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Metabolic Studies in Total Parenteral

Nutrition with Lipid in Man

COMPARISONWITH GLUCOSE

K. N. JEjEEBHOY, G. H. ANDERSON,A. F. NAKHOODA,G. R. GREENBERG,
I. SANDERSON,and E. B. MARLIsS

From the Departments of Medicine and Nutrition, University of Toronto,
Toronto, Ontario, Canada

A B S T R A C T A study was undertaken of patients on
a regimen of total parenteral nutrition comparing the
nitrogen balance, energy substrates, blood amino acids,
immunoreactive insulin, and immunoreactive glucagon
levels during the sequential infusion of nonprotein cal-
ories as either glucose alone (glucose system) or 83%
as Intralipid (Pharmacia Fine Chemicals, Montreal,
Canada) and 17% glucose (lipid system). These non-
protein calories were administered with a constant back-
ground of amino acids (1 g/kg per day), vitamins, and
minerals. Each system was infused for a week at a time
and the order of infusion randomized. In some patients
whole blood arteriovenous (A-V) levels of amino acids
were measured across forearm muscle.

During the glucose system there was a significantly
higher level of pyruvate, lactate, alanine, and immuno-
reactive insulin, consistent with glucose being the prin-
cipal source of energy. In contrast, during the lipid
system there was a rise in free fatty acids and ketone
bodies with a fall in insulin, suggesting that lipid was
now the principal source of energy. Despite these two
very diverse metabolic situations the nitrogen balance
with both systems was positive to a comparable degree
after the establishment of equilibrium. Correspondingly,
A-V differences of whole blood amino acid nitrogen
showed uptake by muscle to an equivalent degree with
both systems.

Clinical studies indicated that the lipid system as de-
fined herein could be infused by peripheral vein for up to
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43 days with resultant weight gain, elevation of serum
proteins, and healing of fistulae. Our studies suggest
that for both metabolic and clinical reasons exogenously
infused lipid is a suitable source of nonprotein calories.

INTRODUCTION
Total parenteral nutrition is the accepted modality for
support of malnourished patients in whom gastrointesti-
nal disease prevents adequate oral feeding. Its major
aims are protein anabolism, restoration of fluid, elec-
trolyte, vitamin, and trace metal deficiencies, and pro-
vision of an exogenous source of nonprotein calories to
meet energy requirements. Since the ultimate aims of
such parenteral nutrition are the preservation and res-
toration of essential body tissues, all of which contain
protein as an important constituent, it is desirable that
the nonprotein calories infused should promote optimal
nitrogen retention. The studies of Gamble (1) have led
to the use of glucose as the main "protein-sparing" agent.
In North America hypertonic glucose is widely employed
as the only source of nonprotein calories, the approach
introduced by Dudrick et al. (2, 3). Exogenously in-
fused lipid has also been employed to provide nonprotein
calories in total parenteral nutrition (4-6), and since
available lipid emulsions are isotonic, they have the ad-
vantage of being suitable for peripheral infusion. Clini-
cally, the use of lipid has been shown to promote fistula
healing and weight gain in patients with inflammatory
bowel disease (6) and, in preliminary studies, to pro-
mote nitrogen retention to the same extent as glucose
(7, 8). However, the levels of energy substrates and
hormones and detailed alterations in nitrogen balance
have not been studied.

The Journal of Clinical Investigation Volume 57 January 1976 .125-136 125



The present study was designed to provide constant
nonprotein calories either as glucose or chiefly lipid in
isocaloric amounts with a constant background of identi-
cal amounts of exogenous amino acid as casein hydroly-
sate. The two caloric sources were compared sequentially
in random order in the same patients.

Such constant infusion of nutrients afforded us the
opportunity to study the "fed" steady state, since nitro-
gen balance became stable during such infusions. To as-
sess the metabolic responses obtained, observations were
made of circulating hormones, energy substrates, and
amino acids during glucose and lipid infusions. Further-
more the metabolic response of muscle to the infused
amino acids was studied by measuring forearm arterio-
deep venous differences of amino acids.

Finally total parenteral nutrition with lipid as a ma-
jor source of nonprotein calories was given for longer
periods by peripheral vein to determine whether this

approach and route of administration could promote ni-
trogen retention and clinical improvement and whether
it could be tolerated by peripheral vein without side
effects.

METHODS
Patients
Patients who were referred to the gastroenterology ser-

vice of the Toronto General Hospital with inability to
achieve adequate nutrition via the oral route were selected
for this study (Tables I and II). Those with hepatic, renal, or
cardiac insufficiency, as well as those with insulin-dependent
diabetes, were not included in the study. Patients with sys-
temic infections (septicemia) were also excluded, though
many had active localized inflammatory and infective proc-
esses, generally intra-abdominal. All had experienced a
period of protein and caloric malnutrition before study,
but this was of variable duration and severity by virtue of
the time-course and nature of the diseases involved. In each
instance, the nature and purposes of the study were ex-

TABLE I

Patents in Protocol I

Patient %of ideal Serum
no. Age Sex Height Weight body wt albumin Primary diagnosis

cm kg glOO ml
1 55 F 150 34.0 77 2.3 Carcinoma, duodenum with ob-

struction.
2 59 M 178 52.8 71 3.1 Cachexia and nausea with inability to

eat following open heart surgery.
3 48 F 158 45.4 94 2.5 Crohn's disease with massive

resection.
4 27 F 168 48.3 83 2.7 Active Crohn's disease.
5 40 F 152 38.3 78 2.7 Postgastrectomy malabsorption.
6 20 F 163 35.2 70 2.8 Crohn's disease with pyloric

obstruction.
7 23 M 178 52.0 76 2.3 Pancreatitis.
8 69 F 168 46.3 79 2.6 Postresection ileal fistula.
9 56 M 180 47.4 67 2.9 Pancreatectomy for carcinoma.

