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Endogenous  R e s e r v e s  and Paren t e ra l  S u p p l y  05 Fat  

From the point of view of cellular nutrition, there is little reason to 
doubt that  the quanti tat ive and qualitative requirements of several basic 
nutrients are about the same whether  they are met enterally or paren- 
terally. In countries with a higher living s tandard fat usually contributes 
up to 40 % of the total daily caloric intake. Recommendations amount  to 
a minimum of at least 20 ~ or better 25-30 0/0 (1). Accordingly, a German 
expert  group of the International  Society for Parentera l  Nutri t ion con- 
cluded that  30 ~ of the total calories of a parenteral  regime should be 
supplied as fat (table 1) (2). This amount  might be increased in children, 
especially neonates (3, 4), since their physiological nutri t ion by breast 
milk contains about  50 ~ of the total calories as fat. The recommendation 
to achieve a better  fat clearance by heparin, however,  suggests that there 
is a metabolic limit. In severely undernourished patients, too, the percent- 
age of fat may  be increased to achieve a better caloric supply. 

At first sight, it might seem unnecessary to use exogenous fat in a 
normal ly  nourished patient who is to be fed parenteral ly  for a short or 
medium term. Compared with the stores of protein and carbohydrate  the 
body has considerable fat stores which can be mobilised without  any 
functional consequences. Indeed, this is the case in certain situations. 
The adipose tissue is a large organ, amount ing to some 8-20 kgms. This 

Table 1. Proposal of a fully balanced regime for parenteral nutrition (2, 6a) 

Amino Acids Carbohydrates Fat Emulsion 
2 0 %  .-~ 5 0 %  ~., 3 0 %  

of total calories I 

appr. dose 80-100 g in adults 

infusion rate ~ 0,15 g/kg and hour (~  10 g/hour) 

Essential Fat ty Acids important in long term therapy 

*) Paper, read at the Sympos. on "Biochemical and Clinical Aspects of the 
Use of Fat Emulsions in Parenteral Nutrition", AOCS, 45th Fall Meeting, Atlan- 
tic City, N. J., Oct. 1971. 



I22 Zeitschri]t ]fir Ern~hrungswissenschaSt, Band 12, He]t 2 

corresponds, assuming 80o/o fat  content in adipose tissue, to a store of 
between 50.000 and 150.000 kcal. Only in severely cachectic patients does 
it decrease to 1 kg corresponding to about 7.000 kcal (1). Since the papers 
of Werthe imer  and Shapiro in 1948 it has been well known that  adipose 
tissue has a considerable metabolic activity which increases rapidly on 
special demand as e.g. I will show later  by reference to our  own 
postoperative measurements.  The turnover  of non-esterified fa t ty  acids 
(NEFA) in the blood can amount  to up to 30 ~ With a concentration 
of 0.5 mmoles per 1 of plasma or about 130 mgms/1, a normal  fasting 
level of circulating NEFA of 3.6 kcal can be calculated. If 30~ of these 
calories are made available per minute, the amount  per day will be 
1730 kcal, that  is about the basal metabolic requirement.  Assuming that 
even 100% of the total caloric turnover  is covered by fat, the above- 
mentioned stores should theoretically suffice for some 30 days. Indeed, 
there are reports existing of successful long-term nutri t ion with a high 
supply of carbohydrates  and alcohol instead of fat as a calorie source. 
One of these examples was reported by Coats (25). 

In spite of these facts, there is no doubt that intravenous fat may  
serve as a direct metabolic fuel under  certain conditions. Obviously by 
using parenteral  fat sufficient calories may be successfully provided to 
humans in normal  hormonal  balance, so that the body does not shift to 
fasting metabolism. As shown, in fasting conditions the body would cer- 
tainly be able to live on endogenous reserves, but  simultaneously would 
switch over to gluconeogenesis f rom proteins with subsequent ni trogen 
losses. At  any rate, such nitrogen losses may well be obviated by fat emul- 
sions. '4C tracer  experiments with fat emulsions showed considerable turn-  
over rates [ref. see (5, 6)]. On the  other hand we would not quanti tat ively 
relate to post-operative patients those data suggesting a rate of 50% 
transformation into '4CO~ during 24 hours [see (5)] nor even 70 ~ during 
4 hours (7). I will come back to this. 

