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Abstract
Purpose: The aim of this study was to evaluate the effect of an enteral nutrition diet,
enriched with omega-3 fatty acids because of its anti-inflammatory effects on treatment of
patients with mild to moderate ARDS.
Methods: This randomized clinical trial was performed in two ICUs of Tabriz University of
Medical Sciences from Jun 2011 until Sep 2013 in north west of Iran. Fifty-eight patients
with mild to moderate ARDS were enroled in this clinical trial. All patients received
Keywords: standard treatment for ARDS based on ARDS network trial. In intervention group, patients
- ARDS received 6 soft-gels of omega-3/day in addition to the standard treatment.
- Inflammation Results: Tidal volume, PEEP, pH, PaO,/FiO, , Sa0, P platue and PaCO, on the 7" and 14"
- Omega-3 fatty acids days didn’t have significant difference between two groups. Indices of lung mechanics
-1ICU (Resistance, Compliance) had significant difference between the groups on the 14" day.
Pao, had significant difference between two groups on both 7" and 14" days. Trend of PaO,
changes during the study period in two groups were significant. We showed that adjusted
mortality rate did not have significant difference between two groups.
Conclusion: It seems that adding omega-3 fatty acids to enteral diet of patients with ARDS
has positive results in term of ventilator free days, oxygenation, lung mechanic indices;
however, we need more multi center trials with large sample size and different doses of
omega-3 fatty acids for their routine usage as an adjuant for ARDS treatment.
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Introduction

ARDS is a clinical syndrome with high mortality rate arachidonic acid (AA) through competition of

and incidence of 4.5-7.1% of all patients admitted to
intensive care units, and increasing to 12.5% only when
patients are treated longer than 24 h in the ICU.>* While
low tidal volume ventilation improves survival, there are
currently no pharmacologic treatments for ARDS
patients. Host inflammatory response is one of the main
pathophysiological reasons for tissue injury in critically
ill patients with ARDS. This inflammatory response
could result in oxidative damage caused by free radicals
and protease from neutrophiles and endothelium and by
different mediators.*® The lung is one of the main targets
for this inflammatory cascade which could result in
ARDS.® Interest in use of immunonutrition for patients
with acute lung injury (ALI) was considered after an
article published by Gadek et al which demonstrated that
omega-3 fatty acids could reduce patient morbidity.’

Studies showed that inflammatory response could be
modulated with diets enriched with omega-3 fatty acids
and anti oxidants. Omega-3 fatty acids could reduce

eicosapentaenoic acid(EPA) with AA for lipoxygenase
and cycloxygenase binding sites and reduce synthesis of
proinflammatory mediators.® In the lung, omega-3 fatty
acid could reduce the number of leuckocytes, and
permeability of alveolar capillary membrane, and
production of proinflammatory cytokines like interleukin
6, 8 and TNFo.>*® The ARDSNet trial used an omega 3
and antioxidant supplement added to "usual" feeding.
The study stopped for futility and they showed that
omega-3 fatty acids did not improve primary end point of
ventilator free days or other clinical outcomes in patients
with ALI and also omega-3 may be harmful.*!

Different studies showed that dietary lipids could reduce
hospital mortality and length of mechanical ventilation
support in ARDS patients.’*™ Previous studies
performed in ARDS patients used commercial enteral
formula with high fat and low carbohydrate ratio.
Considering the fact that this type of diet is not a routine
regimen in critically ill patients and because of presence
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of other nutrients in the formula, independent effects of
omega-3 fish oil could not be assessed. Therefore, we
evaluated the effect of dietary omega-3 fatty acids on
oxygenation parameters, respiratory mechanical indices
and morbidity of patients with mild to moderate ARDS
in this study.

Materials and Methods

After obtaining ethics committee approval from Tabriz
University of Medical Sciences, this clinical trial was
performed in ICUs of Shohada and Imam Reza hospitals

from Jun 2011 until Sep 2013 (IRCT NO:
IRCT2013020612387N1). Informed consent were given
from next of kin. Fifty-eight patients with

100<Pa0,/Fi0,<300, bilateral infiltration, acute onset(<
6 days) and abilty to tolerate enteral nutrition were

enrolled in this study. Exclusion criteria were age < 18
y.0, plasma triglycerid more than 400 mg/dl, liver(Child-
Pugh) and kidney failure(RIFLE criteria), platelete less
than 50000/, leuckocyte counte less than 3x 10%L and
previous history of frequent transfusion. Patients were
randomized via a centralized Web-based system to one
of the study groups.

