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TmH ultimate success of operative sur-
gery in the newborn is often dependent
upon complete parenteral feeding for ex-
tended period of time. Preferably, the sup-
ply of nutrients should be sufficient to
sustain normal growth. The nutritional re-
quirements for normal growth and devel-
opment in the neonatal period 7 9, 13, 14, 15,
17, 18 cannot be met in a parenteral feeding
program without certain difficulties at the
present time. Due to limitations on the use
of intravenous fat,8 10 the required 90-100
Cal./Kg./24 hr. in a fluid volume not ex-
ceeding about 140 ml./Kg./24 hr.3 can be
provided only through the use of strongly
hypertonic carbohydrate solutions.21 This
hypertonicity rapidly causes phlebitis in
peripheral veins; and, hence, necessitates
the insertion of a catheter into a central
vein. In addition, the hypertonic solution
can lead to significant glucosuria with a re-
sultant osmotic diuresis.
The introduction of an isotonic soy bean

oil emulsion, Intralipid "Vitrum," which
can be infused daily for several weeks
without ill effects8 has alleviated the hy-
pertonicity problem. Since, however, not
more than 2 Gm./Kg. body weight is rec-
ommended to be given per 24 hr., while
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mother's milk provides 4-6 Gm. fat/Kg.
body weight'3 20 per 24 hr., feeding with
unphysiologically large amounts of carbo-
hydrates is still necessary.
The present communication describes a

parenteral feeding program which has been
improved in several respects over those in
current use.1 6, 21 The amount of soy bean
oil emulsion has been increased to about
4 Gm./Kg. body weight/24 hr., which per-
mits a decrease in the intake of carbohy-
drate to nearly physiological levels. This
increased amount of fat can be adminis-
tered by giving a small amount of heparin
simultaneously to ensure the proper clear-
ance of the fat from the serum. Further-
more, calcium and phosphate have been
included in the program, to cover the needs
of the growing skeleton and soft tissues.
The metabolic performance of the pro-

gram has been evaluated on the basis of
simultaneous balance data for nitrogen, po-
tassium, magnesium, phosphorus, calcium,
and sodium. The aim of this study was to
test whether the proposed program coIn-
tains the different constituents in amounts
and proportions suitable to promote the
synthesis of normal tissues at physiological
rates. On the basis of our data, further im-
provements are suggested.

Materials and Methods
Clinical Material. Thirty-two newborns

were placed on the parenteral feeding pro-
gram described for periods ranging from
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TABLE 1. Clinical Features of Patients Studied

Duration
of Total

Age at Parenteral
Birth Weight Operation Feeding

Patient Sex (Gm.) Diagnosis Operation (Days) (Days)

K. 0. F 1,600 Aganglionosis of the Ileostomy 3 7
small intestine

E. F. M 2,350 Ruptured omphalo- Staged 1 26
cele repair

R. K. M 2,765 Omphalocele Repair 1 8

0. J. M 3,850 Diaphragmatic Repair 1 3
hernia

3-40 days postoperatively. Four infants
from this group were selected for detailed
metabolic studies. The clinical features of
this latter group are shown in Table 1.

Parenteral Feeding. The parenteral
feeding program was in each case adapted
from the standard program which is in
current routine use at the Rikshospitalet

TABLE 2. Parenteral Feeding Program for
Postoperative Nezwborns

Volume
(ml./Kg./

Preparation 24 hr.) Calories

Synthetic 1-amino acid solution
(Aminofusin L-Forte
"Pfrimmer") 30 24

Soybean oil emulsion
(Intralipid 20% "Vitrum") 15-20 30-40

Invertose 10% 80-90 32-36
KH2PO4 (1 millimole/ml.) 1-2

Calcium (0.5 mEq. Ca++/ml.) 2

Multivitamin solution
(Pancebrin "Lilly") 0.2

Total 125-140 86-100

The full program is attained through stepwise in-
creases within the first week of life. Intralipid is admin-
istered through a separate infusion set. The other solu-
tions as well as 500 I.U. heparin (3 mg.) per Kg. are
mixed together and infused through another set. The
two infusion sets are connected to a single needle or
intravenous catheter through a Y-piece. Peripheral
veins are used as the infusion route. The program is
supplemented with plasma, 20% albumin concentrate,
sodium bicarbonate or sodium chloride to correct for
deficiencies or abnormal losses.