In general the necessity of incorporating fat into a parenteral  regime 
arises at least in short - term nutri t ion mainly from the technical problems 
which arise f rom the intravenous infusion of osmotically highly active 
solutions of carbohydrates  and/or from the tolerance to ethyl alcohol. In 
contrast to carbohydrate  solutions, fat emulsions allow us to supply many  
calories in a small fluid volume without  osmotic damage to peripheral  
veins and thus they can be of beneficial value, if certain contraindications 
are observed. [Apart from these questions, fat emulsions play an important  
role because of their content of essential fa t ty  acids especially in patients 
with latent or manifest essential fa t ty  acid deficiency, patients with en- 
hanced requirement  because of growth or tissue repair, and in long term 
parenteral  nutri t ion (25).] 

Stress, calorie requirement ,  and lipolysis 

These principal considerations in general are valid for all patients to be 
fed parenterally.  Some special conditions seem to apply to post-operative 
or t raumatised patients. Let  us start  with their enhanced metabolic 
expenditure at rest. Table 2 shows some examples of newer  data on the 
percentage increase in several clinical conditions. Such figures also seem 
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Table 2. Examples of percentage increase of basal calorie expenditure under several 
clinical conditions {taken from [7, 8, 20, 21, 22]) 

Author Condition Calorie Demands 

ISPN (2) normal adults 25-30 keal/kg BW �9 day or 
1300 keal/m 2 �9 day, resp. 

Johnston 1971 abdominal surgery of additionally 10% approx. 
moderate severity 
epigastric laparotomy 15% 
multiple fractures 25% 
per centigrade fever 13% 
infection, inflammation 25-50o/0 
burns 10-25% 25% 
burns 26-50% 80% 
burns 51-85% 150% 

Br~zkner 1969 additionally 
Kinney 1970 additionally 
Edgren 1960 additionally 
Kinney 1970 additionally 
Davies 1970 additionally 

additionally 
additionally 

to depend to a certain degree on the constitution, nutritional condition 
and age etc. of the patient [see (8, 22)], but let us disregard this. What 
appears is firstly, the stress of trauma or operation produces a considerable 
increase in caloric turnover [for a more detailed consideration see (9)]. 
Secondly, during an average nitrogen supply an enhanced caloric intake 
essentially should improve the nitrogen balance of the patients [ref. until 
1960 see (5), more recent evaluations see 10a-10d]. In this situation it 
seems to be desirable to cover the increased demands of stressed patients 
with additional fat. Investigations of this possibility, however, are few 
and in general without direct comparisons. It is in this situation that the 
second special condition of stressed patients plays a role, which is the 
rnobilisation of endogenous fat which inevitably occurs. 

Fig. 1 shows the nervous and hormonal response of the body to stress. 
The lower part indicates that the effect is a general ergotropic shift. This 
is the principle of the enhanced basal metabolic expenditure, this is also 
the basis of the enhanced protein demand because of gluconeogenesis from 

Fig. 1. Some ner- 
vous and hormo= 
hal responses to 

stress (24). 
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amino acids and, moreover ,  of an enhanced lipolysis which serves ergo- 
t ropy  (24). 

The local media tor  for  the enhanced lipolysis is cyclic-3 '-5 '-ade- 
nos inemonophosphate  (CAMP). The concentrat ion of CAMP is itself 
increased by  adrenal ine  f rom the s t imulated adrenal  medul la  as well  as by  
noradrenal ine  which is fo rmed  at  sympathe t ic  ne rve  endings in the 
adipose tissue. In  the same way  human  growth  hormone  is act ive (11, and 
ref. cit.) which according to Hunter, Fonseka and Passmore (12) m a y  rise 
20 fold in the blood within  30 mins. on ergotropic demand,  e.g. wi th  a 
man  taking modera t e  exercise. These lipolytic activities are  suppor ted  by  
the act ivi ty  of the hormones,  indicated in figure 1 by  shading, which 
counteract  the lipogenic insulin. The immedia te  s tar t  of lipolysis in adi- 
pose tissue m a y  be i l lustrated by  our data  given in fig. 2 showing the 
highly significant rises of ke tone  bodies and f ree  glycerol in connection 
with  operat ions (24}. 