10 25 F 168 40.0 70 3.2 Active Crohn's disease.
11 40 F 158 50.4 100 3.6 Active Crohn's disease with

resection.
12 22 F 163 49.0 90 2.4 Traumatic duodenal fistula.
13 35 M 173 41.8 64 2.3 Pancreatitis.
14 65 F 173 39.3 64 2.8 Carcinoma, ampulla of Vater.
15 38 F 163 38.8 70 2.4 Scleroderma with esophagitis.
16 22 M 163 47.8 82 3.5 Active Crohn's disease.
17 60 M 173 64.0 90 2.7 Pancreatitis.
18 40 F 180 51.4 77 1.8 Crohn's disease.
19 44 F 178 47.0 72 2.8 Crohn's disease with massive

resection.
20 28 M 168 59.2 95 3.5 Active Crohn's disease.
21 61 M 158 55.8 91 2.8 Infarction of bowel with massive

resection.
22 58 F 160 37.2 71 2.5 Crohn's disease with abdominal

inflamatory mass.
23 32 F 168 52.0 90 3.1 As for patient 22.
24 25 M 178 54.9 79 3.1 As for patient 22.
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TABLE I I
Patients in Protocol II

Patient %of ideal Nitrogen
no. Days* Routet Age Sex Height Weight body wt Inputi Wt gain balance Diagnosis Clinical result

cm kg kcals/kg kg/wk g./day
1 14 P 25 F 168 34.5 60 54.7 3.0 Crohn's disease with Fistula healed.

fistula.
2 43 P 35 F 160 33 64 49.7 1.27 +3.28 Crohn's disease with Fistula closed to a

fistula. pinhole.
3 39 P 34 F 168 34.3 59 45.2 1.07 +4.47 Postradiation bowel Fistula healed

fistulae. postsurgically.
4 27 C 64 F 147 40 79 31.3 1.48 Diverticulities with Fistula healed.

postoperative
fistula.

5 27 P 60 M 172 57.1 86 35.7 0.90 +3.1 Postoperative bowel Fistula healed.
fistula.

6 23 P 64 M 175 69.4 95 28.6 0.31 +1.2 Postesophagectomy, Leak reduced to a
anastomotic leak, minimum, subse-
diabetes mellitus. quently stopped.

7 25 P 15 F 161 42.8 83 40.0 0.28 +0.80 Crohn's disease with Fistula healed.
fistula.

8 14 P 33 F 158 44 86 36.2 0 (no Crohn's disease with Operation for
loss) partial obstruc- obstruction.

tion.
9 15 C 44 F 148 46 91 43.2 0.95 Postoperative peri- Resolution of

tonitis and ileus. inflammation.
10 10 C 65 F 167 48.5 84 41.2 2.14 +1.83 Postoperative fistula Fistula closed.

after irradiation fistula.
of bowel.

11 11 C 69 F 158 46.8 93 40.0 1.87 Postoperative Fistula closed to
fistula. a small opening.

12 26 P 31 M 180 73 95 35.3 0.81 +0.84 Pancreatitis. Resolved.

Mean ESEM +2.22
-0.54

* Days of total parenteral nutrition using lipid system alone.
P. peripheral vein; C. central vein.

I Input of nonprotein calories.

plained to the patient and informed consent was obtained
for investigative aspects of the study. Clinical aspects of
total parenteral nutrition were supervised in specialized
areas of the hospital by a team consisting of gastroenter-
ologists, clinical fellows in gastroenterology, specially trained
nurses, and clinical pharmacists. The latter ensured the
exact formulation and provision of the infusions. All nu-
trients were given parenterally and only sips of water or
ice were permitted by mouth.

Experimental design
Two main groups of protocols were employed.
PROTOCOLI

In 24 patients (nos. 1-24, Table I) 27 studies were done.
Total parenteral nutrition was provided aseptically through
a central venous catheter inserted into the superior vena
cava by infraclavicular percutaneous puncture of the sub-
clavian vein. In none of the patients was there evidence of
catheter-related sepsis during the study.

All received 1 g/kg of protein as 5%o casein hydrolysate
with 5% dextrose (Amigen, Travenol Laboratories, Mor-
ton Grove, Ill.). They also received electrolytes (Na, K, Cl,
Mg, Ca), vitamins, and trace metals (Zn, Cu, Mn, Cr, and
I) in amounts indicated previously (7, 9). In addition to
this basic regimen, which continued throughout the study,
the patients were given either 50%o dextrose (referred to as
the "glucose system") or 10% Intralipid (Pharmacia Fine

Chemicals, Montreal, Canada) (referred to as the "lipid
system") to provide nonprotein calories amounting to 40
kcal/kg per day. The glucose system provided all non-
protein calories as glucose. The lipid system provided 83%
of calories as Intralipid, which consists of soya bean tri-
glyceride (10 g/100 ml), egg-yolk phospholipids (1.2 g/
100 ml), and additional glycerol (2.5 g/100 ml) to make it
isoosmolar. The FFA content was found to be negligible.
The remaining 17% of nonprotein calories in the lipid sys-
tem was glucose in the hydrolysate preparation. Each sys-
tem was infused for 1 wk, then alternated with the other
system. In three patients the studies were performed on
two separate occasions (nos. 3, 4, and 12; Table I). The
order of infusion was randomized: in 13 patients the lipid
system was infused before the glucose system, and in 14
patients the glucose system was infused before the lipid
system.

