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Take-home message: This article describes
the effects of the administration of high
doses of fish oil (EPA) and gamma-linolenic
acid as a preemptive treatment to decrease
the incidence of ARDS and improve
oxygenation. The findings of the study are
interesting since it is the first time these
nutrients have been administered in a
preemptive manner to such a selected
population (ventilated patients with multiple
trauma) and with the analysis of fatty acid
membrane composition. No significant
clinical effect was observed, but the fact
that the membrane composition was only
mildly affected may explain the clinical
findings and encourage monitoring of these
parameters to achieve a clinical effect.
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Abstract Background: Severe
injury triggers a complex systemic
immune response which may result in
significant respiratory compromise,
including the development of acute
respiratory distress syndrome
(ARDS). No randomized clinical trial
has assessed the role of nutritional
interventions to limit respiratory
complications. Methods: This was a
single-center, prospective, random-
ized, comparative, double-blind,
controlled study of patients with
severe trauma requiring mechanical
ventilation. Patients were randomly
assigned to receive either a control
formula (n = 58) or a formula en-
riched with eicosapentaenoic acid
(EPA), gamma-linolenic acid (GLA)
and antioxidants (n = 62) at time of
admission to the intensive care unit
(ICU). Primary outcome measures
included the level of oxygenation
(PaO,/FiO, ratio, PF ratio) on days 4
and 8, incidence of acute lung injury
(ALI) and/or ARDS and length of
ventilation. The development of

infectious complications and fatty
acid red blood cell membrane com-
position were also assessed.

Results: In this intention-to-treat
population, no significant differences
between the control and study groups
were found for the PF ratio at day 4
(213.7 £ 85.6 vs. 227.2 + 67.7,
respectively; P = 0.24) and day 8
(187.8 £ 65.2 vs. 188.9 + 56.0,
respectively; P = 0.82), the inci-
dence of ARDS/ALI (24.1 vs.

29.0 %, respectively; P = 0.68),
length of ventilation time

(13.6 &+ 10.7 vs. 17.0 £ 15.1 days,
respectively; P = 0.15), duration of
ICU stay (16.4 £ 11.3 vs.

19.5 £ 15.3 days, respectively;

P = 0.21) and 28-day mortality (8.6
vs. 12.9 %, respectively P = 0.56).
While the study group showed a sig-
nificant increase in EPA and GLA
concentrations at day 4 (P = 0.05)
and day 8 (P < 0.001), the Omega-3
Index (O-3]) failed to reach those
suggested as being optimal to obtain
clinical efficacy. The significantly
higher incidence of bacteremia noted
in the study group (P = 0.03) was
associated with a higher number of
patients with multiple trauma and a
higher red blood cell transfusion re-
quirement (P = 0.008).

Conclusion: This study failed to
show a significant benefit for the
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preemptive use of the study formula
in patients with severe trauma. Ad-
ditional studies need to be performed O-3L
in which the amount of

Introduction

The initial stress response to severe trauma is character-
ized by an inflammatory state mediated by the innate
immune system. Patients who survive this stage may
subsequently develop a compensatory anti-inflammatory
response syndrome characterized by suppression of cell-
mediated immunity and a predisposition to severe sepsis,
nosocomial infections, as well as the acute respiratory
distress syndrome (ARDS), multiple organ dysfunction
and ultimately even death [1].

Nutrient administration to the critically ill not only
supplies energy substrates and protein to support metabolic
needs, but may also have a role in attenuating the injurious
components of inflammation while maintaining adaptive
immunity. In fact, the early initiation of enteral nutrition
(EN) has been shown to improve outcomes in severely in-
jured trauma patients [2], and the administration of arginine,
fish oil and nucleotides has been recommended for patients
with moderate trauma to target immune modulation [3, 4].
In addition, the use of continuous nutritional support en-
riched with eicosapentaenoic acid (EPA), gamma-linolenic
acid (GLA) and antioxidants has been shown to improve
oxygenation, shorten the length of ventilation and length of
stay in the intensive care unit (ICU) and decrease the
inflammatory process in patients suffering from ARDS or
acute lung injury (ALI) and sepsis [5—7]. Such results have
led to strong recommendations for the use of these nutrients
[4, 8], but the findings have not been universally consistent,
and others studies, using mainly EPA as a bolus, failed to
show a beneficial effect [9-11].

