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ABSTRACT. Background: The clinical safety and the uptake
of w-3 polyunsaturated fatty acids (PUFA) into the serum
phospholipids and erythrocyte membranes after administra-
tion of fish-oil-supplemented parenteral nutrition (PN) was
investigated in colorectal surgical patients. Methods: Forty
patients undergoing colorectal surgery (n = 40) and with an
indication for PN were enrolled in a prospective, double-
blind, randomized study to receive an -3 PUFA-supple-
mented 20% lipid emulsion (Lipoplus; B. Braun Melsungen,
Melsungen, Germany; test group, n = 19) for 5 days postop-
eratively. The control group received a standard 20% fat
emulsion (Lipofundin MCT/LCT, B. Braun Melsungen, Mel-
sungen, Germany, control group, n = 21). Clinical outcome
parameters and safety were assessed by means of adverse
events recording clinical parameters and hematologic analy-
ses. The contents of eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA), as well as arachidonic acid (AA), in
phospholipid fractions in plasma and in erythrocytes were
analyzed preoperatively, on postoperative days 1, 6, and 10
using liquid gas chromatography. Results: Both fat emulsions
were well tolerated, and none of the adverse events was
considered to be related to treatment. Postoperative infec-
tious complications occurred in 4 patients of the w-3 PUFA
group vs 7 patients in the control group. As compared with
the control group, the w-3 PUFA group had significantly

The dietary fatty acids of the w-3 series are rapidly
incorporated into cell membranes and profoundly
influence biologic responses.? These lipids influence
membrane stability, membrane fluidity, cell mobility,
the formation of receptors, binding of ligands to their
receptors, activation of intracellular signaling path-
ways either directly or through the formation of eico-
sanoids, gene expression, and cell differentiation.!>®
In general, eicosanoids formed from the w-3 fatty acids
cause biologic responses opposite to those of the w-6
fatty acids, including lesser inflammatory responses
after trauma or surgery.
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increased levels of EPA in the membranes of the erythrocytes
in postoperative day 6 (2.0% * 0.9% vs 0.8% * 0.5% fatty acid
methyl esters, [FAME]) and postoperative day 10 (2.1% *+
0.8% vs 0.9% + 0.7% FAME, p < .05). Also, the EPA levels in
the serum phospholipids were significantly higher than in
the control group on the same postoperative days (7.0% +
2.6% vs 1.3% = 0.8% and 3.6% * 1.0% vs 1.0% *= 0.4% FAME,
p < .05). The DHA levels in the serum phospholipids were
significantly higher in the w-3 PUFA group compared with
the control on postoperative days 6 and 10 (11.8% *= 1.9% vs
8.4% * 1.5% and 11.2% *+ 1.6% vs 8.5% = 1.4% FAME, p <
.05). AA levels were not significantly different in the both
groups. Conclusions: Q)-3-fatty-acids-supplemented fat emul-
sions for parenteral administration are safe and very well
tolerated. This study demonstrates that parenteral adminis-
tration of ®-3-PUFA-enriched fat emulsions leads to
increased incorporation of EPA and DHA into phospholipids
in serum and erythrocytes, whereas AA levels remain
unchanged. Thus, postoperative parenteral administration of
w-3-PUFA-enriched lipid emulsions could have an impact on
the postoperative inflammatory response after abdominal
surgery and could be used in standard postoperative care
when PN is indicated.

