapidly and after a feu 

h o u r s  withstand6 operation poorly. 

The mortality rate regardless of therapy is high. DeBakey reported an overall 

In the literature widely af- mortality of 23.6 i n  2,746 cases studied in 1939.18 

ferent mortality statistics a r e  found for each of the three current methods of therapy. 

Death rates from 84fk bo 0 are given for  non-operative-mmagement, from 65 to Z$ for 

eimple closure, and from 29 to O$ f o r  gastrectomy. la-*’ A review of 289 perforations 

in this hospital between 1940 and 1951 revealed an operative mortality of 4% and a 

fatality rate of 41% in unoperated cases.28 A multiplicity of factors, including 

eelection of cases, availability of antibiotics during the study and postoperative 

management make comparison of mortality figures from different clinics and different 

per i od s unsatisfactory. 

Because the problem of therapy cannot be sett led by mortality statistics and 

because of the continued high mortality, it is evident that further investigation 

into the factors contributing to the deterioration of the perforated ulcer patient 

is needed. Some of the confusion about the choice of therapy might be dissiphted if 

we k n e w  more about the metabolic derangements and nutritional deficits contributing 

t o  that deterioration. Our selection of ulcer perforation for study was based in parr; 
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on the hope t h a t  our findings might not only be informative regarding in ju ry  and 

operation i n  general, but tha t  they might lead d i r e c t l y  t o  improvement i n  the manage- 

ment of the  perforated ulcer pa t i en t  and those with other i n t e s t i n a l  injur ies  and 

perf ora t  1 om.  

The perforat ion i t s e l f  is a wound of minor importance. I t  i s  the i n s u l t  of 

per i toneal  contamination w i t h  gastric juices which cons t i t u t e s  t he  real i n ju ry ,  a 

chemical burn. 

t o  be equivalent t o  a skin burn of moderate extent. !Phis comparison v i t h  a cutaneouP 

burn is an obvious one and suggetsted t h e  probabi l i ty  t h a t  the aame methods o f  etudy 

which had contributed 80 much t o  t he  understanding of burn shock might y i e l d  v a l w b l e  

information about the effect0 of  pep t i c  ulcer  perforat ion and any anbsequent opera- 

tion as well. 

The area of the  per i tonea l  surface involved i s  probably wide enough 

The study has  confirmed the an t ic ipa t ions  both i n  uniformity of f indings and 

in s i m i l a r i t y  of the metabolic and nu t r i t i ona l  changes t o  those seen i n  burned pat ients .  

P L g b T r n r n Y  

The Material 

To insure an adequate view of the pat tern of i n ju ry  and i t s  complications the 

study included twenty-four pa t i en t s .  There was no se lec t ion  o f  cases. The pa t i en t s  

were consecutive i n  s o  far as the  Surgical  Metabolic Unit and Laboratory were able  t o  

accept pa t i en t s  f o r  study. Treatment included simple operative closure i n  23 cases. 

The i n t e r v a l  between perforat ion and a r r i v a l  a t  the  hospi ta l  averaged 3 hours and 9 

minutes. There were no primary resect ions.  The anes the t i c  agents employed were ether 

and nitro- oxide in 21 cases and sp ina l  pontocaine i n  2. One pat ien t  was managed 

conaervatively without operation. He d i d  not reach the  hospi ta l  u n t i l  11 hours a f t e r  

perforation. Twenty of the pa t i en t s  ran r e l a t ive ly  uncomplicated courses. Pour 

required secondary operations. There were no deaths. Chance d ic ta ted  t h a t  a l l  the 

pat ients  should be males. Bo females with perforated ulcers presented themselves for I 
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a l l  were on continuous naso-gastric suct ion and were given only s i p s  of water by DmltiA. 

The adequacy of t he  f l u i d  therapy was judged by means of the urinary output. Th!rtecc 

pa t i en t s  were transfused e i the r  a t  operation or  when the degree of aneniih present 

1 warranted whole blood therapy. On request from the research t e r n  supplementary n i t r c -  

gen, potassium and phosphorus were given i n  special  cases. Gas t r ic  drainage m s  d i s -  
I 

admission t o  the hospital during t he  period of o w  inveetigations.  The age range Y C ~ B  

from 31 t o  69 years, t he  average being 48. The pa t i en t s '  average weight on admissicn 

I continued and ora l  feeding resumed between the t h i r d  and eighth dag a f t e r  perforat ion 

' a t  t he  d i sc re t ion  of t h e  surgical  res ident .  The t i m e  of ambulation was not f ixed .  

I nve s t 1 Ea t i ve Bout ine 

The inves t iga t ive  rout ine was oriented t o  observe any s h i f t  in water, e lectraiyta6 

o r  n i t rogen which might occur within the body o r  between the body and i t s  environme1:l 

as  a result of the  per i tonea l  i r r i t a t i o n  following perforat ion or as a r e s u l t  of 

operation and the subsequent surgical  care. From the  moment o f  admission t o  t h e  boa- 

p i t a 1  u n t i l  the  day o f  discharge the  pa t i en t s  uere kept under metabolic scrutiny. 

b e d i a t e l y  following establishment o f  the  diagnosis and prior t o  the onset of f l u l d  

therapy i n  the majority of the cases the pa t ien t  ua8 weighed, blood samples were draw, 



f o r  serum pro te in  and e lec t ro ly t e  determinatioos and an indwelling ca the te r  wds inser- 

t e d  i n  the  bladder, %e volume and specific grhvity o f  the urine were mmsurad h o u r l y  

u n t i l  good renal function was assured and the  adequacy of the rate of therspg e s t a b  

l iahed. 