Many severely injured patients have well-described
risk factors for the ARDS, including multiple trauma with
a high Injury Severity Score (ISS) and thoracic injury or
pulmonary contusions [12]. Increased plasma levels of
pro-inflammatory mediators, including interleukin-8 (IL-
8), IL-6, IL-1b, IL-10, IL-1ra and tumor necrosis factor
alpha, have been demonstrated in bronchoalveolar lavage
from such patients, supporting a central role of
immunologically mediated mechanisms [13].

In view of these findings, approaches to modulate the
early posttraumatic inflammatory responses to prevent
additional secondary lung damage in multiple trauma
patients have become relevant [14]. A study that includes
only multiple trauma patients with the aim of limiting
respiratory complications through the utilization of
nutritional support with EPA and GLA and antioxidants
has to our knowledge not been performed. The primary

supplementation is targeted to a po- !
tentially measurable endpoint, e.g. the Multiple trauma -

Keywords Enteral nutrition -

Omega 3 fatty acids -
Respiratory complications

purpose of our study was, therefore, to assess the effects
of an EN formula enriched with EPA, GLA and
antioxidants, started upon admission of the patient to the
ICU, on respiratory parameters in patients with multiple
trauma requiring mechanical ventilation. The effects of
this formulation on the respiratory parameters were
compared to those of a control formula identical in terms
of macronutrients. We also assessed the effect of the
study formula on the development of infectious compli-
cations and on red blood cell membrane composition.

Methods

Patients

This single-center, prospective, randomized, comparative,
double blind, controlled study was conducted in the general
ICU of the Rabin Medical Center, Petah Tikva, Israel, a
tertiary care, level 1 trauma center of a university-affiliated
hospital, over a period of 44 months (from November 2010
to June 2014). The study protocol was approved by the local
institutional review board, and informed consent was ob-
tained prior to randomization either from the patient or his/
her legal representative if possible, or from an independent
physician where this was not possible. All patients between
the ages of 18-90 years with a diagnosis of multiple trauma,
defined as physical insults or injuries occurring simultane-
ously in more than one part of the body, or of isolated head
trauma who required mechanical ventilation and had an
anticipated ICU stay of >2 days were included in the study.
Exclusion criteria were: (1) the presence of any contraindi-
cation for commencing EN within the first 36 h of ICU
admission, such as mechanical or functional small bowel
obstruction, high-output fistula, gastrointestinal tract dis-
continuity and/or surgeon reluctance to commence EN
immediately following abdominal surgery; (2) treatment
with immunosuppressive drugs; (3) second-/third-degree
burns covering >66 % of body surface area; (4) pregnancy
The study was registered at Clinical Trials as
NCTO01099501.

Randomization, intervention and data collection

Eligible patients were randomized into a control group
who received a high-fat, low-carbohydrate enteral
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formula (Pulmocare; Ross laboratories, Chicago, IL) and
a study group who received a formula enriched with
supplemental EPA, GLA (Oxepa; Ross Laboratories) and
antioxidants. The two feeds were decanted from their
commercial packaging and presented at the bedside in a
blinded manner. All healthcare workers involved in the
daily care of the patients were blinded to the type of EN
administered. Patients suffering from isolated head trau-
ma were included sequentially in the overall
randomization process (i.e. as a patient with multiple
trauma or isolated head trauma). The two formulae were
similar in terms of caloric content and protein and
macronutrient composition (see “Appendix” Table 4).
Randomization was achieved using a computer-based
block randomization generated by a statistical software
program which was concealed to all investigators apart
from the principal investigator (PS).

