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Pa ren te ra l  nutr i t ion in necessary wheneve r  oral food in take  is pa r t ly  
or complete ly  disturbed. In  these situations, the object ive of this type of 
nutr i t ion is to provide  the organism with  sufficient  nutr ients  and main ta in  
s t ruc ture  and growth.  The supply  of an op t imum mix tu re  of water,  pro-  
tein, carbohydrates ,  fats, minerals ,  vi tamins,  a n d  t race  elements  is a 
prerequis i te  for  this. 

Even in the adult, any fo rm of nutr i t ional  abst inence for  more  than  
14 hours  results in a catabolic metabolic  state, i.e. a dis turbed equi l ibr ium 
of prote in  anabol ism and catabolism. Here  the catabolic ra te  is to the 
advan tage  of glucogenesis f rom amino acids. The so-called labile proteins 
(proteo-enzymes f rom the intest inal  mucosa, pancreas,  hea r t  muscles, the 
lymphat ic  and hematopoiet ic  sys tem and the liver) are the f irst  to be 
affected. The organism of the infant  is even more  seriously affected due 
to smal ler  energy  reserves.  Nutr i t ional  deficiency is most  serious at this 
age (62) because bra in  g rowth  is at a m a x i m u m  during infancy (14, 15). 

Fundamentals 

The energy  requ i rement  (rest and growth  requirement)  is approx.  
125 kcal /kg body weight  per  day  in the first  three  months,  approx.  120 in 
the second three  months,  approx.  100 in the second half  year,  approx.  80 
for the infant  and approx.  40 for chi ldren above this age. If  this require-  
men t  is covered with  an in t ravenous  supply  of 10 % glucose solution, then 
the calorie si tuation and metabol ic  efficiency of the dis turbed organism 
improve,  the desired calorie supply,  however ,  is not achieved even wi th  a 
h igher  supply  of infusion solutions. The prote in  requ i rements  are com- 
ple te ly  neglected a l though they  should be at least  2.5-3.0 g/kg BW per  day 
dur ing the f irst  weeks of life and 2.0-2.5 g/kg BW per  day  for  infants  
(22, 28, 34). The adminis t ra t ion  of blood and p lasma  proteins  (half-life 
3 weeks) cannot  cover  the prote in  requirements .  Al though a lbumin  can be 
used for shor t - t e rm subst i tut ion of a lbumin  losses, it cannot  be  used for 
"nutr i t ion".  If  only amino acids are infused, however ,  they  are wasted  
uneconomical ly  instead of being util ized anabolically.  Only the adminis-  
t ra t ion  of all nutr i t ional  substra tes  together  (table 1) results  in an 
equi l ibrated energy  and ni t rogen balance (16, 17, 20, 21, 27, 30, 31, 32, 34, 
36, 41, 52, 56, 63, 64). 
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Table 1. Approximate  dai ly  requirement  of  calories, water,  and nutr ients  during 
to ta l  parenteral  nutr i t ion.  

Age Calories ~Vater Protein Carbo- F a t  
hydrates  

keal /kg ml/kg g/kg g/kg g/kg 
BW BW BW BW BW 

Prematures  130 160 3.5-2.5 10-20 1-3 
Newborns 120 160 3.0-2.5 1 0-20 1-3 
Infants  110 150 2.5-2.0 10-20 1-3 

1-  3 years  100 125 2.0-1.5 10-20 2-1 
4-- 6 years  90 100 1.5--1.0 10-15 2-1 
7 -  9 years 80 80 1.0 10-15 2--1 

10-12 years  70 75 1.0 8--12 1 
13-15 years 60 55 1.0-0.75 8-10 1 
16-19 years  50 50 1.0-0.75 8-10 1 

A m i n o  ac ids  (AA),  c a r b o h y d r a t e s  (CH) a n d  f a t  a r e  r e g a r d e d  as  a c a l o r i e  
s o u r c e  fo r  t h e  i n f a n t  in  a p e r c e n t  d i s t r i b u t i o n  c o r r e s p o n d i n g  to  o r a l  
n u t r i t i o n  (10-20 ~ p ro t e in ,  40-50 ~ c a r b o h y d r a t e s ,  a n d  30-40 ~ fat) .  I n  
p rac t i ce ,  t h e s e  p r o p o r t i o n s  c a n n o t  b e  r e a l i z e d  fo r  t h e  i n f a n t  in  e v e r y  case  
of  p a r e n t e r a l  n u t r i t i o n  (fig. 1). Once  t h e  i n f a n t  is o lder ,  t h e  i n t e r n a t i o n a l l y  
r e c o m m e n d e d  p r o p o r t i o n  of 20 0/0 a m i n o  acids ,  30 ~ f a t  a n d  50 ~ c a r b o -  
h y d r a t e s  s h o u l d  be  o b s e r v e d  (19). A l c o h o l s  a r e  n o t  u s e d  as  a n  e n e r g y  
sou rce  in  p e d i a t r i c s .  