A spec ia l  e f f o r t  was made t o  co l l ec t  the urine excreted between the t i m s  of per- 

foration and the  onset of f lu id  therapy. It seemad l i l o e l ~  that i n  t h i s  period before 

correc t ion  of the  pat ients '  dehydration any shifts of e l ac t ro ly t e s  fro= t h e  ce l l s  t o  

the ex t r ace l lu l a r  f luid and fran t he  ex t r ace l lu l a r  f l u i d  through t h e  kidneys t o  the 

ur ine  w o u l d  be most easi ly  observed. Thereafter a l l  urine, fecea,  vmitus, and 

gastric drainage were c a r e f u l l y  co l lec ted  for quant i ta t ive  ana lys i s .  In 4 cases f1u.l.l: 

a sp i ra ted  from t h e  per i tonea l  cav i ty  at operation was also saved f o r  study. The or ly  

unrecorded f l u i d  s h i f t s  between the pa t ien ts  and t h e i r  eavircanent were iosses  throagh 

the sk in  and r e sp i r e to ry  tract. To assure  adequate records of  f l u i d  intake apd Witput, 

pa t i en t s  vere  moved immediately af ter  operation t o  t h e  Y.ugickl Mete';olic * r ~ 2  c d e r  

the supervis ion o f  a spec ia l ly  t ra ined Hetebolic N>xse. 

Tne s h i f t s  of water within the body were measured d i r e c t l y  by rapc3cted determiria- 

t ions of the  ex t r ace l lu l a r  f l u i d  and p l a s m  volumes, m d  i n d i r e c t l y  by milessurcmxit of 

changes i n  the hsmatocrit and the e l ec t ro ly t e  a n d  prote in  concmtro t ions  o f  the U o W  

serum. Pre-operative determinations o f  the plasma volums and the, e x t r - e c e l l u l s  f l x i d  

volume vere  car r ied  out soon a f t e r  admission. The neasuranents wera r;sde b z f o r a  f l u i d s  

were administered unless t he  pa t i en t s  were s u f f i c i e n t l y  ill t o  ruskc? irnmecliati-. i i . i i 2  

therapy mandatory. 

The e l ec t ro ly t e  s h i f t s  within the  body and losses  from i t  were a l s o  s t u d i e d  by 

observing the  t o t a l  e l e c t r o l y t e  balances. To separate t.he shift of ions dae d i r e c t l y  

t o  r ed i s t r ibu t ion  of water in the  body compartments from t h a t  due t o  s6conhtiry 

metabolic derangements, comprehensive metabolic studies uere made. 
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This first paper reports the dehydration which follous an the heels of the per- 

foration. The subsequent papers deal uith the shifts i n  electrolytes and nitrogen, 

l!WFEoLDS 

29 The plasma volumes were measured by the dilution of Evans Blue Dye, T 1824. 

The red cell volume vas calculated from the plasma volume and the large vessel hema- 

tocrit. 

measurements were made of the volume of fluid into which those ions passed freely and 

rapidly, a volume conrmonly th-t t o  be the volume of the anatomic extracellular 

fluid space (see below). 

laboratory to be as follows: 

24 By the dilution of the thiocyanate ion3' and radioactive sodium ion (Ea 

The normal value8 f o r  these volume8 have been found in this 

32 

Thiocyanate space 18.0 - 25.6 Body weigbt 
Sodium space 18.0 - 25.6 I II 

Plasma volume 3.5 - 4-55 
3.0 - 4.08 

n (I 

II a Bed cell maas 

OBSERVATIOES 

1. Hematocrit Chfiwes: Initial hemoconcentration and subsequent dilution with 

f l u i d  therapy 

Changes i n  the hematocrit were follcned in 23 patients. In general measurements 

vere made once or twice a day on the day of perforation and the first postoperative 

day, daily f o r  two o r  three days thereafter and then at gradually increasing intervals. 

On admission nine patients had hematocrit levels above 50%. In only two cases 

(cases 9 and 20) were sub-normal levels encountered a~@ i n  those cases hemoconcentra- 

t i o n  was almost certainly masked by a pre-existing anemia. 

are accepted a8 normal for the hematocrit in the male, in patients with peptic ulcers 

downward deviations due to anemia are to be expected. 

Considered clearcut evidence of vascular dehydration. The hematocrit changes of the 

first 10 patients studied are shown in Chart U. 

Although levels of 42 to 508 

Hematocrits above 56 may be 

After admission the hematocrit levels fell in 20 of the 23 caBese This drop 

coincided with the administration of parenteral fluids. The three cases whose hemato- 
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CHBRT I .  EVIDXNCE OF HEMOCONCJWJ!FUTIOI Ibl 'FBE "FLAUMATIZED PATIEm. 

A. Elevation of the hematocrit due to early dehydration in the perforated 

ulcer patient. The dotted line, the lowest, ehowo the level6 of a 

patient with pre-exieting anemia. 

least one maoeive gastrointestinal hemorrhage prior to perforatiop. 

Another hemorrhage occurred on the tenth postoperative day, requiring 

subtotal gaetrectmy.. 

This patient gave a hietory of at 



I SERUM PROTEIN LEVELS 

0' , . . I I , , , , I 
0 1 2 3 4 5 6 7 8 9 l O 1 1  

M Y S  AFTER PERFORATION 

CEiART 11. E L F V A T U  I N I T I A L  SLEUJM PhCYTGIN CONCENTBATION A.ND SUBSEQUENT FAIL AS 

DEEIYDltATIOB IS  ULIE;VED BY F W I D  ADHINISTUTION. 

