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I. Physiological fundamentals 

Physically,  the human  organism is an "open system",  compared  to the 
classical sys tems of thermodynamics .  All  tha t  is excre ted  as degradat ion  
products  mus t  be  replaced by  food intake,  so tha t  a constant  subs t ra te  
f low is main ta ined  within  the body. Homeostasis,  i.e. the  main tenance  
of m a n y  concentrations,  is only  possible if  in take  balances output.  Con- 
t r a ry  to the "s ta t ionary  state" in closed s y s t em s  we encounter  a "s teady 
s tate"  which is a dynamic  equi l ibr ium (7). 

As soon as the  ba lanced subs t ra te  in take  adapted  to the r e q u i r e m e n t s  
is d is rupted - whe the r  vo luntar i ly  or not - numerous  reactions will  take 
place in the body  to main ta in  the  vi ta l  funct ions as long as possible by  spe- 
cial r egu la to ry  mechanisms.  

The least  endangered  is the  supply  of energy,  as considerable quant i -  
ties of energy  stores are  dis t r ibuted th roughout  the body  in the  fo rm of fa t  
depots which will be mobil ized by  increased lipolysis dur ing fasting. Car-  
bohydra te  stores, however ,  are  r a the r  l imited at  300 to 400 g glycogen and 
scarcely cover  the  basal  metabol i sm for  one day. Because fa ts  cannot  be  
used in gluconeogenesis,  prote in  is used to cover  the  bra in ' s  daily requi re-  
ments  of 100 to 150 g of glucose. This requires  app rox ima te ly  250 g of pro-  
tein. There  is not  much  protein,  however ,  avai lable  for  mobilization. Those 
tha t  are  readi ly  available,  the ones wi th  a short  half-life, a re  indispensable  
s t ruc tura l  proteins  for  the organism. The so-called labile prote in  pool con- 
sists main ly  of the most  impor tan t  enzyme proteins  of the liver, the pan-  
creas, and  the intest inal  mucosa. Even a sho r t - t e rm in te r rup t ion  of protein 
in take  leads to a drast ic change of the  enzyme pa t t e rn  and a drast ic 
decrease in the  r ibonucleinic acid (RNA) level  of the liver, thus  damaging 
the catalyt ic  system. M u n r o  reported,  in fact, an i m p a i r m e n t  to the l iver  
funct ion a t  low prote in  intakes (54, 55). 

The  common pract ice of expressing ni t rogen losses in te rms  of loss of 
muscu la r  tissue (N • 6.25 • 5) does not app ly  to the  acute state, as fig. 1 
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Fig. 1. Contribution of different tissues to the total nitrogen deficit in protein- 
depleted rats (from data of Waterlow and Stephen, 1966) (55). 

Tissue Protein loss (0/o) 5-8 weeks depletion 
3 days depletion 

Nitrogen deficit 760 mg 1920 mg 
Liver 8 ~ 4 ~ 
Other viscera 16 ~ 10 ~ 
Muscle 0 26 ~ 
Skin and hair  35 ~ 35 ~ 

shows. Thus a vicious circle develops which can only  be broken  by  pa r -  
en te ra l  supply  of amino acids (fig. 2). 

The p resumpt ion  tha t  i t  is nonsense to supply  subs t ra tes  in the so- 
cal led catabolic  phase  - fo rmer ly  considered a lmost  a dogma by  surgeons - 
and  tha t  fas t ing is even benef ic ia l  for  the organism, is today  known to be 
false. I t  is also known today  tha t  anabol i sm and catabolism, i.e. the  bu i ld -  
ing and degrada t ion  of tissue, enzymes, etc., a lways  go together ,  and tha t  
wha t  is c l in ical ly  descr ibed  as an anabol ic  or  catabol ic  s ta te  is mere ly  the  
re la t ive  p redominance  of a pa r t i cu l a r  t endency  (fig. 3). 

