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ABSTRACT. Background: Most postoperative patients lose
net protein mass, which reflects loss of muscle tissue and
organ function. Perioperative parenteral nutrition may
reduce the loss of protein, but in general, with conventional
lipid emulsions a waste of protein still remains. Methods: We
compared the effects on nitrogen balance of an emulsion
containing structured triglycerides, a new type of synthe-
sized triglycerides, with an emulsion of a physical mixture of
medium- and long-chain triglycerides as part of parenteral
feeding in moderately catabolic patients. The first 5 days
after placoment of an aortic prosthesis patients received total
parenteral nutrition (TPN) providing 0.2 g of nitrogen per kg
body weight per day; energy requirement was calculated
using Harris and Benedict’s equation, adding 300 keal per
day for activity. Twelve patients were treated with the struc-
tured triglyceride emulsion and 13 patients with the emul-
sion of the physical mixture of medium- and long-chain trig-
lycerides. The design was a randomized, double-blind

parallel study. Resulfs: In the patients who completed the
study, the mean cumulative nitrogen balance over the first 5
postoperative days was —8 = 2 g in 10 patients on the
structured triglyceride emulsion and —~21 = 4 gin 9 patients
on the emulsion of the physical mixture of medium- and
long-chain triglycerides; the mean difference was 13 g of
nitrogen (95% confidence interval 4 to 22, p = .015) in favor
of the structured triglyceride emulsion. On the first postop-
erative day serum triglyceride and plasma medium-chain
free fatty acid levels increased less during infusion of the
structured triglyceride emulsion than with the physical mix-
ture emulsion. Conclusions: The parenteral structured triglyc-
eride emulsion improves the nitrogen halance and is cleared
faster from the blood, compared with the emulsion of the
physical mixture of medium- and long-chain triglycerides, in
moderately catabolic patients. (Journal of Parenteral and
Enteral Nutrition 25:237-244, 2001)

After major surgery, most patients become catabolic
and lose net protein mass, resulting in loss of muscle
tissue and organ function. Improvement of protein
retention is important for conservation of muscle mass
and organ function, Perioperative parenteral nutrition
may reduce the loss of protein® and improve outcome in
severcly malnourished patients,>® but with existing
regimes a considerable waste of protein still remains.

Lipid emulsions are an important component of total
parenteral nutrition (TPN). They supply energy and
essential fatty acids. Soybean oil is the usual source of
fat in parenteral fat emulsions and consists of long-
chain triglycerides. Medium-chain triglycerides have
been suggested as an alternative lipid source, because
they may improve nitrogen balance,“" are metabolized
more rapidly and stored less in tissues,® and are oxi-
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dized mainly independently of carnitine.® However,
high plasma levels of medium-chain free fatty acids,
the metabolic product of medium-chain triglycerides,
may cause adverse reactions, such as metabolic acido-
sis due to higher production of ketone bodies’” and
increased energy expenditure.® In dogs, high plasma
medium-chain free fatty acid levels caused serious neu-
rologic toxicity.® To reduce the amount of medium-
chain triglycerides and to provide the essential long-
chain fatty acids, the medium-chain triglycerides are
administered together with long-chain triglycerides, as
a physical mixture.

To improve the safety of medium-chain triglycerides,
so-called structured triglycerides were synthesized.
Structured lipids are produced by hydrolysis of soy-
bean oil and coconut oil. Re-esterification results in
structured triglycerides with medium- and long-chain
fatty acids at randomly attached to positions within
the same glycerol molecule. An emulsion containing
these structured triglycerides caused lower plasma lev-
els of medium-chain free fatty acids and was cleared
faster from the blood compared with an emulsion of a
physical mixture of medium-chain and long-chain trig-
lycerides, in healthy volunteers.'™*
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The question has been asked if this structured tri-
glyceride emulsion improves nitrogen balance. In
animals, parenteral administration of emulsions of
structured triglycerides leads to improved nitrogen
balance,'*'* increased hepatic protein synthesis!3.14
and serum albumin levels,’® and decreased leucine
oxidation'®'* compared with emulsions of a physical
mixture of medium- and long-chain triglycerides.

