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Abstract The aim of this study was to evaluate the immu-
nomodulatory effects of supplementing intravenous omega-
3 fatty acids in fish oil (IVFO) in elderly patients undergo-
ing hip surgery. This was a single centre, randomized,
controlled, comparative, phase IV study in elderly patients
undergoing hip surgery. The subjects, within the age range
of 50-90 years, were assigned randomly to the group re-
ceiving intravenous omega-3 fatty acids in fish oil (IVFO,
Omegaven®) or the control group not receiving intravenous
fish oil (»=20 in each group). IL-6, IL-8, IL-10, and HS-
CRP levels were the inflammatory markers assessed in this
study. The within-group comparison was done by paired #-
test and between-group comparison by unpaired #-test. At
day 4, IL-6 values in the IVFO group decreased as com-
pared to day 0. At day 4, IL-8 mean values increased for
both IVFO and control groups. This increase was highly
significant in the control group (P=0.0182). IL 10 values
decreased at day 4 and increased at day 8 in the IVFO group.
Increase in HS-CRP levels was nonsignificant at day 4 in
the IVFO group (P=0.60) and significant at day 8 for the
control group (P=0.0084) as compared to day 0. Various
biochemical parameters including albumin, protein, SGOT,
SGPT, blood glucose, and urea values generated evidence
regarding the safety profile of IVFO. This study suggests a
role for IVFO in the short-term suppression of inflammatory
mediators for patients undergoing hip surgery. However,
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further, larger trials may be needed to establish its definitive
role in this patient population.
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Introduction

Patients who have undergone a major operation or severe
trauma may develop malfunctioning of their host defense
mechanism, leading to suppression of specific and nonspe-
cific immune functions and an enhanced susceptibility
toward microbial infections. This further results from a
multitude of metabolic or immunologic imbalances due
to trauma, tissue ischemia and operation injury, length
of surgery and anesthesia, loss of blood, and associated
illness [1]. However, the mechanisms of the pathophys-
iological alterations are quite complex. The interaction
of various factors such as the traumatic insult, microbial
pathogenicity factors, or mediators of the neuroendo-
crine axis leads to adverse host reactions, which are
driven by excessive production of inflammatory mediators
(e.g., proinflammatory cytokines or proinflammatory lipid
mediators) and may result finally in systemic inflammatory
reactions [2].

It has been demonstrated that lipid-derived fatty acids are
not only used as energy-providing substrates but possess
additional “pharmacological” functions, which may benefi-
cially influence healing processes and patient outcome. This
consideration appears to be particularly true for the polyun-
saturated omega-3 fatty acids such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) [3]. The decreased
ratio of omega-6 to omega-3 in membrane phospholipids
has been shown to be associated with an altered cytokine
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production. Generation of proinflammatory cytokines
has been shown to be markedly suppressed with admin-
istration of omega-3 fatty acids as compared to omega 6
fatty acids [4-6].

The proinflammatory cytokines such as interleukin, IL-6,
and chemokines such as IL-8 and IL-1, are involved in the
induction and perpetuation of inflammation [7, 8]. High
intake of omega-3 fatty acids in fish oils containing eicosa-
pentaenoic acid (EPA) and docosahexaenoic acid (DHA) or
the vegetable origin «-linolenic acid (ALA) may decrease
the production of these proinflammatory cytokines [9].
Omega-3 fatty acids act by decreasing the formation of
arachidonic acid (AA), which belongs to the group of
omega-6 fatty acids. AA is converted from linoleic acid
(LA), which originates from a diet rich in grains and
vegetable oils. AA causes activation of inflammatory
mediators such as prostaglandins (PGE2), leukotrienes
(LTB4, LTC4, LTD4), and related metabolites that are
potent inflammatory mediators leading to production of
cytokines [10].

IL-8, a proinflammatory chemokine, is important in induc-
ing inflammation. Interleukin-10 (IL-10), on the other hand, is
an anti-inflammatory cytokine secreted by white adipose tis-
sue [11]. It is generally accepted that IL-10 confers protection
against an overwhelming inflammatory response. C-reactive
protein (CRP) is a protein found in the blood, whose levels
rise in response to inflammation (i.e., C-reactive protein is an
acute-phase protein). CRP is a member of the class of acute-
phase reactants as its levels rise dramatically during inflam-
matory processes occurring in the body. It is believed that it
plays an important role in innate immunity as an early defense
system against infections.