(Table 2). Table 3 compares this standard
feeding program with the intake of several
nutrients during normal breast feeding.
The intake of mother's milk has been taken
to be 130 ml./Kg. body weight per 24 hr.
The solutions specified in Table 2, ex-

cept Intralipid, were mixed together every

morning, and infused over the next 24
hours at a constant rate. Simultaneously,
the 20%o Intralipid was infused through a

separate infusion set, the two sets being
connected at the orifice of the needle. Aux-
iliary solutions as plasma, 20%o human al-
bumin concentrate, and isotonic or hyper-
tonic sodium bicarbonate were used as

required. The fluids were administered
through a needle in a scalp veins.

Collections and Balance Studies. Urine
was collected in plastic bags permanently
attached to the pubic skin. Only minor
leakages occurred. The infant did not usu-

ally pass feces during the study period; the
few small stools passed were not collected.
Gastric aspirates were measured daily, but
were pooled prior to analysis. Losses of
aspirates did occur occasionally, but were

of significance only in sodium balances.
Analytical Methods. Sodium and potas-

sium in urine and gastric aspirates were

measured by manual flame emission pho-
tometry in the routine laboratory. Calcium
and magnesium were analyzed by atomic
absorption spectrophotometry. Nitrogen was
determined by the micro Kjeldahl method.
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TABLE 3. Comparison between Breast-Feeding and the Parenteral Feeding Program

Absorption as
Percentage of Parenteral Feeding

Contents of 130 ml. Human Milk' Intake'3 Program Amounts/Kg./24 hr.

Calories 98 Calories 86-100
Nitrogen 0.43 Gm.2 84 Nitrogen 0.53 Gm.
Fat 5.4Gm. 9216 Fat 3-4 Gm.
Lactose 9.6 Gm. Carbohydrates 11-12 Gm.
K+ 2.3 mEq. 83 K+ 1.75-2.75 mEq.
MIg.9- 0.18 mEq.3 63 Mgl 0.15 mEq.
Phosphate 21 mg. P 89 Phosphate 36-48 mg. P
Ca+ 1.7 mEq. 55 Ca++ 1 mEq.
Na+ 2.4 mEq.4 91 Na+ 1.05 mEq.

1 Data reported by Slater."3 Normal intake of milk is about 130/ml./Kg./24 hr.
I According to ref.20 this figure is 0.3 Gm. N, of which 83% is protein N and 14% is Urea N.
3 According to ref. 20 the amount of Mg++ is 0.43 mEq.
4 Large variations in sodium content reported by Knutrud": 0.5-2.9 mEq./130 ml.

Phosphorus was analyzed by the standard
colorimetric technic.
Serum triglyceride levels in E. F. were

determined in capillary blood samples. The
samples were chilled in ice immediately to
avoid further hydrolysis due to the lipo-
protein lipase liberated by the heparin
treatment. Laurell's method of analysis was
used.12

Case Reports
In this section the clinical and metabolic

course of each patient will be described

9 K 0 Birth weight ltOOg

Ox Aganglionosis of small intestine

C

obE0
z

E

Gastric aspirate
97eml containing
322 mg Nitrogen

briefly. The balance data will be analyzed
in more detail in the discussion.

Case 1. K. O.: was a premature infant who at
birth weighed 1,600 Gm. She suffered from agan-
glionosis of most of the small intestine. This con-
dition led to vomiting and abdominal distension
and was treated with an ileostomy. The disease
was incompatible with life. The infant survived
two operations, but died at 12 days of age from
respiratory insufficiency. She was oliguric the last
3 days of life. Just prior to death, her weight was
1,800 Gm.

Balance data were recorded from the fifth day
of life (Fig. 1, Table 4). Consistently positive bal-
ances of nitrogen, potassium, and magnesium were
not obtained until the feeding program was im-
proved on the fifth day of the balance study. This

Q K. 0 Birth weight KOOg

Dxo Aganglionosis of small intestine

Birth Adm. Op. Op.