The predefined objectives of the present clinical trial
were to study, in postoperative, moderately catabolic
patients, the influence on nitrogen balance and the
safety and tolerance of intravenous (IV)-infused struc-
tured triglycerides (Structolipid) compared with that of
a physical mixture of medium- and long-chain triglyc-
erides (Lipofundin MCT/LCT 20%). The structured tri-
glyceride emulsion has been compared with an emul-
sion of long-chain triglycerides, proven to be as safe
and well tolerated,’® and associated with increased
whole body fat oxidation in postoperative patients.’®

MATERIALS AND METHODS
Design

The design was a randomized, double-blind, parallel
study. We excluded some important confounders. We
chose for a homogeneous and stable group of patients
(only elective surgery), and enteral nutrition was not
permitted until the end of the study period. We
included patients operated for placement of an aortic
tube or bifurcation prosthesis because of an abdominal
aortic aneurysm or atherosclerotic obstruction. Such
patients make a homogeneous group, are moderately
catabolic,’” and may require postoperative parenteral
nutrition. We chose to administer parenteral nutrition
in all of these patients, although in clinical practice not
all of these patients would need parenteral nutrition.
Probably some patients, nutritional needs could be
reached by tube feeding in the duodenum or jejunum.

We calculated the daily cumulative nitrogen balance
for those patients who completed the 5-day study
period. We assessed safety and tolerance in accordance
with standard clinical practice. Serum levels of triglyc-
erides and plasma levels of medium-chain free fatty
acids were measured as an estimate of the clearance
rate of the lipid emulsions from the blood. IV-adminis-
tered triglycerides are hydrolyzed by lipoprotein lipase,
proctliucing long-chain and medium-chain free fatty
acids.

Patients

The study was approved by the Human Ethics Com-
mittee of the University Hospital of Nijmegen, The
Netherlands. Over a period of 20 months, 61 patients
were admitted to the Department of Surgery for elec-
tive surgery. Placement of an aortic tube or bifurcation
prosthesis because of an abdominal aortic aneurysm or
atherosclerotic obstruction was performed. Thirty-four
patients were excluded because of hypertriglyceride-
mia (9), treatment with lipid lowering-drugs (8), not
giving written consent (7), treatment with corticoste-
roid hormones (5), renal disease (3), diabetes mellitus
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(2), age above 80 years (1), severe overweight (1), or
fluid restriction (1). Three patients fulfilled 2 exclusion
criteria.

Twenty-seven patients were informed by verbal and
written consent, after which they were randomized. In
none of the patients was significant weight loss
observed before the hospitalization. Preoperatively the
patients were normally active. In all of these patients
elective surgery was performed. Two patients dropped
out before treatment started: 1 changed her decision to
participate, and 1 suffered a myocardial infarction
after inclusion in the study. We used a table with
random numbers to assign patients to receive either
the structured triglyceride emulsion (n = 12) or the
emulsion of the physical mixture of medium- and long-
chain triglycerides (n = 13).

Four patients were withdrawn after treatment had
started for reasons not related to the lipid emulsions:
Adult Respiratory Distress Syndrome, aspiration of
stomach contents, ventricular fibrillation, and throm-
bosis in the subclavian vein.

Postoperatively these patients were not on a respi-
ratory ventilator during the nitrogen balance study,
and patients were mobilized as soon as possible. After
5 days, when the study was completed, oral intake was
started if possible.

Before nitrogen excretion was measured, and still
blinded to treatment, one patient was excluded from
calculation of the nitrogen balance. He was treated
with the physical mixture. The reason for exclugion of
this patient was extensive muscle breakdown due to
muscle ischemia and compression, which is known to
produce high nitrogen excretion. In one patient treated
with the structured triglyceride, day 4 emulsion urine
was lost. This patient was also excluded from calcula-
tion of the nitrogen balance. Therefore nitrogen bal-
ance was calculated for 10 patients treated with the
structured triglyceride emulsion and for 9 patients
treated with the emulsion of the physical mixture who
completed the 5-day study period.