There is a scarcity of literature evidence in terms of
preoperative administration of IV omega-3 fatty acids as a
supplementation to demonstrate its effects on inflammatory
and immune responses. Hip surgery is a consequence of
musculoskeletal trauma that mainly affects the older popu-
lation with comorbid conditions. This study was planned to
judge the inflammatory response of preoperative supple-
mentation with intravenous omega-3 fatty acids in elderly
patients undergoing hip surgery, considering the hyperin-
flammation associated with this type of surgery in elderly
patients. The objective of this study was to study and eval-
uate the anti-inflammatory effects of intravenous omega-3
fatty acid supplementation in elderly patients undergoing

hip surgery.
Materials and Methods
This was a single centre, randomized, controlled, compara-

tive, phase IV study in elderly patients undergoing hip
surgery. The study included 40 subjects, 20 in each

treatment group. The subjects were assigned randomly to
IVFO (receiving intravenous omega-3 fatty acids in fish oil)
or control treatment (did not receive intravenous omega-3
fatty acids), with equal size of the two treatment groups.
Randomization was performed by a responsible person with
the method of closed envelopes. Forty elderly patients (age
50-90 years) admitted for undergoing hip surgery were
recruited and randomly divided into two groups to receive
or not to receive the study drug. The study was conducted as
per the ICH GCP standards.

Elderly patients, of either sex, undergoing hip surgeries,
aged more than 50 years were included in the study. Patients
with allergy to any of the constituents of nutritional prod-
ucts, primary diagnosis of hypertriglyceridemia, long-term
steroid therapy and cycloxygenase inhibitors (more than
3 months), severe cardiac disease, hepatic disorders (total
bilirubin >1.5 times the upper limit of normal), psychiatric
disorders likely to affect compliance, severe hemorrhagic
disorders, stroke, embolism or uncontrolled severe renal
failure (serum creatinine >2 mg/dl) without dialysis/hemo-
filtration, and serum HIV positivity were excluded. Patients
were also excluded if they had participated in any other
clinical trials within the past 2 months.

The IVFO group (20 patients) received intravenous
omega-3 fatty acids in fish oil (Omegaven®) for 3 preoper-
ative days. The control group II (20 patients) did not receive
omega-3 fatty acids for 3 preoperative days. IVFO was
administrated at the dosage of 2 ml/kg BW/day (i.e.,
0.2 g/kg/day) of 10 % fish oil at the rate of less than
0.05 g/kg/h which was about eight drops per minute.
Total duration of infusion of 50 ml IVFO was 3—4 h.
The time points for recording the data were baseline
(D0), day of surgery (D4), and fourth postoperative day
(D8). The variables evaluated were as follows:

1. Inflammation: interleukin 6 (IL-6), interleukin 8 (IL-8),
interleukin 10 (IL-10), and plasma high end C-reactive
protein levels (HS-CRP)

2. General: serum total proteins, serum albumin, liver,
kidney, and metabolic functions

The approval for this study was taken from the indepen-
dent ethics committee of Nizam’s Institute of Medical Sci-
ences, Hyderabad.

Statistical Analysis

Forty patients were recruited in the study to be randomized
in two treatment groups of 20 patients each. For 90 %
statistical power, required sample size was 18 patients in
each group.

All the results of the study were analyzed by using
standard statistical methods. All recorded and derived
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variables were presented using standard procedures (e.g.,
means, standard deviation, minimum, maximum, median
and quartiles for continuous variables, and frequency
tables for categorical data). Laboratory values were cat-
egorized into high, low, and normal using the reference
ranges of the laboratory and presented in shift tables.
Assessment of all these biochemical parameters, within-
group comparison, was done by paired 7-test and
between-group comparisons by unpaired z-test. All data
were documented in raw data listings. The analysis was
performed for the intent-to-treat population, defined as
all patients for whom therapy with study medication
was initiated.

Results

Patients within the age range of 50-90 years were included.
Maximum patients were in the age range of 61-70 years.
Ratio of male—female was 12:8 for both the groups.