1.6

1.2

2 6 t,0 12

DAYS

FIG. 1A. Nitrogen balance in K. 0. Cross-
hatched areas represent retention, clear areas rep-
resent excretion, and shaded areas represent nega-
tive balance. Note that the nitrogen balance was
negative until the caloric and nitrogen content of
the feeding program was increased. See text for
further discussion.
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FIG. LB. Potassium balance in K. 0.
(See legend for Figure lA.)
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TABLE 4. Balance Data during Oral and Parenteral Feeding Analyzed and Compared
in Terms of Nitrogen Balances and Element Retention Ratios

Nitrogen Retentions and Element Ratios during Periods of Stable Growth
(Consistently Positive Balances)

Parenteral Feeding: Present Material
Element or Muscle Breast- Bottle-

Element Ratio Tissue4 feeding"3 feeding"3 K. 0. E. F. R. K. O. J.

Nitrogen
mg.N/Kg./24 hr. 213 i: 48 304 41 32 4501 238 and 335 183 407

K/N mEq./Gm. 2.8 5.6 6.7 1.7 4.1 and 5.5 7.8 4.0
Mg/N mEq./Gm. 0.71 0.61 1.8 0.29 0.37 and 0.29 0.48 0.32
P/N mg./Gm. 70 81 168 542 and 162 2071 56
Ca/P mEq./mmole 1.38 2.4 1.582 and 0.69 0.622 0.57

1 Period of inadequate nutritional supplies and about zero balances (first 4 days) excluded.
2 Period preceding the introduction of phosphate and calcium in the feeding program (first 4 days) excluded.
The balance data on breast-feeding and bottle-feeding are taken from the work of Slater"3 who studied 22 babies

in periods of 2-3 days from the 6th day of life. The composition of muscle tissue reported by Dickerson and Widdow-
son5 is included to allow the retention ratios to be compared to the ratios which would be expected if growth of muscle
or similar cells were mainly responsible for the positive balances.

patient was not given any phosphate (beyond the
small amount in the lecithin of Intralipid) or any

calcium. The use of heparin along with increased
doses of Intralipid was not introduced until the
next patient was studied.

Case 2. E. F.: was a premature male weighing
2,350 Gm. at birth who was born with a ruptured
omphalocele. The defect in the abdominal wall
was closed in four stages by means of silastic
sheeting. Since the intestinal tract was partially
obstructed and showed signs of impaired circula-
tion, the infant was expected to need parenteral
feeding for about 1 month. After 2 weeks of suc-

cessful parenteral nutrition, parenteral feeding was

d' E.F. Birth weight. 2350 g

Dx: Ruptured Omphatocoele

2400

1600 1

800 p

-4001

Gastric Aspirat.
213 ml containing
322 mg Nitrogen

Gastric Aspirat;
71 ml containing
135mg Nitrogen

terminated and oral feedings were attempted since
there was no evidence of abdominal distention or

vomiting. This decision proved unfortunate, how-
ever, since vomiting and aspiration occurred after
2 days. Parenteral feeding was resumed through a

scalp vein. The feeding program was metabolically
successful as demonstrated by the positive bal-
ances (Fig. 2, Table 4), but the infant died from
sepsis and respiratory insufficiency. His weight 2
days before death was 2,400 Gm. Autopsy showed
multiple abscesses in both kidneys and in the right
adrenal gland. Fungal infection was noted in the
brain and was probably responsible for convulsions
observed occasionally during the course of his ill-
ness. At autopsy, there were no fat deposits in the
liver, spleen, bone marrow, or reticuloendothelial
system and there were no other abnormalities of

o EFF Birth weight: 23509. Dx:Ruptured Omphatocost..

8
I

Y/./, 7/, 7, VN,X/, P// 7/// -.. V/13,.9//, /,
I

..- P//,././ X,177/. 2

10 15 20 25 4

ED AYS

FIG. 2A. Nitrogen balance in E. F. Note the
remarkable positive nitrogen balance in this very
sick infant throughout the study period. The phos-
phate balance (Fig. 2C) was initially negative
but then became positive once an adequate amount
of phosphate was administered. Once calcium
(Fig. 2E) was given to the infant, there was a
very marked retention of it. See text for further
discussion.

Gastric Aspirate:
213
1.?2 meq K '

Gastric Aspirate:
71 md
0.71 meq K*

1 5 10 15 20 25
DAYS

FIe.. 2B. Potassium balance in E. F.
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d' E.F. Birth weight:2350g. Dx.Ruptured Omphalocoel*. o E.F. Birth weight: 2350g. Dx:Ruptured Omphalocople.
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FIG. 2C. Phosphate balance in E. F.

the liver. The parenteral feeding program was in
accordance with the data in Table 2. Nitrogen, po-
tassium, and magnesium were retained in amounts
and ratios similar to normal infants on oral feed-
ing as shown in Table 4.

