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The  first d e m o n s t r a t i o n  of n o r m a l  g r o w t h  and d e v e l o p m e n t  in B e a g l e  
puppies  fed  all  n u t r i e n t s  e n t i r e l y  by  v e i n  was  p r e s e n t e d  be fo re  the  I n t e r -  
na t i ona l  Soc ie ty  of P a r e n t e r a l  N u t r i t i o n  in H a m b u r g  in 1966 (1). The  c rys -  
t a l l ine  so lu t ion  con ta ined  a p p r o x i m a t e l y  20 to 25 p e r c e n t  dex t rose ,  fou r  to 
five p e r c e n t  amino  acids, and  five p e r c e n t  so lu te  in the  f o r m  of minera l s ,  
v i t amins ,  and t r ace  e lements .  The  so lu t ion  was  p r o p e l l e d  con t i nuous ly  
t h r o u g h  a 0.22 m i c r o n  m e m b r a n e  f i l ter  and an i n d w e l l i n g  c a t h e t e r  into the  
supe r io r  v e n a  cava.  The  p r o x i m a l  end  of the  c a t h e t e r  was  t u n n e l e d  sub-  

Fig. 1. Two li t ter mate male Beagle puppies at six weeks of age are dem- 
onstrated in the left hand frames. The same animals are demonstrated 100 days 
later  in the right hand frames. The upper animal was maintained entirely on 
intravenous hyperalimentation.  The lower animal was maintained on an oral 
diet recommended for Beagle puppies. Each animal developed normally and 

comparably. 

397 
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Tab. 1. Nutrients (kg/day) puppy 

Oral diets 
Recommended Control 

Protein gm 8.8 10.5 
Carbohydrate gm 15.9 18.0 
Fat gm 2.6 3.3 
Calories Kcal 140-200 140 
Water ml - 100-140 

Intravenous diets 
"Balanced . . . .  Essential . . . .  Fa t  -free" 

Protein gm 4.0 4.0 4.0 
Carbohydrate gm 25.0 30.0 31.0 
Fat, gm 2.6 0.6 0.0 
Calories Keal 140 140 140 
Water ml 130-190 130-160 130-160 

c u t a n e o u s l y  f rom its i n se r t ion  site in  an  e x t e r n a l  j u g u l a r  ve in  to exi t  
t h r o u g h  the  sk in  on the back and  was a t tached to a coun te rba lanced ,  
swive l  appa ra tu s  t ha t  a l lowed the  a n i m a l  ful l  r a n g e  of mo t ion  in  a n y  
d i rec t ion  w i t h i n  the  cage (2). L i t t e r  m a t e  ma le  Beagle  puppies  we igh ing  
a p p r o x i m a t e l y  3 kg at  twe lve  weeks  of age were  selected for compar ison .  
One  a n i m a l  of each pa i r  was  fed e n t i r e l y  by  cen t r a l  vein.  The  cont ro l  
a n i m a l  was  fed an  oral  diet  for the  same s tudy  period.  Each of the  twe lve  
a n i m a l s  grew and  developed n o r m a l l y  and  comparab ly .  F igu re  1 d e m o n -  
s t ra tes  the  resul ts  ob ta ined  in  one pa i r  of an ima l s  s tud ied  for 100 days. 

The  basic  n u t r i e n t s  r e q u i r e d  for g r o w t h  in  Beagle  pupp ies  fed by  
m o u t h  were  g iven  to cont ro l  an ima l s  in  s o m e w h a t  g rea te r  t h a n  the  recom-  
m e n d e d  doses (Tab. 1). In  f o r m u l a t i n g  the  i n t r a v e n o u s  diets  used  by  
Dudr ick  et al. (1), on ly  hal f  of the  r e c o m m e n d e d  n i t r o g e n  r a t i o n  could be 

Tab. 2. Minerals-MG (kg/day) puppy 

Oral 
Recommended Intravenous 

Sodium 210 100 
Potassium 440 115 
Chloride 315 225 
Calcium 530 72 
Phosphorus 440 58 
Magnesium 22 4 
Iron 1.3 0.058 
Copper 0.16 0.065 
Cobalt 0.055 0.041 
Manganese 0.22 0.14 
Zinc 0.22 0.14 
Iodine 0.066 0.046 
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Tab. 3. Vitamins (kg/day) puppy 