The open circles indicate the protein concentration in patient8 

receiving a l o w  nitrogen intake and the filled circles indicate 

those receiving a moderate or high nitrogen intake. Parenteral 

nitrogen therapy did not prevent the drop in serum protein concentra- 

tion. The effectiveness of intravenous amino-acid therapy in pre- 

venting nitrogen 1088 is dircussed in the paper on nitrogen. 

I 
! 
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3C-g changes vere encountered. 

A. The Plasma Volume 

(1) Initial Contraction. Initiel plasma volume determinations were made 

efore any appreciable amount of fluid had been given i n  10 of the 23. patients whose 

Lasma volumes were measured, Pour 

f the 11 ca6es who mceived fluid therapy before the first measurement also showed an 

S i x  of these volume8 were smaller than nor&.* 

litial reduction in the volume of plasma. In  12 patients, including 6 of those 

sasured before treatnent, tu0 determinations were -de within the first 36 hours after 

erforation. A reduction in plasma volume occurred between the two measurements in 4 

fthe 12 cases (Chart 111). The average fluid intake in the interim wae 2,134 CC. 

'hie group of 4 included 2 of the patients uho had failed to show contraction of the 

plasma volume before fluid therapy. 

hospital relatively Boon after perforation. (1 and 2i hours). 

'Phese 2 patients were among those reaching the 

A fifth patient showed 

PO alteration in plasma volume during the early hours. 

(2) Subsequent Erpan d o n  with Fluid Therapy. In the remaining 7 patients 

These dose volumes were measured twice i n  the first 36 hours, expansion occurred. 

Patients had an average f l u i d  intake of 3,208 cc (Chart IV). 
/ 

As the volume of infused 

fluid increased, re-expansion eventually occurred in all 18 of the patients on whom 

repeated determinations were made. The average volune increase was 0.6 liters with a 

range from 0.2 to 1.6 liters. 

B. Tho Interstitial Fluid Volume 

(1) Iriitial Expansion. At the time when the plasm portion of the extraeel- 

ular f l u i d  was contracted, the total extracellular fluid volume was expanded (Chart 

v ) .  

mated surgically, 

he thiocyanate volumes averaged 16.1 liters, exceeding the patients' expected normal 

On the day o f  prforation thiocyanate volumes were measured in 20 of the cases 

4 of them a l s o  having radioactive sodium space measurements. 

Since the '"normal" volumes were calculated on the basis of the low admission weights 
hese decreases in plasma volume were all the more significant. 



CHAIlT 111. 

A. 

PLPSMA VOLUME CASE6 

CONTflllCTION OF THE; P hSMA VOLULPE ATTZli ULCER PJGiFWTION: IFh- 

EXPANSION hITH FLUID THERAPY. (Czse 6) .  

The plasma volume changes. Despite receiving 2,942 cc of f l u i d  

i n  the 18 hour i n t e r v a l  between the f i r s t  and second blood volume 

measurements, the  plasma volume of t h i s  pa t ien t  diminished. When 

an increase i n  the  r a t e  of f l u i d  Edministration i n  the next 9 hour. 

brought the t o t a l  intake t o  5,400 cc the plasma volume began t o  

re-expand. 



CASE 6 

7000- 

DAYS AFTER PERFORATION 
TEN 

WEEKS 

CHART 111. 

BL 

CaMlEACTION 0F-W P U S d  V O L W  A’ETZR ULCER PERFOUTICN; BE-EX.PA& 

SION WITEI FLUID THEBBPY. (Case 6) 

Whole blood volume and red cell ma88 changes. 

fluids t o  restore h i s  plasma volume the patient also needed 3 whole 

blood transfusiono, indicated by the arrows, to maihtain h i s  red 

blood cell - 8 ~ .  

In addition t o  requiring 
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CHAHT IV, I N I T I A L  COBTBACTIOl? OF PIASMA VOLUME AND .XXPANSIOI OF 

TKE THIOCYLLNATE VOLUHE AFTEFi TRAUMA; SUBSEQUENT EDAN- 

S I O N  OF BOTH YITH HYDRATION. (Case 7 )  

On admission t h i s  pa t i en t  had a subnormal plasme volume 

and a grea te r  than normal thiocyamte volume; both 

spaces expanded on f l u i d  therzpy. 
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spaces by 3 liters.* The arerage sodim spaces showed a 2 l i t e r  increaae over the  

expected volume. 

(2)  M t h e r  E m s i o n  with Theram. Coincident w i t h  the re-eqmnsion of t he  

plasma volumes the already expanded thiocyanate and radioactive sodium volumes increased 

s t i l l  fur ther  (Chart V). 

perforation, Due t o  t he  irregular a v a i l a b i l i t y  of Ea24 

insuff ic ient  data were co l lec ted  t o  permit averaging of the sodium space BIpansions, 

but peak volumes of 19, 21, and even 24.5 l i ters Yere obtained. 

pansions greater than 4 l i t e r s  vere encountered i n  6 pa t i en t s  and the  thiocyanate ex- 

Peak volumes vere reached o t  in t e rva l s  from 4 t o  64 honrs after 

t h e  average being 28 hours. 