In  catabol ism,  subs t ra tes  g iven are  also u t i l ized (35, 36, 37). Pro te in  de- 
f iciency has  a dras t ic  inf luence on wound heal ing and the a lbumin  pool. 
In  the  classical  s tudies  of the research  groups  of Cannon, Ravdin,  Rhoads, 
and m a n y  others, p ro te in  def ic iency was shown to cause a de lay  in wound  
healing.  Recent  s tudies  by  Dudrick  and colleagues once more  p roved  c lear -  
ly  the  corre la t ion  be tween  wound  healing,  the  a lbumin  pool, and  pro te in  
in t ake  (13), and demons t ra t ed  the  inf luence  of infusion t he r a py  on circu-  
la t ing  se rum a lbumin  and anastomotic  resistance.  According  to Munro, 
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Fig. 2. Development Lnterruption of a vicious circle caused by lack of protein 
supply. 
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decreased prote in  in take  a l ready delays the regenera t ion  of connective 
tissue. The  size of the  a lbumin  pool is not  only an impor t an t  index of the 
supply  of protein,  but  also ve ry  impor tan t  for  the resistance of the organ-  
ism to var ious  noxae  and especial ly for  metabol ic  stabil i ty.  Hypoa lbu-  
minaemia  is a real  r isk factor. I t  develops a f te r  stress f rom var ious  causes, 
burns,  infect ions (especially peri tonit is  and  sepsis), in l iver  diseases, and 
numerous  dis turbances in prote in  metabol ism.  As J a r n u m  and colleagues 
demons t ra ted  in a W H O  s tudy in India, hypoa lbuminaemia  and a low rate  
of a lbumin  synthesis  in pat ients  wi th  t ropical  sprue  can be effect ively  
t rea ted  wi th  infusions of r equ i remen t -adap ted  amino-acid mix tu res  (43) 
(fig. 4). 

Par t icu la r ly  interest ing studies by  Kudl icka  and Dobersky  (14, 50, 51) 
of the Ins t i tu te  for  Metabolic Studies and Nutr i t ion and the Research In-  
st i tute for  Clinical and Exper imen ta l  Medicine, Prague,  have  shown ra the r  
unexpec ted  results. I t  became evident  tha t  the  adminis t ra t ion  of balanced 
amino acid mix tu res  was the most  effect ive method to normalize  the pro-  
tein reserves  (albumin pooD. This p roved  even more  effect ive than  the 
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Fig. 3. Catabolism, anabo]ism. 
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Fig. 4. Albumin  synthesis in 4 cases of tropical sprue before and during infusion 
of balanced L-amino acids (43}. 

Fig. 5. Comparison of the effect of parenteral  nutr i t ion with amino acids and 
plasma proteins (51). 

(Mean percentual  change of the observed parameters  in a day of therapy.) 

Anabolics 

Plasma Balanced AA mix ture  
Proteins 
(n - -  7) (n  = 7) (n  = 7) 

+ -- + 

Body weight  
Broca index 
Body surface 
Plasma volume 
Serum albumin 
Albumin total 
Albumin intravasc. 
Albumin extravasc.  

(kg) 0.215 0.24 0.55 
(%) 0.215 0.24 0.51 
(m S) 0.090 0.10 0.204 
(ml) 0.473 0.58 1.36 
( g o )  0.064 0.50 0.30 

(g) 0.609 0.67 2.23 
(g) 0.549 1.15 1.20 
(g) 0.845 0.65 2.42 
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Fig. 6. Indications for artificial food supply (the patient can, will or must not 
eat (9). 

Examples 

Patient cannot eat unconsciousness 
prolonged anaesthesia 
stenoses 
therapeutic measure 
recent anastomoses 
perforation 
atony 
anorexia 
mental disease or psychosis 
physical exhaustion 
fever 

Should not eat 

Does not want to eat 

exogenous supply  of a lbumin  and a lmost  twice as effect ive as the infusion 
of isonitrogenous lyophil ized p lasma (fig. 5). 

Moreover,  the infusion of amino acids m a rked ly  improved  e ry th ro-  
poiesis. The findings listed above show distinctly that,  not  only in long- te rm 
m a n d a t o r y  fasting, but  also a t  shor t - t e rm in te r rup t ion  of the oral  sub-  
s t ra te  intake,  pa ren te ra l  a l imentat ion,  especial ly the infusion of sui table  
amino acid solutions, is mos t  impor tan t  to w a r r a n t  an adequate  provision 
of the organism wi th  subst ra tes  to p reven t  the undesirable  degradat ion  of 
body subst ra tes  (endogenous cannibal ism according to Peaston) .  The most  
impor tan t  indications for  pa ren te ra l  nut r i t ion  m a y  be seen f rom fig. 6. 

IL Criteria for the evaluation of amino acid solutions 

Die ta ry  prote in  supplies the amino acids necessary for  the b i o s y n t h e s i s  
of endogenous proteins and for  numerous  metabolic  react ions (e.g. detoxi-  
cation). I t  is not, in fact, the prote in  tha t  is required,  bu t  amino acids, 
which is w h y  in pa ren te ra l  nut r i t ion  suitable amino acid mix tures  can 
easily mee t  the corresponding requi rements  (25, 52, 53). 