Oral 
Recommended Intravenous 

A 2OO I U  100 I U  
D 20 I U  10 I U  
E 2.2 I U  0.05 I U  
Thiamine 0.03 mg 0.5 mg 
Riboflavin 0.09 mg 0.1 mg 
Pyridoxine 0.05 mg 0.15 mg 
Niacin 0.4 mg 0,1 mg 
Pantothenic Acid 0.1 mg 0.25 nag 
C - 5.0 
BI~ 0.0013 mg 0.003 mg 
K - 0.1 mg 
Folie Acid 0.009 nag 0.015 nag 
Choline 60 nag 25 nag 
Biotin - 0.007 mg 
PABA - 2.0 mg 

g i v e n  by  v e i n  because  amino  acid  tox ic i ty  occu r r ed  w h e n e v e r  the  da i l y  
dose e x c e e d e d  4 g m / k g / d a y .  The re fo r e ,  add i t i ona l  c a r b o h y d r a t e  was  g i v e n  
in the  i n t r a v e n o u s  d ie t  in o r d e r  to i nduce  m a x i m u m  p ro t e in  spa r i ng  and  
u t i l i za t ion  of amino  acids for  p ro t e in  syn thes i s  r a t h e r  t h a n  for  ene rgy .  In  
the  in i t i a l  i n t r a v e n o u s  diet,  the  r e c o m m e n d e d  fa t  a l l o w a n c e  was  g iven  
i n t r a v e n o u s l y  as a fa t  emuls ion .  W h e n  the  Food  and  D r u g  A d m i n i s t r a -  
t ion  a b r u p t l y  w i t h d r e w  the  co t tonseed  oil emuls ion ,  L ipomul ,  f r o m  the  
U n i t e d  S ta t e s  F o r m u l a r y ,  the  r e m a i n i n g  i n t r a v e n o u s  fa t  a v a i l a b l e  in t he  
l a b o r a t o r y  was  ra t ioned .  I t  was  t h o u g h t  t h a t  t he  essen t ia l  f a t t y  acid 
r e q u i r e m e n t s  could  be m e t  in the  an ima l s  by in fus ing  doses of 0.6 g m / k g / d a y .  

Tab. 4. Comparison of daily average pediatric nutrient  requirements per kilograna 

Oral 
Recommended Intravenous 

Protein 2.5 gm 4 gm 
Calorie 115 Kcal 125 Kcal 
Water  150 ml 125 ml 
Soditun 46 nag 100 nag {4-5 mEq) 
Potassium 58 nag 156-195 nag (4-5 mEq) 
Chloride 150 mg 150 mg (4 mEq) 
Calcium 218 mg 72 mg (3-4 mEq) 
Phosphorus 218 mg 58 mg (5-6 mEq) 
Magnesium 60 mg 25 mg (2 mEq) 
Iron 6 mg 0.02 mg 
Copper 0.07 mg 0.022 mg 
Cobalt - 0.014 mg 
Manganese 0.2 mg 0.04 mg 
Zinc 0.3 mg 0.04 nag 
Iodine 0.07 mg 0.015 mg 
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In  o r d e r  to keep  the  d i e t  i soca lor ic ,  a d d i t i o n a l  c a r b o h y d r a t e  was  added .  
A f t e r  the  s u p p l y  of i n t r a v e n o u s  f a t  was  e x h a u s t e d ,  f a t  was  n e c e s s a r i l y  
o m i t t e d  f r o m  the  diet ,  a n d  a d d i t i o n a l  c a r b o h y d r a t e  was  a d d e d  to t he  
c r y s t a l l i n e  so lu t ion .  S e r e n d i p i t o u s l y ,  a d m i n i s t r a t i o n  of th is  so lu t ion  was  
the  a n l a g e  of the  i n t r a v e n o u s  h y p e r a l i m e n t a t i o n  t e chn ique  as i t  is n o w  
p r a c t i c e d  (Tab. 1). The  a n i m a l s  g r e w  and  d e v e l o p e d  j u s t  as we l l  on a fa t  
f ree  d i e t  for  p e r i o d s  of up  to e i g h t  m o n t h s  as  t h e y  h a d  on the  two  d ie t s  
c o n t a i n i n g  f a t  for  s i m i l a r  pe r i ods  of t ime.  

The  d i f fe rences  b e t w e e n  the  dosages  used  for  t he  i n t r a v e n o u s  and  o ra l  
m i n e r a l s  w e r e  d e r i v e d  f rom in i t i a l  r e a s o n a b l e  e s t i m a t e s  c oup l e d  w i t h  
se r i a l  m e a s u r e m e n t s  of s e r u m  leve l s  and  u r i n a r y  o u t p u t  of the  v a r i o u s  
e l e m e n t s  (Tab. 2). C a l c i u m  was  g iven  as o r g a n i c a l l y - b o u n d  c a l c ium 
g lucona te ,  a n d  p h o s p h o r u s  was  g iven  as o r g a n i c a l l y - b o u n d  s o d i u m  g l y c e r o -  
p h o s p h a t e  to a v o i d  p r e c i p i t a t i o n .  