Nitrogen balance. In all patients 24-h collections of urine,
stool, fistula fluid, and gastrointestinal drainage were made
with appropriate preservatives. Urine collections were ana-

lyzed for creatinine to assure completeness of collection.
Nitrogen was determined by a micro-Kjeldhal technique
(10).

Blood sampling. Venous blood was drawn with minimal
stasis from a superficial antecubital vein on days 1, 3, and
7 of the dextrose and lipid systems. The sample on day 1
of each system was drawn 2 h after the start of the sys-
tem (glucose or lipid). While the antecedent nutritional
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status of the patient was difficult to assess and variable,
blood drawn during the second system was clearly drawn
after the known and constant intake of the system (glucose
or lipid) given during the preceding week. Because of ran-
domization the effects of changing from glucose to lipid,
and the reverse, could therefore be studied.

The blood samples were analyzed for glucose, lactate, py-
ruvate, FFA, f8-hydroxybutyrate, acetoacetate, glycerol, in-
sulin and glucagon, and amino acid levels. All samples
were taken at 0900 h, with the exception of three patients
whose blood was drawn at 0900, 1300, and 2100 h on the
same day (day 7) to determine whether values obtained at
0900 h were representative of those prevailing throughout
the day.

Biochemical methods. Blood for analysis of glucose, lac-
tate, pyruvate, glycerol, 8-hydroxybutyrate, and acetoace-
tate was deproteinized, immediately after its withdrawal,
in an equal volume of chilled 10%o (wt/vol) plerchloric
acid. Plasma for FFA and hormone assays was obtained
from heparinized blood collected in a volume of Trasylol
(FBA Pharmaceuticals, Pointe Claire, Quebec, Canada;
10,000 kIU/ml) equal to one-tenth of thie volume of the
blood added. The hematocrit was obtained on each sample
to allow for correction of the plasma dilution so introduced.
Further samples of plasma were obtained with EDTA for
triglyceride and cholesterol estimations. For amino acid
estimation, blood was deproteinized in cold 20% (wt/vol)
trichloroacetic acid (TCA),' reextracted, and the TCA
removed with ether as previously described (7, 9). All
samples so obtained were kept on ice and centrifuged with
minimal delay in the cold, and the supernates were frozen
at -20'C until assay (except for triglycerides and cho-
lesterol, for which the plasma was not frozen). Under the
conditions employed, and with aliquots prepared such that
a sample was thawed only once before assay, no significant
decrease in concentration of these substances occurs in
association with storage (11).

Glucose was measured by the glucose oxidase system
employed in the Beckman glucose analyzer (Bleckman In-
struments, Inc., Palo Alto, Calif.). Microfluorimetric adap-
tations of standard enzymic methods were used, employing
an Aminco Fluoromicrophotometer (American Instrument
Company, Division of Travenol Laboratories, Inc., Silver
Spring, Md.), for determination of lactate (12), pyruvate
(13), ,9-hydroxybutyrate (14), acetoacetate (15), and glyce-
rol (16). Plasma FFA were estimated by the radiochemical
microtechnique of Ho (17). Repeated measurements of FFA
in our samples stored for variable periods of time give
comparable results, indicating that the techniques used for
sampling and storage are unlikely to have caused a spurious
elevation of FFA values. In addition, a positive arterio-
venous (A-V) difference for FFA was observed across the
forearm during the lipid system (unpublished data), sug-
gesting that intravascular lipolysis is a physiological process
rather than an artifact of sampling.

Immunoreactive insulin was determined with an anti-beef
insulin antiserum (kindly furnished by Dr. Peter Wright,
Minneapolis, Minn.), purified human insulin standard (25.7
AU/ng), and 'I-labeled pork insulin (supplied by the
Novo Research Institute, Copenhagen, Denmark) and a
dextran-coated charcoal separation of free from bound hor-
mone (18). The plasma determinations of immunoreactive
glucagon were performed with antiserum 30K (obtained

1Abbreviations used in this paper: A-V, arteriovenous;
SGOT, serum glutamic oxaloacetic transaminase; TCA,
trichloroacetic acid.

from Dr. R. H. Unger, Dallas, Tex.), purified pork glu-
cagon standard, and 'I-labeled pork glucagon (supplied by
Novo Research Institute) and the same dextran-coated
charcoal separation technique. This antiserum is considered
to be relatively specific for the native hormone of pan-
creatic alpha-cell origin. However, it does cross-react with
a substance in the globulin fraction of plasma (19), termed
"interference factor" by Weir and colleagues (20) and
precipitated in organic solvent extractions of plasma. Plasma
levels of this material have been shown to be constant pre-
viously. For this reason a comparison of glucagon levels
using paired differences in the two (glucose and lipid) sys-
tems in the same patient is a justifiable way of testing the
significance of changes in relation to glucose or lipid in-
fusion. The results of duplicate assay after ethanol ex-
traction of the same sample in several subjects support the
validity of this approach.

Statistical analysis of differences. There was considerable
interindividual variation in several of the parameters, clearly
related to the varied clinical disorders. Therefore, differ-
ences between values obtained during the glucose and lipid
systems were tested for statistical differences by Student's
t test, usually for paired differences (21), or the Wilcoxon
rank test (22). Values are given as the mean±SEM with
n, the number of observations, in following parentheses
where necessary.