Which cr i ter ia  mus t  be  m e t  by  amino acid solutions for  the most  effi-  
cient t r ea tmen t  of pat ients  under  severe  stress (e. g. following severe 
t rauma,  burns,  surgery,  severe  malnutr i t ion,  etc.)? 

A G e r m a n  group of exper ts  of the " In terna t ional  Society of Pa ren te ra l  
Nutr i t ion" (ISPN) worked  out a num ber  of recommendat ions  some years  
ago which need some supplementat ion,  bu t  are never theless  basical ly val id 
today (21). 

The decisive fac tor  is, of course, the correct  pa t t e rn  of the  essential  
amino acids. The avai lable  types  of p repara t ions  m a y  be classified as 
follows: 
a) prote in  hydrolysates ,  
b) amino acid mix tu res  adapted  to plasma,  
c) amino acid mix tures  according to the so-called pota to-egg (p. e.) pa t tern ,  
d) r equ i r emen t -adap ted  amino acid mixtures .  

a) Pro te in  hydrolysa tes  a re  pract ical ly  out of date. The i r  pa t t e rn  was  li- 
mi ted  in effect iveness because of the prote ins  used as the basic m a t e -  
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Fig. 7. Nitrogen balance with different amino acid solutions. 

Pre-period: 3 days, 10 g N orally 
Test period: 1 day, 10 g N parenterally 

Total caloric supply daffy: 2400 calories 

rial (mostly casein). Their high content of non-utilizable peptides led 
to heavy ur inary  losses and subsequently to incompatibil i ty reactions. 

b) The concept of limiting the pat tern of the plasma free amino acids soon 
proved to be wrong (see fig. 7). 
Al though these preparations were fur ther  improved, the amino acid 

pat tern is certainly not optimal yet, considering certain amino acids. For  
example, these preparat ions have not enough sulphur-containing amino 
acids which are especially impor tant  for wound healing. This may be 
seen from the resulting decrease in plasma methionine below normal  
(see fig. 8). 
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Fig. 8. Serum methlonlne after infusion of an amino acid solution adapted to 
plasma (normal range shaded) (according to DoliS, D. and P. Juergens, 17). 
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Fig. 9. Estimated requirements to produce positive nitrogen balance. 

Amino Acid Requirement Requirement for % 
for Zero Balance, Positive Balance Increase 

mg/day of 0.5 g/day, 
rag/day 

Tryptophan 168 270 160 
Phenylalanine 258 GGO 213 
Threonine 375 1,750 465 
Isoleucine 550 1,700 310 
Lysine 544 1,750 321 
Methionine 700 3,450 493 
Valine 622 1,000 161 
Leucine 727 2,600 367 

According to D. M. Hegsted (16). 

c) The very  concept of the p.e.  (potato-egg) solutions show that  these 
solutions are not optimal for most  indications of intensive care. The 
potato and egg protein mixture  developed by K o f r a n y i  (49) which 
K l u t h e  (48) used in renal therapy at a ratio of 2 : 1  is valid only if a 
minimal supply of nitrogen is necessary as e. g. in a uraemic diet. When 
higher nitrogen supplies become necessary following trauma, surgery, 
and especially burns, those solutions designed for and tested at the 
minimum would only show a suboptimal amino acid pattern. 

Hegs ted  (38) showed that  in passing from zero balance to a positive 
nitrogen balance, i.e. with higher nitrogen intakes, the requirement  
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F ig.  10. I . ,evels o f  the essent ia l  a m i n o  acids (except  t r y p t o p h a n )  in  f as t i ng  se rum 
under standard diet and under parenteral nutrition with a requirement-adapted 
amino acid mixture (test group F) (according to DoZi], D. and P. Jiirgens, 46). 
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of each amino acid rises disproport ional ly.  Methionine which  is the  
l imit ing amino acid in solutions of the types  b) and  c) shows the grea-  
test  increase. 