Case 3. R. K.: This infant boy was born at
term, weighing 2,765 Gm., with a moderately
large omphalocele, which was repaired surgically
in one stage on the day of birth. The intestines
seemed to be in good condition and unobstructed.
The infant thrived on parenteral feeding adminis-
tered through scalp veins for 8 days, and was

transferred without difficulty to oral feeding. At
the end of the parenteral feeding program, the
weight was 3,000 Gm. His subsequent develop-
ment has been normal.

The balance data of R. K. again show near

normal retention of nitrogen, magnesium and po-

tassium corresponding to buildup of new tissue
(Fig. 3, Table 4). The phosphate and calcium
balances demonstrate the effect of supplying these
nutrients after a period of small or zero intake:
80-100%, of the supply was retained, in the ab-
sence of any renal failure to cause abnormal, ap-
parent positive balances. The fluid balance (Fig.
3) shows that between 30 and 65 ml. of plasma
had to be given per day in the first week to re-

place the fluid aspirated from the stomach (317
ml. in all). The nitrogen content of the plasma
has not been taken into account on the balance
sheet.

Case 4. 0. J.: was born at term, weighing
3,850 Gm., and was admitted to the pediatric sur-

gical service on the day of birth in a moribund
state due to impaired respiration. The underlying
malformation, a diaphragmatic hernia, was cor-

rected and the clinical state of the infant im-
proved quickly. Parenteral feeding was stopped
after 3 days and the child recovered uneventfully.
The balance data correspond to a strongly ana-

-A2 5 10 15 20 25
DAYS

FIG. 2D. Magnesium balance in E. F.

od E F Bi th weight 2350g. Dx Ruptured Omphalocoele

Gastric Aspirate: 213ml
contairing 0,51 meq Cat

E

Gastric Aspirate 71 ml
containing 0,83 meq CaW

Penod I Period

5 10 15 20 25
DAYS

FIG. 2E. Calcium balance in E. F.

bolic phase, which was apparently adequately sus-

tained by the parenteral feeding program em-

ployed. As in the case of R. K., surgical interven-
tion was not followed by any postoperative cata-
bolic phase

Results and Discussion

A parenteral feeding program for new-

borns should be easy to administer without
complications and should sustain normal
growth for extended period of time. Nor-
mal growth implies retention of all cellular
constituents. Weight gain or nitrogen bal-
ance alone is not sufficient as a criterion of
normal growth, but has to be supplemented
with balance data for all other tissue con-

stituents. Zero-balances may not be harm-
less to an infant since this could mean that
some organs grow at the expense of others,
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JR.K. Birth Weight: 2765g
Dx: Ruptured Omphalocoele
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FIGs. 3A-F. Balance charts on R. K. As in
E. F., the nitrogen balance (Fig. 3B) is positive
throughout. The phosphate (Fig. 3D) and cal-
cium (Fig. 3F) balances are initially negative and
then become positive once adequate amounts are
given. See the text for further discussion.

Fic

-11.
2 4 6 8 10

DAYS
J 3C. Potassium balance in R. K.

d R.K. Birth weight: 2765 g
Dx: Ruptured Omphalocoele

Gastric Aspirate:
317,5 ml containing
746 mg Nitrogen

8

balance in R. K.

Infusion Technic
The present material and subsequent ex-

perience show that peripheral veins can be
used in most cases for the administration of
the feeding programs described in this pa-

d R.K. Birth Weight:2765 g
Dx: Ruptured Ompha(ocoele
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FIG. 3D. Phosphate balance in R. K.
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dRK. Birth Weight: 2765 g
Dx: Ruptured Omphalocoele

o R.K. Birth Weight:2765g
Dx: Ruptured Omphalocoele
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317,5ml containing:
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FIG. 3E. Magnesium balance in R. K.

Birth

Opi

1,5[

ip L

2 4 6 8 10
DAYS

FIG. 3F. Calcium balance in R. K.

per for periods up to 4 weeks. A single
peripheral vein usually tolerates infusions
between 2 and 4 days. The amino acid
solution and fat are administered simul-
taneously, both solution sets being joined
at the entrance of the needle into the vein.
We plan to investigate whether this period
can be extended by adjustment of the pH
of the infusion mixtures.