[BodyWelgh~ uration Calories i.v. intake 
(gm] / (days) (kg/doyl ml/kg/dol 

/ 
1"770 ] 12 84 166 

(10OO-3t,30| (10-161 (77-95) (150-176) 

N i t r o g e n  b a l a n c e  
N-intake totalN-Iosses N-balance oveg.wt.goin 

P,oteln' prbo~,oH F~ 
(gin/kg/dayl 

2.7 J 15 [ 1,3 
(2,5-3.01 [14.5-16.5) |0.6-2.5} 

% of calories intake 

g/kg/d g/kg/d g/kg/d g/kg/d ~ 13% Protein 

T l l l  " 0.00~ Ii;1~1 ]O~C 0,, , Carbohydrate 

1 Amlnofusin paed 
2 Lipofundln S 10 % 
Fig. 1. Infusion program, average daily nitrogen balance and average daily gain 
in body weight in 30 premature and newborn Infants under total parenteral 

nutrition. 
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A m i n o  a c i d s  

The free  L-amino  acids are  the  physiological f o rm of nutr i t ional  p ro-  
tein t r anspor t  in the organism, f rom which all endogenous proteins  and 
peptides are synthesized. In  addition, they  are  the physiological subs t ra te  
tha t  provides the ni t rogen required under  the conditions of pa ren te ra l  
nutri t ion.  Amino acid solutions for  pa ren te ra l  nut r i t ion  (p. n.) of children 
should contain ni t rogen exclusively in the fo rm of physiological s t ruc tura l  
amino acids. The knowledge gained dur ing oral  as  well  as pa ren te ra l  
nut r i t ion  is used as a basis for  the composit ion of L-amino  acid mix tures  
(5, 22, 23, 24, 26, 36, 45, 46, 59). Pro te in  hydrolysa tes  (1, 60, 63) and L-amino  
acid solutions (36, 41, 54, 59) are  avai lable  for  pa ren te ra l  nutri t ion.  Prote in  
hydrolysa tes  are produced f rom prote in  (casein, fibrin) th rough  enzyme 
action or acid hydrolysis  and contain, in addition to the L-amino  acids, 
at  least  30 ~ of the pept ide bound amino acids which induce side-effects 
- large  peptides - (23, 25, 39) and are  excreted to a high percentage  
inutilized via the kidney. 

Today, synthet ical ly  produced crystal l ine L-amino  acid mix tures  are 
used for  pa ren te ra l  nutri t ion.  As a ni t rogen source, such prepara t ions  mus t  
contain the nine amino acids essential  for  the infant  (isoleucine, leucine, 
lysine, methionine,  phenylalanine,  threonine,  t ryp tophan ,  valine, histidine), 
the semi-essent ial  amino acids (arginine, proline, tyrosine) and the non-  
essent ia l  amino acids (alanine, glycine, g lu tamic  acid, serine, aspart ic  
acid). Due to its essential  character ,  histidine is most  impor t an t  for  pat ients  
wi th  u raemia  and for  children. There  are ind ica t ions  tha t  tyrosine is 
essential  for  p rema tu res  and young newborns  and cyst ine for  the fetus and 
p r e m a t u r e  infants  (55). Glycine is also essential  for  p r e m a t u r e  infants.  

Exper imenta l  studies showed a drast ic improvemen t  .of the ni t rogen 
balance th rough  addition of ni t rogen sources to amino acid mix tures  (35). 
According to our studies (46) under  the conditions of total  pa ren te ra l  
nutri t ion, a s imilar  i m p r o v e m e n t  of the ni t rogen balance is achieved in 
p r e m a t u r e  and newborn  infants  wi th  an adequate  supply  of glutamic and 
aspar t ic  acid. A ni t rogen re tent ion of 65 % was achieved, whereas  only 
57 % was  achieved in a s imilar  infusion p rog ram wi thout  the two dicar-  
bonic acids. The requ i rement  f igures of dicarbonic acids established by  us 
correspond closely to the amounts  contained in mother ' s  milk. As expected, 
a supply  of 0.4 mg of f ree  dicarbonic acids/kg BW per  min. caused nei ther  
clinical nor  metabol ic  dis turbances (40, 41, 45, 46). 

A supply  of L- tyros ine  and L-cyst ine  (7) in excess of 60 mg/kg  BW per  
day  is difficult  in pa ren te ra l  nut r i t ion  because they  are  still insoluble in 
amino acid solutions. 

L-arg in ine  decreases the toxici ty  of free amino acids and their  m ix -  
tures  and is thus an essential  ingredient  of solutions supplying free amino 
acids. According to studies of adults  under  total  pa ren te ra l  nut r i t ion  (35), 
L-prol ine  is an essential  amino acid for  the adul t  and most  p robab ly  also 
for  the child. 

Taur ine  is not  contained in any  amino acid mix tu re  because  its 
funct ion in pa ren te ra l  nutr i t ion is s t i l l  unclear.  Within.  the f irst  days of 
l ife a significant decrease of the  high v a l u e s  (~ --  5.18 rag/100 ml, SD ---- 
1.33) in the blood of the umbil ical  cord is evident,  at  the end of newborn  
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Table 2. Amino acid requirements under the conditions of parenteral nutrition 
using synthetic L-amino acids. 

Amino acids mg/kg BW]day As a 5% amino acid 
(2.4-2.6 g/kg BW/day) solution (g/l) 

Leucine 140-150 3.0 
Isoleueine 120-130 2.6 
Lysine 160-170 3.4 
Methionine 70- 90 1.6 
Phenylalanine 90-100 1.9 
Threonine 80- 90 1.7 
Tryptophan 40- 40 0.8 
Valine 100-110 2.2 
Histidine 50- 60 1.2 
Tyrosine 40- 45 0.9 
Cystine 25- 25 0.5 
Arginino 180-200 3.8 
Alanine 350-360 7.0 
Glycine 180-200 3.8 
Serine 60- 70 1.2 
Proline 210-220 4.2 
Aspartie acid 170-200 3.6 
Glutamie acid 300-350 6.6 

Total 2365-2610 50.0 

period these values are ~ = 2.56 mg/100 ml and SD = 0.7. Fur ther  studies 
regarding clarification will be conducted by us (is taurine essential?). 

Table 2 shows the amino acid requirement  determined by us under  the 
conditions of parenteral  nutrition. Amino acid solutions composed accord- 
ingly cause optimum nitrogen retention and little disturbance of the amino 
acid homeostasis (36, 45, 46). This requirement  pat tern within the physio- 
logical regulating range of -+ 10 ~ maximum should therefore be the 
necessary basis for children. 