Besides, i t  should be  noted tha t  the amino acid composit ion of the so- 
called p. e. solutions does not  at all  correspond to tha t  of a real  2 : 1 po- 
tato egg prote in  mixture ,  regarding  the essential  amino acids, and even 
more  so regarding  the non-essent ia l  amino acids. 

d) Those amino acid solutions mos t  commonly  used in Europe today, are  
the  so-called r equ i remen t -adap ted  amino acid mixtures .  The a im is 
rea l ly  jus t  to mee t  cer tain requi rements  in v iew of a clinically re levant  
ni t rogen intake.  
In  the beginning, the most  widely  used p repara t ion  of this k ind was  
based on the r equ i remen t  f igures  according to Rose (57). I t  was, how-  
ever, cont inual ly improved  during the 14 years  of its clinical applica= 
%ion b y  special  sensit ive methods.  Al though today ni t rogen balance  
remains  the decisive cri terion for such preparat ions ,  differentiated me-  
thods become necessary to ful ly  unders tand  the amino acid metabol ism.  
One of these is the assessment  of  the p lasma free  amino acids in the 
"s teady state".  At  first, the object  was  to opt imize the proport ions of 
the essential  amino acids. As fig. 10 shows, these remain  in the normal  
range  w h e n  a ba lanced mix tu re  is given, whereas  an imbalanced mix-  
ture  causes the  corresponding changes (fig. 8). 

The role of the non=essential, i.e. non=specific amino acids should not  
be underes t imated.  The FAO/WHO Repor t  on "Prote in  Requirements"  (22) 
s tates regarding the  non-essent ial  amino acids: " . . .  which, in spite of 
the i r  being so designated, are necessary par ts  of the prote in  molecule  and 
hence needed for  prote in  s y n t h e s i s . . .  Even  in the case of the h u m a n  in-  
fant  the l imit ing factor  at  low levels of mi lk  in take has p roved  to be un-  
essential  n i t rogen ra the r  than  any  of the essential  amino acids." 

Therefore,  some of the  au thors  are  wrong in t ry ing  to evoke the im-  
pression tha t  the higher  the content  of essential  amino acids in an amino 
acid mix tu r e  (expressed in the so-called E/T ratio), the higher  the  biologi- 
cal value. 

The FAO/WHO Repor t  cited which int roduced the  E/T rat io 

E /T  ratio - - g  essential amino acids 
g total  protein nitrogen 

stresses tha t  in m a n y  problems the E/T rat io is h igher  than  optimal.  For  
example ,  egg prote in  wi th  an E/T rat io of 3.2 m a y  be diluted by  ammo= 
n ium salts as the  source of non-essent ia l  n i t rogen to an E/T rat io of only 
0.6 wi thout  losing its biological value.  

Severa l  research groups found tha t  glycine is unsui table  as the  only 
source of non=essential nitrogen.  In  fact, the addit ion of glycine to an 
opt imal  mix tu re  of essential  and semi=essential amino acids caused m a r k e d  
changes  in p lasma  amino acids (fig. 11) which could be  avoided by  using 
a balanced mix tu r e  of glycine, alanine, and proline.  The la t ter  two sub- 
stances seem to be  essential  in pa ren te ra l  nutri t ion.  This was  evident  in 
the behav iour  of the p lasma amino acids (fig. 11). 
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Fig. 11. Behaviour of the plasma level of some non-essential acids after infusion 
of an amino acid mixture containing glycine as the only non-essential N source 
(left column) and after infusion of a balanced amino acid mixture (right 

column) (16, 17). 

The nitrogen balances in the two test groups showed marked differ- 
ences. Nitrogen excretion of patients of the left group was, in fact, higher  
than their intake. This effect is part icular ly drastic with an absolutely im- 
balanced commercial  preparat ion still produced and sold because the 
essential amino acid t ryp tophan  is completely omitted (fig. 12, left column). 

Instead of supporting the organism's  regeneration, the administrat ion 
of such preparat ions additionally induces disadvantageous ni t rogen losses. 

I H .  A d m i n i s t r a t i o n  o f  a m i n o  a c i d  s o l u t i o n s  

Numerous  cases of long- term parenteral  nutr i t ion show that  all fac- 
tors relevant  to an adequate parenteral  nutr i t ion are known today. J a rnum 
(44) recently reported the almost complete intravenous alimentation of 
a pat ient  based on a requirement-adapted amino acid solution for  over 
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Imbalanced amino acid requirement- 
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mixture proteln ed to plasma amino acid 

hydrolysate mixture 

[]Amino acid N 
rB4 Urea N 

-- ~ ~ NHzN 
,Creatlnino N 
total local N 

[eft colurnn = N intake right r = # excretion 

L..I 

Fig. 12. Nitrogen balance after various amino acid solutions (17). 

three  years.  Such cases are, of course, re la t ive ly  rare,  bu t  they  demons t ra te  
the  achievements  in this f ield par t icu lar ly  well. 