Sodium space ex- 

gpansion exceeded t h i s  range in 19 casea. The average of the  peak thiocyanate spaces 

% o f  the  21 cases reached a volume o f  20.6 l i t e r s ,  4.5 l i t e r a  above the  average admission 

volume and 7.4 l i t e r s  i n  excess of the  expected s i z e  of the  extracellular f l u i d  apace 

The measured increases  betwesn admission and peak thio- 

r 

'-3 ** 
4i-e 2.9 - 11.9 l i t e r s ) .  
.; 
r. $cyanate concentrations were greater than 6 l i t e r s  i n  5 cases and above 4 l i t e r s  i n  3 

1 3thers. These expansions are too great t o  be explained by the experimental error in- 

p ierent in t h e  thiocyanate and sodium methods. 

f (3 )  Fina l  Contraction. After  the  rapid i n i t i a l  expansion the thiocq-snate 

$volume contracted slowly toward normal i n  pa t i en t s  i n  whom wound healicg and recovery 

g: 

-' were progressing s s t i s f a c t o r i l y  (Chart V). Final  volumes obtained during the second 

week a f t e r  perforat ion i n  15 cases averaged 16 , l  l i t e r s  o r  2 8 . 9  of  t h e i r  body wclghts. f i  
F Four pa t i en t s ,  whose spaces were measured 3 t o  6 monthe a f t e r  recovery, showed a 

i subsequent fu r the r  drop of from 1.1 t o  3.5%. 

f *The expected volumes a r e  calculated from the pa t ien ts '  admission weights ,  assuming the 
; volume o f  ex t r ace l lu l a r  f l u i d  i n  l i t e r s  t o  be equal t o  225 of t he  body weight in k i l o -  

'grhrns. We have found tha t  i n  normal subjec ts  the  volumes of the th iocyanabe  and sodium 
spaces a r e  close t o  t h a t  percentage o f  body weight  uncorrected f o r  specific g rav i ty  of 
the f l u i d s  involved. 

-**Evidence t h a t  the apparent extracellular f l u i d  space expansion i a  not an a r t e f a c t  due 
to use o f  the  pa t ien ts '  l o w  admission ve ights  as a basis f o r  ca l cu la t ion  of the expected 
normal spaces i s  found by subs t i t u t ing  15.4 l i t e r s ,  the  normal extracellular f l u i d  volume 
of a 70 kg. man, as a base line. The average expansion then becomes 4.9 l i t e r s  with a 
range from 0.9 t o  8.4 l i t e r s .  

6 

It should be emphasized the t  a s m o o t h  
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pattern of initial expansion and subsequent contraction of the thiocyanate space was not 

obtained in all cases. Many unexplained drops and rises occurred. 

C. Secondary Expansions i n  Patients Developing Cornplicatione 

In 2 of the 4 patients whose recovery was delayed by compllcatione requiring 

additional surgery, the return of the extracellular f l u i d  volume t o  normal was deferred, 

In one of the 2, Case 23, wound dehiscence and operative closure were fo l lowed by a 

secondary expansion of both spaces, Pour days after the procedure the thiocyanate 

volume reached 27.2 liters, the largest expansion observed in any case. Badioactiva 

sodium was not available at the time of the aecond thiocyanate peak, but on the preceding 

day a determination showed a rise to 20.7 litere. In  the second patient, Case 18, 

the thiocyanate space, instead of reaching a peak in the first day or tuo after per- 

foration, expanded steadily f o r  the first 9 days (Chart VI). This rise coincided with 

,- the development of a subdiaphragmatic abSCeS6. While the thiocyanate volume soared 

. to 10 liters above the expected extracellular space, the radioactive sodium volume 
-: 

failed to do so. Essentially normal volumes of 11.3 and 11.5 liters v e r e  observed on 

the eighth and ninth days when the thiocyanate volumes were 17.9 and 20.1 litera. The 

difference between the two spaces is well beyond the limits of error of the t w o  methods. 

A second minor rise in thiocyanate volune followed surgical drainage of the abscess, 

and a third operation f o r  pyloric obstruction 10 days later brought about a third ex- 

pans i on. 

4. The Fluid Balance 

A.  Intake 

The volume and nature of the fluids administered varied from case to case, 

but on the average the patients received 1,125 cc of saline and 2,400 cc of dextrose 

in distilled water during the first 24 honrs. Ten received whole blood in addition 

(averaging approximately 500 cc) and 6 were given 50 to 100 cc infusions of a solution 

containing potassium and phosphate ions as w e l l ,  (See the second paper in this series.) 

On the second and third post-operative days the glucose and saline intakes were slightly 
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EXTRACELLULAR SPACE 

CASE 15 

I t  
I I  
I: 

' I  ' 2 ' 3 ' 4 ' 5 ' 6 ' 7 1 8 ' 9 '  

DAYS AFTER PERFORATION 

CHART V. XXPANSION OF THX UTiikCXLLULkEr FLUID VOLUME xITU P X B T W T I O N .  

A .  Sodium and thiocyznate spsces i n  a pa t ien t  whose course was 

uncomplicbted. (Case 15) The extracellular f l u i d  volume, as 

measured by thiocyanate and radioact ive sodium ions, increased 

during i n t e r s t i t i d  ederns formation and dur inc  rehydration of 

t!:e i n i t i a l l y  depleted ulasne volume. Contraction t o  corm1 

accompanied wound hehl i ng and r e  cove r y ,  
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d. Thiocyanate  s p a c e s  i n  4 o t h e r  uncomplicated c a s e s .  The i n c r e a s e  

i n  t h i o c y s n e t e  volume was r a p i d  and exceeded c l i n i c z l  estinates 

o f  t h e  v o l m e  o f  edema. The subsequent  c o n t r a c t i o n  of t h e  

t h i o c y a n a t e  space  t o o k  p l a c e  more slowly. 



SOOIUM 24 AND THIOCYANATE SPACES 

WSE m 

-2 -'$ 
NORMAL SPACE 

28 ' 29 ' 30 
DAYS AFTER PERFORATION 

r,T VI. PHOLOlJGED EUVATION (3' THIOCYANATS SPACE I N  PIIEBNCE CP SEPSIS; S E C O U T  

ELEVATIONS WITH ADDITIONAL TRAUMA. 