V i t a m i n  A, D, E, C, t h i a m i n ,  r ibof lav in ,  p y r i d o x i n e ,  n iac in ,  a n d  p a n -  
t o t h e n i c  ac id  w e r e  g iven  as t he  c o m m e r c i a l l y  a v a i l a b l e  v i t a m i n  p r e p a r a -  
t ion,  MVI.  V i t a m i n s  B:2 , K and  fol ic  ac id  w e r e  g i v e n  p a r e n t e r a l l y  in  the  
r e c o m m e n d e d  dosages  once w e e k l y .  In  t he  dog, choline,  b io t in  and  p a r a -  
a m i n o b e n z o i c  ac id  s e rve  as v i t a m i n s  and  m u s t  be  a d d e d  in t he  r e c o m -  
m e n d e d  doses to p r o d u c e  n o r m a l  g r o w t h  a n d  d e v e l o p m e n t .  W h e n  us ing  
the  c o m m e r c i a l l y  a v a i l a b l e  p r o d u c t  MVI,  the  f a t  so lub l e  v i t a m i n s  w e r e  
g i v e n  in  l o w e r  t h a n  the  o ra l  r e c o m m e n d e d  dosages  b e c a u s e  of t h e i r  
t e n d e n c y  to a c c u m u l a t e  in t he  l ive r .  The  w a t e r  so lub le  v i t a m i n s  w e r e  
g i v e n  in h i g h e r  t h a n  r e c o m m e n d e d  dosages  b e c a u s e  t h e y  a r e  r e a d i l y  e x -  
c r e t e d  v ia  the  k i d n e y s  (Tab. 3). 

Success fu l  a c h i e v e m e n t  of n o r m a l  g r o w t h  and  d e v e l o p m e n t  in a n i m a l s  
as we l l  as pos i t i ve  n i t r o g e n  b a l a n c e  in a d u l t  s u r g i c a l  p a t i e n t s  a t t e s t e d  to 
t he  p r o b a b l e  s a f e t y  of p r o v i d i n g  al l  n u t r i e n t s  e n t i r e l y  b y  ve in  to the  
n e w b o r n  h u m a n  in fan t .  B a s e d  on k n o w l e d g e  of t he  d a i l y  a v e r a g e  p e d i a t r i c  
n u t r i t i o n a l  r e q u i r e m e n t s ,  t he  i n f o r m a t i o n  o b t a i n e d  in p r o d u c i n g  n o r m a l  
g r o w t h  and  d e v e l o p m e n t  in B e a g l e  pupp ies ,  and  s e r i a l  s e r u m  and  u r i n e  
m e a s u r e m e n t s  of a d m i n i s t e r e d  m i n e r a l s  and  e l ec t ro ly t e s ,  a so lu t ion  

Tab. 5. Comparison of daily average pediatric vi tamin requirements 

Oral 
Recommended Intravenous 

Vitamin A 1,500 IU 3,000-4,000 IU 
Vitamin C 30 mg 150-200 mg 
Vitamin D 400 I U  300-400 I U  
Vitamin E - 1.5-2.0 I U  
Thiamine 0.4 mg 15-20 mg 
I~iboflavin 0.6 mg 3-4 mg 
Pyridoxine 0.25 mg 4.5-6.0 mg 
Niacin 6 mg 30-40 mg 
Pantothenic  Acid - 7.5-10.0 nag 
Vitamin K 1.5 mg 1.0-1.5 mg 
Folic Acid 0.35 ,rig 0.5 mg 
Vitamin B12 1 meg 1 meg 
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providing adequate intravenous requirements of the major  nutrients for 
newborn infants was developed (3, 4, 5) (Tab. 4). Initially, 4 gm of protein 
in the form of fibrin hydrolysate  were given per kilogram daily. Sub- 
sequently, normal  growth and development have been achieved in infants 
receiving 21/2 to 3 gm of intravenaus amino acids/kg/clay. Historically, the 
higher dose of nitrogen substrates was given to insure delivery of maxi-  
mum quantities of protein moieties for tissue synthesis. 

Tab. 5 compares the intravenous dosages of vitamins administered in 
the pediatric hyperal imentat ion solution with the oral recommendations. 
Vitamins A through pantothenic acid were given in the fixed ratios which 
were present in the commercially available parenteral  vitamin mixture, 
I~IVI. The limiting vi tamin in this mixture  for infants is vi tamin D. This 
vitamin is given in a dose of 300 to 400 international units per day in 
order to prevent  the development of rickets. Of necessity, the remainder  
of the vitamins are given in somewhat  excessive quantities. To date, 
hypervitaminosis  has not been reported. Vitamin K, folic acid, and vitamin 
B,~ are given individually in approximately  the daily recommended doses. 
During the initial stages of pediatric hyperal imentat ion,  it was assumed 
that the intravenous dose of vitamin D would be somewhat  less than the 
oral recommended dose because a major  function of vi tamin D is to aid 
in the absorption of calcium and phosphorus across the gastrointestinal 
tract  mucosa. A reduction in the intravenous dose of vitamin D to 100 to 
200 international units produced decalcification, part icular ly of the tibial 
plateau, and the development of a rachitic rosary at the costochondral 
junctions within a three week period. Reestablishment of vitamin D 
administration at a dosage level of 400 international units quickly produced 
regression of the rachitic clinical manifestations. 