Treatment

In all patients parenteral nutrition was started with
an administration rate according to nutritional need.
Patients were treated with a structured triglyceride
emulsion (Structolipid, Fresenius-Kabi, Sweden) or an
emulsion of a physical mixture of medium- and long-
chain triglycerides (Lipofundin MCT/LCT 20%, B.
Braun Melsungen AG, Germany) (Table I). Figure 1
shows the molecular structure of MCT, LCT, and struc-
tured triglycerides. Structured triglycerides are pro-
duced by hydrolysis of MCT and LCT in glycerol and
free fatty acids and subsequent at random re-esterifi-
cation of glycerol with free fatty acids. 1,3-specific
lipase is not used. Both patient groups received an
equal dose of lipid emulsion in weight with an equal
energy content, because we chose to compare the emul-
sions under energetically equivalent conditions. The
patients, treated with the physical mixture-emulsion,
received 1.08 times more triglycerides and 1.25 times
more medium-chain fatty acids, both on a molar base.

The patients were treated with TPN for the first 5
days after surgery. We calculated energy requirement
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N TABLE I
Composition and characteristics of the structured triglyceride emulsion
and of the emulsion of the physical mixture of medium-
and long-chain triglycerides

. . Structured Physical
Composition and characteristies triglyceride mixture
emulsion emulsion
Structured triglycerides (g/L) 200
Soy bean oil (g/L) 100
Medium-chain triglycerides (g/L) 100
Mean molecular weight of
triglycerides 683 634
Practionated egg phospholipids (g/L) 12 12
Glycerol (USP) (g/L) 22.5 25.0
Water [or injection ad (ml) 1000 1000
pH 8 6.5-8.5
Osmolality (mosm/kg water) 3560 380
Energy content (keal/L) 1960 1936
Fatty acid composition, % by weight
Caprylic acid (C8:0) 27 26
Capric acid (C10:0) 10 20
TPalmitie acid (C16:0) 7 7
Stearic acid (C18:0) 3 2.6
Oleic acid (C18:1) 13 18
Linoleic acid (C18:2w6) 33 27
Alpha-linolenic acid (C18:3w3) 5 3.5
Othoer 2 1

in keal/24 h using Harris and Benedict's equation
[males: 66.47 + 13.75 X weight (kg) + 5.0 height
(em) — 6.76 X age (years); females: 655.10 X 9.56 X
weight (kg) -~ 1.85 X height (cm) — 4.68 X age (years)]
and added 300 kcal/24 h for activity, We gave 0.2 g of
nitrogen/kg body weight per 24 h (Vamin 18, Frese-
nius-Kabi, Sweden), which is in accordance to the
nutritional needs of this group of patients.’® Two-
thirds of the non-protein energy or 53% of total energy
was given as carbohydrates (glucose 40%), one-third or
26% of total energy as lipid emulsion, and 21% of total
energy as amino acids. Amino acids and carbohydrates
were given daily over 24 hours, throughout the 5-day
postoperative period. The lipid emulsions were admin-
istered separately, because stability studies of mix-
tures of the structured triglyceride emulsion, and
amino acids and carbohydrates were not available. The
lipid emulsions were administered daily from 10 amM to
4 M, because lipids could disturb the laboratory
assessments and baseline blood samples were taken at
8 aM. This intermittent administration of lipid emul-
sions allowed us to study the kinetics of the lipid emul-
gions. All parenteral nutrition was administered
through one lumen of a double-lumen subclavian cath-
eter. TV medication was given separately through the
other lumen of the subclavian catheter or via a periph-
eral catheter. Amino acids, carbohydrates and lipid
emulsion were given at constant rates using 3 separate
infusion pumps (Terufusion STC-503, Terumo, The
Netherlands). Oral intake of nutrients was not allowed
during the study period.

Assessments

The following baseline characteristics of the patients
were determined: sex, race, age, nutritional status,
duration of surgery, blood loss during surgery, apd
Acute Physiololgy and Chronic Health Evaluation

STRUCTURED TRIGLYCERIDES IMPROVE NITROGEN BALANCE

239

(APACHE) II score."® Nutritional status was assessed
by measuring height and weight, and calculating body
mass index [weight per square height]. Furthermore,
skinfold thickness according to Durnin and Womers-
ley® was measured at 4 sites (biceps, triceps, subscap-
ular and supra-iliac), giving the body fat content of the
patient; the percentage of ideal body fat content was
calculated. Also, width of condyle of femur was mea-
sured according to de Wijn,?! giving the ideal weight of
the patient; the body weight was measured and the
percentage of ideal body weight was calculated.