EN, based on randomization, was delivered within
48 h of admission via a nasogastric or orogastric tube
whose position was confirmed by X-ray. The amount of
EN prescribed daily was meant to provide at least 80 % of
all energy requirements as determined by measurement of
resting energy expenditure (REE) (Deltatrac II; Datex-
Ohmeda, GE Healthcare Finland Oy, Helsinki, Finland).
REE measurements were performed before study inclu-
sion (in the first 48 h after admission) and at intervals of
48-72 h thereafter. REE was calculated using Weir’s
formula [15]. No preceding starvation period was re-
quired. If the fraction of inspired oxygen (FIO,) was
>0.6, the Fagon formula was used [16]. Tolerance to EN
was assessed by measuring gastric residual volume
(GRYV) every 8 h. In the presence of a GRV of >500 mL
and/or vomiting or diarrhea >3 times/day, EN was stop-
ped for 24 h and parenteral nutrition (PN) administered. If
the GRV was between 150 and 500 mL, the EN rate was
reduced to 50 % and/or prokinetic therapy (metoclo-
pramide 10 mg x 3/day or erythromycin
150 mg x 3/day) initiated. If the GRV remained
<500 mL and >80 % of caloric needs were met by EN
alone, the feeding regimen was continued. Failure to reach
>500 mL/day of EN by day 3 was an indication for
discontinuation of the study. Patients who received
>500 mL/day EN who also received supplemental PN or
those not tolerating EN who received PN temporarily in
order to meet their daily requirements after the first
3 days were not excluded. EN was continued until ICU
discharge, death or completion of 28 days of the study.

Baseline characteristics, including age, sex, weight,
height, body mass index, admission diagnosis, presence of
head trauma, Glasgow Coma Scale (GCS), Acute Phy-
siology and Chronic Health Evaluation II (APACHE II)
score, Sequential Organ Failure Assessment (SOFA)
score, ISS and New Injury Severity Score (NISS) were
recorded at enrollment. Arterial blood gases (AVL sys-
tem; Omni Technology, Graz, Austria) and the PaO,

(partial pressure of oxygen in arterial blood)/FIO, ratio
were routinely assessed every morning. Data for the study
were collected on days 1, 4 and 8.

Analysis of red blood cell membrane fatty acid
composition

Extraction of red blood cell (RBC) lipids, transmethyla-
tion and gas chromatographic analysis were performed as
described previously by Green and Yavin with minor
modifications [17]. Values were expressed as the per-
centage of a given fatty acid with respect to total
identified fatty acids. The Omega-3 Index (O-3 I) was
calculated by adding together the EPA and docosahex-
aenoic acid (DHA) percentages for each sample. The lipid
membrane composition of RBCs and the O-3 1 were
measured on days 1, 4 and 8.

Treatment protocol

Patients were treated according to EAST trauma guide-
lines [18]. The mode of mechanical ventilation was left to
the discretion of the attending physician. In all cases, the
goals of mechanical ventilation included maintaining a
peripheral capillary oxygen saturation (SpO,) of > 90 %,
peak airway pressure of <35 cmH,O and a tidal volume of
<7 mL/kg. Levels of positive end-expiratory pressure.
and FIO, were adjusted according to the ARDS net pro-
tocol [19]. Decisions on the timing of extubation were left
to the discretion of the attending physician.

Study outcomes

Primary outcomes

The primary outcomes were the level of oxygenation as
assessed by the PaO,/FiO, (PF) ratio on days 4 and 8 after
admission, the incidence of ALI and/or ARDS according
to the American—-European Consensus Conference
(AECC) definition (since the study was planned before
the Berlin definition) [20] and length of ventilation.

Secondary outcomes

Secondary outcomes included: (1) the incidence of new
organ failure as measured by the daily SOFA score
(deterioration of existing organ dysfunction was not in-
cluded as an adverse outcome); (2) the rate of new
infections including wound infections [21], bacteremia,
ventilator-associated pneumonia (VAP) [20]; (3) length of
ICU stay; (4) length of hospital stay; (5) 28-day mortality.
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Statistical analysis

All analyses were conducted in both an intention-to-treat
(ITT) and a per-protocol population. For the per-protocol
analysis, we excluded patients who received mechanical
ventilation for <48 h or who were intolerant of EN. The
PF ratio was collected only for patients who continued to
require mechanical ventilation. The composition of the
RBC membrane was analyzed only for patients who
completed day 8 and for whom all three values (days 1, 4
and 8) were available for analysis.