Amino  acid t he rapy  s of considerable impor tance  in the  compensat ion 
of l a rger  ni t rogen losses, as they  occur following t r a u m a  of any  kind, 
pa r t i cu la r ly  a f t e r  f rac tures  and, to the grea tes t  extent ,  a f te r  burns.  These 
losses were  beaut i fu l ly  shown in the well  known studies of  Kinney  (47, 
fig. Z3). 

Certainly,  there  is no need to fu r the r  discuss the  effects  of those n i t ro-  
gen losses on wound  healing, f iver  detoxication, the  a lbumin  pool, etc. An 
adequate  supply  of high qual i ty  prote ins  is especial ly importani for  

40[  ~ g m .  intake per day) 
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Fig. 13. Influence of trauma on nitrogen excretion and metabolic expenditure (47). 
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Fig. 14. Amino acid requirements during parenteral nutrition 
(g/kg body weight/day) (21). 

Adults 0.8-1.6 
Infants, pregnant women, patients during the postoperative period 1.6-2.0 
Premature infants, hypotrophic new-borns and new-borns 2--3 
Renal insufficiency 

(here for meeting the endogenous nitrogen minimum) 0.4 

s t rengthening to body 's  resistance against  infection (par t icular ly  the bi ld-  
ing of antibodies) which is also stressed in the W H O  Report  no. 57 (1968). 
Fur the r  indications for  the provision of amino acids a re  nutr i t ional  p rob-  
lems of p regnan t  women,  p r ema tu re  infants,  severe  maldigest ion and 
malabsorp t ion  states, uraemia ,  and, of course, the care of the  unconscious 
patient.  Basically, most  indications m a y  be seen f rom fig. 6. A simple dos- 
age scheme is given in fig. 14, corresponding to the recommendat ions  of 
the ISPN (21). 

The s tandard  va lue  for  the infusion ra te  of amino acids (expressed as 
g nitrogen) is: 0.02-0.03 g/kg/h. 

The question of caloric in take  together  wi th  amino acid infusions still 
is to be  discussed. If  sui table ca rbohydra tes  are  not  infused simultaneously,  
amino acids are  burned,  as indicated in chapter  I, or used for  gluconeo- 
genesis and are thus kept  f rom per fo rming  their  tasks in prote in  synthesis  
and several  other  essential  metabol ic  functions. The liver, as the " labora-  
tory  of the body",  must  be of p r i m a r y  interest.  As pa ren te ra l  amino acids 
are most ly  adminis tered in stress situations, the special metabol i sm of 
stress mus t  be considered when  choosing the carbohydrates .  

In  this context,  the often considerable dis turbance of glucose me tab -  
olism is r a the r  important .  In stress, glucose is no longer a subs t ra te  for  
the liver, bu t  a product;  this  means  that,  if glucose homeostasis  is to be  
maintained,  the l iver  must  be given substra tes  uti l izable under  these con- 
ditions (such as fructose, sorbitol, xylitol). Otherwise  the l iver  would be 
forced to use the  amino acids for  gluconeogenesis (F6rster,  28, 29, 30). 
There  is a deficiency of glucose uti l ization despite increased levels  of blood 
insulin under  stress (Schult is;  60, 61, 62). Apa r t  f rom the danger  of sensi- 
bilization, this is ano ther  reason w h y  addit ional  insulin doses are not  the  
u l t imate  solution to the problem.  

Therefore,  i t  m a y  be dangerous  in the stress phase  to cover  ca rbohy-  
dra te  requi rements  wi th  large amounts  of glucose. In the U.S., there  have  
been repor ts  of dangerous,  even lethal, syndromes  caused b y  infusion of 
hyper tonic  glucose in complete  pa ren te ra l  nut r i t ion  which were  described 
as , ,hyperosmolar,  non-ketotic,  hyperg lycemic  comas" (64). Dudr ick  (18) 
gave  the crit ical indications shown in fig. 15. 

Pat ients  at  the  Ins t i tu te  for  Anaesthesiology of the Univers i ty  of NIainz 
also showed increases in blood glucose following glucose infusions in the 
pos topera t ive  phase  in accordance with  the Amer ican  resul ts  (33). 

Today, especially in Germany ,  sugar  subst i tutes  are  p re fe r red  in pa r -  
en tera l  nutri t ion,  as they  are  easily uti l izable precursors  of glucose. I t  
became apparen t  tha t  a m a x i m u m  infusion ra te  of 0.25 g/kg/h for  each car-  
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Fig. 15. Conditions associated wi th  the hyperosmolar  hyperglycemic non-ketot ic  
coma of pa ren te ra l  a l imenta t ion  (18). 