A-V difference studies. These were performed across
forearm muscle; the techniques were as previously modi-
fied (23) from those originally described by Zierler (24).
Briefly, a standard catheter (Argyle Medicut, 18 gauge
X 5 cm, Sherwood Medical Industries, St. Louis, Mo.) was
introduced retrograde into the median antecubital vein and
advanced the maximum distance possible into the forearm
(usually about 4 cm). A three-way stopcock allowed for
either slow infusion of physiologic saline or blood sampling.
A narrow sphygmomanometer cuff was placed around the
wrist and the pressure elevated to above arterial level for
7 min to eliminate circulation to the hand. At the end of
that period, simultaneous samples were obtained from the
deep forearm vein and a contralateral artery (radial or
femoral), the latter by a single puncture with a 20 gauge
needle. The two studies in the same individual were per-
formed on day 7 of each infusate system, and care was
taken that precisely the same deep forearm vein in the
same arm was used in these paired studies.

PROTOCOLII

In a further group of 12 patients (nos. 1-12, Table II),
the 83%o lipid calories infusion ("lipid system," described
above) was given for longer periods (10 to 43 days) with
a view to determining if such a lipid infusion was clinically
effective in meeting the needs of total parenteral nutrition.
Again all nutrition was given parenterally and only sips of
water were permitted by mouth. In 8 out of the 12 the
infusion was given exclusively by peripheral vein. This was
accomplished by attaching a Y-connector to the hub of
the peripheral venous cannula with the Amigen-dextrose
given through one limb and the Intralipid through the sec-
ond limb of the Y-connector. Both solutions ran continu-
ously throughout the 24-h period. In the remainder suitable
peripheral veins were not available because of previous in-
travenous therapy having caused thrombophlebitis. This
regimen, in which the Amigen-dextrose mixture is diluted
continuously by the Intralipid, presents the peripheral vein
with an osmolality of about 467 mosmol/kg. The regimen
provided the equivalent of 1 g/kg ideal body weight per
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day of protein and 40 kcal/kg ideal body weight per day as
nonprotein calories.

In these patients the following variables were observed.
(a) Daily monitoring for clinical side effects.
(b) Daily inspection of peripheral infusion-the intra-

venous site was changed when necessary by a trained nurs-
ing intravenous team and the number of days at each site
recorded.

(c) Signs of subjective and objective improvement in
the patient's clinical condition.

(d) Daily weight.
(e) Measurement of blood levels of electrolytes, blood

urea nitrogen, plasma glucose, cholesterol, and triglycerides
-three times a week.

(f) Measurement of hemoglobin, hematocrit, serum os-
molality, serum creatinine, bilirubin, serum glutamic oxalo-
acetic transaminase (SGOT), alkaline phosphatase, calcium,
phosphate, and magnesium-twice a week.

(g) Nitrogen balance was performed in seven patients
(nos. 2, 3, 5-7, 10, and 12; Table II).

RESULTS

Protocol I

The values for all variables measured in the 0900 h
blood sample on day 7 were found to be representative
of those prevailing throughout the 24-h period (data not
shown). The degree of change in substrate and hormone
levels was independent of the order of infusion, and
therefore results from each system were pooled for pres-
entation, irrespective of whether it was in the first or
second period.

Substrates. Despite differing rates of glucose admin-
istration, blood glucose levels on day 7 (Fig. 1) were
comparable in the glucose and lipid systems, being (mean
+SEM) 107.4±8.79 mg/100 ml (n= 11) and 118.3±
5.73 mg/100 ml (n = 10), respectively.

On day 7 of infusion the pyruvate and lactate levels
(Fig. 1) were significantly higher in patients in the
glucose system compared with those in the lipid system,
being 140.4± 13.4 *M (n = 11 ) and 1,877+245 FM (n =
11), respectively, for the glucose system, compared with
85.5±+12.0 MM (n= 12) and 869.3±87.3 FM (n = 12),

C Glucose
Lipid Systems

mMmg/lOO ml Glucose uM Pyruvate mM Lactate

8 150 150- 3-

6- ioo '-!1'i io 2-

FUR50
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1 3 7 1 3 7 1 3 7 1 3 7 1 3 7 1 3 7

FIGURE 1 The blood glucose, pyruvate, and lactate levels
in patients during the glucose and lipid systems. The values
are mean+SEM. The figures along the abscissa refer to
the day of infusion of each system. The number of ob-
servations and statistical analysis appear in the text.

tO Glucose Systems
* Lipid

Plasma FFA

mM

Blood Glycerol

0.6

0.4

mM

70.2

3 7 1 3 7

T T
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FIGURE 2 Plasma FFA and blood glycerol levels in pa-
tients during the glucose and lipid systems. The values are
mean+±SEM. The figures along the abscissa refer to the
day of infusion of each system. The number of observations
and statistical analysis appear in the text.

respectively, for the lipid system (P < 0.01). At no
sampling interval was the lactate/pyruvate ratio differ-
ent in the two systems.

The FFA levels on day 7 in patients in the glucose
system (Fig. 2) were about five times less than those in
the lipid system, namely, 243.5±43.38 MM(n = 10) and
1,321.69±260.77 MM (n= 11), respectively (P <0.01).
The FFA levels in patients in the glucose system were
suppressed by comparison with values from this labora-
tory for normal subjects in the postabsorptive state
(545+37 MM [n = 20]), and thus, the values in the
lipid system are markedly elevated from this reference
point. Concurrent glycerol levels (Fig. 2) were 213.4±
35.49 MM (n = 10) and 330.91±58.68 MM (i = 12) in
the glucose and lipid systems, respectively. The differ-
ence was not statistically significant.

