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The main purpose of providing n u t r i t i o n a l  suppor t  t o  ou r  p a t i e n t s  i s  t o  pre-  

s e rve  t h e i r  c e l l  body mass. This can be done e i t h e r  by in t ravenous  feeding ,  

when o r a l  i n t a k e  i s  not  poss ib l e ,  or by e n t e r a l  feeding.  The opt imal  p ro toco l  

f o r  an intravenous n u t r i t i o n a l  regime is  st i l l  under d iscuss ion ,  both with 

regard t o  energy supply and p r o t e i n  composition. When d iscuss ing  t h e  u t i l i z a -  

t i o n  of  n u t r i e n t s  i n  p a t i e n t s  a f t e r  trauma and with s e p s i s ,  it i s  important  
t o  r e a l i z e  t h a t  i n  these  cond i t ions  the  metabolism and f u e l  u t i l i z a t i o n  are 
a l t e r e d ,  and it is  e s s e n t i a l  t o  understand t h i s  when planning the  n u t r i t i o n  

f o r  t hese  types  of p a t i e n t s .  The t y p i c a l  metabol ic  response t o  trauma can be 

summarized i n  the  fol lowing poin ts :  
1 .  Increased energy expendi ture .  

2. Increased e x t r a c e l l u l a r  water and sodium re t en t ion .  

3. Accelerated gluconeogenesis . 
4. Increased l i p o l y s i s .  

5. Increased n i t rogen  excre t ion .  

6. Changes i n  t h e  plasma and muscle amino ac id  p a t t e r n  and in t e ro rgan  amino 

ac id  flow. 

7. Decreased muscle p ro te in  syn thes i s .  

It i s  not  clear what i n i t i a t e s  t hese  metabolic changes, bu t  t h e  hypothalamus 

and t h e  adrenergo-sympathetic system probably p l ay  very important  roles. The 

ca t abo l i c  hormones catecholamines,  glucagon and c o r t i s o l  can  p a r t l y  reproduce 

some o f  these  changes when g iven  a s  a t r i p l e  hormone in fus ion  t o  an imals  and 

hea l thy  sub jec t s  (16,19,29,41,43,44,53). A change i n  t h e  in t e ro rgan  s u b s t r a t e  

f lows  has  been demonstrated, and a l s o  increased glucose consumption and pro- 

duc t ion ,  with an increased glucose pool. Another mechanism is  t h e  release of 

d i f f e r e n t  polypept ides  from macrophages, c a l l e d  monokines, which have o t h e r  

metabol ic  e f f e c t s  than  catecholamines. 
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1 .  Increased energy expenditure:  By i n d i r e c t  ca lor imet ry ,  it has  been shown 

t h a t  af ter  uncomplicated e l e c t i v e  surgery  t h e r e  i s  a moderate inc rease  i n  

t h e  energy expenditure.  Only i n  some cases af ter  severe trauma, s e p s i s  and 

burns has a 50-1008 inc rease  i n  energy expenditure been repor ted  (25).  

This increased energy demand can be m e t  without problems by g iv ing  glucose 

and f a t  emulsions, but i n  the f u t u r e  i n  c r i t i c a l l y  ill p a t i e n t s  it w i l l  be 

necessary t o  measure t h e  energy expenditure d i r e c t l y  by i n d i r e c t  c a l o r i -  

metry t o  prevent overloading of f u e l  s u b s t r a t e s .  Espec ia l ly  i n  p a t i e n t s  

with mul t ip le  organ f a i l u r e  the re  is a r i s k  o f  providing too  much energy 

which the  p a t i e n t  cannot u t i l i z e .  Wilson et  a l .  (59) measured t h e  oxygen 

consumption of 100 c r i t i c a l l y  ill p a t i e n t s  who had undergone major trauma 

o r  opera t ion .  The m o r t a l i t y  r a t e  was 30% among p a t i e n t s  who had normal o r  

increased oxygen consumption, i n  c o n t r a s t  to 80% i n  t h e  20 p a t i e n t s  whose 

oxygen consumption was lower than normal. 