The following nitrogen supply is desirable: 0.4-0.5 g of N/kg BW/day 
for infants, 0.3-0.4 g of N/kg BW/day for small children, and 0.2-0.4 g of 
N/kg BW/day for older children (5, 23, 41, 46). 

Carbohydrates 

Carbohydrates  belong to the main sources of energy metabolism; their 
calories are utilized to meet the energy requirements. Glucose as well as 
the sugar substitutes fructose, sorbitol and xylitol may  be used as sub- 
strates. The body has a high turnover  capacity for these substances. The 
best utilization, however, is achieved with glucose, which is metabolized 
in all organs (including the brain), whereas fructose, sorbitol and xylitol 
are converted mainly into glucose in the liver. 

The use of sugar substitutes in parenteral  nutri t ion has raised recent 
controversy due to the known side-effects (lactate formation, increased 
bilirubin and uric acid levels, decreased ATP-content,  oxalate deposits). 
These side-effects, however, are dose-dependent and do not occur when 
the dosage guidelines are observed. No side-effects were observed with the 
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r ecommended  dosage of 0.1 g/kg BW per  hour  (0.25 g/kg BW per  hour  for  
adults) even in the newborn  infant,  provided tha t  fructose intolerance did 
not exist  ( f ructose- l ,6-diphosphatase  deficiency), in which case fructose 
infusions might  be lethal  (hepatic coma, l iver  necroses). The use of fructose 
(and sorbitol) for infants  is therefore  problemat ic  wi thout  the respect ive 
anamnesis.  Under  the above-ment ioned  conditions, our  studies of the 
lactate  and uric acid level dur ing paren te ra l  nutr i t ion indicated normal  
values. Present ly  (2), a combinat ion of f r u c t o s e : g l u c o s e : x y l i t o l  in a 
rat io  of 2 : 1 : 1 is r ecommended  for  adults in a total  dosage of 0.5 g/kg 
per  hour. The advantages  of fructose, sorbitol and xyli tol  (so-called 
glucose precursors)  compared  to glucose become evident  in diabetes 
mell i tus and in stress situations. Glucose tolerance dur ing stress and sepsis 
is low. In pos topera t ive  stress, up to 4 0 ~  of the amounts  infused are 
again excreted.  

Maltose is not suited as a nu t r i en t  for  pa ren te ra l  nutri t ion. I t  produces 
osmotic diuresis (due to glucosuria) wi thout  raising the blood sugar  level. 

Fat  

Pat  as a nu t r ien t  fulfills two impor tan t  requirements :  i t  is a calorie 
source and a carr ier  of essential  f a t ty  acids. The use of fat  in pa ren te ra l  
nutr i t ion supplies higher  calorie amounts  in small  f luid volumes than  
would be possible wi th  carbohydra tes  and amino acids. Essential  f a t ty  
acids in the fo rm of phospholipids are an impor tan t  par t  of the cell 
m e m b r a n e  s t ruc ture  and are found in m a n y  organs of the h u m a n  body, 
especial ly the brain  and the l iver  (38, 47). Two fa t ty  acids, linoleic and 
linolenic acid, are  now considered to be essential. Linoleic acid is biolog- 
ically more  active, bu t  both  are ve ry  impor tan t  in the in te rmedia ry  
metabol ism of the fa t ty  acids as initial  substances for  m a n y  secondary 
products. 

A d e c r e a s e o f  essential  f a t ty  acids in the organism leads to deficiency 
symptoms  such as dermatoses,  g rowth  re ta rda t ion  and thrombocytopenia  
(9, 10, 50, 51). They  occur only af ter  a long period of deficient linoleic acid 
supply;  in the adul t  a f te r  about  6-8 weeks or later.  Newborn  and young 
infants,  receiving fa t - f ree  paren te ra l  nutri t ion, m a y  develop such a 
deficiency more  quickly because of their  rapid growth  and the i r  small  
essential  f a t ty  acid depots. Our  studies of p r e m a t u r e  and newborn  infants  
receiving fa t - f ree  paren te ra l  nutr i t ion revealed tha t  the essential  linoleic 
acid decreases rap id ly  (48). Al ready  on the 4th day  of life there  is a 
decrease to less than  50 % of the initial value. Similar  results  we re  found 
in the subsequent  metabol ic  product,  the arachidonic acid (48). 0.1 g 
linoleic acid/kg BW/day is required for  the adult  (10) to avoid deficiency 
symptoms.  The linoleic acid supply of the infant  and small  child should be 
4 % of the total  calorie amount  (61); this is equivalent  to 0.4 g linoleic 
acid/kg BW/day.  Our  studies of newborns  and infants  receiving oral 
nutr i t ion revealed  an average  linoleic acid requ i rement  of 5-6 % of the total  
calories (47, 49). In  subsequent  studies we calculated the requ i rement  of 
the young infant  receiving paren te ra l  nutr i t ion to be 0.4-0.5 g linoleic 
acid/kg BW/day (42). This amount  is contained in 8-10 ml of a 10 ~ fat  
solution (fig. 2). 
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Fig. 2. Serum lipid profile (linoleic acid portion of total serum lipids, triglycer- 
ides, arachidonic acid and cholesterol) in 6 premature and newborn infants with 

TPN. Mean values and standard deviation. 

The best results were obtained with fractioned soy bean oil due to 
greater  tolerance. I t  contains approx. 85 ~ triglycerides of unsaturated 
fa t ty  acids - mother 's  milk contains approx. 50 ~ - which are made up of 
53.6 ~ linoleic acid, 8.0 % ]inolenic acid and 21.7 % oleic acid. 