An a priori power analysis was performed. In order to
detect a statistically significant difference in any wors-
ening of oxygenation on days 4 and 8 of the study, at least
60 patients in each group were needed for a power (1—p)
of 0.9 and x of 0.05. Data are presented as mean values &
standard deviation (SD). Statistical analyses of clinical
and metabolic status were performed with SPSS version
12.0 software (SPSS Inc., Chicago, IL) for Windows.
Statistical analysis of the lipid membrane composition
was performed with repeated-measures analysis of vari-
ance (ANOVA) and Tukey’s Multiple Comparison Post
Test using Graphpad Prism 5.0 software (Graphpad
Software Inc., La Jolla, CA). Differences between the
study and control groups were calculated from baseline to
day 8 with Student’s ¢ test or one-way ANOVA for all
continuous variables. For multiple comparisons, one-way
ANOVA or repeated-measures ANOVA were used.
Patients with isolated head trauma were included both in
the overall analysis and analyzed separately as was
planned in advance of the study close-out. All P values
were two-sided, and significance was assigned at a
threshold of <0.05. ANOVA for repeated measures was
used to compare length of ventilation (LOV) and length
of stay in the ICU, as well as oxygenation and lipid
membrane composition.

Results

Patient enrollment

A total of 195 patients were screened, and 120 of these
were initially enrolled in the study to form the ITT
population. Of these 120 patients, 21 were subsequently
excluded (16 due to early extubation and 5 due to
failure to reach >500 cc EN by day 3). Thus, the per-
protocol analysis included 99 patients, of whom 47
formed the control group (10 patients were excluded
due to early extubation and 1 due to EN intolerance)
and 52 formed the study group (6 patients were ex-
cluded due to early extubation and 4 due to EN
intolerance). A study flow chart of the enrollment
process is shown in Fig. 1.

Baseline characteristics

In both the ITT and per-protocol populations there were
no significant differences between the two groups at
baseline, with the exception of the number of patients
suffering from isolated head trauma [ITT analysis: 22.4
(control group) vs. 8.0 % (study group), P < 0.04; per-
protocol analysis: 23.4 (control group) vs. 3.8 % (study
group), P < 0.007] (see “Appendix” Table 5).

Caloric and metabolic data

In the ITT population, mean daily REE was not sig-
nificantly different between the control and study groups
(2,205.9 4 455.2 vs. 2,135.2 £ 410.8 kcal/day, respec-
tively; P = 0.38) (Table 1). The amount of calories
provided by EN and total calories received by the patient
by EN, PN and other sources were also similar in both
groups. Due to intolerance to EN, PN was given tem-
porarily to five patients in the control group and six
patients in the study group. There were no significant
differences in mean daily glucose levels or in daily insulin
requirements between the two groups. Tolerance to en-
teral feeding was not significantly different between the
control and study groups as evidenced by the lack of a
significant difference in number of GRV episodes [GRV
of 150-500 mL: 3.2 + 5.8 (control group) vs. 3.6 £+ 5.1
episodes (study group), P = 0.70; GRV of >500 mL:
1.6 + 4.4 (control) vs. 1.1 &+ 2.3 episodes (study group),
P = 0.42]. EN reached at least 80 % of the target in both
groups. Similar non-significant differences were found for
these data in the per-protocol analysis.

Primary outcome measures

In the ITT analysis, ventilatory parameters were not sig-
nificantly different in the two groups [PEEP: 5.8 £ 1.1
(control group) vs. 5.7 £ 1.0 cm H,O (study group),
P = 0.60; tidal volume: 540 £ 0.07 (control group) vs.
530 £+ 0.07 mL (study group), P = 0.80]. The baseline
PF ratio was not significantly different between the con-
trol and study groups (261.1 £ 103.7 vs. 266.0 £ 109.3,
respectively; P = 0.80) (Table 2). In addition, no sig-
nificant differences were found in the PF ratio between
the control and study group on day 4 (213.7 4 85.6 vs.
227.2 + 67.8, respectively; P =0.24) or on day 8
(187.8 £ 65.2 vs. 188.9 + 56.0, respectively; P = 0.82)
or in the change in oxygenation from baseline to day 4
and to day 8 [change from baseline to day 4: 46.7 £ 19.6
(control group) vs. 33.4 £ 33.4 (study group), P = 0.24;
change from baseline to day 8: 66.5 + 35.3 (control
group) vs. 60.4 + 53.1 (study group), P = 0.81] (Table
2). No significant differences were found between the
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Fig. 1 Study flow chart of
patient enrollment. EN Enteral
nutrition

195 patients screened for eligibility
(multitrauma or isolated head injury and

anticipated mechanical ventilation > 4 days)

75 patients excluded
- anticipated short intubation = 68
—— > - contraindication for EN =4

- anticipated early death = 3

v

120 patients randomized

/\.