Inflammatory Markers

Inflammatory markers including IL-6, IL-8, IL-10, and HS-
CRP levels were analyzed in this study, which are reported
in Table 1. It was observed that at day 4, IL-6 levels in the
IVFO group decreased as compared to DO (D4/D0=0.86)
though the decrease was nonsignificant (P=0.3395). On the
contrary, in the control group, IL-6 values increased at day 4
(D4/D0=1.64) (P=0.0440) with a slight reduction at day
8 (D8/D0=1.23). The increase at day 4 was statistically
significant (P=0.0440).

Between-group comparisons reported significant results
at day 4 but nonsignificant at day 8. At day 4, IL-8 mean
values increased for the both IVFO group and control group
(D4/D0=1.73, 3.38, respectively). The increase was highly
significant for the control group (P=0.0182). Further, a
nonsignificant decrease in IL-8 levels was reported at day
8 for both the groups (D8/D0=1.15, 1.17; P=0.080, 0.753,
respectively).

IL-10 values decreased at day 4 (D4/D0=0.63) followed
by an increase at day 8 (D8/D0=1.05) in the IVFO group,
while it increased at day 4 in the control group (D4/D0=1.3)
and decreased at day 8 (D8/D0=0.87) in the control group.
For within-group comparison, a non-significant decrease
was reported for HS-CRP levels at day 4, and while it
increased on day 8 for the IVFO group (D4/D0=0.88, D8/
DO0=1.65, P=0.6019, 0.1675, respectively). For the control
group, HS-CRP increased significantly on day 8 (D8/
D0=3.07, P=0.0210, 0.0084). Figure 1 presents the trend
line for all inflammatory markers assessed in this study from
day 0 through day 8.

Biochemical Parameters

Biochemical tests were performed to evaluate the safety
profile of intravenous omega-3 fatty acids in fish oil
(Omegaven) (Table 2). The level of serum proteins
decreased from day O to day 4 and was also lower at day
8 compared to day 0 (D4-D0 = —0.29; D8-D0 = —0.32).
Although the protein levels decreased for the control group
too, the difference was nonsignificant (D4-D0 = —0.0899;
D8-D0 = —0.4699). For serum albumin values, a decrease
was observed for both day 4 and day 8, for the IVFO group

Table 1 Levels of various inflammatory markers from day 0 through day 8

Group Time IL-6 IL-8 IL-10 HS-CRP
Mean Mean Mean Mean

IVFO DO 17.81 23.21 343 4.80

D4 15.37 40.23 2.15 4.23

Ratio (D4/D0) 0.86 (P=0.34) 1.73 (P=0.069) 0.63 (P=0.101) 0.88 (P=0.602)

D8 24.18 26.69 3.60 791

Ratio (D8/D0) 1.36 (P=0.086) 1.15 (P=0.806) 1.05 (P=0.876) 1.65 (P=0.168)
Control DO 15.56 40.22 3.15 3.08

Between-group comparison

D4

Ratio (D4/D0)
D8

Ratio (D8/DO0)
D4/D0

D8/D0

25.53

1.64 (P=0.044)
19.11
1.23(P=0.517)
P=0.0245
P=0.778

135.89

3.38 (P=0.018)
46.99

1.17 (P=0.759)
P=0.223
P=0.983

4.09

1.30 (P=0.224)
2.76

0.87 (P=0.702)
P=0.039
P=0.695

1.89

0.61 (P=0.021)
9.48

3.07 (P=0.008)
P=0.246
P=0.233

Within-group comparison was done by paired -test and between-group comparison by unpaired #test
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Fig. 1 Comparison of inflammatory markers in both groups

(D4-D0 = —0.2201; D8-D0 = —0.3550) and for the control
group (D4-D0 = —0.1450; D8-DO0 = —0.3800).

A nonsignificant decrease in creatinine values was
reported for both the groups at day 4 (IVFO group D4—
D0=0.0599 and control group —0.0099). At day 8, a slight
decrease was reported for the IVFO group (D8-D0=
0.1099) contrary to a slight increase in control group (D8—
D0=0.0450), but both were nonsignificant. Serum urea val-
ues decreased at both day 4 and day 8 and for both the
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groups; however, the decrease was nonsignificant. A non-
significant increase and decrease in bilirubin values was also
reported at day 4 for the IVFO group (D4-D0=0.0599)
and the control group (D4-D0 = —0.0050). At day 8§, both the
groups reported nonsignificant increase in serum bilirubin
values.