If the dosage given in table 1. the maximum infusion rate and the 
contraindications are observed, then side-effects are minor. 

Indication for parenteral nutrition 

Total parenteral  nutri t ion over a longer period may  become necessary 
in the following cases: a) premature  and newborn infants with respiratory 
insufficiency, pronounced immaturi ty,  malformation of the gastrointestinal 
tract, b) infants and small children with protracted diarrhea, malabsorp- 
lion, severe burns, c) older children in unconscious states of various 
geneses, esophageal acid burns, after  severe trauma, severe ulcerative 
colitis and after major  abdominal surgery. 

A partial short- term parenteral  nutri t ion is necessary in: t ransi tory 
hypoglycemia of newborns, hypot rophy  of newborns, postpartal  mal-  
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Table 3. Infusion solutions for parenteral nutrition. 

Carbohydrate solutions 
Glucose 5%, 10~ 20%, 50% 
Levulose 5%, 10%, 40% 
Xylitol 5%, 10%, 20% 
Sorbitol 5%, 10~o 
Triofusin| 12~o, 20%, 24% 

Amino acid solutions 
Aminofusin| paed 600, Aminofusin| paed 5% without carbohydrates; 
Aminoplasmal| L-5 without carbohydrates; 
Aminosol| 3.3% (casein hydrolysate}; 
Aminomel| LX 400; Vaminaeo| 7~o ; 
AminovenSs| p/id 6~/o without carbohydrates. 
(Except Aminosol crystalline L-avaino acid preparations.) 

Fat emulsions 
Lipofundin| S 10~o, 20%; Intralipid| 10%, 20~o 

Protein preparations 
Human albumin 5%, 20%; Bisoko| 5% 

adaption, states of dehydra t ion  in infants  and small  children, the pre-  and 
pos topera t ive  period, severe craniocerebral  t rauma,  diabetic metabol ic  
disturbances.  

In dis turbed renal  function, the supply  of amino acids mus t  be reduced 
to 0.4 g /kg/day to mee t  the endogenous prote in  requirements .  

Infusion p rogram 

As listed in table 1, the calorie requ i rement  necessitates 11/2 to 2 t imes 
the basal  metabol ic  rate.  

Fluid losses due to severe  perspiration, low humidity, exsiccosis, 
fistulae, drainages, burns and fever must  be added to the calculation. The 
caloric requ i rement  increase a f te r  ma jo r  surgery,  burns  and t raumas.  
With fever,  an increased fluid requ i rement  of 5-10 % per  day  is calculated 
per  degree of t empera tu re  increase, up to 30 % per  day  af ter  ma jo r  opera-  
tions, and 50-150 % per  day  in burns. Fluid deficit due to exsiccosis is 
de te rmined  at 50-150 ml /kg BW per  day  according to severity.  The 
secretions f rom wounds, tubes, drainages,  and fistulae can normal ly  be 
exact ly  measured  with  the aid of aff ixed plastic bags, or  by  weighing the 
bandaging material .  10 ml /kg BW are calculated in hypervent i la t ion  
(Kussmaul's respiration, artificial  respiration). Under  normal  conditions, 
the insensible perspi ra t ion is 600 ml /m 2 per  day  or 40 ml /kg  BW per  day  
on the average.  

Table  3 shows the most  impor tan t  solutions for  pa ren te ra l  nutri t ion. 
Most amino acid solutions (Aminofusion paed and AminovenSs paed ex-  
cluded) are  conceived for  the adult  and can be used wi thout  a metabol ic  
risk. "Aminofusin  paed" is conceived for  the infant  and can be adminis tered  
wi thout  dis turbing the amino acid homeostasis  (6, 36, 45, 54). Some of the 
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Table 4. Mineral and trace element requirements 
under long-term parenteral nutrition. 

Minerals Trace elements 
(mEq/kg BW/day) (/~g/kg BW/day) 

Na 2-3 Iron 50-110 
K 2-3 Zinc 20- 60 
C1 2-3 Copper 20- 30 
P04 2-5 Manganese 10- 40 
Ca 0.5-2 Chromium 1- 8 
Mg 0.2-0,8 Fluorine 10- 20 

Iodine 2- 5 

amino acid solutions listed here contain xylitol and/or sorbitol as carbo- 
hydrate  components. 

For short - term parenteral  nutri t ion or if fat emulsions are excluded, 
amino acids and carbohydrates  alone would suffice. The use of high-percent  
glucose requires a gradual glucose increase (adaptation process). In long- 
term parenteral  nutrition, however, the use of fat emulsions is inevitable. 
The total daily amount  of fat should be administered in 4 single doses, 
each within 11/2 to 2 hours, via a by-pass to the infusion (Y-piece). 

The infusion program in short - term parenteral  nutri t ion can be ad- 
ministered via the peripheral  veins (11), the head, brachiaI or  foot veins, 
and in long-term parenteral  nutri t ion through the central veins (cava 
catheter). The access to the caval vein is made percutaneously (8, 13, 18) 
through the subclavian vein, external or internal jugular  vein or the 
basilical vein. 

In most solutions, the amount  of some minerals  is sufficient. Substi tu- 
tion should be made according to the requirements (table 4) and the serum 
levels. Increased amounts of potassium for protein synthesis in the cell 
and of calcium and phosphorus for rapid growth are necessary. Calcium 
should be administered in 3 separate portions. 

Amino acid mixtures contain v i tamins  in sufficient amounts, neverthe-  
less, the additional supply of a mult i-vi tamin preparat ion is desirable. Vit- 
amin K should be administered twice a week (2-3 rag), vi tamin D 3 (250-500 
IU/day) and folic acid (0.5 rag/day) daily and vi tamin B,2 (100 /lg) once a 
month. 