58 randomized 62 randomized
to control group to study group
11 excluded 10 excluded
- early extubation=10 | | |, | - early extubation = 6
- intolerance to EN = 1 - intolerance to EN = 4
A 4 4
47 included in the per 52 included in the per-
protocol analysis protocol analysis

Table 1 Nutritional and metabolic data for the control and study groups

Parameter ITT group Per-protocol group
Study group Control group P Study group Control group P
(n = 62) (n = 58) (n =52) (n =47)
Mean daily REE during study period 2,135.2 £ 410.8 2,205.9 + 4552 038 2,172.2 £ 4154 22749 £+ 4184 0.24

Mean number of kilocalories daily by EN/24 h 1,612.8 £ 532.6 1,622.9 4 728 093 1,778.6 £ 417.1 1,873.2 £ 569.8 0.36
over study period (kcal)

Mean sum of total kcal/24 h over study 1,786.6 &= 565.1 1,744.3 + 7839 0.73 1,939.0 £ 4289 1,9979 £+ 644.5 0.60
period
0-31(%)*
Baseline 55+£15 46 £09  <0.005 55£15 4.6 £09 <0.005
Day 4 6.0+ 1.2 44+ 0.8 <0.001 6.0+ 1.2 44 +£08 <0.001
Day 8 6.8 £ 1. 45+£08 <0.001 68+ 14 45 +0.8 <0.001
Mean glucose level (mg/dL) 126.1 £ 15.8 1192 £ 214  0.19 120.5 £ 38.3 1169 £ 11.0  0.26
Mean daily insulin requirement (U) 65.9 £ 170 42.6 + 26.7 0.3 49.2 £ 28 50.5 £ 22.6 0.80

Data are presented as the mean + standard deviation (SD) * Analyzed only for patients completing 8 days of the study
ITT Intention to treat, EN enteral nutrition, REE resting energy (n = 33 in the control group and n = 40 in study group)

expenditure, O-3 I omega-3 index
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Table 2 Primary outcome measures by group

Parameter ITT group

Per-protocol group

Study group (n = 62)

Control group (n = 58) P

Study group (n = 52) Control group (n = 47) P

Baseline PF ratio 266.0 £ 109.3 261.1 £ 103.7 0.80 242.9 4+ 97.7 263.4 + 104.3 0.31
Day 4 PF ratio 2272 £ 67.8 (n = 56) 213.7 + 85.6 (n = 48) 0.24 221.3 + 66.4 (n = 52) 2164 + 844 (n = 47) 0.35
Day 8 PF ratio 1889 £ 56.0 (n =41) 1878 £652 (n=39) 0.82 1879 £ 56.4 (n =40) 187.8 £ 65.2 (n =39) 0.94
Day 1/day 4 difference 33.4 4+ 33.4 46.7 =+ 19.6 0.24 21.6 £31.3 47.0 £ 199 0.22
Day 1/day 8 difference 60.4 + 53.1 66.5 £ 35.3 0.81 55.8+479 66.5 £ 35.3 0.67
LOV (days) 17.0 £ 15.1 13.6 + 10.7 0.15 194 + 152 16.4 £ 9.8 0.26
ALI or ARDS (%) 18/62 (29) 14/58 (24.1) 0.68 18/52 (34.6) 13/47 (27.7) 0.52
Data are presented as the mean + SD ALl acute lung injury, ARDS acute respiratory distress
PF PaO, (partial pressure of oxygen in arterial blood) (/FiO, syndrome

(fraction of inspired oxygen) ratio, LOV length of ventilation,

control and study groups in the incidence of ALI/ARDS
(24.1 vs. 29.0 %, respectively; P = 0.68) or in the LOV
(13.6 = 10.7 vs. 17.0 £ 15.1 days, respectively
P = 0.15) (Table 2).