A nonsignificant decrease was reported at day 4 and day
8 for both the groups for SGOT values, for the IVFO group
(D4-D0 =—0.75 and D8-DO0 = —3.15) and the control group

Table 2 Levels of various bio-

chemical parameters from day 0 Days Group I ~ Group II  Between-Group  Days GroupI  Group II  Between-Group
through day 8 Mean Mean P Value Mean Mean P Value
Serum protein values Serum albumin values
Day 0  6.72 6.59 — Day 0  3.18 3.26 —
Day4 643 6.50 0.2507 Day4 295 3.11 0.4726
Day 8  6.40 6.12 0.5751 Day 8  2.82 2.88 0.8646
Serum creatinine values Serum urea values
Day 0 1.13 1.09 — Day 0  38.90 38.6 —
Day4  1.07 1.08 0.3954 Day4  35.25 37.35 0.5489
Day 8 1.02 1.14 0.0262 Day 8  32.15 36.95 0.1982
Serum bilirubin values Serum SGOT values
Day 0  0.77 0.77 - Day 0  31.95 31.50 —
Day4  0.83 0.76 0.4220 Day4  31.20 31.30 0.8597
Day 8  0.70 0.82 0.3590 Day 8  28.80 30.90 0.5422
Serum SGPT values Blood glucose values
Day 0  31.25 30.25 — Day 0 119.7 129.50 —
Day4  31.35 33.70 0.1776 Day 4 122.2 105.20 0.1229
Day 8  31.1 35.90 0.1254 Day 8 129.30 132.35 0.5954
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(D4-D0 = —0.20 and D8-D0 = —0.60). At day 4, a nonsig-
nificant increase was reported for serum SGPT values. At
day 8, a non-significant decrease was reported for the IVFO
group and a nonsignificant increase was reported for the
control group. At day 4, a nonsignificant increase and decrease
in blood glucose levels was reported for the IVFO group (D4—
D0=2.50) and the control group (D4-D0 = —24.30), respec-
tively. However, at day 8 a non-significant increase was
reported for both the groups, D8-D0=9.60 and 2.85, respec-
tively. Figures 2 and 3 present the trend line for all biochemical
parameters assessed in this study from day 0 through day 8.

Hospitalization

Patients in the control group spent more number of days in
hospital as compared to those in the IVFO group (17.30 vs.
16.85). However, the difference between the two groups
was nonsignificant.

Discussion

Evidence that the type of dietary fat may influence the inflam-
matory markers in surgery has been well documented [12]. A
wide variety of doses and formulations of fish oil/omega-3 fatty
acids have been evaluated for anti-inflammatory effects in
healthy subjects and for therapeutic efficacy in various diseases
mediated by inflammatory processes. Clinical trials of fish oil/
omega-3 supplements suggest that higher doses might prove
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Fig. 2 Comparison of key biochemical parameters in both groups

@ Springer

more efficacious in alleviating symptoms, particularly with
regard to changes in inflammatory biomarkers [13].

In a double-blind controlled study by Koller et al. [14], it
was demonstrated that the omega-3 fatty acid was appropri-
ate to significantly increase the release of five-series leuko-
triene B from stimulated leukocytes after 5 days of
administration to patients undergoing major intestinal sur-
gery. In a retrospective evaluation by Tsekos et al. [15], it
was found that perioperative parenteral administration of
approximately 10 g fish oil per day improved outcome to
surgical patients in a routine clinical setting probably by
modulating endogenous production of cytokines. The data
support the hypothesis that a “preloading” of cell membrane
phospholipids with active precursors of desirable immune
modulators is beneficial for patient recovery independent of
the general nutritional status.

Omega-3 fatty acid deficiency has been recognized and
appreciated in recent times [16]. After intravenous adminis-
tration, EPA and DHA promptly get incorporated into the
cell membrane, compete with arachidonic acid (AA) in the
cyclo-oxygenase and 5-lipoxygenase pathways, resulting in
a reduced generation of diene prostanoids (e.g., PGE2,
PGI2, and TXA2) and tetraene leukotrienes (e.g., LTB4),
derived from AA in favor of the corresponding triene pros-
tanoids (e.g., PGE3, PGI3, TXA3) and pentaene leukotriene
(LTBS) derived from EPA [17].