The levels of both "ketone bodies," acetoacetate and
P-hydroxybutyrate, were low (Fig. 3) during the glucose
and significantly higher during the lipid system. Again,

El Glucose
M Lipid Systems

P -Hydroxybutyrate 4oor Acetoacetate

80,I

600-

UM 400-
MiM 200

200L- 100 jj

137 137 137 13 7

FIGURE 3 Blood 8-hydroxybutyrate and acetoacetate levels
in patients during the glucose and lipid systems. The values
are mean± SEM. The figures along the abscissa refer to
the day of infusion of each system. The number of ob-
servations and statistical analysis appear in the text.
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FIGURE 4 Plasma immunoreactive insulin and immunore-
active glucagon in patients during the glucose and lipid
systems. The values are mean± SEM. The number of ob-
servations and statistical analysis appear in the text.

on day 7, the acetoacetate and f-hydroxybutyrate levels
were 48.91+22.52 AM (n = 12) and 42.63+7.39 AM
(n = 11) in the glucose system compared with 371.16±
64.66 4uM (n = 12) and 726.25±+138.31 AM (n = 12) in
the lipid system (P < 0.05), respectively. Normal post-
absorptive values in this laboratory are 332±88 /hM for
P-hydroxybutyrate and 110±21,jM for acetoacetate (n=
26).

Hormones. Fig. 4 shows mean insulin levels to be
significantly higher during the glucose system on all
days in which they were measured (days 1, 3, and 7).
The mean day 7 insulin levels were 2.07+0.73 ng/ml
(53.2±1.9 AoU/ml) (n = 11) in the glucose system and
0.50+0.08 ng/ml (12.8±2.1 AU/ml) (n = 11) in the
lipid system (P < 0.05 on testing of the means). Glu-
cagon levels were significantly higher only when paired
differences on days 3 and 7 in the lipid system were

tested by the Wilcoxon ranking method (22). The glu-
cagon levels were 162.0±31.2 pg/ml (n = 9) and 227.1+
46.7 pg/ml (n = 10) on day 7 of the glucose and lipid
systems, respectively.

Nitrogen balance. The results are set out in Fig. 5

and Table III. The net nitrogen balance, taken over the
whole period, was positive in every patient irrespective

Ng/day
4 Glucose System

2

* Lipid System -

rTL

1 2 3 4 5 6

FIGURE 5 Nitrogen balance during the glucose and lipid
systems. The values are mean±+SEM. The figures along
the abscissa refer to the day of infusion of each system.
The upper half of the figure gives the results for 13 pa-
tients infused with the lipid system followed by the glucose
system. The lower half shows the results for 14 patients
infused in the reverse order.

of the system, although isolated periods of negative bal-
ance did occur. The nitrogen balance over the 7-day
period was significantly higher with glucose compared
with lipid (Table III). However, when examining the
time-course during the 7-day period it is evident that
the greater retention of nitrogen with the glucose sys-
tem was only seen during the first 4 days of infusion
(Table III). No significant difference was noted when
the last three days (days 5-7) of each system were com-

pared (Table III). These changes indicated that this
gain of nitrogen with the glucose system was a tem-
porary phenomenon, observed only during the first 4 days
of infusion. This observation was confirmed in three pa-
tients in whomthe alternation was repeated twice during
the same study. In these patients, nitrogen retention was

comparable during the lipid (4.44±0.19 g/24 h) and
glucose (3.56±0.12 g/24 h) (P = NS) on days 5-7
(Table IV).

Amino acid levels. Whole blood individual amino
acid concentrations were measured in 16 patients. In
eight the order of infusion was glucose followed by
lipid and in the other eight it was lipid followed by

TABLE I I I
Nitrogen Balance (Positive, grams/day) in Glucose and Lipid System (Mean SEM)

Lipid followed by glucose Glucose followed by lipid
Period of
balance Lipid Glucose n P* Glucose Lipid P*

g/day giday
Days 1-7 2.2740.24 2.99a0.20 86 <0.005 2.49-0.21 1.89d0.21 95 <0.001
Days 1-4 2.15+0.34 3.140.28 50 <0.005 2.55+0.28 1.46+0.28 55 <0.001
Days 5-7 2.4140.34 2.78t0.30 36 NS 2.40-0.33 2.5240.31 40 NS

* P value is that for significance of difference between means by paired t test.
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TABLE IV
Nitrogen Balance of Days 5-7

Patient no. System of Positive nitrogen
(Table I) infusion balance*

g/day

16 Glucose 2.8
Lipid 4.0
Glucose 3.25

17 Lipid 5.9
Glucose 4.2
Lipid 3.75
Glucose 3.65

22 Lipid 4.59
Glucose 3.91
Lipid 3.97

* I test showed no significant difference between glucose and
lipid systems (0.1 > P > 0.05).

glucose. During the glucose system, there was a signifi-
cant elevation in levels of glutamic acid, glutamine, gly-
cine, alanine, valine, leucine, tyrosine, phenylalanine,
methionine, lysine, and histidine (Fig. 6). A corre-
sponding depression occurred during the lipid system.
Both changes were independent of the order of infusion.
These differences in concentrations were significantly
different on day 7 of infusion in each of the two systems.
The concentrations of taurine, aspartic acid, serine, ar-
ginine, and isoleucine were not significantly different in
the two regimens. The most striking rise seen was that
in the alanine levels during the infusion of glucose. Of
particular note, however, is the increase in levels of
the branched-chain amino acids (valine and leucine)
during the glucose system, despite the higher insulin
levels reported above.

A-V difference of amino acid nitrogen. With both
systems there was an uptake of amino acid nitrogen by
muscle. For five patients whole blood A-V differences
were + 203.0±60.2 ALM and + 353.9±90.3 AMof amino
acid nitrogen in the glucose and lipid systems, respec-
tively. Statistically these values did not differ from
one another.