Excessive total  quant i ty  of dextrose  infusion 
Excessive ra te  of dextrose  infusion 
Over t  or la tent  diabetes mell i tus  
In t raopera t ive  response to anesthesia  and surgery  
Immedia te  postoperat ive  response to anesthesia  and surgery  
Focal  infection or  general ized sepsis 
Shock 
Severe b lunt  t r auma  
Major  or mul t ip le  f ractures  
Major  ful l - thickness burns  
In t racran ia l  disorders,  t rauma,  operat ion 
Acute or chronic renal  fai lure 
Hepatic disorders  or insufficiency 
Pancreat ic  disorders  or insufficiency 

Acute or chronic pancreat i t i s  
P r ima ry  or metas ta t ic  mal ignancy 
Pancreat ic  fibrosis 

Geria t r ic  pat ients  
P rema tu re  infants  or fu l l - te rm neonates 

b o h y d r a t e  is  d e s i r a b l e  to a v o i d  s ide  effects .  T h e  p o l y o l s  s o r b i t o l  a n d  x y l i -  
to l  h a v e  t h e  a d v a n t a g e  t h a t  t h e y  can  b e  s t e r i l i z e d  w i t h  a m i n o  ac ids  w i t h -  
ou t  p r o d u c i n g  t h e  s o - c a l l e d  Maillard reac t ion ,  l e a d i n g  to  a d e v a l u a t i o n  of 
t h e  a m i n o  ac id  m i x t u r e  e . g .  b y  d e s t r u c t i o n  of  l y s i n e  o r  d e v e l o p m e n t  of 
b i o l o g i c a l l y  d i f f e r e n t  - p e r h a p s  tox ic  - subs t ances .  

T h e  m i x t u r e  of 50 ~ s o r b i t o l  ~ -50  ~ x y l i t o l  p r o v e d  to b e  e s p e c i a l l y  
f a v o u r a b l e  as  t h e s e  two  s u b s t r a t e s  fo l l ow  d i f f e r e n t  m e t a b o l i c  p a t h w a y s  
a f t e r  t he  f i r s t  - a t  n o r m a l  i n fus ion  r a t e s  n o t  l i m i t i n g  - m e t a b o l i c  s t ep  
(oxida t ion) .  

I n  o r d e r  to e n s u r e  p a r t i c u l a r l y  h i g h  ca lo r ic  c a r b o h y d r a t e  s u p p l y  to 
s u p p l e m e n t  a m i n o  ac id  i n fu s ions  w i t h o u t  o v e r s t r a i n i n g  g lucose  t o l e r ance ,  
effor ts  h a v e  been  m a d e  to f ind o p t i m i z e d  c a r b o h y d r a t e  m i x t u r e s  to su i t  
t he  v a r i o u s  condi t ions .  A t  t h r e e  d i f f e r en t  ins t i tu te s ,  i.e. t he  D e p a r t m e n t  
of M e t a b o l i s m  a n d  N u t r i t i o n  a t  t h e  U n i v e r s i t y  H o s p i t a l  of  E r l a n g e n ,  a n d  
t h e  I n s t i t u t e s  fo r  A n a e s t h e s i o l o g y  of  t h e  U n i v e r s i t i e s  of Ma inz  a n d  Ulm,  
o p t i m a l  r e s u l t s  h a v e  b e e n  a c h i e v e d  us ing  a m i x t u r e  of 50 e/o f ruc tose ,  25 ~ 
xy l i to l ,  a n d  2 5 %  g lucose  (5, 33, 34). Doses  of  a t o t a l  of 0.5 g of c a r b o -  
hydrates /kg/h  n e i t h e r  h a d  a n e g a t i v e  effect  on t h e  a i d - b a s e  b a l a n c e  n o r  
on  the  p a r a m e t e r s  of s u g a r  m e t a b o l i s m  n o r  l i v e r  f u n c t i o n  (5). 