Trace e lements  (table 4) are not added to the solutions; they are, 
however, present in small amounts due to "impurities". Our studies of 
various infusion solutions yielded the following values: zinc 1.2-4.2 mg/1, 
copper 0.05-0.2 mg/1, manganese 0.05-0.07 mg/1, iron 0.5-4.5 mg/1. These 
amounts do not suffice for the given indication and for long-term 
parenteral  nutri t ion (33, 43, 44) and must  be supplied separately in the 
form of plasma or whole blood transfusions (10-20 ml/kg, once a week) or 
in the form of trace elements for infants (Dr. Franz K6hler Chemie, Ger- 
many). Zinc, copper, manganese, chromium and silicon are inexchangeable 
enzyme activators, cofactors and stabilizers, that, when deficient in 
nutrition, lead to characteristic deficiency symptoms (3, 4, 37, 57). 

Clinical and laboratory tests are necessary to monitor  the infusion 
program during parenteral  nutri t ion (table 5). 
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Table 5. Control plan during parenteral nutrition. 

Clinical 
(daily) 
Weight, edemas, tolerance, 
circulation control, take 
temperature several times, 
respiration, fluid balance 
(intake and output) 

Clinico-chemical 
Acid-base balance and 
blood sugar (after the 
1st week 3 times weekly) 
test urine several times 
for glucose, acetone, 
specific gravity, pH 

(weekly) 
I-Ies~l circumference 
(of infants), size of liver 
and spleen 3 times 

Na, K, Cl, osmolarity, 
urea 3-4 times, total 
protein and electro- 
phoresis, transaminases, 
Ca, P, Hb, Hct 2 times, 
total blood count 1-2 times 

(monthly) 
Psychomotor develop. 
ment, length 2 times, 
wrist/X-ray every 
3 months 

Alkaline phosphatase 
3 times, ammonia, 
iron, magnesium 
2 times, zinc and 
copper 1 times 

The most essential controls for parenteral  nutri t ion are included in this 
plan. This program can be expanded according to the individual case 
requirements. In any case, the amino acid pattern, the fa t ty  acid 
distribution in the serum and the total ur inary  nitrogen have to be tested 
in long-term parenteral  nutrition. If fever develops, bacteriological tests 
such as blood and urine culture are necessary. After  removal  of the 
catheter, the tip must  also be tested bacteriologically. Fat  infusions 
necessitate controls of the coagulation status, fat clearance and leucocyte 
smear on fat granules. 

Side-effects and their prophylaxis 

The most frequent  complications (table 6) which might interfere with 
parenteral  nutri t ion are of technical, septical and metabolic nature  
(12, 13, 24, 29, 45, 53, 54, 58). Therefore, it is important  to observe some 
basic rules and to take preventive measures in time to minimize any 
complications. Strict asepsis is manda tory  for the insertion and care of the 
catheter  as well as the infusion systems. The same applies to the produc- 
tion of the infusion mixtures. 

The most f requent  complication is a sepsis caused by bacteria or my-  
cosis. Aseptic conditions (as discussed above), the use of a local antibiotic- 

Table 6. Complications during parenteral nutrition. 

I. Due to the catheter II .  Metabolic complications 

Septic infection, thrombosis, 
phlebitis, 
occlusion of peripheral or central veins, 
local inflammations, 
faulty catheter placement, 
extravascular infusion 

Imbalance, persistent glucosuria, 
dehydration, metabolic acidosis, 
hypoglycemia or hyperglycemia, 
hypoproteinemia, dermatoses, 
hypocalcemia, rickets, 
hypophosphatemia, hyperammoniemia 
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antimycotic substance and regular  blood cultures are par t  of the preven-  
tive measures. With the occurrence of fever, leucoeytosis, thrombocyte  de- 
crease and positive microbial detection, the catheter must be removed im- 
mediately and chemotherapy initiated. We consider an antibiotic or ant imy-  
cotic prophylaxis  for the decrease of catheter infections to be unsuitable. 
The interposition of a Millipore filter to avoid infections is controversial. 
X- ray  control of the catheter position when being placed is necessary to 
avoid faul ty  positioning and extravaseular  infusions. The insertion of a 
central venous catheter  must  only be performed by an experienced physi-  
cian in the intensive care unit  or in the operating room. Siliconized poly- 
ethylene catheters should be used. The rate of thrombosis and inf lamma- 
tion is thus significantly reduced (8). 

Metabolic  dis turbances may result f rom imbalanced electrolyte and 
water  metabolism. Improper ly  balanced amino acid solutions cause amino 
acid imbalances which might  damage the organism of the infant. A protein 
supply of more than 3.5 g/kg BW may  lead to azotemia (fig. 3). If  the 
allowed carbohydrate  amount  is exceeded, an overburdened utilization 
mechanism results in the storage of carbohydrates,  increase of serum bili- 
rubin, serum uric acid (except when glucose is used) and lactate formation. 
High-percentage glucose intake can cause a glycosuria within the first 
two days of parenteral  nutri t ion which, over a longer period, results in an 
osmotic diuresis with subsequent dehydration. Hyperglycemia,  which 
usually occurs at the beginning of the infusion, can be avoided by a 
gradual  increase of the glucose supply. If  the blood sugar level is per- 
sistently over 250 mg/100 ml, then the administration of pure unmodified 
insulin (for instance insulin Novo Actrapid) i U per 3 g glucose is recom- 
mended. Hypoglycemia, which might  occur after the end of the infusion, 
can be avoided through a gradual reduction of the glucose supply. 