Plasma triglyceride and cholesterol. In 11 patients
preinfusion triglyceride and cholesterol concentrations
were 111.2±17.8 and 116.6±16.0 mg/100 ml in the glu-
cose and lipid systems, respectively. There was a sig-
nificant increase in the values for both substances after
a week of either infusion (for triglyceride, P <0.005
and P < 0.01 in glucose and lipid systems, respectively,
and similarly for cholesterol, P <0.02 and P <0.001).
For 17 patients triglyceride means were 210.2±24.2 and
193.8+21.8 mg/100 ml on day 7 of the glucose and
lipid infusions, respectively. These means were not

statistically different (P > 0.10). Concurrent cholesterol
means were 193.8±21.8 and 360.8±30.7 mg/100 ml
and the difference for the two systems was significant
(P <0.001).

Protocol II

Reaction at site of infusion. The infusion could be
delivered through each site of venipuncture for 2-5 days
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FIGuRE 6 Whole blood amino acid levels on day 7 of the
glucose and lipid systems, given for only those amino acids
showing a significant difference between the glucose and
lipid systems. The values are mean+SEM. The upper half
of the diagram for each amino acid, comprising one black
and one clear histogram, represents the results in eight
patients infused with lipid followed by glucose. The lower
half, comprising one clear and one black histogram, repre-
sents the results in eight patients infused with glucose fol-
lowed by lipid. In diagram A the results of essential amino
acids are set out and in diagram B those of the nonessential
amino acids.

Metabolic Studies in Total Parenteral Nutrition with Lipid in Man

C

131



TABLE V

Serum Albumin and Liver Function Tests

Serum Alkaline
Patient no. albumin Bilirubin SGOT phosphatase

(as in
Table II) B* At B* At B* A? B* At

1 3.1 4.6 0.3 0.5 40 66 20 50
2 3.0 4.1 0.2 0.6 26 36 25 50
3 2.2 3.7 0.3 20 31 50 50
4 3.9 4.1 0.3 23 53 30 165
5 3.6 3.5 0.2 0.2 36 36 60 40
6 2.2 3.9 0.7 0.7 23 53 65 165
7 2.5 2.6 1.7 0.9 33 48 190 135
8 2.7 3.1 0.4 0.2 29 40 55 45
9 2.4 2.7 2.2 0.8 35 40 50 65

10 2.4 3.8 1.1 1.0 18 39 60 35
11 2.6 2.6 0.6 0.5 38 47 120 80
12 3.9 3.9 7.5 1.9 239 69 110 180

* Before lipid infusion.
$ At end of lipid infusion.

(maximum 10 days) without phlebitis or discomfort.
The patients did not experience any more discomfort
than with standard 5% dextrose infusions unless the
Amigen 5%-dextrose 5% solution was infused without
lipid. The mixing of the two through a Y-connector
was necessary to avoid discomfort.

Weight gain. This occurred in all but one patient
(Table II) and was significantly correlated with the
calories infused (P <0.05) fitting a linear regression
equation where the weight gain in kilograms per week
=- 1.6 + 0.0693 X kilocalories infused daily per kilo-
gram of desirable body weight. This relationship gave
an average weight gain of 0.36 kg/day when total caloric
input was 60 kcals/kg per day.

Laboratory data. Blood urea nitrogen, serum electro-
lytes, Ca, Mg, and POWlevels were maintained within
normal limits. The one patient with brittle diabetes (no.
6) had previously received total parenteral nutrition with
hypertonic glucose and was twice recorded as being
hyperosmolar due to difficulty in controlling glycemia,
even with large amounts of insulin. Using the lipid
system, we obtained healing of fistula and weight gain
without requiring exogenous insulin.

Plasma triglyceride and cholesterol levels. After lipid
administration in the 12 patients, triglyceride levels were
only moderately elevated, being 127.1±11.6 and 198.7±
22.8 mg/100 ml before and after infusion (P < 0.005),
respectively. Corresponding cholesterol levels showed
consistent elevation, being 133.5±13.7 before and 422.6±
47.7 mg/100 ml after infusion. These results are similar
to those seen with protocol I. In studies published else-
where (25) it has been shown that these changes are

temporary and return to normal within 2 wk of dis-
continuing infusion.

The changes in liver function tests were not con-
sistent (Table V). One patient with a high SGOTlevel
(no. 12) initially showed a fall in level during infusion
while some others showed a mild rise in SGOTto be-
low 60 IU. Alkaline phosphatase fell in two patients
with initial high levels (nos. 7 and 11) and rose in
three others (nos. 4, 6, and 12). Serum bilirubin level
fell in three patients (nos. 7, 9, and 12) in whom it was
abnormal initially. The serum albumin rose in eight out
of nine patients (nos. 1, 2, 3, and 6-10) in whom it was
below 3.5 g (normal serum albumin in our laboratory is
3.5-S g/100 ml), showing that plasma protein synthesis
was improved in this system of intravenously adminis-
tered nutrition.

Nitrogen balance. Nitrogen balance was measured
in 7 of the 12 patients in protocol II and the average of
the means for each patient (measured over the whole pe-
riod of infusion) was 2.22+0.54 g/24 h, which is com-
parable to the values observed wtih protocol I.

DISCUSSION
The present study was designed to provide metabolic
data relevant both to the clinical problems of parenteral
nutrition with lipid and to the determination of the hor-
mone-substrate milieu that was associated with nitrogen
retention in this lipid system (and hence with tissue
repair and protein synthesis), when compared with that
found in the glucose system. Furthermore in a group of
patients (protocol II) studied clinically for longer pe-
riods (10-43 days), the lipid system when infused
through a peripheral vein provided total parenteral nu-
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trition with beneficial clinical results comparable to
those seen with the use of hypertonic glucose (2, 3). In
no instance did the plasma values of lipids and lipopro-
teins observed preclude continuance of such therapy
(25, 26). This is consistent with the excellent clinical
results observed previously (4, 6, 8, 27-29). Thus, the
lipid system's clinical advantages of having acceptable
osmolality, permitting peripheral venous infusion, must
be considered as a therapeutic feature in any comparison
of lipid and glucose systems.