It is now widely accepted that long-chain polyunsat-
urated fatty acids are not only used as energy-provid-
ing substrates but that they possess important addi-
tional functions as building blocks for cell membranes
and precursors of eicosanoids and cytokines.® Most
important, the ratio of w-6 to w-3 fatty acids bound in
cell membrane phospholipids alters eicosanoid synthe-
sis: a low ratio (high percentage of w-3) can markedly
suppress generation of proinflammatory leukotri-
enes.?” At least a part of the inflammation exacerbation
postsurgery is due to generation of proinflammatory
mediators such as leukotrienes and prostaglandins.
-6 fatty acids serve as precursors of inflammatory
mediators associated with injury and the stress
response.® In contrast, the antiinflammatory effects of
-3 polyunsaturated fatty acids (PUFA) have been well
documented in both animals and humans. The antiin-
flammatory properties of w-3 PUFA have also been
demonstrated in injured animals, as manifested by



reductions in metabolic rates, normalization of glucose
metabolism, overall weight loss, and nitrogen balance
and immune function.®!° It can be, thus, hypothesized
that any nutrition support beneficially modifying cell
membrane composition may influence the course and
the magnitude of the sequences of proinflammatory
cascades after trauma.

-3 PUFA are incorporated into the cell membranes
of immune cells—particularly neutrophils, lympho-
cytes, monocytes, and macrophages—as early as 3
hours after intravenous (IV) infusion.''? They can
displace w-6 fatty acid derivatives from the membranes
of these cells and thereby apparently produce immune
system/immune response modulation.'®*

Recent research suggests that supplementation of
-3 fatty acids may have a favorable impact on the
length of hospital stay and mortality of surgical and
septic patients.®

This phase II clinical trial evaluated the incorpora-
tion of eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA), and arachidonic acid (AA) into the phos-
pholipids in the serum and in membranes of erythro-
cytes, as well as the safety/tolerability of a parenteral
fat emulsion supplemented with »-3 fatty acids. The
study was designed at a time when parenteral nutri-
tion (PN) was still prescribed for most patients under-
going colorectal surgery. Although the need for PN in
normal-weight patients after colorectal surgery may be
viewed critically, the homogeneity of such a patient
population is ideally suited for a parallel-group com-
parison of the clinical outcome, safety, and tolerance
parameters after parenteral administration of -3
fatty acids.

MATERIALS AND METHODS

Designed as a single-site, prospective, double-blind,
parallel-group comparison, the study was conducted in
accordance with the recommendations of Good Clinical
Practice for Trials on Medicinal Products in the Euro-
pean Community (III/3976/88-EN, final version, July
11, 1990) and the Declaration of Helsinki (Hong Kong,
September 1989) after the protocol had been approved
by the Ethics Committee of Ruhr-Universitdt Bochum,
Germany.

Patients

This study was performed with 40 patients who had
been admitted to the Department of General Surgery,
St. Josef-Hospital, Bochum, Germany. The patient
characteristics are shown in Table 1.

Only patients were included who received PN for at
least 5 consecutive days after elective colorectal sur-
gery. Patients were to be between 40 and 80 years of
age and had to give informed consent before entering
the study.

Patients who did not give informed consent, who
participated in another trial, who were pregnant or
lactating, who were obese or underweight, and patients
with known alcohol or drug abuse were excluded from
participation. Patients with dyslipoproteinemia, insu-
lin-dependent diabetes mellitus, hemorrhagic diathe-
sis, known food allergies or other allergic predisposi-
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TaABLE 1
Patient data (mean + SD)

-3 PUFA group

Control group

(n =19 (n =21)

Gender (male:female) 10:9 10:11
Mean age (y) 69 +9.1 66.3 + 8.1
Nutrition status

Moderate, reduced 1 5

Normal 17 11

Obese 1 4
Surgical procedure

Right hemicolectomy 7 4

Resection of transverse colon 1 1

Left hemicolectomy 2 2

Resection of anterior rectum 3 5

Other (colon segment resection, 6 9

multivisceral resection, etc)

The nutrition status was evaluated by subjective global assessment
(SGA). 0-3 PUFA, polyunsaturated fatty acids.

tion, severe hepatic dysfunction, renal failure, sepsis,
congestive heart failure, emergency procedure or lack
of adequate preparation for surgery, radio and/or che-
motherapy within 6 months of enrollment, other
immunosuppressive treatments, or drug therapy with
inhibitors of prostaglandin synthesis, such as aspirin
or indomethacin, within 2 weeks of the start of the
clinical trial were also excluded.