Free  glycerol and ketone bodies are  good pa ramete r s  of mobil isat ion 
and uti l isat ion of NEFAs. As is known, ketone  bodies are  fo rmed by  the 
liver. Inhibi t ion of ci t rate  synthetase  by  int racel lular  increase of long- 
chain acyl-CoA esters is p robab ly  responsible for this (13). This means in- 
hibit ion of en t ry  of acetyl-CoA into the cycle of final oxidation and conse- 
quent ly  diversion into ketogenesis wi th  regenera t ion  of f ree  CoA. Tha t  is 
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useful as long as a severe keto-acidosis  does not result. Skeletal and espe- 
cially cardiac muscle are able to meet their energy demands with ketone 
bodies while due to the effect os preceding stress a so-called pseudo-diabetes 
exists since the utilisation of glucose is impaired. 

Caloric In f luence  on Metabo l i sm  al ter  I n j u r y  

The physician confronted with such conditions hopes that  exogenous 
fat  will improve cellular energy supply. The observation of ni trogen balance 
which means the difference between nitrogen input and output  is the best 
parameter  to monitor. Nitrogen represents the amount  of functional tissue. 
Its pool without tissue function is extraordinari ly  small and as an alter- 
native irreversible metabolic pa thway only conversion to urea which is 
excreted in the urine is possible. During an inadequate caloric intake 
additional body proteins will be degraded to another caloric substrate and 
the nitrogen balance will become more negative. The relationship 
between caloric intake and nitrogen metabolism has been reviewed by 
M u n r o  [(14), fur ther  ref. see (5, 22)]. 

So, some years ago we started to compare differently constituted caloric 
regimes with identical nitrogen supplies with respect to the N-balances to 
be achieved. Fig. 3 contrasts: group I receiving a fluid supply without  
calories, groups II and III  receiving a regime almost covering the basal 
metabolic expenditures either with ethyl alcohol (Eth.) or with fat and 
group IV receiving a high-caloric intake, in general  exceeding even the 

Fig .  3. T h e  i n f l u e n c e  of  d i f fe -  
r e n t  f u l l y  b a l a n c e d  r e g i m e s  on  
nitrogen balances in s t r e s s e d  

a n d  u n s t r e s s e d  p a t i e n t s .  
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increased requirement  and consisting in addition to the amino acids (A.A.) 
of carbohydrates  (Sorb. = Sorbitol), fat, and alcohol and thus offering 
2550 kcal. The nitrogen balances make clear two different principles: 

Firstly the transition to the calorically suboptimal intake of 1500 kcal 
without  fat after operation (Op. = operated patients) produces a highly 
significant improvement  which no surgeon should ignore. Replacement of 
the ethyl alcohol in group II, with some fat in group III, increases the 
calories slightly, but  worsens the nitrogen balance to such an extent that  
it is no longer significantly different f rom group I. Obviously at least in 
operated patients the regime of group IV fails in spite of being high- 
caloric. One reason may be a metabolic incompatibility of fat and alcohol. 
Also it must  be concluded that 35-40 % of calories as fat is too high in the 
early postoperative phase, because it will not be oxidised and therefore 
the theoretically calculated supply of total calories is misleading. 

Second, a very clear contrast is seen between the postoperative 
phase and a situation without  immediately preceding stress (n. Op. = non- 
operated patients). There being no preceding stress, the different 
regimes serve very  well to achieve an equilibrated or even positive 
ni trogen balance. In such a situation 35-400/0 of calories as parenteral  fat 
can obviously be utilised. It  is interesting to note that  without  preceding 
stress the combination of fat plus alcohol also proved disadvantageous. - 
The number  of cases without stress, however,  is too small to calculate 
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significance and obviously unstressed patients  main ta ined  exclusively on 
pa ren te ra l  nut r i t ion  for long periods are rare. 