Metabolic studies during administration of total pa-
rental nutrition using hypertonic glucose have shown
positive nitrogen balance and positive elemental balances
of potassium and phosphorous, indicating anabolism of
muscle (30), when glucose in amounts of 15 g/kg of
ideal body weight (60 kcal/kg) and the nitrogen equiva-
lent of 2.4 g of amino acid/kg were infused. The ra-
tionale behind hypertonic glucose administration finds
its historic roots in the studies of Gamble (1), who
showed that within narrow hypocaloric limits (in ref-
erence to optimal caloric needs of healthy subjects), in-
creasing the intake of glucose increased protein sparing.
However, he noted the apparent paradox of the failure
of added protein to achieve better nitrogen conservation
than glucose alone. Hinton et al. (31) have suggested
that infusion of hypertonic parenteral glucose calories
with insulin can further curtail protein loss in patients
with burns. The mechanism in this instance is presumed
to be related to the achievement of greater concentrations
of insulin in the plasma.

On the other hand, high insulin levels may not re-
sult in protein sparing under some circumstances. A
recently developed concept based on some experimental
data considers lower insulin levels to be desirable for
optimal nitrogen retention when total caloric needs are
not provided (32, 33). The reasoning behind this concept
is that any moderate elevation of insulin above basal
postabsorptive levels will inhibit mobilization of FFA
from adipose tissue and thereby necessitate the mobiliza-
tion of protein (requiring still higher levels of insulin
for inhibition) to assure that the total energy needs are
met (34). While low insulin levels are necessary to in-
duce a positive nitrogen balance when endogenous cal-
ories are used, this system, to induce positive nitrogen
balance (35), appears to require 1.5-1.7 g/kg per day
of amino acid, which is higher than that required by the
hypercaloric system (9).

The present study shows that positive nitrogen bal-
ance can be achieved in seriously ill patients with non-
protein calories given mainly as lipid, when the sup-
plies of amino acids (1 g/kg) and total calories are
comparable to (6) or lower than (30) those used with a
system providing glucose as the dominant, or entire,
source of nonprotein calories. Furthermore, such nitro-

gen retention occurs when insulin levels are as low as
those seen in systems using endogenous calories (32, 33)
and almost twice the amount of amino acids (35). Al-
though the circulating levels of energy substrates and
important regulatory hormones during infusion of lipid
as the chief source of nonprotein calories differed mark-
edly from those observed during glucose infusion, the
nitrogen balance and uptake of amino acids by muscle
appeared comparable irrespective of the major source of
nonprotein calories.

During the glucose system, increased concentrations
of plasma insulin and decreased concentrations of plasma
glucagon were observed together with low levels of ke-
tone bodies and FFA, but increased levels of pyruvate,
lactate, and alanine in the plasma. These findings sug-
gest that in this system glucose is being used as the
principal source of energy, even though blood glucose
levels are not increased. By contrast, during the lipid
system there was a rise in the plasma concentrations of
FFA and ketone bodies together with a fall in those of
insulin, pyruvate, lactate, and alanine. While precise
metabolic evidence for the relative utilization of lipid
and glucose as chief sources of energy is not available,
the significant rise in values for FFA and ketone bodies
in association with low insulin levels, during the infu-
sion of lipid, may suggest that these fatty acids and
ketones are being used for fuel.

Nitrogen balance and A-V difference of amino acids
in relation to energy source. The nitrogen balance dur-
ing these two very diverse metabolic situations is of in-
terest. Changing the source of nonprotein calories re-
sulted in a temporary alteration in this balance during
the first 4 days of each infusion. The alteration seen
was a fall in nitrogen retention when the glucose regi-
men was changed to the lipid one and a rise when the
change of system was in the reverse order. However, on
the last 3 days of each infusion the nitrogen balance with
the two systems was equivalent. Similar temporary
changes in nitrogen retention has also been observed by
others when dietary carbohydrate was replaced by fat
(36). The isocaloric replacement of dietary carbohydrate
with fat in that study resulted in a temporary increase
in nitrogen excretion followed by a decrease to equi-
librium levels. Consistent with equivalent nitrogen re-
tention during our two systems, there was comparable
uptake of amino acid nitrogen across forearm muscle,
suggesting that lipid may promote anabolism of muscle
to the same extent as glucose. It is clear, therefore, that
any data comparing nitrogen balance in a cross-over
study such as ours must take into account a period of
equilibration. In this study such a time period appears
to cover 4 days. Once this has been achieved, nitrogen
balance becomes equivalent in the two systems. That
comparable nitrogen balance can be maintained in the
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lipid system with immunoreactive insulin levels blelow 0.5
ng/ml (12.8 ,AU/ml) are plotted.

lipid system for longer periods of time was also demon-
strated (protocol II).

Insulin concentration and nitrogen retention. Al-
though the overall nitrogen balances observed with the
two systems are equivalent with very different mean
levels of insulin, there is a significant negative correla-
tion observed in the lipid system between nitrogen ex-
cretion and insulin levels, but only at the lower levels of
insulin.