In the per-protocol analysis, ventilatory parameters were
not significantly different in the two groups [PEEP: 5.8 £ 1.1
(control group) vs. 57+ 1.0cm H,O (study group),
P = 0.69; tidal volume: 540 £ 0.07 (control group) vs.
530 £ 0.07 mL (study group), P = 0.57]. The baseline PaO,/
FiO, ratio was not significantly different between the control
and study groups (263.4 + 104.3 vs. 242.9 + 97.7, respec-
tively; P = 0.31) (Table 2). In addition, no significant
differences were found in the PaO,/FiO, ratio between the
control and study group on day 4 (2164 £ 844 vs.
221.3 + 664, respectively; P =0.35) or on day 8
(187.8 £ 65.2vs. 187.9 4+ 56.4, respectively; P = 0.94) or in
the change in oxygenation from baseline to day 4 and to day 8
respectively [change from baseline to day 4: 47.0 £ 199
(control group) vs. 21.6 &+ 31.3 (study group), P = 0.22;
change from baseline to day 8: 66.5 £ 35.3 (control group) vs.
55.8 £ 479 (study group), P = 0.67) (Table 2). No sig-
nificant differences were found in the incidence of ALI/ARDS
between the control and study groups (27.7 vs. 34.6 %,
respectively; P = 0.52) or in the LOV (164 £ 9.9 vs.
19.4 + 15.2 days, respectively; P = 0.26) (Table 2).

Secondary outcomes

No significant differences between the two groups were
found in the ITT or per-protocol analyses for secondary
outcomes, including incidence of VAP (P = 0.45 and
P = 0.41, respectively), wound infections (P = 0.81 and
P = 1.0, respectively), incidence of new organ failures
(P =0.27 and P = 0.31, respectively), length of ICU
stay (P = 0.21 and P = 0.32, respectively), hospital stay
(P = 0.14 and P = 0.30, respectively) and 28-day mor-
tality (P = 0.56 and P = 0.53, respectively) (Table 3).
In both the ITT and per-protocol analysis, the inci-
dence of bacteremia was found to be significantly higher

in the study group [3 (control group) vs. 14 (study group);
P = 0.008 for ITT analysis and P = 0.03 for per-protocol
analysis] (Table 3). In addition, study patients received
significantly more packed RBC transfusions than control
patients (189 vs. 77 units, respectively; P = 0.03). When
patients with isolated head trauma was analyzed
separately, no significant differences were noted between
the two groups for any of the parameters studied.

RBC lipid membrane composition

The study group showed a significant increase in both
EPA and GLA concentrations at day 4 (P = 0.05) and at
day 8 (P < 0.001) when compared to baseline (Fig. 2).
No changes in any of the fatty acids studied were noted in
the control group apart from a significant decrease in the
DHA concentration on day 4. The omega-6 fatty acid
profile remained unchanged in the control group. The O-3
I increased significantly in the study group from
5.5 £ 1.5 at baseline to 6.0 &= 1.2 and 6.8 & 1.4 at day 4
and day 8, respectively (P < 0.005) but remained
unchanged in the control group (Table 1).

Discussion

To our knowledge, our study is the first to investigate the
effect of the continuous and preemptive administration of
EPA, GLA and antioxidants in a homogeneous group of
ventilated, critically ill patients with multiple trauma
admitted to the ICU. No significant differences between
these patients and those receiving a control formula were
found in terms of oxygenation, incidence of ALI or
ARDS and LOV.

Previous studies, including those from our center, have
shown improved oxygenation in critically ill patients with
established ALI or ARDS receiving continuous nutritional
support with fish oil [5-7]. We postulated that the
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Table 3 Secondary outcome measures by group

Parameter ITT group Per-protocol group
Study group Control group P Study group Control group P
(n=62) (n =58) (n=52) (n = 47)
Ventilator-associated 25 22 045 25 22 0.41
pneumonia
Wound infection 12 10 0.81 11 10 1.0
Bacteremia 14 3 0.008 14 3 0.03
New organ failure 31 23 027 29 21 0.31
Duration ICU stay (days) 19.5 £ 15.3 164 £ 11.3 021 221 £152 19.6 £+ 10.1 0.32
Duration hospital stay (days) 33.1 &+ 25.7 27.1 £ 17.3 0.14 36.0 + 264 314 £ 16.7 0.30
28-day mortality 8/62 (12.9) 5/58 (8.6) 0.56 7/52 (13.5) 4/47 (8.5) 0.53