Blood pressure, heart rate, respiratory frequency,
body temperature, and adverse events of each patient
were monitored, each postoperative day at 8 aM and 4
PM. The patients especially were monitored for infec-
tious complications, allergic reactions, nausea, chills,
and neurologic symptoms. In addition, the APACHE II
score was evaluated on days 1, 3, and 6 at 8 am.

We calculated the nitrogen balance per 24 hours
from the amounts of nitrogen administered parenter-
ally and the nitrogen excreted in the urine. We
assumed a daily loss of 2 g of nitrogen via other
routes.'® During the first 5 days postoperatively nitro-
gen was only provided by the parenteral nutrition
because oral intake of nutrients was not allowed.
Under close supervision urine was collected daily and
pooled in 24-hour aliquots from 6 aM until 6 AmM the
following day, and the urine was transported every
morning to the laboratory at 8 am. Urinary nitrogen
content was analyzed according to Kjeldahl.?

Serum levels of triglycerides and plasma levels of
medium-chain free fatty acids were measured on the
first and fifth day after surgery before and at the end of
lipid infusion, ie, at 8 am and 4 PM; one more sample
was taken at the end of the study, on the sixth day at
8 aM. Serum triglycerides were measured by the
Bohringer Mannheim Kit for triglyceride analysis
without free glycerol. Plasma medium-chain free fatty
acids were analyzed according to Tsuchiya et al.?® The
free fatty acids were separated by reversed-phase high-
performance liquid chromatography (HPLC) on a C18

Structured triglycerides MCT
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TABLE IT
Baseline characteristics of patienis treated with the structired triglyceride
emulsion or with the physical mixture emulsion*

Structured Physical
Baseline characteristics triglyceride mixture
emulsion emulsion
Men/women (number) 10/2 10/3
Caucasian/noncaucasian (number) 12/0 12/1
Age (years) 67 6 69 7
Height (m) 1.68+ 009 1.66=* 0.09
Weight (kg) 73 = 10 69 = 13
Body Mass Index (kg/m?) 26+ 3 25+ 38
% of ideal body fal content 106 B 106 5
% of ideal body weight 108 = 12 106 = 9
Duration of surgery (min) 150 = 70 160 = 40
Blood loss during surgery (mL) 1420 = 680 2130 = 880
APACHE 1T score T 1 7+ 1

*Yalues are numbers or means * SD.

column after a derivatization reaction with a fluores-
cent reagent, 4-bromomethyl-7-acetoxycoumarin. The
free fatty acid derivatives were detected by fluores-
cence detection.

Blood hemoglobin, white blood cell count with differ-
ential count and platelet count, serum sodium, potas-
sium, urea, creatinine, total bilirubin, alkaline phos-
phatase, aspartate aminotransferase, glucose, and
B-hydroxybutyrate were measured before surgery, at 8
AM on day 1 before the start of parenteral nutrition, and
at 8 AM on days 3 and 6. Beta-hydroxybutyrate was
determined on a centrifugal analyser (Multistat IIT).%4

Statistical analysis

The primary endpoint for comparison between the
groups was the daily cumulative nitrogen balance cal-
culated for those patients who completed the 5-day
study period. Two secondary end points were tested:
changes in serum levels of triglycerides and changes in
plasma levels of medinum-chain free fatty acids. All
results were expressed as mean = SEM. Changes in
the structured triglyceride-emulsion group were com-
pared with changes in the physical mixture-emulsion
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group, using Student’s ¢ test, and the 95% confidence
level was calculated.

RESULTS

Baseline characteristics of the two groups were sim-
ilar with respect to sex, race, age, nutritional status,
duration of surgery, and APACHE II score. After treat-
ment had started, 6 patients dropped out for calcula-
tion of the nitrogen balance over the first 5 days. Base-
line characteristics of the 2 groups remained similar
when these 6 patients were excluded. Blood loss during
surgery was a little smaller in the structured triglyc-
eride-emulsion group (1420 * 680 mL) than in the
group treated with the emulsion of the physical mix-
ture of medium- and long-chain triglycerides (2130 =
880 mL) (Table II). The difference in blood loss did not
influence the nitrogen balance study, because the
nitrogen balance started the day after surgery.