The patients were randomized using the Rancode
+3.1 software (IDV, Munich, Germany), and given con-
secutive patient numbers as they entered the study.

Study Procedures

Patients were observed from the day before surgery
until postoperative day 10 or the day they were dis-
charged. The total duration of the study was 10
months.

The comparative study was started once the diagno-
sis was made and the need for PN was established. PN
was started on day 1 after surgery. Blood and urine
samples were collected at the same sampling time
points (approximately 7 am) before and on days 1, 6,
and 8-10 after surgery. Safety was monitored daily
during the observation period; safety evaluations
included daily recordings of vital signs (heart rate,
blood pressure, respiratory rate, body temperature),
adverse events and infectious complications, as well as
standard safety laboratory parameters.

Standard safety laboratory parameters (including
hematology and clinical chemistry) were analyzed
using validated methods at the laboratory of St. Josef
Hospital in Bochum.

Fatty acid profiles were determined using liquid gas
chromatography. The lipids from serum samples and
homogenized tissue samples were extracted using
chloroform/methanol (2:1; vol:vol). Phospholipids of
serum and tissue samples were separated by thin layer
chromatography using petroleum ether/ethylmethy-
lketone/acetic acid (84:15:1; vol:vol:vol) as a solvent.
Fatty acid methyl esters were obtained by transesteri-
fication with trimethysulphonium hydroxide and sep-
arated by use of a CP-Sil-99 (Chrompack, Frankfurt,
Germany) capillary column, installed in an HP 5890
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TaBLE IT TaBLE IIT
Composition of lipid emulsions in the 2 treatment groups (per 1000 mL of Infections in the 2 treatment groups, indicating the start and end
emulsion) (postoperative day) of treatment of the complication
w-3 PUFA emulsion Control emulsion -3 PUFA group Control group
Infection
Medium-chain triglycerides 100.0 g 100.0 g n Postop days n Postop days
ggi&gﬁﬁ;ﬁ; d fish oil 288 g 100_'0 g Urinary tract infection 1 10-13 2 1-6
. : 6-8
Egg yolk phospholipids 120¢g 120g . .
Impaired wound healing 2 9-15 2 7-21
Glycerol 250¢g 250¢g 11-21 9-20
Daily fat infusion: first and second postoperative day, 0.7 g fat/kg ~ Wound abscess 0 — 1 7-18
body weight; third to fifth postoperative day, 1.4 g fat/kg body Intraabdominal abscess 1 11-15 0 -
weight. w-3 PUFA, polyunsaturated fatty acids. Pneumonia 0 — 1 1-8
Septicemia 0 — 1 5-7
Total 4 7

gas chromatograph with flame ionization detector
(Hewlett Packard, Taufkirchen, Germany). For sepa-
ration and identification of the fatty acid methyl ester
peaks, standard analytical grade reagents were used.

Nutrition Interventions

All infusion products were manufactured and sup-
plied by B. Braun Melsungen (Melsungen, Germany),
which was also responsible for blinding the 2 different
study fat emulsions.

The PN regimen consisted of carbohydrates, amino
acids, and lipids administered according to a pre-
defined dosing schedule. The test and control lipid
emulsions were filled in 500-mL infusion bottles by B.
Braun Melsungen and stored below 25°C in a frost-free
place.

The test product was a fat emulsion supplemented
with -3 fatty acids (Lipoplus) and manufactured by B.
Braun Melsungen, in exactly the same way as the
control product (Lipofundin MCT/LCT 20%) in terms of
manufacturing processes, in-process controls, and con-
trol of the finished product (as specified in Sec. 5 of the
German Statutory Instrument Regulating Pharmaceu-
tical Manufacturing Plant Operation [PharmBetrV]).
The total fat concentration was 20% (Table II).