A unit of pediatric hyperal imentat ion solution capable of providing the 
daily nutr ient  requirements for the average newborn infant, can be 
formulated easily in the United States f rom commercially available 
products in any hospital. The combination of 400 ml of protein hydrolysate  
or crystalline amino acids with 250 ml of 50 % dextrose produces a solu- 
tion which contains approximately  one calorie per ml (Tab. 6). In order 
to complete the solution, however, 75 ml of additives are made to the base 

Tab. 6. Unit preparation of pediatric solution 

Base Solution 

400 ml 

+ 
250 ml 

650 ml 
+ 
75 ml 

725 ml  

5% Glucose 

5% Protein Hydrolysate 

50% Glucose 

Additives 

Final Solution 

160 Kcal 

500 Kcal 

660 Kcal 

20 gm Glucose 

20 gnu Hydrolysate 

Infusion rate: 145 ml/kg/day = 130 Kcal/kg/day 
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~ m Silvermen Needle 

Fig. 3. The catheter  is d i rected subcutaneously through a Vim Si lverman needle 
to emerge through a small  incision in the par ie ta l  scalp behind the ear. With 
min imum t rauma to the infant,  the needle may  be removed, thus leaving the 

ca the ter  in place in a long subcutaneous tunnel.  

c o n t e m p l a t e d ,  t h e  i n f a n t  s h o u l d  be m a i n t a i n e d  on a m e t a b o l i c  bed  for  
a c c u r a t e  co l l ec t ion  of  a l l  e x t e r n a l  s ec r e t i ons  (Fig. 4). 

I n  o r d e r  to i n s u r e  m a x i m u m  s a f e t y  to t h e  pa t i en t ,  ou r  g r o u p  s t r o n g l y  
r e c o m m e n d s  t h a t  a n y  i n s t i t u t i o n  in  w h i c h  h y p e r a l i m e n t a t i o n  is p r a c t i c e d  
shou ld  have  a d e s i g n a t e d  a n d  qua l i f i ed  h y p e r a l i m e n t a t i o n  t eam.  The  
m i n i m u m  t e a m  s h o u l d  cons is t  of an  a t t e n d i n g  phys i c i a n ,  w e l l  v e r s e d  in 

L V. external  juguk=r 

membrane ~ 
~. filter \ su er" 

Fig. 4. Hyperalimentation solution is delivered to the infant continuously and 
accurately by means of a constant infusion pump. A 0,22 micron membrane 
filter is inserted between the catheter and the intravenous administration 
tubing, The infant is maintained on a metabolic bed in order to provide accurate 

collection of all urine and other wastes. 
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nutri t ion and metabolism, a conscientious interested resident or research 
fellow, a pharmacist  trained in solution formulation, and a researctL 
technician or nurse. Other members  of a t ruly complete team would 
include a n u t r i t i e n i s t ,  physical therapist, social worker, and psychiatrist. 
It has been demonstrated all too often in the l i terature (9, 10, 11) that 
failure to comply with the s tandard procedures outlined by our team for 
the execution of safe and effective intervenous hyperal imentat ion will 
result in an inordinately high rate of metabolic, mechanical and infectious 
complications. In order to minimize the development of inflammation and 
infection at the catheter-skin exit site, the dressing is changed at least 
three times a week; the skin around the catheter is treated with iodine 
or other antiseptic solution; and fresh antimicrobial ointment is applied. 
A new sterile dressing is fixed to the skin by t incture of benzoin and 
adhesive tape, and the intravenous delivery tubing is changed. All c o n -  
nections are secured with tape to prevent  accidental disengagement. The 
importance of conscientious, meticulous and regular catheter care cannot 
be overemphasized. 

The indwelling central venous catheter should be maintained as an 
intravenous life-line. That  the catheter should be used exclusively for 
delivery of the intravenous hyperal imentat ion solution is inherent  in this 
philosophy, The temptation to wi thdraw blood via the catheter, to use the 
catheter for f requent  central venous pressure monitoring, to inject bolus 
medication via the catheter, or to use the catheter for blood constituent 
administration must be repressed. Three-way stopcocks within the delivery 
system must be condemned, for maintenance of the sterility of any system 
containing a three-way stopcock is vir tual ly impossible. 

Should the infant develop fever or other signs of infection or sepsis, 
the physician should prompt ly  and thoroughly evaluate the fever of 
unknown origin. Therefore, the chest, u r inary  tract, and wound must  be 
completely examined. If no source of systemic infection can be detected, 
the intravenous tubing and bottle or bag of fluid should be changed and 
cultured. If  the patient does not improve in one to two hours, the catheter  
should be incriminated empirically as the source of sepsis, and the catheter 
should be immediately removed and its distal tip cultured. Usually 24 to 
48 hours are allowed to elapse prior to insertion of another central venous 
catheter on the contralateral  side. In the interim, a needle should be placed 
into a peripheral vein, and isotonic o r  slightly hypertonic dextrose is 
infused in order to prevent  "rebound" hypoglycemia. In some patients, it 
may  be necessary to insert another central venous catheter immediately 
after its removal because of the desperate nature  of the patient 's illness. 