The patient developed a subdiaphragmtic absceea which was drained on the 

(Case 18) 

thirteenth d&y. 

formed 10 days later because of pyloric obstruction. 

sphce rose  with sepsis and after each operative procedure. 

between the sodium and thiocyanate spaces is statistically significant, 

Gastroenterostomy, vagotomy and jejunostomy were per- 

T h e  thiocyanate 

T h e  difference 

but not imderstood. 

during sepsis may account for the discrepancy. 

Different c e l l  membrane permeabilities to the two i O M  

c 4 
C" ,, 
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lover than the preceding day, averaging 1.9 and 1.8 liters of glucose in distilleduater 

and 1.0 and 0.8 liters of maline. !hereafter, intramnom intakes decreaeed ana oral 

intakes increeeed according to the tolerance of the patients. 

Ib output 

(I) Urinary Plaid Losses: Initially scanty ontDute Incrsasiw on flnid 

Urinary outputs wore raaaeured In 18 patients. theraDy, 

scanty. 

ted whenever the patients were able to state the time of last voiding with certainty. 

Reliable information vas received in 14 cases. ]Cloven were excreting l ee8  than 40 cc 

per hour. Of these 7 had an hourly excretion rate of less  than 30 ce and 4 lese tbm 

20 CC. 

On admiemion the volume was 

The hourly rates of excretion prior to catheterization on entry were calcula- 

During the early hours after admiasion urinary outputs continued low. The elngle 

patient treated without operation excreted no urine whatsoever for the first three 

and a half hours. Ten of the 18 operated case8 put oat leea than 40 cc an hour in 

the first 3 hours after admission, 8 excreted less than 30,  4 less than 20, and 2 

lees than 10 cc, all of these In rpite of intravenous therapy of from 62 to 263 cc 

per hour. 

With continued fluid therapy, however, the urinary volume roee. Beginning the 

day after perforation the daily output averaged 2,000 CC. 

(2) Gastric and Duodenal Loesee. During the three day period of complete 

restriction of o r a l  intake, gastric drainage and vomitus in our patiente totaled 

from 80 to 3,298 cc per 24 haur8, the average being 675 cc. 

oral intake on the third poat-operative day euction drainage was discontinued and 

either gravity drainage or intermittent aepiration substituted. On this regime and 

on fluid intakes increaeing s lowly  from 30 cc of water per hour an increase in 

gastric output to nearly 900 cc resulted. The outputs fell to an average of 751 cc 

on the fourth poet-operative day and by the folloving day half of the patients 

were ehowing so little gastric retention that their tubes were removed. Caatric 

With resumption of 
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losses vere prolonged i n  4 p a t i e n t s  with partial p y l o r i c  obstruct ion and also i n  the 

single moperated case. 

(3) Per i tonea l  Fluid Losses. The volume of f l u i d  aepi ra ted  From the peri-  

toneal cavity at the  time of operation was not large. 

possible y8s removed by aepiration. 

The p r o t e i n  concentration of t h i a  f l u i d  waa i n  the v i c i n i t y  of 4.6 &ra. par 100 CO. 

I n  4 cases as mLch fluid as 

The volumes were 38 cc, 125 cc, 200 cc, and 410 cc. 

C. The Balance 

During the  day of operation and the  first two post-operative day8 the  f l u i d  

balances of a l l  but 2 of the 18 pa t i en t s  f o r  whom data i s  ava i lab le  were p e r s i s t e c t l y  

pos i t ive .  

and hes not been corrected f o r  resp i ra tory  or skin losses  which v o d d  awing the  

balance t o  the  negative s ide  i n  a t  l e a s t  3 addi t iona l  cases and possibiy more.* 

Fluid balances f o r  the succeeding days showed an uncorrected average d a i l y  pos i t ive  

balance of a l i t e r .  

The volume of f l u i d  re ten t ion  was small, however. (everage: 1.3 l i t e r s )  

Adequate fluid balance data a r e  ava i lab le  i n  13 casea whose thiocyanate vo:umes 

were measured repeatedly. Peak volurnes i n  these eases averaged 20.2 l i t e r s ,  7.1 l i t e r s  

above t h e i r  expected normal volumes. The f l u i d  re ten t ion  betveen perforat ion and 

peak thiocyanate expansion in these  cases axeraged only 2.3 l i t e r s ,  4.8 shor t  of the  

apparent ex t r ace l lu l a r  expansion (Chart VII). 

water account f o r  the apparent increase iI?  volume of  the  ex t r ace l lu l a r  fluid. In 11, 

f l u i d  balances f e l l  short  of the  measured expansion by 0.1 t o  9.4 l i t e r s .  Fluid bal- 

ances i n  2 cases were a c t u a l l y  negative a t  the time of peak expansion. 

In only tvo cases could exogenous 

*Although pre-operative sweat l O S t 3 e S  may be high, post-operative losses a r e  probably 
low. 
production i n  several  post-operative caBes including 1 a f t e r  cloeuro of a perforate?. 
ulcer. 
ea r ly  post-operative days. Furthermore, i n  our eases water of metabolism of  foodstuffs  
and t h a t  water re leased by metabolism o f  the  pa t i en t s '  own fat c e l l s  have been neglec- 
ted i n  ca l cu la t ing  the balances, c r ea t ing  a small e r r o r  i n  the opposite d i ree t ioa .  