208 Zeitschrift Si~r Ern~hrungswissenscha]t, Band 16, Heft 3 (1977) 

Hyperch loremic  metabol ic  acidosis, which resul ts  f rom the supply  of 
synthet ic  L-amino  acids due to a cation excess (29, 32), was not  observed.  
An imprope r ly  ba lanced  e lec t ro ly te  metabol i sm (such as too high a 
chloride concentra t ion  in infusion solutions) is, in our opinon, responsible  
for this occurrence.  In any  case, this d i s turbance  const i tutes  no serious 
p rob lem and can be successful ly t reated.  

H y p e r a m m o n i e m i a  m a y  (25, 32, 41) develop f rom the admin is t ra t ion  of 
p ro te in  hydrolysa tes ,  which contain a high concentra t ion of ammonium,  
and also f rom synthet ic  L-amino  acid solutions which  contain smal l  
amounts  of arginine.  Long- t e rm pa ren t e r a l  nu t r i t ion  requi res  control  of 
the ammonia  level  in the  blood. Hypophospha temia  was not  observed in 
pa t ien ts  t r ea ted  by  us. This is exp la ined  by the fact  tha t  we supp ly  phos- 
phate,  both  inorganic  (KH~PO4) and organic (in the form of phosphatides) ,  
toge ther  wi th  the fa t  emulsion. 

The admin i s t ra t ion  of fa t  infusions is cont ra ind ica ted  in: hyper l ipemia ,  
l ive r  damage,  states of shock, decreased bone m a r r o w  function, d i s tu rbed  
blood coagulation,  d iabetes  not  t r ea ted  with  insulin, nephrot ic  syndrome,  
cerebra l  t rauma,  septic symptoms,  and hype rb i l i r ub inemia  of p r e m a t u r e  
and newborn  infants.  

Af t e r  a 10-day fa t  supply,  a 2-3 day  in t e r rup t ion  and the control  of fa t  
e l iminat ion  are recommended.  Hepar in  suppl ies  of 50-100 IU/g of fa t  are  
app rop r i a t e  for  reduced  fa t  clearance.  F a t  emulsions must  not  be mixed  
wi th  e lec t ro ly te  concentrates,  o ther  infusion solutions and drugs,  they  may,  
however ,  be admin i s te red  s imul taneous ly  via by-pass  (Y-piece). 

The goal of be t t e r  to ta l  pa ren te ra l  nu t r i t ion  is approached  when dosage, 
infusion rate,  contraindicat ions ,  and the guidel ines  discussed here  are  
observed.  We will,  however ,  cont inue to work  for  a fu r the r  improvemen t  
of in t ravenous  nut r i t ion .  

Summary 

Parenteral  nutrition (p.N.) is indicated whenever oral food intake is part ly 
or completely disturbed. The objective of this type of treatments is to provide 
the organism with sufficient nutrients and maintain the structure and growth. 
The supply of an optimum mixture of water, protein, carbahydrates, fats, 
minerals, vitamins and trace elements is a prerequisite for this. 

In the following parts of this study the indications for p.N., the technique and 
requirements for different nutrients, minerals, trace elements and vitamins are 
presented. A type of amino acid mixture especially prepared for pediatric use 
is prevented and new results of t.p.N, are discussed. 

In the following parts of this study the indications for p.N., the tecnique and 
practice of the infusion programme, the clinical and laboratory investigation 
of t.p.N., the complications and their prophylaxis during the p.N. are discussed. 

The goal of better total parenteral  nutrition is approached when dosage, 
infusion rate, contraindications and the guidelines discussed here are observed. 
We will, however, continue the work for a further improvement of intravenous 
nutrition. 

Zusammenfassung 

I n  Situationen, in denen die orale Nahrungszufuhr erschwert oder nicht mSg- 
lich ist, bietet sich der Weg der parenteralen Ern~hrung (p. E.) an. Der Sinn 
dieser Therapie ist es, den Organismus ausreichend mit Nfihrsustanzen zu 



Panteliadis, Total parenteral nutrition in pediatrics 209 

v e r s o r g e n  u n d  S t r u k t u r e r h a l t u n g  sowie  W a c h s t u m  zu gew~hr le i s t en .  V o r a u s -  
se t zung  dazu  is t  die  aus r e i chende  ka lor ische  V e r s o r g u n g  in  e ine r  o p t i m a l e n  
Mischung  aus  Wasser ,  P ro te in ,  K o h l e n h y d r a t e n ,  Fe t t en ,  Minera l i en ,  V i t a m i n e n  
u n d  S p u r e n e l e m e n t c n ,  

Die  G r u n d l a g e n  de r  p . E .  w e r d e n  in  e inze lnen  A b s c h n i t t e n  da rge l eg t  u n d  
B e d a r f s z a h l e n  fi ir  N~hrs tof fe ,  lVlineralien, S p u r e n e l e m e n t e  u n d  V i t a m i n e  a n -  
gegeben .  Ein  b e d a r f s a d a p t i e r t e s  A m i n o s t i u r e n m u s t e r ,  konz ip ie r t  f t i r  d ie  P~d i a -  
tr ie,  w i r d  vorges te l l t ,  u n d  n e u e  E r g e b n i s s e  im  R a h m e n  de r  p . E .  w e r d e n  d i s -  
kut ier t .  

Die w e i t e r e n  Abschn i t t e  b e f a s s e n  sich m i t  d e n  I n d i k a t i o n e n  zur  p .E . ,  d e r  
Technik  u n d  Durch f i i h rung  des  I n f u s i o i s p r o g r a m m s ,  den  k l in i schen  u n d  L a b o r -  
kon t ro l l en  zur  Erberwachung  d e r  t o t a l en  p . E .  sowie  m i t  den  K o m p l i k a t i o n e n  
u n d  d e r e n  P r o p h y l a x e  w t i h r e n d  d e r  p. E. 