On t h e  c e l l u l a r  l e v e l  severe  i l l n e s s e s  such as  c i r c u l a t o r y  co l l apse ,  res- 

p i r a t o r y  f a i l u r e  and severe  n u t r i t i o n a l  dep le t ion  a r e  a s soc ia t ed  with a 

decreased conten t  o f  energy-rich phosphates i n  muscle, while no altera- 
t i o n s  have been observed a f t e r  h i p  replacement surgery o r  af ter  moderate 

in ju ry .  After severe  trauma, i n  s p i t e  of a n  adequate supply of n u t r i e n t s ,  

the  concent ra t ion  of ATP i n  s k e l e t a l  muscle has  been found t o  decrease  by 

18% a f t e r  one week, with a f u r t h e r  decrease after one month. D i rec t ly  

a f t e r  t he  trauma t h e  phopho-creatine l e v e l  is decreased by 20% and remains 
so f o r  up to one month, while t h e  t o t a l  c r e a t i n e  pool i n  s k e l e t a l  muscle 

i s  unal te red .  The lactate concent ra t ion  inc reases  and t h e  glycogen con ten t  

decreases.  The s i n g l e  exception t o  t h i s  p a t t e r n  is t he  greater increment 

of the  l a c t a t e  concent ra t ion  and the  maintenance o f  the  glycogen l e v e l s  i n  

muscle of p a t i e n t s  who have received a high glucose i n t a k e  a f t e r  severe  

i n j u r y  (2 '7 ) .  Otherwise, glucose and l i p i d  c a l o r i e s  are equa l ly  e f f e c t i v e  

i n  suppor t ing  the  c e l l u l a r  energy s t a t u s  a f t e r  severe  trauma. The changes 

i n  the  adenyla te  pool  are still  more pronounced i n  p a t i e n t s  wi th  pmlonged 

d iseases .  I n  a group of p a t i e n t s  with a 100% mor ta l i t y  t h e  ATP conten t  i n  

muscle was only  50% of  the  normal, d e s p i t e  a normal l a c t a t e  con ten t  ( 3 ) .  
The important ques t ion  is whether prolonged s u r g i c a l  hypermetabolism i n  

t h e  absence of shock may be a s soc ia t ed  wi th  a decreased e f f i c i e n c y  of 

phosphorylation, producing a s i t u a t i o n  i n  which the  p a t i e n t  has  an  in- 
c reased  demand f o r  ox ida t ive  s u b s t r a t e s  and oxygen, while producing rela- 
t i v e l y  less ATP and mre heat.  

2. Water and sodium re t en t ion :  It has  long been known t h a t  trauma and s e p s i s  

cause  an increase  i n  the  muscle con ten t s  o f  water, sodium and ch lo r ide .  
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Retained water  is mainly d i s t r i b u t e d  e x t r a c e l l u l a r l y  (4,5.32,46,49). Po- 

tass ium and magnesium a r e  less a f f e c t e d ,  bu t  t h e i r  concen t r a t ions  i n  

muscle are decreased pos topera t ive ly .  These changes are more accentua ted  

i n  seve re  trauma and s e p s i s .  Apparently p a r e n t e r a l  n u t r i t i o n  does not  in -  

f l uence  t h e  water  and sodium r e t e n t i o n  i n  trauma ( 6 ) .  On t h e  o t h e r  hand, 

In  c r i t i c a l l y  ill p a t i e n t s  i t  has  been poss ib l e  t o  p a r t l y  c o r r e c t  t hese  

water  and e l e c t r o l y t e  abnorma l i t i e s  with n u t r i t i o n a l  suppor t  (17,451. 

3. Accelerated gluconeogenesis: It i s  w e l l  known t h a t  hyperglycaemia fo l lows  

i n j u r y .  I n  t h e  i n i t i a l  stage t h i s  i s  probably a r e s u l t  of  r ap id  ca techola-  

mine-mediated mob i l i za t ion  of  body carbohydrate  s t o r e s  (15,22,23,48). The 

carbohydrate  s t o r e s  i n  the  l i v e r  w i l l  l a s t  on ly  12-24 hours wi thout  being 

rep len ished  (33) .  The body glucose requirement must be m e t  by an increased  

hepa t i c  product ion o f  g lucose  from p r o t e i n  p recu r so r s .  I n  the  l a t e  phase 

of  trauma t h e  hyperglycaemia is a r e s u l t  of  a n  increased  syn thes i s  of g lu-  

cose  r e l a t i v e  t o  an increased  turnover  r a t e .  In ju ry  and s e p s i s  apparent ly  

do no t  impair  t h e  a b i l i t y  of t h e  body t o  ox id i ze  g lucose  ( 2 0 ) ;  t h e  g lucose  

oxida t ion  i s  i n  fact increased  i n  s e p t i c  p a t i e n t s  and gluconeogenesis  

cannot  be suppressed even by in t ravenous  i n f u s i o n  of  g lucose  (30,311. I n  

a n  i n t e r e s t i n g  s tudy Wilmore e t  a l .  (58) have demonstrated t h a t  s k e l e t a l  

muscle does not  u t i l i z e  glucose i n  t h e  pos tope ra t ive  s t a t e  and t h a t  t h e  

wound is  respons ib le  f o r  t h e  increased  glucose u t i l i z a t i o n ,  account ing f o r  

almost t h e  e n t i r e  rise i n  g lucose  product ion after trauma. 