The mean cumulative nitrogen balance was calcu-
lated for those patients who completed the 5-day study
period. The mean cumulative nitrogen balances of the
2 study groups became significantly different on the
fourth postoperative day: —5 = 2 g of nitrogen for the
10 patients receiving the structured triglyceride emul-
sion and —16 * 4 g of nitrogen for the 9 patients
receiving the emulsion of the physical mixture of medi-
um- and long-chain triglycerides. The mean difference
in cumulative nitrogen balance over the 4 day-period
was 11 g of nitrogen (95% confidence interval 2 to 19,
p = .02). After 5 days the mean cumulative nitrogen
balance was —8 * 2 g for the structured triglyceride
emulsion and —21 * 4 g for the emulsion of the phys-
ical mixture; the nitrogen balance was thus 13 g less
negative for the structured triglyceride emulsion than
for the emulsion of the physical mixture (95% confi-
dence interval 4 to 22, p = .015) (Table III, Fig. 2a
and 2b).

On the first postoperative day, serum levels of trig-
lycerides and plasma levels of medium-chain free fatty
acids increased less during the 6 hours of lipid infusion
with the structured triglyceride emulsion compared

TanLE III
Cumulative nitrogen balance over the first five days after surgery for 10 patients treated with the structured triglyceride emulsion
and 9 patients treated with the physical mixture emulsion, who completed the five-day nitrogen balance

Structured triglyceride emulsion Day 1 Day 2 Day 3 Day 4 Day 6
Nitrogen parenterally

administered (g) +15 =1 +30 21 +45 + 1 +60 = 2 174 % 2
Urinary nitrogen excretion (g) -14 =1 -30+2 —44 = 3 -~B7 1= 8 -T2 + 4
Assumed nitrogen loss via other

routes (g) -2 —4 -6 -8 -10
Cumulative nitrogen balance (g) -1x1 —4 % -5+2 -5 & 2 ~§ 2 Qi

Physical mixture emulsion Day 1 Day 2 Day 3 Day 4 Day §

Nitrogen parenterally

administered (g) +14 £ 1 27 + 2 +41 * 2 +B5 £ 3 +68 & 4
Urinary nitrogen excretion (g) -14 =1 -31+3 —46 = 5 -63+6 =79 7
Assumed nitrogen loss via other

routes (g) -2 L -6 -8 ~10
Cumulative nitrogen balance (g) -2+1 -8+ 1 ~11+ 3 —18 & 4™ O] e 4

Values are means * SEM,
"Mean difference 11 g (95% confidence interval 2; 19, p = 0.02),
#Mean difference 13 g (95% confidence interval 4; 22, p = 0.015).
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Nitrogen (g)

-30

3 4 5
Days

If1es, 2. (a) Daily nitrogen balances and (b) cumulative nitrogen balances over the first five days after surgery for 10 patients treated with the
structured triglyceride emulsion (hatched bars) and 9 patients treated with the physical mixture emulsion (solid bars), who completed the

O-tlay nitrogen balance. Error bars indicate SEM.

with the physical mixture of medium- and long-chain
triglycerides (the difference in change for triglycerides
between treatment with the structured triglyceride
emulsion and the physical mixture emulsion was 1.10
mmol/L, 95% confidence interval 0.70 to 1.50, p <
00005, and for medium-chain free fatty acids 145
umol/L, 95% confidence interval 99 to 161, p = .00001,
Table IV). These differences were higher than expected

from the difference in emulsion composition on a molar
base. Both groups received an equal dose of lipid emul-
sion in weight; thus, the physical mixture-emulsion
group received 1.08 times mbore triglycerides and 1.25
times more medium-chain fatty acids, both on a molar
base. However, serum triglycerides and plasma medi-
um-chain free fatty acids concentrations increased 2
times more with the physical mixture-emulsion group.