Nitrogen Balances and Protein Synthesis

Normal breast-fed newborns accumulate
nitrogen at a rate between 150 and 250 mg.
N/Kg. body weight in the first week of
life.'13 22 Bottle feeding increases nitrogen
retention by about 100 mg.13 Table 4 shows
that our program supports positive nitro-
gen balances of the same magnitude as

during bottle feeding, even during severe

illness and in the immediate postoperative
period. The nitrogen balance of K. 0. did
not, however, become positive until the in-
fusion program was improved on the fifth
day by the introduction of the 10% L-
Aminofusin preparation. The amount of
amino acids infused was thereby increased
from about 2 to about 4 Gm./Kg. body

weight per 24 hr., and the caloric value of
the program was simultaneously increased
from 56-72 Cal./Kg. body weight. Terminal
oliguria with accumulation of urea may

have contributed to the positive nitrogen
balances of K. 0. and E. F., but not to any

extent which would alter the conclusion
that the feeding program outlined in Table
3 does sustain protein synthesis at normal
rates.
The nitrogen contents of plasma of 20%

albumin concentrate have not been in-
cluded in the balance charts as nitrogen
intake, since only a small and unknown
fraction of this was available for protein
synthesis in the periods of study. The frac-
tions of the infused plasma proteins which
were catabolized within the periods of
study, does, however, contribute to nitro-
gen excretion. Therefore, the true incor-
poration of nitrogen in newly synthesized
protein was somewhat more extensive than
the balance data indicate, especially in the
case of R. K., who was given significant
amounts of plasma, and in the case of
E. F., who received 20%7o albumin concen-

trate.
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We conclude that 3 Gm. of amino acids
administered as L-Aminofusin 10%o sup-

port a normal rate of protein synthesis
when accompanied by an adequate caloric
intake (90-100 Cal./Kg.). We have thus
demonstrated that the high caloric intake
used by Dudrick,2' i.e., 128 Cal./Kg./24
hr., is not necessary to obtain large posi-
tive balances. It remains to be investigated
whether a smaller total intake of nitrogen
will be sufficient, especially if a more

physiological amino acid mixture with a

relatively lower amount of nonessential ni-
trogen (higher E/T ratio) is used. Such a

decrease of the total load of nitrogen with-
out reduction of the amount of essential
amino acids infused, may be of importance
in instances of impaired renal function or

in the feeding of prematures who have a

very high requirement of amino acids.7 The
efficient utilization of the infused nutrients
which we have demonstrated, even in the
immediate postoperative period, lends sup-

port to our current practice of attaining a

full parenteral feeding schedule as early as

the second or third day following the op-
eration, even if this high intake would not
be normal for a healthy infant at this early
stage.

Potassium Balances and K/N Retention
Ratios
The balance charts for potassium show

that between 50%o and 80% of the ad-
ministered dose was retained. In the cases

of E. F., R. K., and 0. J., where the daily
doses were between 2.0 and 2.5 mEq. K+/
Kg., the ensuing K/N retention ratios were

considerably in excess of the K/N ratio in
muscle tissue (Table 4). This has also been
found during normal oral feeding, as shown
in Table 4.13 The true K/N retention ratio
of R. K. may, however, be somewhat lower
than 7.8 mEq./Gm. since the nitrogen re-

tention has been underestimated as dis-
cussed above.

In the case of K. O., the retention of po-

tassium was relatively low, the K/N reten-

ANXAND KNUTRUD Annals of Surgery
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tion ratio being only 1.7 mEq. K+/Gm. ni-
trogen. The potassium supply of this pa-
tient was limited to about 1 mEq./Kg. daily
due to her poor clinical state. Probably this
dose of potassium was too low to permit
adequate positive balance especially in the
last three days of the study where the
nitrogen retention was abnormally high
(Table 4).
We conclude that the optimal daily dose

of potassium appears to be about 2 mEq./
Kg., provided, of course, that the concomi-
tant supply of amino acids and calories is
sufficient to permit normal nitrogen reten-
tion, and provided the clinical state of the
patient is such that the body cells are able
to absorb and retain the potassium they
need.