Data are presented as the mean & SD or as the number (n), with/without the percentage in parenthesis, where appropriate

ICU Intensive care unit

Fig. 2 Red blood cell
membrane composition at
baseline, day 4 and day 8
obtained for 33 patients in the
control group and 40 patients in
the study group. *P = 0.05
compared to previous result;
##%kP < 0.0001 compared to
previous result. Horizontal lines
are representing the mean, EPA
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preemptive provision of EPA, GLA and antioxidants may complications. However, we were unable to demonstrate
have the potential to blunt the inflammatory response any benefit of the study formula over the control formula in
characteristic of severe trauma and thus limit respiratory any of the primary respiratory endpoints, including changes
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in oxygenation from admission to the ICU, incidence of
new-onset ALI or ARDS or length of mechanical ventila-
tion. While these results suggest that EN-supplemented fish
oil may not have a beneficial effect on these parameters, it
also is possible that our negative results may be related to
the dose of fish oil delivered to each patient. Therefore, we
measured the fatty acid membrane composition of the
RBC. EN enriched in omega-3 fatty acids has been shown
to alter the fatty acid composition of cells, including those
involved in inflammatory responses, such as neutrophils
and macrophages [23]. In this context, it has been sug-
gested that the O-3 I, which is the combined EPA + DHA
content of erythrocytes expressed as a percentage of total
identified fatty acids, may provide important and inde-
pendent information on the health status of, for example,
patients with cardiovascular disease [24]. An optimal O-3 I
of >8 % has been defined for cardiovascular risk. Thus, it
is possible to detect omega-3 deficits and assess the
adequacy of supplementation. We have recently that the
RBC membrane of trauma patients has a low content of
total n-3 fatty acids compared to that of healthy volunteers
(7.5 £ 0.2 vs. 11.9 &+ 0.2 %, respectively [25]). In the
present study, we demonstrated that EPA, DHA and GLA
were incorporated into the membrane from day 4 onwards,
although the O-3I values failed to reach those suggested as
being optimal, at least for cardiac patients, to obtain clin-
ical efficacy. Optimal levels have as yet not been evaluated
in critically ill patients. However, supplementation with
larger amounts of fish oil may be required to achieve a
positive clinical effect. Consequently, additional studies
need to be performed in which the amount of supple-
mentation is targeted to a potentially measurable endpoint,
i.e. the O-3 I, and levels correlated with clinical outcomes.

With respect to the LOV, a recent study evaluating the
effect of a fish oil/antioxidant combination given at the onset
of sepsis or systemic inflammatory response syndrome (SIRS)
as a continuous infusion found that patients in the study group
required less mechanical ventilation [26]. However <50 % of
patients in this study were mechanically ventilated so that no
direct comparison can be made with our study, where no
differences were noted between the two groups.

No significant differences between the groups were
noted in the incidence of secondary outcomes, which
were related to the development of infectious complica-
tions either in the ITT or per-protocol analysis. However,
a significantly higher incidence of bacteremia was noted
in the study group in both the ITT and per-protocol
analysis. This may be explained by the significantly
higher number of RBC transfusions received by patients
in the study group compared to the control group, due to
the larger number of patients in the study group with
multiple trauma compared to isolated head trauma; RBC
transfusions are a known risk factor for bacteremia [27].
No effect of supplementation on any of the other outcome
measures was noted when isolated head trauma patients
were removed from the statistical analysis.

It has been suggested that the positive effects reported in
previous studies [5—7] were not linked to the presence of EPA
and GLA but to the deleterious effects of large amounts of
long chain triglycerides (LCTs) [28-30] received by patients
in the control groups. Our study did not show an increase in
morbidity and/or mortality in the patients of the control group
receiving large amounts of LCTs and therefore does not
support this hypothesis. Our results also suggest that a diet
enriched in omega-6 lipids, such as that received by the control
group, did not modify the membrane in a deleterious way,
since arachidonic acid composition was not altered (Fig. 1).