The lipid emulsion was infused intravenously at a
constant (pump-controlled) rate for 24 hours a day. The
patients received 50 g fat per day, equivalent to 250 mL
of a 20% fat emulsion on postoperative days 1 and 2,
and 100 g of fat per day, equivalent to 500 mL of a 20%
fat emulsion, on days 3-5. The PN regimen also
included a 10% amino acid solution (Aminoplasmal
10% E) and a 20% glucose solution, which were simul-
taneously administered by infusion pumps for 24
hours/day. The total caloric intake was 4600 kd on
postoperative day 1, 6800 kJ on day 2, and 9600 kdJ on
days 3-5. No enteral or oral food intake (other than
caffeine-free, alcohol-free, and sugar-free beverages)
was permitted in the first 5 postoperative days.

Outcome Measures

The primary outcome measures were defined as the
fatty acid pattern of EPA, DHA, and AA in serum
phospholipids, as well as in the phospholipids of eryth-
rocyte membranes.

Safety was assessed by means of adverse event
recording, vital signs (heart rate, blood pressure, res-

w-3 PUFA, polyunsaturated fatty acids.

piration rate, body temperature), hematology labora-
tory, serum chemistry, and urine chemistry.

Statistical Methods

The results of this study were evaluated explor-
atively and descriptively. Wilcoxon tests were per-
formed for group comparisons. Nominal data were ana-
lyzed using the appropriate contingency table tests.
The p values in all tests are two-tailed and were
rounded off to 4 decimal places. p Values < .05 were
considered statistically significant.

RESULTS
Patients

A total of 42 patients were included; 2 patients with-
drew their informed consent before the start of study
treatment, so that the study was performed with 40
patients, with 19 participants receiving the fish-oil-
supplemented fat emulsion (w-3 PUFA group), and 21
participants receiving Lipofundin MCT/LCT 20% (con-
trol group). The distribution of age, gender, nutrition
status, and the types of surgeries were comparable
among the 2 treatment groups (Table I). Nutrition
status was calculated by subjective global assessment
(SGA). The 2 treatment groups showed no differences
in vital signs, and the PN was very well tolerated. Also,
there was no statistically significant difference in the
occurrence of postoperative infectious complications
(Table III). A total of 11 complication events were
recorded during treatment. Of these, 4 occurred in the
test group and 7 occurred in the control group. Two
serious adverse events were reported in the control
group (pneumonia, central venous catheter septice-
mia), but both were not considered to be related to
treatment. In contrast to the other complications, the
onset of the pneumonia and septicemia in the control
group occurred during the PN application period.

Lipid Profiles

The lipid profiles determined in this study included
the -3 fatty acids EPA and DHA, and the »-6 fatty
acid AA concentrations in serum, as well as in the
membranes of erythrocytes.
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FIGURE 1. Eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
and arachidonic acid (AA) content (mean * SD) in phospholipids of
the serum samples in % FAME (fatty acid methyl ester) taken
preoperatively (day —1) and on postoperative days 1, 6, and 10 in the
group receiving o-3-fatty-acids-supplemented diet (w-3 PUFA, black
rhomboids) vs the control group (blank circles) determined by liquid
gas chromatography. EPA and DHA content was significantly (*)
higher in the w-3 PUFA group on postoperative days 6 and 10
compared with the control group (p < .05).

Figure 1 demonstrates serum EPA and DHA, as well
as AA concentrations in both study groups. After 5
days of postoperative PN, there was a significant (p <
.05) increase in EPA and DHA content in serum phos-
pholipids (postoperative days 6 and 10) under PUFA-
supplemented fat emulsion, but not after nutrition
support with the reference emulsion. These differences
in EPA and DHA uptake into the serum phospholipids
between both treatment groups were statistically sig-
nificant compared with the preoperative day 1 (p < .01)
and postoperative day 1 (p < .01). Serum AA concen-
trations decreased significantly in both groups from
day 1 to day 6, with a more pronounced decrease in the
-3 PUFA group, but without statistically significant
difference compared with the control group. Conse-
quently, the »-3:0w-6 fatty acid ratio was significantly
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FIGURE 2. Eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA)
and arachidonic acid (AA) content (mean * SD) in phospholipids of
erythrocyte membranes in % FAME (fatty acid methyl esters). Sam-
ples were taken preoperatively (day —1) and on postoperative days 1,
6, and 10 in the group receiving w-3-fatty-acids-supplemented diet
(w-3 PUFA, black rhomboids) vs the control group (blank circles)
determined by liquid gas chromatography. EPA content was signif-
icantly (*) higher in the »-3 PUFA group on postoperative days 6 and
10 compared with the control group (p < .05).