In this study, the inflammatory markers assessed were
IL-6, IL-8, IL-10, and HS-CRP; the anti-inflammatory
effect of intravenous omega-3 fatty acids in fish oil
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Fig. 3 Comparison of key biochemical parameters in both groups

appeared to be short-lived. At day 4, IL-6, IL-10, and
HS-CRP values in the IVFO group decreased as com-
pared to day 0; however, these values again increased on day
8. In a randomized-controlled study, Wachtler et al. [18]
showed that the systemic levels of IL-6 and IL-10 decreased
significantly in surgical patients 5 days after administration of
TPN enriched with omega-3 fatty acids. In another clinical
trial, Weiss et al. [19] reported that IL6 levels were signifi-
cantly decreased in patients receiving fish oil perioperatively.
In our study, serum IL-6 and IL-10 levels were lower in the
IVFO group at day 4 as compared to group II. These findings
suggest that supplementation with omega-3 fatty acids may
restrain inflammatory response, modulate lymphocyte prolif-
eration, and maintain the function of immunocompetent cells
under inflammatory conditions such as surgical trauma.
Supplementation with omega-3 fatty acids also results in
the generation of three-series prostanoids and reduces
release of PGE2 [20]. The omega-3 fatty acids compete
with AA for their phospholipase-mediated release from
membranes [21] and for metabolism of the free fatty
acids by cyclo-oxygenase and lipoxygenase [22]. Synthesis of
arange of less inflammatory eicosanoids could thus contribute
to downregulation of the skin inflammatory response. It has
been reported that PGE2 increases IL-8 production by post-
translational mechanisms involving stabilization of mRNA
[23]. IL-8 is well-known for its proinflammatory properties.
It causes an increase in oxidative stress leading to inflamma-
tion. In our study, IL-8 mean values increased for the both
IVFO group and group II at day 4. The increase was highly
significant for group II (p=0.0182). Further, a nonsignificant
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decrease in IL-8 levels was reported at day 8 for both the
groups. The significant increase in IL-8 values can be attrib-
uted to strong proinflammatory activity of IL-8. Rise was also
seen in the IVFO group, but combined with IVFO increase in
this inflammatory marker was less. Between-group compar-
isons at D4, a nonsignificant decrease and at D8 a nonsignif-
icant increase were reported.

The relevance of the inflammatory and endothelial acti-
vation biomarkers in the atherogenic process has been sug-
gested by several studies. HS-CRP and IL-6 are markers of
systemic inflammation and independent predictors of
cardiovascular disease in healthy women. Recent data suggest
that HS-CRP plays an active role in atherogenesis [24]. A
study by Burns et al. [25] has reported non-significant effect of
omega-3 fatty acids on HS-CRP levels. In our study, the
HS-CRP levels decreased initially on IVFO administra-
tion but the decrease was nonsignificant. This effect was
short-lived as the levels again increased at day 8, and
this increase was nonsignificant compared to day 0
levels. These findings suggest that omega-3 fatty acids
may restrain inflammatory response for a shorter dura-
tion postsurgery.

Omega-3 fatty acids hold very little interaction with
various biochemical markers such as serum proteins, albumin,
SGOT, SGPT, blood glucose with a nonsignificant effect on
these and can be considered safe to administer. The literature
evidence in relation to support this fact was reported by
Kooshki et al. [26]. However, omega-3 fatty acids should be
used cautiously in people who bruise easily, have a bleeding
disorder, or take blood-thinning medications.
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A shorter postoperative hospital stay was noted in our
study for patients receiving IVFO. However, the difference
was nonsignificant as compared to the control group. Various
factors may influence the outcomes of surgical patients. A
short, single nutritional intervention is unlikely to produce
extensive effects on the outcomes of postoperative patients.

This study suggests the role of IVFO for short-term
suppression of inflammatory markers for elderly patients
undergoing hip surgery. Intravenous supplementation with
omega-3 fatty acids in fish oil may have a more favorable
effect on the outcomes of such patients. However, further
studies are required to establish its definitive role in patients
undergoing hip surgery.
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