One hundred and fif ty infants have been given total intravenous 
nutrit ional support  by our group. Eighteen of these patients have had 
either a ruptured omphalocele or gastroschisis. Using intravenous hyper-  
alimentation as an adjunct to their surgical management,  the mortal i ty  
rate in these 18 infants has been zero. Previous experience in managing 
these congenital defects in our institutions prior  to hyperal imentat ion 
yielded a 60 to 80 percent infant mortal i ty  rate. Hence, the value of 
adequate parenteral  nutri t ional support and bowel rest in the t reatment  
of these conditions is obvious. 
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Clinical example  no. 1 

The in i t i a l  phys ica l  e x a m i n a t i o n  of a 2780 gm female  in fan t ,  fo l lowing  
a n o r m a l  p r e g n a n c y  and  spon taneous  del ivery ,  r evea led  i n t r a u t e r i n e  
r u p t u r e  of an omphalocele .  The  e x t r u d e d  smal l  bowel  and  r igh t  colon 
were  covered wi th  a f i b r i n o p u r u l e n t  exuda te  and  were  m a r k e d l y  di la ted  
(Fig. 5). No o ther  congen i t a l  a b n o r m a l i t i e s  were  a p p a r e n t  on physica l  
examina t i on .  The  child was  t aken  to the  ope ra t i ng  room w he r e  the  
a b d o m i n a l  wal l  defect  was covered wi th  a patch of s i l a s t i c - impregna t ed  
dacron  cloth, s u t u r e d  to the fascial  r ing  of the a b d o m i n a l  wal l  defect. 

F i f t een  hours  fo l lowing  the  surgica l  procedure ,  a p o l y v i n y l  ca the te r  
was inse r t ed  in to  the super io r  vena  cava via  the r ight  e x t e r n a l  j u g u l a r  
vein. Hyperalimentation was instituted in order to rest the inflamed bowel 
and to provide nutrients for growth of the infant with the hope that the 
bowel would soon regain its "right of domain" within the peritoneal 
cavity. By the fifteenth postoperative day, all of the bowel was within 
the peritoneal cavity, and on day 16, the infant had a spontaneous bowel 
movement per rectum. Accordingly, the infant was begun on oral feedings 
in addition to the hyperalimentation solution. On the twenty-eighth post- 
operative day, she underwent a second operation in which the plastic 
sheet was excised from the abdominal wall, and the central venous feeding 
catheter was removed to minimize the risk of infection. For three days 
she was fed by peripheral veins with standard pediatric intravenous 
solutions. On day 30, she experienced another spontaneous bowel move- 
ment, and the following day, she was begun on oral feedings exclusively. 

Fig. 5. The small bowel and proximal right colon are extruded through a 
ruptured omphalocele. A fibrinopurulent  exudate covers the bowel, which is 

inflamed, thickened and dilated. 
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Fig. 6. Complete healing of the omphalocele defect occurred during the period 
of parenteral hyperalimentation. 

By the fortieth postoperative day, the base of the wound was completely 
filled with granulat ion tissue and epithelialization was progressing spon- 
taneously (Fig. 6). By the for ty-ninth postoperative day, the wound was 
completely healed by secondary intention. The child is now five years of 
age with no residual health problems. 

After an initial weight loss common to all newborn infants as they 
mobilize excessive total body water, this infant gained weight normally at 
a rate of approximately 30 gin/day (Fig. 7). The ability to metabolize an 
intravenously administered glucose load differs somewhat  in each infant. 
We recommended that initial nutrit ional efforts after birth be carried 
out with s tandard pediatric 5 % dextrose and 0.25 % saline solutions. 
Following insertion of the superior vena caval catheter, the concentration 
of glucose should be gradually increased over the ensuing few days until 
full s trength hyperal imentat ion solution is tolerated. Acceptable metabo- 
lism of the glucose load is determined by serial measurements  of serum 
and urine glucose levels. If hyperglycemia and glycosuria occur, an osmotic 
diuresis will ensue, and the infant may become rapidly and severely 
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Fig. 7. The number  of calories supplied by intravenous glucose was gradually 
increased over a period of five days to provide caloric balance and normal 
weight  gain during the 27 days of parenteral  hyperalimentation,  When oral 
feedings were begun, the infant spontaneously ingested a similar caloric ration 

to that  which had been provided by intravenous hyperalimentation.  