TaBLE [V
Changes in mean serum levels of triglycerides (mmol/L) and plasma levels of medinm-chain free falty acids (MCFFA, wmol/L)
on day 1 post-operatively, from 8 am, before the start of the lipid infusion, until 4 PM; the end of lipid infusion

Time Variables Structured triglyceride emulsion Physical mixture emulgion
Day 1, 8 AM triglycerides 0.86 = 0.07 0.74 = 0.07
MCFFA 12 = 4 7T = 3
Day 1, 4 pm triglycerides 144 = 0.12 242+ 0.16
MCFFA 149 +13 289 +18
Change day 1, 4 M —~ 8 AM triglycerides 0.58 = 0.10 1.68 * 0:1‘7*
MCFFA 137 =*14 282  x 18+

§Values are means = SEM.
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TABLE V ) i ) .
Changes in mean serum levels of triglycerides (mmol/L) and plasma levels of me(hzmg-c/mzn Jree fatly acids. (MQ‘I*FA, wmnol/L)
on day 5 post-operatively, from 8 Am, before the start of the lipid infiesion, until 4 pm, at the end of lipid infusion
Time Variables Structured triglycerides emulsion Physical mixture emulsion
Day 5, 8 am triglycerides 1.12 = 0.20 110 = 0.04
MCFFA 11 * 3 4 = 3
Day 5, 4 pM triglycerides 1.99 + 0.24 2.24 + 0.17
MCFYFA 168 =25 231 %25
Change day 5, 4 eM — 8 AM triglycerides 0.87 £ 0.17 1.14 = 0.16, ns
MCFFA 157 =22 227 % 26, ns

§Values are means = SEM.

On the fifth postoperative day after infusion of the lipid
emulsions, changes in serum triglycerides and plasma
medium-chain free fatty acids concentrations were,
although lower in the group receiving the structured
triglyceride emulsion, not significantly different for the
2 patient groups (triglycerides 0.27 mmol/L,, 95% con-
fidence interval —0.19 to 0.73; medium-chain free fatty
acids 70 wmoVL, 95% confidence interval 2 to 138, p =
.07. Table V).

Adverse events, especially infectious complications,
blood pressure, heart rate, respiratory frequency, body
temperature, and APACHE II score did not show sig-
nificant differences between both groups. Blood hemo-
globin, white blood cell count with differential count
and platelet count, serum sodium, potassium, urea,
creatinine, total bilirubin, alkaline phosphatase,
aspartate aminotransferase glucose, and B-hydroxybu-
tyrate were also similar in both groups at 8 Am on days
1,3, and G.

DISCUSSION

Nitrogen balance was measured to compare the effi-
cacy of an emulsion containing “structured” triglycer-
ides-—ie, triglycerides having medium-chain and long-
chain fatty acids within the same molecule—and an
emulsion of a physical mixture of medium-chain and
long-chain triglycerides. A less negative nitrogen bal-
ance indicates conservation of protein mass, including
muscle mass. Nitrogen balance studies are widely used
as an index of effectiveness of nutrition support'®; a
better index is not yet available.?®

An emulsion of a physical mixture of medium- and
long-chain triglycerides is known to improve nitrogen
balance in patients compared with long-chain triglyc-
eride emulsions.®® We found that parenteral adminis-
tration of a “structured” triglyceride emulsion im-
proved nitrogen balance in patients after a large vas-
cular operation compared with an emulgion of a phys-
ical mixture of medium- and long-chain triglycerides.
Daily urinary nitrogen excretion was higher in the
physical mixture-emulsion group, starting from the
second day after surgery (Table IIL, Fig. 2a and 2b).
The mean difference in nitrogen balance between the 2
treatment groups was 13 g of nitrogen in 5 days in
favor of the structured triglyceride emulsion, which
means that 80 g of protein or—in case this protein was
completely derived from muscle—approximately 500 g
of muscle mass was saved over 5 days by using the
structured triglyceride emulsion. The daily amount of
nitrogen administered to the patients was a little

higher in the structured triglyceride-emulsion group,
but based on. the weight of the patients and calculated
as 0.2 g of nitrogen/kg body weight per 24 h. Indeed,
the weight of the patients in the structured triglycer-
ide-emulsion group was not significantly higher than
the weight of the patients in the physical mixture-
emulsion group. Patients with a higher weight have in
a steady state condition a higher nitrogen loss, We
found that the patients in the structured triglyceride-
emulsion group with a higher weight had a lower nitro-
gen loss, indicating that the nitrogen balance is
improved by the treatment with the structured triglyc-
eride emulsion, The difference in blood loss during
surgery between the 2 groups could not explain the
difference in nitrogen halance because it was too small
to effect the calculations, Moreover, the nitrogen bal-
ance study started the day after surgery, Our results
agree with findings in laboratory animals: structured
triglyceride emulsions improved protein retention com-
pared with emulsions of a physical mixture of medium-
chain and long-chain triglycerides, '