The work of Hardy and Ravdin on postooperative s w e a t i n s 3  show diminished sweat 

They found i t  d i f f i c u l t  or impossible t o  obtain sweat from t h e i r  pa t i en t s  i n  the 
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LYIAM! VII. I W h d V A C Y  63’ FLCTIU IiflAL Ab h SOEliCid OF F*kTLJ1 PQH U T U -  

CELLULAR I’LUID S A C X  KXPANSION . 
A. Too small a pos i t ive  balance t o  account f o r  thiocyanate 

space expansion. (Case 5 ) .  H i s  in take had exceeded h i s  

output by 1 l i t e r  a t  the time when h i s  thiocyanate space 

had increased by 5 l i t e r s .  ( C h a r t  V B ) .  



CASE I O  

V 
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DAYS AFTER PERFORATION 

C W T  VII. INADX;:2UACY OF FLUID INTAFi AS A SOURCE OF WATPB F(1B XXTRA- 

C X U U U X  FLVID SPACE EXPMISIQN. 

d. Slight negative fluid balance in a patient showing an 11 

liter thiocyanate space expansion. (Case 10). The 11 

liter expansion in this patient (Chart V B)  took place 

in the first 36 hours durinc which his cumula- 

tive fluid balance was slightly negative. 
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es 

A l l  24 of the patients were nnderueight. Their first veights after admiusion 

averaged 57.8 Erg.  (Range 45.5 to 69.1 kg). 

dthin the first 36 hours. 

pour others shoved no change in w e i g h t  despite measured increases in thiocyanate volume 

which in one case exceeded 9 liters. The ninth patient, whose thiocyanate space 

mmemed 15.3 liters on admiseion, lost 2 kilograms during the 37 hour period in 

which his thiocyanate volume expanded to 23.8 liters. 

trend of gradual weight l o s s  took place, halting only after oral feeding was reamed. 

6. B l o o d  Pressure Chan~.ee 

In 9 cases body weight uaa measured twice 

Gains were recorded in 4 which did not exceed 1 Ulogram. 

After 36 to 48 hours a universal 

Despite fluid therapy including, in 10 cases,  transfusions of 400 to 500 cc. 

of whole blood, all 23 of the patients who came t o  operation exhibited operative or 

, post-operative drops in systolic blood pressure averaging 30 mm. of mercury. The 

range was from 10 t o  65 mm; the biggest drop was recorded in a hypertensive patient 

(Case 17). The hypotensive period lasted from 2 to 12 hours, averaging e. 

L 
$ The measurements of the redistribution of fluid in the patient with a perforated 

ulcer point clearly to an immediate and rapid vascular dehydration and l e s s  clearly 

t o  an expansion of the interstitial compartment of the extracellular fluid space at 

the expense of cell water. 

f 
r 
it Since an understanding of such f lu id  shifts is essential 

.'I are sixfold: 1. the plasma volumes were contracted; 2. the hematocrits were high; 

3. t he  serum protein concentrations wore elevated; 4. the peripheral blood pressures 

e r e  l o w ;  5.  the urinary volumes were scanty, and 6. all of these changes were reversed 

bY f l u i d  therapy. 

This vascular dehydration was what w e  expected in the ulcer patients. The chem- 
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id i r r i t a t i o n  of the peritoneum i s  l i k e  a bwn. 

laries are damaged causing an outpourinf: of f l u id  which flows through the t i s s u e  spaces 

and seeps i n t o  the  per i toneal  cav i ty ,  jo in ing  tha t  vhich has come through the  perfora- 

tion. The pro te in  concentration of t h i s  f r ee  f l u i d  i s  comparable t o  that of the  f lu id  

oozing from a burn wound (4.6 g m / l O O  cc). I n  both b u n s  and perforated ulcers edema 

is formed by f l u i d  from the plasma with reduction of the plasma volume and elevht ion 

of t he  hematocrit (Compare Charts 1 A & B), 

i n t e r s t i t i a l  spaces with a resulting r i se  i n  the  concentration of p ro te in  in. the  

A wide eurface i e  involved. Capil- 

More water than p ro te in  escapes i n t o  the 

plasm.8 Hypotension and diminished ur insry  output & r e  common t o  botil in- 

juries as plasma deplet ion reduces the  e f f ec t ive  blood volume. 

I t  i s  possible  tha t  the fa l l  i n  u r i m r y  excretion i n  these pa t i en t s  i s  due only 

i n  p a t  t o  plasma l o s s  with diminished glomerular f i l t ra t ior , .  The p o s t e r i o r  lobe of 

the p i tu i t a ry  may a l s o  play a role i n  l imi t ing  ur inary output. 

The obsemations pointing l e s s  c l e a r l y  t o  an expansion of the i n t e r s t i t i a l  cam- 

3hrtnent wi th  c e l l u l a r  dehydration a r e  the measurements of the  so-called ex t r ace l lu l a r  

Epace by the thiocyanate and sodium ions.  Under normal conditions i t  i s  believed thzt  

the d i s t r ibu t ion  of these ions i s  predominantly ex t r ace l lu l a r ,  only a smll  quzntity 

penetrating cel ls .  The remainder d i f fuses  i n  equal concentrations through the  vascular 

a d  i n t e r s t i t i a l  f l u ids .  k p a n s i o n s  of  the thiocyanate and sodium spaces ranged from 

2 t o  11 l i te rs .  Xxogenous water as the  source o f  t h i s  expansion i s  excluded by l ack  

of Doth an appreciable weight ga in  and a su f f i c i en t ly  large f l u i d  intake. E i the r  water 

nust have been withdrawn from ce l l s  or the two ions entered spaces n o t  n o x n a l l y  open t o  

then. 