d e h y d r a t e d .  The  adap ta t i on  of the  in fan t ' s  m e t a b o l i c  p a t h w a y s  to to l e ra t e  
the  e v e r  inc reas ing  glucose load  has  no t  b e e n  c o n v i n c i n g l y  ident i f ied.  In  
one  i n f a n t  in w h o m  s e r u m  insu l in  l eve l s  h a v e  been  recorded ,  a m a r k e d  
r ise  in the  p la sma  insu l in  l eve l  was  in i t i a l l y  no t ed  w h e n  2 0 %  dex t ro se  
so lu t ion  was infused.  The  p l a sma  insu l in  level ,  h o w e v e r ,  r eg res sed  to 

Fig. 8. A newborn infant 18 days following massive small bowel resection for 
small bowel atresia but prior to t reatment  with intravenous hyperalimentation.  
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Fig. 9. The same infant  after 45 days of intravenous hyperalirnentation. 

norrnal after five days of infusion, and the infant remained normo- 
glycemic (12). 

After intravenous hyperalimentation was discontinued and oral feed- 
ings begun in the infant herein described, she spontaneously ingested a 
similar caloric load to that which had been provided by vein (Fig. 7). 

Cl in ica l  e,~:ample no. 2 

Fol lowing  an  u n e v e n t f u l  p r e g n a n c y  and  n o r m a l  spon taneous  de l ivery ,  
a female  i n f a n t  we igh ing  2300 gm was bo rn  on J u l y  16, 1967. Severe  
p ro t r ac t ed  vomi t i ng  developed on the second day of life. Roen tgenograph ic  
e x a m i n a t i o n  wi th  b a r i u m  con t ras t  enema  revea led  an obs t ruc t ion  at the 
s igmoid colon. A d i la ted  f luid-fi l led s tomach and  d u o d e n u m  wi th  an absen t  
gas p a t t e r n  dis ta l  to the l i g a m e n t  of T r e i t z  was also noted.  In i t i a l  n u t r i t i o n  
was p rov ided  wi th  s t a n d a r d  pedia t r ic  5 % dext rose  and  0.25 % sal ine  
so lu t ions  pe r iphe ra l ly .  E x p l o r a t o r y  l a p a r o t o m y  revea led  mass ive  smal l  
bowel  a t res ia  f rom the l i g a m e n t  of T r e i t z  e x t e n d i n g  to the t e r m i n a l  3 cm 
of i leum. The re  was an a t re t ic  segment  2 cm in  l eng th  in  the  m i d - t r a n s v e r s e  
colon, as wel l  as a h igh recta l  s t r ic ture .  The a t re t ic  smal l  bowel  was 
resected and  the bu lbous  end  of the d u o d e n u m  was anas tomosed  end- to-  
side to the  dis ta l  3 cm of i leum.  The splenic  f lexure was anas tomosed  to 
the hepat ic  flexure, and  a loop colostomy was pe r f o r me d  to bypass  the 
recta l  obs t ruc t ion .  A decompress ion  gas t ros tomy tube  was inser ted.  The 
i n f a n t  was t hen  fed by pe r iphe ra l  ve in  wi th  plasma,  blood, and  a 10 % 
dextrose  and  amino  acid so lu t ion  con t a in ing  v i t a m i n s  and  minera l s .  On 
this reg imen ,  however ,  her  we igh t  d ropped  f rom 2300 gm a t  b i r th  to 
1816 gm in  18 days. She became  e x t r e m e l y  hypome tabo l i c  man i f e s t ed  by  a 
pulse  ra te  of 60 to 80 per  minu te ,  r e sp i ra t ions  of 12 to 14 per  m i n u t e  and  
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Fig. 10. Weight gain, ni trogen balance, and intravenous calories del ivered by 
intravenous hypera l imenta t ion  in the in iant  wi th  small  bowel atresia.  The 
st ippled area  represents  the difference between the nitrogen ingested and the 

ni trogen excreted.  

t e m p e r a t u r e  of 9 6 ~  even  w h i l e  in  a 1 0 1 ~  i so le t t e  (Fig. 8). A p o l y v i n y l  
c a t h e t e r  was  i n s e r t e d  into  h e r  s u p e r i o r  v e n a  cava  v i a  the  e x t e r n a l  j u g u l a r  
vein,  and  p e d i a t r i c  h y p e r a l i m e n t a t i o n  so lu t ion  was  begun .  