higher on postoperative days 6 and 10 in the supple-
mented patient group (data not shown).

EPA, DHA, and AA content in erythrocyte mem-
branes are shown in Figure 2. Only EPA was signifi-
cantly (p < .05) increased on postoperative days 6 and
10 in the PUFA group compared with the control
group, whereas DHA and AA levels did not show any
statistically significant values between both treatment
groups. Thus, the ratio of EPA to AA was significantly
higher in the »-3 PUFA group (data not shown).

DISCUSSION

The aim of the present study was to evaluate
changes in lipid composition of serum phospholipids
and erythrocyte membranes following PN with -3
PUFA supplemented fat emulsions. A secondary aim
was to evaluate the safety and tolerance of these emul-
sions in the clinical setting. In this prospectively ran-
domized, double-blind, parallel-group comparison
study, we demonstrated that 5 days of postoperative
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parenteral administration of a w-3-PUFA-enriched fat
emulsion was clinically well tolerated. This treatment
significantly increased the content of EPA and DHA in
serum phospholipids and erythrocyte membranes. In
view of the AA-antagonist role of EPA in inflammatory
mediators,!®'® the fatty acid profiles were of special
interest. Serum, as well as erythrocyte, EPA and AA
concentrations were determined. As expected, the -3
fatty acid concentrations increased significantly during
treatment in serum (EPA and DHA), as well as eryth-
rocytes (EPA), in the patients treated with fish oil, but
no significant change was observed for the control
group. On the other hand, serum AA concentrations
decreased significantly in both groups, but the
decrease in the treatment group was higher than in the
control group. Erythrocyte AA concentrations also
decreased during treatment in both groups, but no
differences between groups were found. Accordingly,
the serum and erythrocyte EPA:AA ratios increased
significantly during treatment in the fish-oil-supple-
mented group, but no changes were observed in the
control group (data not shown).

This is also the first phase II clinical trial investigat-
ing the safety, as well as potential effects, of a fish-oil-
supplemented parenteral fat emulsion (4% fraction-
ated fish oil =2-4 g/d) in patients with a defined
trauma (colorectal surgery). The test emulsion con-
tained a standardized 5:3:2 ratio of MCT:LCT:fish oil.
The control fat emulsion was a commercially available
fat emulsion with an MCT:LCT ratio of 1:1 (Lipofundin
MCT/LCT 20%), in contrast to all other studies, where
only LCT-based fat emulsions were used. Parenteral
fat met 30% of the total daily energy requirements. The
patients received 0.7 g/kg of fat on the first 2 postop-
erative days and 1.4 g/kg on postoperative days 3
through 5; the w-6:0-3 fatty acid ratio was 1.5:1. This
body-weight-related dosage of a standardized, contin-
uously infused lipid emulsion complied with recom-
mendations in the literature.!*1"® According to an
average energy requirement of approximately 130
kd/kg/d, both PN regimens had an identical energy
content from postoperative day 3 through postopera-
tive day 5.1%1” The carbohydrate/fat ratio was 1:1 in
both treatment groups.