Magnesium Balances and Mg/N Reten-
tion Ratios
Table 4 shows that the magnesium con-

tent of the parenteral feeding program out-
lined in Table 3 was insufficient to sustain
a Mg/N retention ratio corresponding to
breast feeding or to the composition of
muscle tissue. The relative amounts of
magnesium and amino acids in the paren-
teral feeding program would probably be
more nearly correct if the supply of mag-
nesium were increased from 0.15 to 0.3
mEq./Kg./24 hr. According to Table 3,
this supply of magnesium would exceed the
amount absorbed from mother's milk. This
appears to be reasonable, however, be-
cause of the higher nitrogen retention dur-
ing parenteral feeding (Table 4) than dur-
ing breast feeding.

Phosphorus Balances and P/N Retention
Ratios
In normal growth from infancy to adult-

hood, 80%o of the retained phosphorus is
deposited in the skeleton, the P/N element
ratio of which is about 4,800 mg./Gm.,4
while the remaining 20% is incorporated
into soft tissues with a P/N element ratio
close to 70 mg./Gm. (Table 4). The corre-
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sponding P/N retention ratio can be shown
to be near 350 mg./Gm. The phosphorus
content of human milk is too low, however,
to sustain a P/N retention ratio of this
magnitude (Table 4). Consequently, the
mineralization of the skeleton must be very
slow in the first months of life. This has
been shown to be the case by Dickerson.4
The supply of phosphorus rather than cal-
cium in mother's milk has been shown to
be rate limiting for the mineralization of
bone tissue.'7' 18 Whether the intake of
phosphorus during breast feeding is rate
limiting for the synthesis of soft tissues is
not known.
The balance studies performed in R. K.

and 0. J. show that phosphate intakes of
about 1.6 mmoles/Kg./24 hr. may lead to
P/N retention ratios between 60 and 200
mg./Gm. The duration of the studies was

too short, however, to permit any stabiliza-
tion of the P/N retention ratios. The bal-
ance data of E. F. are compatible with
these figures. Although E. F. was studied
for periods long enough to yield significant
data, the interpretation of his balance data
is complicated by episodes of renal failure,
acidosis, and fever.

Since it is probably safe to establish a

P/N retention ratio within the range de-
fined by feeding with human milk and
cow's milk mixtures, it appears reasonable
to continue the balance studies with paren-
teral phosphate intakes near 1.5 mmoles/
Kg., i.e. about twice the amount supplied
by human milk.

Ca+-Balances
During breast feeding, infants absorb

about 1 mEq. of calcium per Kg. body
weight daily, of which they retain about
707ro.13 16Feeding with cow's milk mix-
tures increases the absorption from the in-
testine to 4 mEq./Kg., of which as much
as 97% is retained, probably due to the

high phosphorus content of cow's milk.3" 17
In our patients between 90%o and 100%o

of the administered calcium was retained.

Table 4 shows, however, that the amount
of calcium retained was smaller compared
with the phosphorus retention than during
oral feeding. The relatively low Ca/P re-

tention ratios indicate that the supply of
calcium should be increased from 1 mEq./
Kg. to between 1.5 and 2 mEq./Ca++/Kg./
24 hr. The ratio of infused amounts of
phosphate and calcium will then be similar
to the ratio of the amounts absorbed from
the intestine during breast feeding.
The strong retention of calcium confirms

the view that it should definitely be in-
cluded in parenteral feeding programs for
newborns in order to sustain the normal
growth of their skeletons. In infants, con-

finement to bed does not, of course, inter-
fere with the mineralization of the skeleton,
as it does in adults.

Na+-Balances
Normal newborns retain about 2 mEq.

Na+ daily during the first week after breast
feeding has been initiated." Subsequently,
a considerable sodium diuresis occurs. So
far, it has not been possible to discern the
shifts of extra- and intra-cellular sodium
concentrations, fluid volumes, and uptake
or release of sodium by the skeleton which
underlie these balance phenomena.

K. 0. experienced a sodium loss of about
0.5 mEq./24 hr., while the three other pa-

tients retained 2-5 mEq. Na+/24 hr. These

data are, however, subject to significant
errors since the collection of gastric fluid,
into which a major part of the sodium loss
occurred, was not always complete. The
sodium concentration of the fluid aspirated
from the stomach varied between 10 and
15 mEq./l. Our current practice of replac-
ing most of the fluid lost by this route with
plasma thus overshoots the amount of so-

dium needed, and may be responsible for
the slightly elevated sodium retention.