4. Increased l i p o l y s i s :  Pos topera t ive ly  t h e  turnover  r a t e s  of g l y c e r o l  and 

free f a t t y  a c i d s  a r e  increased  (8,351, but  t he re  i s  probably no inc rease  

i n  t h e  product ion of ketone bodies .  S k e l e t a l  muscle uses  almost exc lus ive-  

l y  l i p i d s  as f u e l .  S tud ie s  by Nordenstrom e t  a l .  (34) suggest  t h a t  i n t r a -  

venous f a t  emulsions are u t i l i z e d  as an  energy s u b s t r a t e  i n  p a t i e n t s  wi th  

major i n j u r y ,  i n f e c t i o n s  or  n u t r i t i o n a l  dep le t ion .  

5. Increased  n i t rogen  excre t ion :  This r ep resen t s  a phase of p r o t e i n  catabo-  

l i s m  i n  which body p r o t e i n s  are degraded (26) .  S ince  p r o t e i n s  have spe- 

c i f i c  f u n c t i o n s  i n  t h e  organism and t h e  l o s s  of  p ro te in  can be con- 

s i d e r a b l e ,  p r o t e i n  ca tabol i sm w i l l  eventua l ly  lead  t o  impairment o f  organ 

func t ion .  Normally the re  is a balance between p r o t e i n  syn thes i s  and break- 

down, b u t  pos t t r aumat i ca l ly  t h e  degree of degrada t ion  becomes g r e a t e r  than 

t h a t  of  syn thes i s .  After surgery  of moderate magnitude t h e r e  is a decrease  

i n  whole-body syn thes i s  r a t h e r  than an inc rease  i n  degrada t ion  ( lO,36) .  In  

t h e  case of  major trauma both syn thes i s  and degrada t ion  inc rease ,  t h e  en- 

hancement of degrada t ion  being the  more pronounced (7,24). I n  t h e  post-  
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t raumat ic  period t h e  n i t rogen  balance becomes negat ive  as a r e s u l t  of a n  

inc rease  i n  u r i n a r y  exc re t ion  o f  n i t rogenous  compounds, mainly urea  

(12,13,18). A major p a r t  of  t h e  n i t rogen  excre ted  de r ives  from s k e l e t a l  

muscle (13). Pro te in  loss from s k e l e t a l  muscle causes  muscular f a t i g u e  and 

hence trauma i n  a p a t i e n t  needs t o  be followed by a per iod of  conva- 

lescence ,  t he  ex ten t  o f  which depends upon t h e  amount of muscle p r o t e i n  

l o s t  (26) .  Preserva t ion  of body p r o t e i n s  is the re fo re  a n  important t a sk  In 

the  management of pos t t raumat ic  p a t i e n t s .  Nu t r i t i ona l  support  has  been 

i n s t i t u t e d  pos t t r aumat i ca l ly  t o  coun te rac t  t h e  catabol ism and reverse t h e  

nega t ive  n i t rogen  balance (14,26 1. Ente ra l  and p a r e n t e r a l  feeding  improve 

t h e  nega t ive  n i t rogen  balance b u t  no t  t o  a s u f f i c i e n t  ex ten t  f o r  it t o  

a t t a i n  equi l ibr ium ( 1 4 ) .  Severa l  ad juvant  t he rap ie s  have been i n s t i t u t e d  

i n  add i t ion  t o  pos tope ra t ive  n u t r i t i o n :  e p i d u r a l  blockade (1 1,241, pharma- 

c o l o g i c a l  doses of  i n s u l i n  (601, ornithine-alpha-ketoglutarate (28,55,56 1, 
branched-chain amino a c i d s  ( 9 )  and growth hormone (57) are examples. 

6. Changes i n  t h e  plasma and muscle amino ac id  p a t t e r n s  and in t e ro rgan  amino 

ac id  flow: S k e l e t a l  muscle supp l i e s  t he  major p a r t  of  t h e  excre ted  n i t r o -  

gen pos t t raumat ica l ly  (13) .  The muscle p r o t e i n  waste is g r e a t e r  than  would 

be expected from immobil izat ion a l o n e  (13,421. There i s  a pos topera t ive  

e f f l u x  of amino a c i d s  from p e r i p h e r a l  t i s s u e s  (38,471, and t h e r e  are t y p i -  

cal  changes i n  t h e  p a t t e r n  o f  plasma amino a c i d s  and i n  t h e  i n t r a c e l l u l a r  

concent ra t ion  of  f ree  amino a c i d s  i n  s k e l e t a l  muscle fol lowing trauma 