Only 11 postoperative infectious complications were
reported during the study in all patients, and none of
them was considered to be treatment-related.
Although the incidence of postoperative complication
was lower in the w-3 PUFA-supplemented group com-
pared with the control group (n = 4 vs n = 7), this did
not reach statistical significance. There were no other
adverse events due to the administration of fat emul-
sions in both groups. No side effects were attributable
to the test product and no allergic reactions were
observed.

Application of -3 fatty acids was demonstrated in
various animal models, as well as in humans, to
improve host defense mechanisms,?*?! and despite
some concerns about a further suppression of cell-me-
diated immune mechanisms in immune-compromised
patients, fish oils have been used successfully in the
management of several inflammatory, cardiovascular,
and autoimmune diseases.®*272* In vivo and in vitro

studies have shown that »-3 fatty acid—supglemented
diets can induce immunomodulation.!16-25-26

AA and EPA are incorporated into leukocyte phos-
pholipids under dietary conditions.?” The enzymes that
produce proinflammatory lipid mediators (eg, LTB,)
from AA also metabolize EPA and DHA to less inflam-
matory active mediators like LTB;. Therefore, higher
levels of EPA and DHA may lead to a decrease in LTB,
generation, with higher levels of less biologically active
mediators such as LTB;. This increase in LTB; gener-
ation with a change in LTB,:LTB; ratio was shown in
a study where patients were fed with an immune mod-
ulating diet preoperatively.?®

According to a hypothesis advanced by Kinsella et
al'* in 1990, Grimm et al'® showed that IV lipid emul-
sions have different immune-modulating activities,
depending on their w-3/w-6 fatty acid ratio, in a stan-
dardized immunostimulation model. This observation
may be explained by the fact that the synthetic path-
ways of -3 and -6 derivatives compete for the same
enzyme system, the desaturase-elongase complex,
which shows a preference for »-3 fatty acids, even
causing AA to be displaced from the cell mem-
brane.?>*° This means that the »-3 derivative EPA
may act as an AA antagonist, leading to alterations in
lipid mediators.?>3? In the context of the roles of w-3
fatty acids in inflammation and coagulation, patients
may benefit from -3 supplementation of parenteral
lipid emulsions.

Interestingly, fish oil supplementation, including a
short preoperative parenteral administration of -3
fatty acids, significantly reduced mortality rates.'?
This is explained by beneficial effects of modulation of
eicosanoid and cytokine biology. IV infusion of fish oil
rapidly leads to incorporation of -3 fatty acids in
leukocyte cell membrane phospholipids in healthy
adults,®®3* as well as in different patient
groups.”?%35-38 Infusion of EPA counteracts the fall of
cell-mediated immunity after chemoradiation therapy
in esophageal cancer patients, as outlined by natural
killer cell activity and lymphocyte proliferation.?® A
higher ratio of w-3 to w-6 fatty acids in membrane
phospholipids is associated with a reduced production
of proinflammatory cytokines like IL-la and IL-1j,
IL-6, as well as TNF-q, in response to an inflammatory
stimulus.**4*

In summary, the study shows clearly that postoper-
ative PN with »-3 fatty acid—supplemented fat emul-
sion is clinically safe and very well tolerated. Also,
immediate administration of fish-oil-supplemented fat
emulsion will change the lipid composition of the
serum phospholipids and lipids in the erythrocyte
membranes, which is a precondition to shift the pro-
duction of inflammatory mediators toward leukotri-
enes with less inflammatory potential. Thereby, these
data support the hypothesis that alteration of cell
membrane phospholipids with active precursors is pos-
sible by parenteral administration of w-3 fatty acids.
Due to a decrease in generation of active lipid metab-
olites from AA, the immune depression following sur-
gical trauma might be diminished. The use of ®-3
PUFA-supplemented fat emulsions must therefore be
reevaluated on the background of immune-modulation,



which might have a beneficial effect on the postopera-
tive course. Because w-3 PUFA—supplemented paren-
teral fat emulsions are clinically safe and well toler-
ated, their use in the clinical setting might be
beneficial in patients where immune modulation
toward less inflammation reaction is desired.
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