F o r t y - f i v e  days  a f t e r  the  i n s t i t u t i o n  of i n t r a v e n o u s  h y p e r a l i m e n t a t i o n ,  
t he  p a t i e n t  h a d  g a i n e d  w e i g h t  f rom 1816 g m  to 3405 gm. She  h a d  also 
i n c r e a s e d  in l e n g t h  b y  5.5 cm, h e a d  c i r c u m f e r e n c e  b y  6.5 cm a n d  chest  
c i r c u m f e r e n c e  b y  8.5 cm (Fig. 9). The  i n f a n t  was  m a i n t a i n e d  on pos i t i ve  
n i t rogen ,  sod ium,  and  p o t a s s i u m  b a l a n c e s  t h r o u g h o u t  th is  p e r i o d  of t ime  
(Figs.  10 and  11). The  i m p o r t a n c e  of b a l a n c e  s tud ies  is i n d i c a t e d  b y  the  
c a l c ium and  p h o s p h o r u s  m e t a b o l i s m  in th is  in fan t .  Insuf f i c ien t  ca l c ium 
a n d  p h o s p h o r u s  w e r e  p r o v i d e d  to p r o d u c e  pos i t i ve  b a l a n c e s  u n t i l  d a y  20 
(Fig.  11). H y p o p h o s p h a t e m i a  and  h y p o c a l c e m i a  wi l l  r e g u l a r l y  r e su l t  if  
p h o s p h o r u s  and  ca l c ium a re  no t  p r o v i d e d  in a d e q u a t e  a m o u n t s  in the  
n u t r i t i o n a l  so lu t ion  d a i l y  (13). 

This  i n f a n t  was  m a i n t a i n e d  on i n t r a v e n o u s  h y p e r a l i m e n t a t i o n  for  
21 months .  A n  u p p e r  g a s t r o i n t e s t i n a l  se r ies  p e r f o r m e d  at  one y e a r  of age  
r e v e a l e d  m a r k e d  d i l a t a t i o n  of the  d u o d e n u m  w i t h  i n c r e a s e d  muc osa l  fo lds  
of t he  d u o d e n a l  r e m n a n t .  The  l e n g t h  of b o w e l  h a d  no t  i n c r e a s e d  a n y  
m o r e  t h a n  one w o u l d  e x p e c t  f rom n a t u r a l  g row th ,  b u t  the  c i r c u m f e r e n t i a l  
i nc rea se  was  m a r k e d  (Fig. 12). 

In  an  a t t e m p t  to d e t e r m i n e  the  p rognos i s  of th is  i n f a n t  and  s u b s e q u e n t  
i n f an t s  w i t h  s h o r t  gu t  s y n d r o m e ,  an  e x p e r i m e n t  was  d e s i g n e d  u t i l i z i ng  
Beag le  p u p p i e s  (14). T h r e e  g roups  of p u p p i e s  w e r e  s tud ied .  N i n e t y  p e r c e n t  
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Fig. 11. Sodium, potassium, calcium, and phosphorus balances during the first 
45 days of intravenous hyperalimentation in the infant with small bowel atresia. 
The bottom line in each graph represents the difference between the intake and 

output of each element. 

of the smal l  bowel  was excised in two of the groups, wi th  the  t h i rd  group 
serving as non-opera ted  controls. Arb i t r a r i l y ,  one set of the resected 
animals  was fed for one month wi th  pa ren te ra l  hype ra l imen ta t ion  and 
given nothing by  mouth. The other  set of resected animals  was a l lowed to 
eat ad l ib by mouth  fol lowing three  days  of pos topera t ive  in t ravenous  sup-  
port. Af te r  the 30-day expe r imen ta l  period,  the hype ra l imen ted  animals  as 
well  as the resected and non-resected  controls  were  a l lowed to ea t  ad lib 
horse meat,  cereal  and wa te r  for the first year  of life. Nea r -no rma l  growth  
and deve lopment  was achieved in all of the resected puppies,  who were  
fed with  in t ravenous  hype ra l imen ta t ion  for  the first 30 pos topera t ive  days. 
In contrast ,  the in i t ia l ly  o ra l ly - fed  resected l i t te r  mates  fa i led to thr ive,  
had an increased mor ta l i t y  rate,  and achieved only ha l f -no rma l  size at  
the end of the year.  In the animals  fed for  30 days  wi th  pa ren te ra l  
hypera l imenta t ion ,  the duodenal  vi l lus  height,  muco~al thickness, and total  
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Fig. 12. Upper gastrointestinal radiograph of the infant with massive small 
bowel resection for small bowel atresia following 21 months of intravenous 
hyperalimentation. The dilated structure in the midabdomen is the duodenum. 

bowel  wal l  thickness were  twice tha t  of the control  animals  and sig- 
nif icantly g rea te r  than tha t  of the animals  resected but  fed in i t ia l ly  by 
mouth. These data  s t rongly  suppor t  the hypothesis  tha t  bowel  adap ta t ion  
is secondary  to increased mucosal  absorp t ive  surface area  ra the r  than to 
increased t r anspor t  across the ind iv idua l  cells (15). 