F a t  e m u l s i o n s  "are u n s u i t a b l e  as  source  of  e n e r g y  in  s t ress ,  c e r t a i n l y  
in  adu l t s .  As  w i t h  g lucose ,  t h e r e  s e e m s  to b e  m a l u t i l i z a t i o n  a c c o m p a n i e d  
b y  i n c r e a s e d  mob i l i z a t i on .  Schult is  o b s e r v e d  (60, 61, 62) t h a t  p a r t i a l  s u b -  
s t i t u t i o n  of c a r b o h y d r a t e  ca lo r i e s  b y  f a t  c a lo r i e s  in  p o s t o p e r a t i v e  p a r e n -  
f e r a l  a l i m e n t a t i o n  l e a d s  to n e g a t i v e  n i t r o g e n  b a l a n c e .  Th i s  f i n d i n g  cou ld  
b e  c o n f i r m e d  b y  Halmagyi  a t  t h e  I n s t i t u t e  fo r  A n a e s t h e s i o l o g y  of  t h e  U n i -  
v e r s i t y  of  Mainz ,  as  w e l l  as  b y  Heller w h o s e  r e c e n t  t es t s  on f e m a l e  p a t i e n t s  
r e c e i v i n g  X - r a y  t h e r a p y  h a d  s i m i l a r  r e su l t s  (41). Eckart  (20) f u r t h e r  con-  
f i r m e d  these  f i n d i n g s  b y  h i s  t e s t s  w i t h  i so tope  l a b e l l e d  f a t  emuls ions .  I t  
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became evident that  only a maximum of 30 ~ of the post t raumatical ly in- 
fused fat is utilized within 24 hours. The remaining 70 to 80 % is par t ly  
stored in the RES and part ly in the fat depots. Kupffer cells and the liver 
parenchyma have been identified among others as storage cells. More 
recently, there have again been reports of deaths f rom "fat overloading 
syndrome" after comparat ively short - term parenteral  al imentation with 
fat  emulsions (F6disch, 27) which must  be seriously considered. From the 
anaesthetist 's point of view, there is also a danger in a reduced gas t rans-  
port between the alveolar space and the erythrocytes  after fat infusions, 
as demonstrated by Greence (32) and colleagues. 

As far  as the techniques of infusing amino acid solutions are concerned, 
it should be noted that  short - term parenteral  alimentation may  be in- 
fused through peripheral  veins, whereas in long-term infusions, especially 
when administering highly hypertonic sugar  solutions, the superior vena 
cava catheter should be used. Because of the infectious and thrombotic 
effect, however, use of the veins of the lower extremities is to be avoided 
(for details see Burri). The basilic, jugular,  and subclavian veins are to be 
preferred. Previously injured tissue (e. g. by  burns, trauma, haematoma) 
must  also be avoided when introducing the catheter  because of the in- 
creased risk of infection. 

The following conclusions f rom the above deserve attention: 
1. Optimal regulation of the body's  homeostasis seems to be possible only 

by  maintaining the substrate intake, above all the substrates of protein 
metabolism. 

2. The so-called requirement-adapted amino acid mixtures  make it pos- 
sible to ensure an optimal intravenous supply even at increased protein 
requirements,  and - at the same time - to normalize such important  
biological parameters  as the albumin pool and the liver function. 

3. Even if positive or equilibrated nitrogen balance can not always be 
achieved, it seems impor tant  to keep ni trogen losses as low as possible 
f rom the beginning to avoid protein depletion which is often accom- 
panied by lowered resistance to infections, disturbances in wound 
healing etc. 

4. Large amounts  of glucose to cover energy requirements  are dangerous 
in stress situations. Mixtures with sugar substitutes (e. g. fructose, 
xylitol, glucose with a ratio of 2 : 1 : 1 )  are to be preferred, and in 
amino acid mixtures above all xylitol or sorbitol or xylitol T sorbitol, 
as they do not produce side products during sterilization. 

5. Fat  is unsuitable as a calorie source in the post traumatic phase. 
6. In shor t - term infusions a supply of amino acids may be given periph- 

erally, whereas long-term parenteral  nutri t ion and highly hypertonic 
sugar solutions should be administered through a central  vein. With 
modern techniques, parenteral  nutri t ion may  be carried out for prac- 
tically unlimited periods. 

Summary 

In recent years, there have been conclusive findings in the field of main- 
taining homeostasis following trauma, bleeding, nutritional and metabolic 
disturbances and infections. These findings can help save the lives of an in- 
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c r e a s i n g  n u m b e r  of i n j u r e d  a n d  s ick  b y  e n l a r g i n g  t h e  t h e r a p e u t i c  poss ib i l i t i e s  
w h i c h  h a v e  p r e v i o u s l y  b e e n  u n i m a g i n a b l e .  

T h i s  d e v e l o p m e n t  h a s  b e e n  m a d e  poss ib le  b y  t he  good c o o p e r a t i o n  of b o t h  
bas i c  r e s e a r c h  a n d  c l in ica l  s t a f f  w h o s e  c o m m o n  a i m  w a s  to a c h i e v e  a d v a n c e s  in  
t h i s  f i e ld  of i n t e n s i v e  care.  