Bei B e a c h t u n g  yon  Dosierung,  In fus ionsgeschwind igke i t ,  K o n t r a i n d i k a t i o n e n  
u n d  d e n  h i e r  b e s p r o c h e n e n  Rich t l in ien  ist  m a n  d e m  Ziel  e ine r  b e s s e r e n  D u rch -  
f t i h rung  de r  t. p. E. n ~ h e r  g e k o m m e n .  E ine  w e i t e r e  V e r b e s s e r u n g  de r  I n f u s i o n s -  
e r n ~ h r u n g  w i r d  uns  a b e t  auch in  Z u k u n f t  noch  zu besch~f t igen  haben .  

References 

1. Abitbol, C. L., D. B. Feldmann, P. Ahmann,  D. Rudman, J. Ped ia t r .  86, 766 
(1975). - 2. Ahnefe[d, F. W., K. H. BtLssler, B. L. Bauer, G. Berg, H. Bergmann 
et al., I n f u s i o n s t h e r a p i e  2, 227 (1975). - 3. AI-Rashid, R. A., J. Spangler, N e w  
Engl.  J. Med.  285, 841 (1971). - 4. Bergmann, K. E., S. J. Fomon, Trace  minera l s .  
In:  S. J. Fomon (ed.): 2nd ed., p. 320. I n f a n t  n u t r i t i o n  (Ph i l ade lph ia  1974). - 5. 
Bode, H. H., J. B. Warshaw (eds.), P a r e n t e r a l  n u t r i t i o n  in  i n f a n c y  and  chi ldhood 
(New York  1974). - 6. B~rresen, H. C., A. G. Coran, O. Knutrud, Ann.  Surg.  172, 
291 (1970). - 7. Bi~rger, N., H. Wol], Europ.  J .  Ped ia t r .  123, 43 (1976). - 8. Burri, C., 
G. Krischak, I n f u s i o n s t h e r a p i e  3, 174 (1976). - 9. Caldwell, M. D., H. T. Jonsson, 
H. B. Othersen jr., J.  Fed ia t r .  81, 894 (1972). - 10. Collins, F. D., A. J. Royle, D. A. 
Coats, A. T. Maynard, R. F. Leonard, Nutr .  Metabol .  13, 150 (1971). - 11. Coran, 
A. G., 3. Ped ia t r .  Surg .  8, 801 (1973). - 12. Curry, C. R., P. F. Quie, N e w  Engl.  J. 
Med. 285, 1221 (1971). - 13. Dangel, P., I n f u s i o n s t h e r a p i e  2, 34 (1975). - 14. Dob-  
bing, J., Ped ia t r i c s  53, 2 (1974). - 15. Dobbing, J., J. Sands, Arch.  Dis. Child.  48, 
757 (1973). - 16~ Dudrick, S. J., J. E. Rhoads, N e w  Hor izons  for  I n t r a v e n o u s  
Feeding .  J. Amer .  reed.  Ass.  215, 939 (1971). - 17. Dudrick, S. J., D. W. Wilmore, 
M. H. Vats, J. E. Roads, S u r g e r y  64, 134 (1968). - 18. Emmrich, P., Mschr .  K i n -  
derhei lk .  119, 218 (1971). - 19. E m p f e h l u n g e n  zur  p a r e n t e r a l e n  F.rntihrung.  U n t e r  
Mi t a rbe i t  zah l re i che r  Au to ren .  Med.  u. Ern~hr .  11, 201 (1970). - 20. Filler, R. M., 
A. J. Eraklis, Ped ia t r i c s  46, 456 (1970). - 21. Filler, R.M., A .J .  Eraklis, V.G. 
Rubin, J. B. Das, N. Engl .  J .  Med.  281, 589 (1969). - 22. Fomon, S. J., L. N. Tho- 
mas, L. J. Fi le r  jr.,  T. A. Anderson, K. E. Bergmann, Acta  P a e d r i a t r .  Scand.  62, 33 
(1973). - 23. Ghadimi, H. (ed.), Tota l  p a r e n t e r a l  nu t r i t ion .  P r e m i s e s  and  p ro mi s e s  
(New Y o r k - L o n d o n  1975). - 24. Ghadimi, H., F. Abaci, S. Kumar, M. Rathi, 
Ped ia t r i c s  48, 955 (1971). - 25. Ghadivni, H., S. Kumar, Biochem.  Med.  5, 548 (1971). 
- 26. Harper, A. E., A m i n o  ac id  r e q u i r e m e n t s  a n d  p l a s m a  amino  acids.  In  
H. Brown (ed.), P r o t e i n  nu t r i t i on  (Springfield,  Ill. 1975). - 27. Harries, J. T., Arch. 
Dis. Childh.  46, 855 (1971). - 28. Hegstedt, D. M., Fed.  Proc.  18, 1130 (1959). - 29. 
Heird, W. C., R. B. Dell, J. M. Drlscol[ jr., B. Grebin, R. W. Winters, N e w  Engl.  
J. Med.  287, 943 (1972). - 30. Heird, W.C., J .M. Driscoll jr.,  J.N.  Schullinger, 
B. Grebin, R. W. Winters, J. Ped ia t r .  80, 351 (1972). - 31. Heird, W. C., R. W. Win- 
ters, Am.  J.  Dis. Child.  126, 287 (1973). - 32. Heird, W. C., R. W. Winters, 3. Ped ia t r .  
86, 2 (1975). - 33. James, B. E., R. A. MacMahon, Med. J. Aust .  2, 1161 (1970). - 
34. Jonxis, J. H. P., H. K. A. Visser, J. A. Troelstra (eds.), T h e r a p e u t i c  aspec ts  of 
n u t r i t i o n  (Leiden 1973). - 35. Jiirgens, P., D. Dolif, Klin.  Wschr.  46, 131 (1968). - 