We also studied serum triglycerides and plasma
medium-chain free fatty acids and observed that the
levels of serum triglycerides and plasma medium-
chain free fatty acids increased less during infusion of
the structured triglyceride emulsion than with the
physical mixture emulsion. Both groups received an
equal dose of lipid emulsion in weight; thus, the phys-
ical mixture-emulsion group received 1.08 times more
triglycerides and 1.25 times more medium-chain fatty
acids, both on a molar base. However, this docs not
explain that serum triglycerides an medium-chain free
fatty acids increased 2 times more with the physical
mixture-emulsion group., The smaller increase of
serum triglycerides and plasma medium-chain free
fatty acids during infusion of the structured triglycer-
ide emulsion may be due to a faster use of the strue-
tured triglycerides than of the triglycerides in the
physical mixture emulsion. On day 5 the differences
between the 2 lipid emulsions were not significant,
possibly because patients were less stressed on day b
than on day 1. Another explanation to the decrease in
changes of serum triglyceride levels on day 5 may be
due to the increase in basal levels. This increase in
basal levels is most likely due to a too short infusion
free period, so the triglycerides wore not fully removed
fx:om the circulation at the sampling time. The lack of
difference in changes in plasma medium-chain free
fgtty acid concentrations may be due to the small group
size. There is a tendency to difference and the changes
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are b:ixnilar to the one observed on day 1. These findings
are in agreement with findings in healthy volunteers:
structured triglyceride emulsions caused lower plasma
levels of medium-chain free fatty acids and were
clcarpd f:'axsi_;er from the blood than emulsions of a
physical mixture of medium- and long-chain trigly-
cerides,t11

One could speculate on the mechanism by which
the structured lipids improve nitrogen balance. The
present study demonstrates a faster clearance of struc-
tured lipid compared with the emulsion of medium-

and long-chain triglycerides. A study in patients com- -

paring the administration of structured triglycerides
and long-chain triglycerides demonstrated a faster
clearance and an increase in oxidation rate.'® This
suggests that structured triglycerides are hydrolyzed
and oxidized faster.

This is also suggested by the study of Hultin et al.2®
The hypothesis in this study was that the positional
gpecificity of lipoprotein lipase should lead to differ-
ences in metabolism in metabolism of a long-chain
fatty acid in the 2-position of triglycerides, compared
with one in the 1,3-position. In vitro experiments have
shown that in physical mixtures of long-chain and
medium-chain triglycerides, the medium-chain triglyc-
erides are hydrolyzed more rapidly, and the remnant
particles become enriched in long-chain triglycerides.2’
Also, the lipoprotein lipase shows specificity to the
1,3-position, resulting in the products fatty acids and
2-monoglycerides.?® Monoglycerides recirculate in the
plasma to a lesser degree than fatty acids.?® According
to these observations, a structured triglyceride with a
medium chain fatty acid—long chain fatty acid—me-
dium chain fatty acid (MLM) structure should be
cleared faster, compared with long-chain triglycerides
or a physical mixture of long-chain and medium-chain
triglycerides. In this study a MLM structured triglyc-
eride was compared with long-chain triglycerides and a
physical mixture. The hypothesis was confirmed. The
clearance and oxidation of MLLM was faster, but oxida-
tion was faster only in fasted unanesthetized rats. The
differcnces were small. In this study no other molecu-
lar forms of structured triglycerides were studied. The
study of Hultin explains only in part the observations
in our study.

The second question is the relation between the
faster clearance and oxidation of structured triglycer-
ides and the influence on the protein metabolism. This
faster oxidation of structured triglycerides indicates a
preference for structured triglycerides as a energy
gource. Structured triglycerides influences the nitro-
gen metabolism and may induce a protein saving ef-
fect by an increase in protein production or decrease
in protein breakdown. Animal studies demonstrated
an increase in hepatic protein synthesis'®'* and de-
creased leucine oxidation.*®!* The process which reg-
ulates this change in protein metabolism is not yet
fully studied.

In conclusion, in moderately catabolic patients the
parenteral structured triglyceride emulsion improves
the nitrogen balance and is cleared faster from blood,
compared with a physical mixture of medium- and
long-chain triglycerides.
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