I f  i t  i s  assumed tha t  the space measured by the thiocyanate and sodiw icns  i s  

!!x extracel lular  space and tha t  t h e  water providing the expansion came f o r  the  most 

W t  from the c e l l a ,  then a compatible quant i ty  o f  i n t r a c e l l u l a r  e lec t ro ly teb  should 

shif ted t o  t h i s  space. That the s h i f t  of e lec t ro ly tee  observed w a s  inadequate 

be considered i n  the  next paper, 
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If the thiocyanate  and sodium ions  measure the extrhcellnlar space then the  ex- 

panded space i n  these p a t i e n t s  must represent  edema. 

burns see large quantities of edema beneath and around the wounds. 

burn p a t i e n t s  expansions of t he  biocyanate  and sodium spaces were observed which were 

considered cons is ten t  with the  volume of wound edema together with the edema expressed 

or grav i t a t ing  i n t o  the unburned 

far surpaesed c l i n i c a l  estimates of t h e  volume of edema which m i g h t  puddle beneath the 

peritoneal. surfaces o r  f l o w  thou& the  tissue epaces and lymphatics t o  po in t s  remote 

from t h e  o i t e  of perforation. Ihrpansions o f  two or four  l i t e r s  might be compatible 

with t h e  volume of edema which the  surgeon sees i n  the  upper abdomen a t  operation. 

Sodium expansions l a r g e r  than 4 l i t e r s  were encountered in 6 of  the pa t i en t s  studied, 

and the  thiocyanate expansions exceeded t h i s  range i n  19 cases. 

Those who deal with cutaneous 

I n  o-dr s tudy  of 

In  the ulcer pa t i en t s ,  however, the expansions 

A t h i r d  argument against  a large a h i f t  of i n t r a c e l l u l a r  water and in favor  of 

the c e l l  penetrat ion concept i s  the  d i spa r i ty  sometimes found i n  the volumes of the 

thiocyanate and sodium spaces. I n  normal individuals the two spaces a r e  almost i a e n -  

t i ca l .  I n  6 o f  the  1 0  ulcer p a t i e n t s  i n  whom both spaces were measured the re  was also 

no s ign i f i can t  difference between measurements, but i n  4 others  there  were unexplained 

discrepancies.  An 8 l i t e r  d i f fe rence  between the t w o  spaceo was encountered i n  Case 18 

during the  phase o f  h i s  subdiaphragmatic abscess (Chart VI), 

formerly thought t o  measure the same anatomic space, giving widely d i f fe ren t  values.  

Here then are 2 ions ,  

Comparable discrepancies between the  thiocyanate Pad sodium spaces have been 

found i n  2 of our  burn pat ien ts .  I n  these,  as i n  Case 18 (Chart VI) there  was wide- 

spread inflammatory edema. 

i s  reeponsible f o r  the discrepancy because in other burn p a t i e n t s  with extensive 

inflamed wounds no d i s p a r i t y  w a s  observed (Chart VIII) .  

may a t  times be d i f f e ren t  c e l l  membrane permeabi l i t ies  t o  t h e  2 ions o f f e r s  the  nore 

acceptable explanation. 

I t  i s  hard  t o  believe t h a t  the  inflammatory ba r r i e r  alone 

The p o s s i b i l i t y  tha t  there  
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CHART VIII .  EXPANSION OF THE J i X " I U L ~ ~  FLUID VclLuHE A m  A SEVEBE BURN. 

The p a t i e n t ,  a 30 year old male who survived burns of 6 6  

of h i e  body surface (3@ of t h i r d  degree), showed expansion of 

the thiocyanate space comparable t o  that  seen i n  the patierit 

with a subdiaphragmtitic abscess  after ulcer perforation.  

01s was rampant at the time of  peak expansiono 

there was no d i s c r e p a x y  between the thiocyanate and radio- 

active sodium volumes. 

Sep- 

In t h i e  caee 

I 
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The question of w h a t  t h e  sodium and thiocyanate expansions mean is a practical 

one. If t h e  extracellular space expands rapidly,  dspleting the  c e l l a  of water, a 

wge quant i ty  of  f l u i d  should be infused in the early hours t o  combat cellular dehy- 

dration. If t h e  q m n s i o n  represents  a change in c e l l  permeability the gtving of such 

an mount of f l u i d  might be hazardous. 

I t  has  a l ready ban?ointed out that a f u l l e r  in t e rp re t a t ion  of these  f l u i d  ehif ta  

must await consideration of  the e l ec t ro ly t e  data. Fluid s h i f t s  nag a l s o  be influenced 

by col lo ids ,  which w i l l  a l s o  be discussed later. The plan f o r  therapy emerging from 

these atudies  vi11 be presented a t  the  end of the  four th  paper vhen al l  the evidence 

h a s  been considered. 

SUWMBBY m co~cuTsIo~s 
1. Perfortition of a pep t i c  ulcer i s  followed by immediate and severe dehydration. The 

chemical i n su l t  t o  the peritoneum i s  fol loved by edema and loss in volume of the 

c i r cu la t ing  plasma. Sixfold evidence of t h i s  vascular dehydration i s  presented. 

2. The magnitude of the  f l u i d  losses  of the  u lcer  pat ient  i s  described. 

3. F lu id  therapy replenishes  the  plasma and abol ishes  the  other evidences o f  dehydra- 

t ion.  

4. The so-called extracellular fluid volume measured by the thiocyanate and sodium 

ions expands a f t e r  perforat ion,  re-expands with complications and re turns  t o  nor- 

m a l  with healing. The magnitude of the  i n i t i a l  expansion exceeds c l i n i c a l  es- 

timates o f  the volume of per i tonea l  edema. 

, t a d ,  each requiring a d i f f e ren t  f l u i d  therapy. 

t i o n  and the other on a disturbance of c e l l  membrane permeability. 