In summary ,  the technique of in t ravenous  hype ra l imen ta t ion  is the first 
pa ren te ra l  feeding technique tha t  has promoted  normal  growth  and 
deve lopment  for prolonged periods of t ime in animals  and man, and 
remains  the only means by which to provide  such suppor t  in countries l ike 
the Uni ted  States  of Amer ica  where  in t ravenous  fat  emulsions are not 
un i fo rmly  ava i lab le  for clinical  use. I t  is not only l i fe-saving in the 
management  of many  pedia t r ic  congenital  catastrophies,  bowel  dysfunc-  
t ional  syndromes,  and, as recent ly  reported,  ex t reme  p rematu r i ty ,  but  also 
offers the scientist  a unique oppor tun i ty  to s tudy in the l abo ra to ry  and in 
man many  aspects of nutr i t ion,  metabol ism,  pathophysiology,  and appl ied  
biochemist ry  in a manner  here tofore  impossible  to achieve. 
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Summary  

E x p e r i e n c e s  g a i n e d  in  150 n e w b o r n s  a n d  i n f a n t s  r e c e i v i n g  a c o m p l e t e  
p a r e n t e r a l  n u t r i t i o n  a r e  s u m m a r i z e d .  A n  i n f u s i o n  p a t t e r n  for  t he  c o m p l e t e  
p a r e n t e r a l  n u t r i t i o n  of n e w b o r n s  is p r e s e n t e d .  T e c h n i c a l  q u e s t i o n s  of p a r e n t e r a l  
n u t r i t i o n  a r e  d iscussed .  F i n a l l y  t he  t r e a t m e n t  of 2 n e w b o r n s  w i t h  i n b o r n  e r r o r s  
of t he  g a s t r o i n t e s t i n a l  t r a c t  is r e p o r t e d .  

Zusammenfassung 

E r f a h r u n g e n  a u s  d e r  k o m p l e t t e n  p a r e n t e r a l e n  E r n f i h r u n g  v o n  b i s h e r  f iber  
150 S ~ u g l i n g e n  u n d  K l e i n k i n d e r n  w e r d e n  z u s a m m e n g e f a S t .  E i n  f i i r  d ie  k o m -  
p l e t t e  p a r e n t e r a l e  E r n ~ h r u n g  N e u g e b o r e n e r  a u s g e a r b e i t e t e s  I n f u s i o n s s c h e m a  
w i r d  vo rges t e l l t .  T e c h n i s c h e  F r a g e n  d e r  p a r e n t e r a l e n  E r n ~ h r u n g  w e r d e n  e r -  
6 r t e r t .  A b s c h l i e S e n d  w i r d  f iber  d ie  B e h a n d l u n g  z w e i e r  N e u g e b o r e n e r  m i t  a n g e -  
b o r e n e r  Mi l3bi ldung des  G a s t r o i n t e s t i n a l t r a k t e s  be r i ch te t .  

References 

I. Dudvick, S. J., J. E. Rhoads, H. M. VaTs, Growth of puppies receiving all 
nutritional requirements by vein. Fortschritte der parenteralen Ern~hrung. 
Symposium of the International Society of Parenteral Nutrition in 1966 
(Lochham b. Mfinchen 1967). - 2. Dudrick, S. J., E. Steiger, D. W. Wilmore, 
H. M. Vats, Lab. Anita. Care 20, 521 (1970). - 3. Wilmore, D. W., S. J. Dudrick, J. 
Amer. reed. Ass. 203, 860 (1968). - 4. Dudrick, S. J., D. W. Wilmore, H. M. Vats, 
J. E. Rhoads, Ann. Surg. 169, 974 (1969). - 5. Wilmore, D. W., D. B. Grof], H. C. 
Bishop, S. J. Dudr~ck, J .  Ped .  Surg .  4, 181 (1969). - 6. Ca tdwel I ,  M. D., H. T. 
Jonsson, H. B. Otherson, J .  Ped .  81, 894 (1972). - 7. Dudrick, S. J., D. W. Wilmore, 
Hosp. Prac .  3, 65 (1968) . -  8. Asch, M. J., R. F. Huxtable, D. M. Hays, Arch.  Surg .  
104, 434 (1972). - 9. Ashcra]t, K. W., L. Leape, J. A m e r .  reed.  Ass.  212, 454 (1970). - 
10. Bernard, R. W., W. H. Stahl, R. M. Chase, Ann .  Surg .  173, 191 (1971). - 11. Curry, 
C. R., P. G. Quie, N. Engl .  J .  Med.  285, 1221 (1971}. - 12. Des, J. B., R. M. Filler, 
V. G. Rubin, A. J. Eraklis, J.  Ped.  Surg .  5, 127 (1970). - 13. Ruberg, R. L., T. R. 
Allen, M. J. Goodman, J. M. Long, S. J. Dudr ic~ ,  Surg .  F o r u m  2Z, 87 (1971). - 
14. Wilmore, D. W., S. J. Dudrick, J. M. Da[y, H. M. Vats, Surg. ,  Gynecol . ,  Obs te t .  
lS2, 673 (1971). - 15. Flint, J. M., Bull .  H o p k i n s  Hosp.  23, 127 (1912). 

Author's address: 

Prof. Stanley J. Dudvick, M.D., The Program in Surgery, 
The University of Texas Medical School at Houston, 

6400 West Cullen Street, Texas Medical Center, Houston Texas 77025 (USA) 