There were a number of limitations to the study. First,
while no effects on the primary outcome measures were
found, it should be noted that the per-protocol analysis was
underpowered according to the power analysis calculation.
Secondly, there were more patients with isolated head
trauma in the study group than in the control group. How-
ever, since patients suffering from isolated head trauma were
included sequentially in the overall randomization process
(i.e. as a patient with multiple trauma or isolated head
trauma), this result is coincidental. In addition, an analysis of
the results excluding those with head trauma did not alter the
results in either the ITT or per-protocol analysis. Thirdly,
caloric intake achieved 89 and 87 % of measured REE in
the study and control groups, respectively. While this
reflects strict adherence to the protocol and the use of a
nutritional bundle including a dedicated dietician, it should
be noted that 21 patients were excluded from the study, as
previously described. Finally, we cannot exclude an effect of
RBC transfusions on the red cell lipid membrane composi-
tion for which we had results for all three time-points in 33
control patients and 40 study patients.

These results also stress the importance of measuring
individual requirements for each nutrient when nutrients
are administered as supplementation in critically ill
patients, as has been suggested following the administration
of high doses of glutamine [31, 32] and selenium [33], as
well as in the study conducted by Rice et al. [10]. Im-
portantly, concentrations of nutrients may vary according
to the underlying disease, the region and dietary habits
and may be further modified by the mode of administra-
tion (dose and bolus or continuous).

In conclusion, in our study the administration of EPA
and GLA did not result in improved outcomes in
mechanically ventilated patients with multiple trauma
despite their demonstrated integration into the membrane
of RBCs. These results may be related to the lack of an
anti-inflammatory effect of the EPA and GLA adminis-
tered in patients having very low baseline levels.
Therefore, in this specific population, we cannot recom-
mend this specialized formula at this dosage. Studies
titrating the dose of EPA and GLA in specific populations
with the aim of determining an effective dosage should be
planned.

Conflicts of interest None.
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Appendix

See Tables 4 and 5.

Table 4 Composition of study and control formulae

Component Control group Study group
Protein

Total calories (%) 16.7 16.7

g/L 62.6 62.6

Source 87 % sodium caseinate; 13 % calcium 87 % sodium caseinate; 13 % calcium caseinate

caseinate

Carbohydrate

Total calories (%) 28.1 28.1

g/L 105.7 105.7

Source 46 % maltodextrin; 54 % sucrose 46 % maltodextrin; 54 % sucrose
Lipids

Total calories (%) 55.2 55.2

g/L 92.1 93.7

Source 96.8 % corn oil; 3.2 % soy lecithin 31.8 % canola oil; 25 % MCT, 20 % fish oil, 3.2 % soy

lecithin

Vitamins

E (IU/L) 47.6 317

C (mg/L) 317 844
Beta-carotene (mg/L) - 5.0

Taurine (mg/L) - 316

L-carnitine (mg/L) - 181

Caloric density (kcal/ml) 1.5 1.5

Osmolarity (mOsm/kg/ 465 493

H,0)
MCT Medium chain triglycerides
Table 5 Baseline characteristics
Parameter ITT Per protocol

Study group (n = 62) Control group (n = 58) P Study group (n = 52) Control group (n = 47) P

Age (years) 429 + 18.6 38.4 + 16.8 0.17 444 £+ 189 393 + 17.1 0.16
Gender (male/female) 49/13 47/11 0.82 42/10 38/9 0.59
Body mass index 255 £ 32 26.0 =39 0.41 257 £33 26.0 + 4.1 0.67
APACHE II score 158 £ 64 16.7 £ 7.5 0.49 16.6 + 6.0 172 £ 7.1 0.64
SOFA score(48 h) 6.8 + 3.0 6.3 + 34 0.38 7.1 +£29 6.8 +3.2 0.62
1SS 35.1 £ 15.6 347 £ 159 0.88 357 £ 159 34.6 + 163 0.73
New ISS 425+ 178 420 £ 179 0.87 425 £ 18.0 425 £ 185 0.99
Multiple trauma 57 45 0.04 50 36 0.007
Isolated head trauma 5 13 0.04 2 11 0.007
Thoracic injury (%) 72.1 71.9 1.0 74.5 68.1 0.51
Abdominal injury (%) 443 43.9 1.0 43.1 40.4 0.83
Skeletal injury (%) 63.9 59.6 0.71 66.7 61.7 0.67

Data are presented as the median &= SD, or as the number (), where appropriate, unless indicated otherwise
APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA sequential Organ failure Assessment, ISS Injury Severity Score
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