Over-enthusiastic f l u i d  therapy is excluded as the  source of the apparent extra- 

cel lular  f l u i d  expansion.. 

hul ther  consideration o f  the  magnitude of cellular dehydration and the volumt of 

f l u i d  required by the  perforated ulcer pa t i en t  is given i n  the  subsequent papers. 

!l'vo possible explanations are presai-  

One i s  based on cellular dehydra- 

5. 

6.  
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CHART A. Course of  serum sodium i n  24 severely burned pa t i en t s  who had no renal  
f a i lu re .  The extent of body surface burned veried f rom 1 6  t o  ?8$. 
pa t i en t s  died of t h e i r  burns which were from 3$ t o  70% of  t he  body surface. 
The dey of death ranged f r o m  the 7th t o  the  33rd day following injury.  
maining p a t i e n t s  were eventmlly discharged healed. Sodium balanceficalculated 
f rom intake of sodium s inus  the t o t a l  of sodium l o s s  i n  exudate, u r ine  and s t o o l )  
ava i l ab le  on 9 p a t i e n t s  were strongly pos i t i ve  during the  period o f  burn shock 
thera?y e.nd then tended t o  be negative u n t i l  the  pa t i en t  had begun t o  recuperate. 
The loss o f  sodium i n  the ur ine  usually far exceeded tha t  i n  exudate. and s tool  
losses were cons is ten t ly  low. 

Seven 

The re- 

The serum potassium l e v e l  was a160 followed i n  20 of these pa t ien ts .  
i r r egu la r ly  between 3 and 6 meq/l, averaging 4.3. 
pa t t e rn  o r  v a r i a t i o n  w i t h  respect t o  the sodium level.  

I t  veried 
There was no consis tent  

- 
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SERuMsOolllM 
3 PATENTS WITH RENAL FAILURE 

TREATED CONVENTIONALLY 

-1 

K 

Iti 150 - 

3 140 - 
3 130 - 

E 

120 - 

CHART B. 
t rea ted  conventionally. 
body surface. 
Standard burn shock therapy on the day of in jury  consisted of  75 cc of both plasma 
and 0.8@ sa l ine  f o r  each percent of burn. 
the next day. 
imperceptible loss and ur ine  volume. 
sodium minus the t o t a l  of sodium l o s s  i n  exudate, u r ine  and s tool )  were completed 
on the l a t te r  2 pat ients .  
they remained negative until the death o f  t he  pat ients .  
continuing sodium therapy. 
minus 9.8 grams, the l a t t e r  on the last  pa t i en t  who had the excessive r i se  i n  
serum sodium t o  161  m e d l  on the day o f  death. 
l o s s  i n  these  pa t i en t s  was i n  wound exudate r a the r  than i n  ur ine,  s too l  l086e6 
beinc cons is ten t ly  low. 

The serum potassium l eve l  was followed i n  2 o f  these  pat ients .  
s l i gh t ly  i n  both. 
i n  the 55% burned from 3.3 t o  5.1 and then down t o  4.3 before death. 

Course of serum sodium i n  3 severely burned pa t i en t s  with r ena l ' f a i lu re  
The pa t i en t s  suffered burns o f  55$, 68$ and 0$ of the 

They died on the 9th,  6 th  and 8th days post-burn respectively. 

Half o f  this volume w a s  given during 
Each day 2000 cc o f  5% dextrose in water i s  given t o  maintain 

Sodium balances( calculated from intake O f  

After  the  pos i t ive  phase during emergency therapy, 
This occurred despi te  

The cumulative sodium balances were p lus  20 grams and 

The large majority of the sodium 

r .  

The l eve l  rose 
I n  the pa t i en t  with the  68% burn i t  rose from 4.7 t o  5.1 meq/l, 

i 
a 

. [ *  
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CHART C. 
t rea ted  conservatively. 
body surface. 
Standard burn shock therapy was given on the day of injury: 75 cc o f  both plasma 
and 0.85% sa l ine  f o r  each percent o f  burn. Half o f  t h i s  volume was given during 
the next day. 
imperceptible l o s s  and ur ine volume. 

who was given 3% sa l ine  solution. Sodium balance(calculated from intake of sodium 
minus the t o t a l  of  sodium l o s e  in e x u b t e ,  urine and s tool)  in t h i s  l a t t e r  pa t i en t  
was negative only occasionally during h i e  i l lnes s ,  and he expired with a cumula- 
t i v e  balance of plus  30.9 grams of sodium. The other  pa t i en t s  had negative sodium 
balance8 following the  second day, but  they died with lsositive cumulative balances 
of 14.9 gram and 6.5 grams. 
was i n  the wound exudate rather in urine,  s too l  losses  being coneis tent ly  low. 

The serum potassium l eve l  was followed i n  2 of these patients.  
f i r s t  5 days, i t  var ied between 3.7 and 7.0 meall. 
13 th  day i t  leveled off near 4 rneq/l from the 6th day on. 
receiving the 3$ sa l ine  from the 10th  to  12th b y e .  

Course of serum sodium in 3 severely burned pa t ien ts  with renal  f a i l u r e  
The pa t i en t s  suffered burns o f  3@, 4 6  and 6 4  of the 

They expired on the 13th,  7th and 13th days post-burn respectively.  

Each day 2000 cc of E$ dextrose in water i s  given t o  maintain 
Thereafter these pa t i en t s  were given l i t t l e  

sodium because of obvious renal  shutdown except l a t e  i n  the course o f  one pat ien t ,  t 
$ 

e 
1 

The l a rge  majority of sodium lose in these pa t i en t s  

In both i n  the 
. .  In the one eurviving until the 

This  w a n  t he  pat ient  
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