It does not make sense to specify a defi-
nite sodium requirement in the postopera-
tive parenteral feeding of newborn infants,

since most infants who need parenteral
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FIG. 4. Triglyceride disappearance curve in
E. F. The resting level of triglyceride, before
heparin, is markedly elevated, whereas, after hepa-
rin administration (1 mg. or 100 I.U., i.e., ½h mg./
Kg.), the level is normal. In addition, heparin has
also increased the rate of triglyceride clearance
from the blood. See the text for further discussion.

feeding experience abnormal sodium losses.
It appears, however, that the basic amount
of sodium specified in Table 3 is suitable,
provided sodium losses are adequately
compensated for. About '/% to 1/2 of the
fluid volume lost by vomiting or gastric
suction should be replaced by plasma in-
fusions. If large losses occur for long pe-

riods, it is desirable to analyze the amount
of sodium lost and adjust the replacemenlt
therapy accordingly.

Intralipid and Heparin

A pilot study of the effect of heparin on

the metabolism of intralipid was carried
out in E. F. on the seventh day of life. Two
hours after termination of the continuous
infusion of Intralipid in the previous 24-
hour period (3 Gm fat/Kg.), a sample of
capillary blood was drawn for analysis of
the triglyceride level of the serum. Then a

volume of 20%o Intralipid containing 0.4
Gm. fat/Kg. was injected intravenously
over 20 seconds. The curve showing the

subsequent clearance of the serum is seen

in Figure 4. Three hours after the first in-
jection, a similar experiment was carried
out, this time preceded by an intravenous
injection of 100 I.U. of heparin. Figure 4
demonstrates that the rate of disappear-
ance of the fat from the blood increases
considerably under the influence of this
small amount of heparin. This indicates
that the total lipolytic activity of the lipo-

protein lipase of the body is increased by
heparin. Furthermore, it appears from Fig-
ure 4 that the resting triglyceride level
during a continuous infusion of Intralipid
is elevated compared to the normal range

of 50-150 mg./100 ml. Heparin appeared
to markedly decrease this resting triglyc-
eride level, although it remains to be in-
vestigated as to what the steady state tri-
glyceride level is during the continuous in-
fusions of Intralipid together with heparin.
A daily dose of 500 I.U. of heparin per

infant has been selected for use in our

present routine, until further experiments
delineate the required minimal dose.2 The
mechanism of heparin-induced clearance of
Intralipid is not necessarily such that the
fatty acids are immediately available as

metabolic fuel. The strongly positive bal-
ances reported in this paper would, how-
ever, scarcely be possible unless the Intra-
lipid contributed its full share to the caloric
supply. No adverse effects of the combined
use of elevated fat doses and heparin have
been observed in the present series or in
the subsequent routine use of the method.
The autopsy of E. F. did not reveal any

evidence of abnormal accumulation of fat
in the liver or other organs. It is unlikely
that the simultaneous infusion of Intralipid
and heparin is harmful, since this combina-
tion has been used extensively for several
years to counteract venous thrombosis, al-
though it has to be admitted that the dose
of fat has been more moderate and the
amount of heparin much larger than those
employed in the present study.
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Summary

A new program for the parenteral feed-
ing of postoperative newborns has been
evaluated. The regimen is based on a syn-
thetic amino acid solution, Aminofusin L-
Forte, "Pfrimmer" and a soy bean oil emul-
sion, Intralipid 20%, "Vitrum."

This program has two major advantages
over ones utilizing hypertonic glucose as
the major source of calories. First, glucose
intolerance with glucosuria and osmotic
diuresis is no longer a problem. Further-
more, the reduced hypertonicity due to the
liberal use of the isotonic fat emulsion al-
lows the feeding program to be adminis-
tered entirely through peripheral veins for
periods up to about 3 weeks.
The feeding program has been shown to

sustain retention of nitrogen and minerals
in amounts and ratios similar to those found
in normal newborns, even in the immediate
postoperative period. Detailed analysis of
balance data shows that the content of
calcium and magnesium in the program
should be increased somewhat, while the
amount of nonessential nitrogen should be
reduced.

Thirty-two newborns have been on the
program so far, and of these 26 have sur-
vived. Furthermore, 14 infants with seri-
ous complications following operation have
been maintained on the same parenteral
regimen with 100% recovery. These re-
sults in selected high-risk groups appear
promising in view of the over all survival
rate of 80%o in neonatal emergencies in
this department.
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