2 1 0  Zeitschrif t  fi2r Erntihrungswissenschaft,  Band 16, Hef t  3 (1977) 

36. Jiirgens, P., D. Dolif, Ch. Panteliadis, C. Hofert,  Z.  E r n ~ h r u n g s w i s s .  S u p p l .  
15, 69 (1973). - 37. Karpel, J. T., V. H. Peden, J .  P e d i a t r .  88, 32 (1972). - 38. L i p i d s ,  
M a l n u t r i t i o n  & t h e  D e v e l o p i n g  B r a i n .  A C i b a  F o u n d a t i o n  S y m p o s i u m .  ( A m s t e r -  
d a m  1972). -39 .  Olney, S. W., O. L. Ho, V. Rhee, N e w  E n g l .  J .  M e d .  289, 391 
(1973). - 40. Olney, S. W., L. G. Sharpe, R. D. Feigin, J. N e u r o p a t h o l .  E x p .  N e u r o l .  
31, 464 (1972). - 41. Panteliadis, Ch., P a r e n t e r a l e  E r n ~ h r u n g .  I n  V. v. Loewenich, 
H. Koch (eds.) ,  p .  119. P ~ d i a t r i s c h e  I n t e n s i v b e h a n d l u n g  ( S t u t t g a r t  1974). - 
42. Panteliadis, Ch., M s c h r .  K i n d e r h e i l k .  125, 582 (1977). - 43. Panteliadis, Ch., 
B e i t r a g  z u r  A n a l y s e  y o n  S p u r e n e l e m e n t e n  b e i  N e u g e b o r e n e n .  I n  K. Betke,  
F. Bidlingmaier (eds . ) :  S p u r e n e l e m e n t e  i n  d e r  E n t w i c k l u n g  y o n  M e n s c h  
u n d  T i e r ,  p.  103 ( M i i n c h e n  - B e r l i n  - W i e n  1975). - 44. Panteliadis, Ch., 
H. E. Boenigk, W. Janke,  I n f u s i o n s t h e r a p i e  2, 377 (1975). - 45. Panteliadis, 
Ch., P. Jiirgens, D. Doli$, I n f u s i o n s t h e r a p i e  2, 65 (1975). - 46. Panteliadis, 
Ch., P. Jiirgens, U n p u b l i s h e d  d a t a .  - 47. Panteliadis, Ch., U. Troll, Z. E r -  
n ~ h r u n g s w i s s .  15, 305 (1976). - 48. Panteliadis, Ch., U. Troll, R. HexeI, 
I n f u s i o n s t h e r a p i e  2, 74 (1975). - 49. Panteliadis, Ch., U. Troll, R. Hexel,  
Z. E r n ~ h r u n g s w i s s .  14, 234 (1975). - 50. Paulsrud, J. R., L. Pensler, C. F. Whit ten,  
S. Stewart ,  R. T. Holman, A m .  J .  C l in .  N u t r .  25, 897 (1972). - 51. Pensler, L., 
C. F. Whit ten,  J. R. Paulsrud, R. T. Holmann, J .  P e d i a t r .  78, 1067 (1971). - 52. 
Peden, V. H., J. R. Karpel, J .  P e d i a t r . ,  81, 137 (1972). - 53. P e t e r ,  G., J. D. Lloyd- 
Still, F. H. Lovejoy,  J .  P e d i a t r . ,  80, 78 (1972). - 54. Pohlandt, F., M s c h r .  K i n d e r -  
h e i l k .  123, 488 (1975). - 55. Rtiiha, N. C. R.,  P e d i a t r i c s  53, 147 (1974). - 56. Shaw, 
J .  C. L., P e d i a t r .  C l in .  N o r t h .  A m .  20, 333 (1973). - 57. Solomons, N. W., K. Vo- 
Khactu, T. Layden, H. H. Sandstead, I. Rosenberg, A m .  J .  C l in .  N u t r .  28, 421 
(1975). - 58. Stauffer,  U. G., D. H. Shmerling,  P. Dangel, Z. K i n d e r c h i r . ,  14, 357 
(1974). - 59. Stegink,  L.  D.,  D e v e l o p m e n t  o f  a c r y s t a l l i n e  a m i n o  a c i d  m i x t u r e  f o r  
p a r e n t e r a l  a l i m e n t a t i o n  o f  y o u n g  i n f a n t s .  I n :  R. Winters,  E. Hasselmeyer  (eds.) ,  
I n t r a v e n o u s  n u t r i t i o n  i n  t h e  h i g h  r i s k  i n f a n t  ( N e w  Y o r k  - L o n d o n  1975). - 60. 
Stegink,  L. D., G. L. Baker,  J .  P e d i a t r . ,  78, 595 (1971). - 61. Wiese, H. F., A. E. 
Hansen, D. J. D. Adam, J .  N u t r . ,  66, 345 (1956). - 62. Winick,  M., J .  P e d i a t r . ,  74, 
667 (1969). - 63. Winters,  R. W., E. G. Hasselmeyer (eds.) ,  I n t r a v e n o u s  N u t r i t i o n  
i n  H i g h  R i s k  I n f a n t s  ( N e w  Y o r k  - L o n d o n  1975). - 64. Wretlind, A., I n f u s i o n s -  
t h e r a p i e ,  1, 88 (1973/74). 

A n s c h r i f t  d e s  V e r f a s s e r s :  

Dr .  Christos Panteliadis, O d d e r n s k a m p  17, D-20O0 H a m b u r g  54, W e s t  G e r m a n y  