T h e  a i m  of t h e  p r e s e n t  s t u d y  is to  m a k e  a r e l e v a n t  t h e o r e t i c a l  a n d  p r a c t i c a l  
c o n t r i b u t i o n  to t h e  w i d e n i n g  poss ib i l i t i e s  a n d  necess i t i e s  in  th i s  field.  

Zusammenfassung 

Die l e t z t e n  J a h r e  h a b e n  a u f  d e m  G e b i e t  d e r  A u f r e c h t e r h a l t u n g  d e r  H o m S o -  
s t a se  i m  Schock, n a c h  T r a u m e n ,  n a c h  StreB, n a c h  B l u t u n g e n ,  n a c h  E r n ~ h r u n g s -  
u n d  S t o f f w e c h s e l s t S r u n g e n  u n d  n a c h  I n f e k t e n  e n t s c h e i d e n d e  E r k e n n t n i s s e  ge-  
b r ach t .  Diese  g e w i n n e n  be i  e i n e r  s t e i g e n d e n  Z a h l  y o n  V e r l e t z t e n  u n d  K r a n k e n  
l e b e n s r e t t e n d e  B e d e u t u n g  d u r c h  E r w e i t e r u n g  d e r  T h e r a p i e m S g l i c h k e i t e n ,  wie  
sie h i s h e r  n i c h t  d e n k b a r  w a r e n .  

E n t s c h e i d e n d  b e i g e t r a g e n  h a t  zu  d i e s e r  E n t w i c k l u n g  die  ko l l eg ia l e  Z u s a m -  
m e n a r b e i t  v o n  G r u n d l a g e n f o r s c h e r n  (vor  a l l e m  p h y s i o l o g i s c h e n  C h e m i k e r n )  
e i n e r s e i t s  u n d  K l i n i k e r n  a n d e r e r s e i t s  (vor  a l l e m  A n~s the s io logen ,  C h i r u r g e n ,  
I n t e r n i s t e n ,  R e a n i m a t o l o g e n  usw.),  v e r e i n i g t  in  g e m e i n s a m e n  B e m f i h u n g e n  u m  
F o r t s c h r i t t e  a u f  d e m  G e b i e t  d e r  I n t e n s i v t h e r a p i e .  

Die  v o r l i e g e n d e  A r b e i t  m/~chte e i n e n  spez ie l l en  n i c h t  n u t  t heo re t i s ch ,  son-  
d e r n  auch  p r a k t i s c h  w i c h t i g e n  B e i t r a g  l e i s t en  zu  d iese r  E n t w i c k l u n g :  Die  Z u -  
r f i c k d r ~ n g u n g  d e r  B l u t t r a n s f u s i o n  (gef~hr l ich  w e g e n  d e r  s ch l ech t en  H a l t b a r k e i t ,  
h / iu f igen  Unve r t r~ ig l i chke i t  u n d  d e r  G e f a h r  d e r  ? ~ b e r t r a g u n g  y o n  I n f e k t i o n s -  
k r a n k h e i t e n  w ie  Hepa t i t i s ,  Syph i l i s  usw.)  d u r c h  d ie  h e u t e  v o r h a n d e n e n  v e r -  
b e s s e r t e n  A m i n o s f i u r e n g e m i s c h e .  Diese  s ind  gu t  ve r t r~g l i ch ,  l a n g e  lager f f ih ig  
u n d  be i  v i e l e n  n e u e n  I n d i k a t i o n e n  w i r k u n g s v o l l e r  a ls  das  b i s h e r  h i e r f i i r  v e r -  
w e n d e t e  B l u r  u n d  se ine  D e r i v a t e .  Die  n e u e n  A m i n o s ~ u r e n g e m i s c h e  s ind  d e s h a l b  
b e r u f e n ,  b e s o n d e r s  in  de r  K a t a s t r o p h e n m e d i z i n  u n d  in  d e r  p o s t o p e r a t i v e n  B e -  
h a n d l u n g  e ine  b e d e u t e n d e  Rol le  zu  s p i e l en  u n d  e ine  b i s h e r  of t  b e d r f i c k e n d e  
Lficke in  d e r  V e r s o r g u n g  d e r  u n s  a n v e r t r a u t e n  K r a n k e n  zu  schliefien.  E i n e n  
U b e r b l i c k  f ibe r  d iese  n e u e n  lYI5glichkeiten zu  geben ,  i s t  das  Zie l  d i e se r  Arbe i t .  
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