In Fig. 7 nitrogen excretion is shown as a percent of
the amount administered, and the data included those
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FIGURE 8 Correlation between plasma FFA levels shown
in the abscissa and excretion of nitrogen (as percentage of
infused nitrogen) shown in the ordinate. The values are
plotted only for those patients in the lipid system who had
immunoreactive insulin levels at or about 0.5 ng/ml (12.8
sU/ml).

for all days of the lipid system for which paired values
are available. In the lipid system lower insulin values
were observed and a significant negative correlation
(P <0.01) was found on comparing the nitrogen ex-
creted with levels of insulin when these were modest,
i.e., 0.1-0.5 ng/ml (2.6-12.8 /AU/ml). However, in the
glucose system the value of insulin exceeded 0.5 ng/ml
and did not correlate with nitrogen retention. These
results do suggest that a lipid system is worthy of a
controlled trial in patients known to be, or suspected of
being, incapable of generating or sustaining elevated in-
sulin levels (as illustrated in one patient-no. 6, Table
II). Among such patients are diabetics and those with
injury and burns (37) who may require total parenteral
nutrition.

Effects of substrate on nitrogen retention. In patients
in the lipid system, with insulin levels at or above 0.5
ng/ml (12.8 uU/ml), there was a significant negative
correlation between nitrogen excretion as a percentage
of the amount infused with plasma FFA levels (Fig. 8).
Such a correlation did not exist for values of immuno-
reactive insulin below 0.5 ng/ml. Considering only those
patients in the lipid system who had plasma insulin levels
at or exceeding the apparently critical value of 0.5 ng/ml,
the negative correlation between FFA levels and nitro-
gen retention indicates that when this critical hormone
requirement has been met, greater availability of lipid
substrate improved nitrogen balance, showing a pro-
tein-sparing effect of lipid (once this certain low concen-
tration of insulin has been achieved).

Amino acid levels in relation to energy source. The
elevation in amino acids during glucose infusion (and
depression during lipid infusion) is of interest and shows
that under these conditions of continuous amino acid and
calorie input (in excess of basal requirements) the
changes in amino acid levels are in contrast with those
found in the postabsorptive state following oral glucose
intake. The reasons for these changes are likely to be
complex. However, the increase in blood amino acid
levels during the infusion of the glucose must indicate
an increase in the input of amino acids or a decrease in
their removal from the circulation. Increase in input
cannot be from exogenous sources for the patient re-
ceived a constant infusion. It is unlikely to be from
endogenous sources, since an increase in amino acids
from this source would involve increased protein ca-
tabolism-not likely with an equivalent (or even a tem-
porary improvement in) nitrogen retention being ob-
served at the same time.

Furthermore, if the rise in blood amino acids during
the glucose system were due to increased release from
endogenous sources, then a greater output of amino acid
from muscle would be expected during the glucose sys-
tem (increased negative A-V difference) in an A-V dif-
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ference study. It is clear that the observed A-V differ-
ence of blood amino acid nitrogen is not consistent with
an increased output from muscle during the glucose sys-
tem for the A-V difference was positive with both
systems.

Another possible cause of increased amino acids dur-
ing the glucose system is a reduction in net hepatic ca-
tabolism of amino acids. This hypothesis is supported by
the results of Ruderman and Herrera (38), who showed
that amino acid catabolism and urea production were
diminished in the isolated perfused liver by increasing
glucose in the perfusing medium. Some increase in ca-
tabolism of amino acids would be related to the need for
obligatory gluconeogenesis during lipid infusion. With
the lipid system the total amount of glucose or gluco-
genic substrate infused, as 5% glucose and glycerol in
Intralipid, would not meet the requirements (180 g of
glucose per day) for the metabolism of nerve and other
glycolytic tissues in the unadapted man (39), and hence,
infused amino acids would be used for gluconeogenesis,
contributing to the fall in levels observed with the lipid
system.

Clinical tolerance and triglyceride and cholesterol
levels during infusion of Intralipid. While the above
results show that exogenous lipid spares protein, it is
necessary to determine if this desirable metabolic feature
is associated with clinical tolerance and lack of toxicity.
Clinically, Intralipid has been infused without significant
reactions in many centers (4, 5, 8, 27-29) and in none
of our patients did the degree of ketosis result in clini-
cally significant acidosis. The serum triglyceride concen-
trations were seen to increase significantly over preinfu-
sion values but to muoh the same degree in both glucose
and lipid systems (protocol I). More prolonged infu-
sion of Intralipid (protocol II) did not further increase
triglyceride levels. Plasma concentrations of cholesterol
also increased significantly above preinfusion values with
both systems but to a greater extent in the lipid system
(protocol I). Again, although more prolonged infusion
of Intralipid (protocol II) did cause a slight further
increase, this last was not statistically significant (P >
0.10). In any case, the increase in plasma cholesterol
was temporary (25), regressing within 2 wk of discon-
tinuing infusion, and was not associated with any un-
toward side effects. On the other side of the picture,
lipid infusions have been found to be necessary to avoid
essential fatty acid deficiency (26, 40, 41) and develop-
ment of fatty liver (26, 42, 43), a recognized compli-
cation of the glucose system. Furthermore in patients
receiving intravenous feeding at home (now observed
for up to 5 yr) (26, 42, 43) no untoward reaction to
Intralipid has been noted with daily infusions given over
several years.

In conclusion, since lipid calories induce weight gain,
nitrogen retention, and amino acid uptake by muscle,
comparable with those seen with glucose in seriously
sick patients, the finding that nitrogen retention during
lipid infusion occurs with lower insulin levels would
suggest that lipid as a source of nonprotein calories
should be studied further in septic and burned patients
who exhibit a catabolic milieu where insulin levels are
low and/or insulin resistance is present.
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