(2,50,51). When d i scuss ing  amino ac id  metabolism (2,501 based on plasma 

amino ac id  da t a  it should be remembered t h a t  t h e  l a r g e s t  pools  of f r e e  

amino a c i d s  a r e  no t  i n  t h e  e x t r a c e l l u l a r  space, bu t  w i th in  the  cells. Spe- 

c i f i c  p a t t e r n s  of  f ree  amino a c i d  concen t r a t ions  unique f o r  d i f f e r e n t  

c a t a b o l i c  states are now recognized.  I n t e r e s t i n g l y ,  t h e  p a t t e r n  i n  trauma 

appears  not  to be  inf luenced by the  degree of i n j u r y  and only minor 

e f f e c t s  on t h e  p a t t e r n  were apparent  when var ious  n u t r i t i o n a l  regimes were 

used (1,521. The t y p i c a l  muscle p a t t e r n s  of f r e e  amino ac id  i n  trauma a r e  

increased l e v e l s  o f  branched cha in  and aromat ic  amino a c i d s  and a decrease  

i n  bas i c  amino a c i d s  and glutamine (1,50-52). The i n t e r e s t  i n  glutamine 

metabolism h a s  increased  dur ing  the  last  few years .  It seems t h a t  a 50% 

dec l ine  i n  t h e  muscle concent ra t ion  of  glutamine is ob l iga to ry  t o  a l l  

types  of c a t a b o l i c  s t a t e s  and t h a t  t r a d i t i o n a l  TPN has  no e f f e c t  on t h i s  

decrease.  It i s  a l s o  repor ted  t h a t  i n  s e p s i s  t h e r e  is a f u r t h e r  decrease 

i n  the  concent ra t ion  o f  glutamine,  and t h a t  t he re  i s  a c o r r e l a t i o n  between 

t h e  mor t a l i t y  rate and t h e  glutamine concent ra t ion  (39) .  There is a de- 

c rease  i n  muscle p r o t e i n  syn thes i s  r a t h e r  than an inc rease  i n  degrada t ion  
fo l lowing  uncomplicated surgery (10,401. Therefore ,  es t imat ion  of  muscle 
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pro te in  syn thes i s  i n  t h e  pos t t raumat ic  per iod is necessary t o  understand 

t h e  pathophysiology of  trauma and f o r  eva lua t ion  of  the  e f f e c t s  of  n u t r i -  

t i o n a l  support .  

7.  Decreased muscle p ro te in  synthes is :  P a t i e n t s  undergoing cholecystectomy 

w e r e  i nves t iga t ed .  Independent of n u t r i t i o n a l  support ,  t h e  t o t a l  ribosome 

concent ra t ion  per  mg of DNA and t h e  percentage propor t ion  of  polyribosomes 

decreased on the  f i r s t  and t h i r d  days pos tope ra t ive ly ,  sugges t ing  t h a t  the  

ope ra t ive  trauma per  se i n i t i a t e d  the  decrease i n  ribosome u t i l i z a t i o n  

(37).  The decrease i n  the  concent ra t ion  o f  polyribosomes was o f  the  same 

magnitude as I s  observed during t o t a l  s t a r v a t i o n ,  i nd ica t ing  t h a t  s k e l e t a l  

muscle was used a s  a source o f  n u t r i t i o n a l  s u b s t r a t e s  pos t t r aumat i ca l ly .  

P ro te in  syn thes i s  i n  s k e l e t a l  muscle a f t e r  surgery  has  not  prev ious ly  been 

es t imated  by t i s s u e  a n a l y s i s .  The r e s u l t s  i n d i c a t e  a marked decrease  both 

i n  t h e  a c t i v i t y  of and the  capac i ty  f o r  p ro te in  synthes is .  

P ro te in  syn thes i s  i n  s k e l e t a l  muscle, a s  determined by the  ribosome 

method, did no t  respond t o  t h e  admin i s t r a t ion  of pos topera t ive  TPN. This 

find:ng i s  i n  accordance wi th  the  r e s u l t s  obtained from measurements of  

t h e  concent ra t ions  of i n t r a c e l l u l a r  f r e e  amino acI.ds i n  s k e l e t a l  muscle 

(37) and o f  the  e f f l u x  o f  t y ros ine  from the  leg (38) .  

Branched cha in  amino a c i d s  (BCAA) are claimed t o  preserve  muscle n i t rogen  

when given a f t e r  trauma, bu t  the  concent ra t ion  o f  ribosomes and the  s i z e  

d i s t r i b u t i o n  of ribosomes i n  muscle show no d i f f e rences  a t t r i b u t a b l e  t o  

the  conten t  of BCAA i n  the  TPN formula (54). However, p rovis ion  o f  orn i -  

th ine-ke toglu tara te  toge ther  with pos topera t ive  TPN improves both t h e  

n i t rogen  balance and t h e  ribosome u t i l i z a t i o n  i n  muscle t i s s u e  ( 5 5 ) .  
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