Kazda  (15) in April  this year  published similar  data. Fig. 4 contains the 
ear ly  pos topera t ive  results  of groups of 5-6 pat ients  each of whom had 
undergone abdominal  operations because of tumors,  i l lus t ra ted f rom data 
of the original work.  The more  negat ive ni t rogen balances are consistent 
wi th  the sever i ty  of the operat ions and most  l ikely also wi th  the lack of 
amino acids. As this au thor  included only one group wi th  amino acids (for 
reasons of his own par t icu lar  topic) and as no comparison wi th  our  present  
p rob lem is possible, it was omitted. The whole s i tuat ion accords wi th  our  
v iew that  there  is an insufficient N-spar ing effect given by  fa t  in the post-  
opera t ive  phase. Kazda correspondingly found no difference be tween  his 
groups I wi th  40 ~ of calories as fat  and I I I  wi th  64 ~ of calories as fa t  in 
spite of the addit ional  350 kcal. A slight improvemen t  of 1.4 gins. of N-re-  
tent ion was observed by  comparison with one group not shown here  which 
received only 820 kcal exclusively as glucose. Kazda found also less nega-  
t ive balances wi th  a supply  of ethanol corresponding almost  to the fa t  
rat ios (group II). The addit ion of 350 kcal in the fo rm of fa t  plus ethyl  
alcohol in group IV did not exer t  any  addit ional effect in his study. Fat  
and alcohol seem to exclude each other metabolical ly.  No reason can as 
ye t  be given. 

Why  is it not possible in the ear ly  postoperat ive  phase  to influence 
posi t ively the metabol ic  si tuation by  giving fat? Firstly,  we ought to discuss 
whe the r  or not the above-ci ted lipolysis af ter  stress results  in a max ima l  
combust ion of endogenous fat. In  1959 K i n n e y  (9) pointed out tha t  the top 
pr ior i ty  need for  " two-carbon-fuel"  (acetyl-CoA) is seldom a l imiting 
factor  for  the Krebs  cycle in surgical  situations. Dur ing a discussion on the 
act ivat ion of different endogenous calorie sources a f te r  in jury  several  
years  la ter  it was also K i n n e y  (22) who repor ted  tha t  he found "anywhere  
f rom 75-90 ~ of the  calories come f rom fat".  Likewise,  CarLson (23) found 
in dogs a f te r  f rac tur ing  their  hind legs or a f ter  infusion of noradrena l ine  
for  24 hours  a mobil isat ion of endogenous free f a t ty  acids excessively 
above caloric needs. So, the high 14CO 2 exhalat ion ra tes  f rom labelled 
paren te ra l  fa t  cited above might  hard ly  be valid in these immedia te  post-  
stress situations. On the contrary,  the f requent  observat ions  of a ketone 
body rise a f te r  fa t  administrat ion,  however  [ref. see (8)], suggest over-  
loading of the final oxidation system with acetyl-CoA. 

Secondly, another  biochemical reason for the bad  N-balances  may  be 
advanced. Increased supply  and increased b r e a k d o w n  of the fa t ty  acids 
act ivate  gluconeogenesis shown for example  by  the increased t r ans forma-  
tion of a lanine into glucose (16). The ac t iva tor  can be acetyl-CoA which in 
10-4-molar concentrat ion act ivates about  40 fold the pyruva tecarboxylase ,  
a key  enzyme for gluconeogenesis (17). If  the s tate  of increased fa t ty  acid 
b reakdown  lasts for a longer period, enzyme induction might  support  the 
spontaneous activation. For  instance addit ional  t r yp tophan  pyrrolase  will 
be synthetised.  By el iminat ing the essential  amino acid t ryp tophan  f rom 
the balanced pool of amino acids, diversion of the other amino acids into 
gluconeogenesis is favoured  because t r yp tophan  will then become the 
l imit ing factor  for  the utilisation of the ent i re  amino acid pa t te rn  (18). 
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Thus, in conjunction with the repeatedly mentioned increased ketosis 
occurring with fat emulsions as a result of accumulation of acetyl-CoA, 
the bad nitrogen balances observed are fur ther  explained. 

Thirdly, a more trivial reason may be the eventual renal loss of ketone 
bodies, which means a real loss of calories. These calories, too, must  be 
subtracted from the regime as must  those of administered fat which is 
stored intact. 

Based on these considerations, we h a v e  a s tudy running to determine 
a tolerable caloric percentage of fat for conditions of stress bearing in 
mind that  the carbohydrates  must  be increased if fat is to be reduced (Fig. 5). 

Fig. 5. 
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Post-stress nitrogen balances with a low fat-high carbohydrate regime. 

To avoid other variables we will refer only to those cases in which there 
is no objection to a comparison between the postoperative results and the 
preoperat ive ones of the individual patients. Because of this limitation we 
have only a few cases observed long enough preoperat ively as well as 
postoperatively without  other variables such as intercurrent  complications, 
necessary additional medication and so on. Therefore it will be permit ted 
to present as a prel iminary reference results from only two different, but  
typical patients after operation for a cancer of the colon (upper half of 
the figure) and a cholecystectomy (lower half of the figure). As far as can 
be concluded, the lower fat intake of 15~ of calories is in better accord 
with the postoperative metabolic conditions, the basic pat tern being 
principally the same. This is supported by the fact that  acetoacetate and 
f l -hydroxybutyra te  in the serum of the patients did not rise to the extent 
seen with higher fat intakes. The very  slow infusion rate averaging 
0.07 gms/kg body weight and hour  may also be involved. 

Additional Fat Supply? 

In the former  view of a necessary supply of additional calories, it might 
perhaps be interesting finally to make a comparison with evaluations 
on normal  daily nourishment.  Wirths and Nakamura (19) recently con- 
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duc ted  a 1-year  s u r v e y  on the  n u t r i t i o n a l  hab i t s  of a r u r a l  p o p u l a t i o n  in  
G e r m a n y .  I n  Fig. 6 we  h a v e  re l a t ed  the  caloric r e q u i r e m e n t s  accord ing  to 
the  co r re spond ing  m o n t h l y  ac t iv i ty  and  the compos i t ion  of the  food eaten.  
In  those months ,  w h e n  the  peasan t s  w o r k  harder ,  i.e. d u r i n g  cu l t i va t i on  
of the  soil in  sp r ing  and  h a r v e s t i n g  in  J u l y  and  Augus t ,  the  pe rcen tage  of 
the i r  fa t  i n t a k e  drops in  f a v o u r  of c a rbohydra t e  in take .  I n  o ther  words :  
these  people  cover  the i r  add i t iona l  r e q u i r e m e n t s  for  calor ies  by  ea t ing  
more  c a r b o h y d r a t e s  i n s t ead  of ea t i ng  food rich in  fat.  

A c k n o w l e d g m e n t s :  This paper contains some date taken from the thesis of 
H. H o f m e i s t e r ,  Giel~en 1969. Supported by J. Pfr immer  -t- Co., Pharmazeutische 
Werke, Erlangen, W. Germany. 

S u m m a r y  

Summarizing we would say: approximately 30 0/0 of the total calories of a 
fully balanced parenteral  regime are assumed at the moment  by many workers 
to be an optimal fat ratio in patients without the immediately preceding influence 
of stress Very many  patients are fed parenteral ly  after operations or trauma. 
The caloric requirements of these patients are increased. The possibility of 
covering these requirements,  however, by the use of high-caloric fat emulsions 
is rather  limited as is demonstrated by the deterioration of N-balances. One 
reason may be the combustion of endogenous fat reserves maximal ly  activated 
after the s t r e s s -which  of course means an abundan t  availabil i ty of fat at a 
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ce l l u l a r  level .  A n o t h e r  r e a s o n  m a y  be  t h e  a c t i v a t i o n  of g luconeogenes i s  b y  
c o n g e s t e d  a c e t y l - C o A  as a specif ic  b i ochem i ca l  i n t e r r e l a t i o n s h i p  in  c e l l u l a r  
m e t a b o l i s m .  A n  o p t i m u m  fo r  t h e  f a t  r a t i o  in  p o s t o p e r a t i v e  s t a t e s  is no t  as ye t  
k n o w n .  F a t  e m u l s i o n s  a n d  e t h y l  a lcohol  - in  sp i te  of b o t h  b e i n g  v a l u a b l e  h i g h -  
ca lor ic  s u b s t r a t e s - a r e  m e t a b o l i c a l l y  i n c o m p a t i b l e  b o t h  in  s t r e s s e d  a n d  u n -  
s t r e s sed  pa t i en t s .  
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