Sample size calculation

Considering 15% changes in Pao,/Fio, as the primary
outcome of the study whose information obtained from
Sabatar et al. (2011), the sample size was determined to
be 29 per group (total 58) to reach 95% confidence level
and a power of 80%. Randomization was performed with
a web based software. Flow diagram of the study is
showed as Figure 1.
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Figure 1. Study overview

Study procedure

All patients were under mechanical ventilation with a
volume controlled mode with low tidal volume strategy
(tidal volume< 6 cc/kg and P plateau < 30 mmHg) and
fluid conservative hemodynamic management
protocols.® All patients ventilated with the same
ventilator. PEEP/FiO, was set based on ARDS network
standards. Patients were kept on semirecumbent position
for decreasing pneumonia and better lung performance
and keeping PaO,>55 mmHg. Males were ventilated
with tube size 8 and females were ventilated with size
7.5 endotracheal tubes. Insulin therapy was used to target
blood glucose ranges of 80-150 mg/dl. All patients
received pantoprazol for stress ulcer prophylaxis and
heparin for deep vein thrombosis prophylaxis. Patients

received 25 kcal/kg enteral formula/day (isocaloric
isovolemic carbohydrate rich, 1kcal/cc) via nasogastric
tube or PEG (Percutaneous Endoscopic Gastrostomy)
feeding tube. In intervention group, patients received 6
omega-3 soft gels per day (2 capsuls/8h) in addition to
standard treatment. Every 2 soft gels deliver 720 mg of
Omega-3s, including 600 mg of EPA & DHA (360 mg
EPA/240 mg DHA). Demographic characteristic of
patients, oxygenation and ventilation parameters,
pulmonary dynamic indices on the 1%, 7" and 14™ days,
length of ICU stay and hospital mortality were noted in
each group. Primary end point was oxygenation
parameters and secondary endpoints were ventilator free
day, number of organ failure and 28-day mortality rate.
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Statistical analysis

The data were peresented using Mean + SD for
quantitative variables and N(%) for qualitattive
variables. The normality of the quantitative variables
were assessed and confirmed using Kolmogorov-
Smirnov test. The demographic and basline measures
of the study wvaribales were compared using
independent samples t-test and Chi -square test
respectively for quantitative and qualitative variables.
The within group changes were tested by paired t-tests.
Additionaly the effect of the intervention were
assessed using analysis of covariance (ANCOVA). In
this analysis the baseline meausres of the varibels and
4 baseline mortality-predicting covariates were age,
Acute Physiology and Chronic Health Evaluation 11
(APACHE 11) score, plateau pressure, number of organ
failures. Compliance and resistance were calculated
based on ventilators given data. Logistic regression
model was used to assess the effect of omega 3 on
mortality.”® In this analysis Odds Ratio (OR) and 95%
Confidence Interval (Cl) were reported. Analysis was
performed with SPSS version 16 and P value<0.05
considered significant.

Results

Demographic characteristic of patients didn’t have any
statistical difference between two groups (Table 1).
Daily calorie intake in both groups did not have
significant difference during the study. Patients in both
groups didn’t have significant difference in number
and type of multi organ failure. Patients in control
group received almost 83% of their daily requirements
and patients in omega-3 group received almost 85% of
daily need. Enteral feeding complications such as
diarrhea, constipation, intolerance and gastric residue
didn’t have statistically significant difference between
two groups. APACHE, ventilator free days and length
of ICU stay didn’t have significant difference between
two groups (Table 1). Baseline variables between two
groups didn’t have statistical difference. Compliance at
first day in omega-3 group was significantly lower
compared to control group (p=0.019) and P plateau at
first day was significantly higher in omega-3 than
control group (p=0.004). Tidal volume, PEEP, pH,
PaO,/FiO, , Sa0,, P plateau and Paco, on the 7" and
14" days didn’t have significant difference between
two groups. Indices of lung mechanics (resistance,
compliance) had significant difference between the
groups on the 14™ day. PaO, had significant difference
between two groups on both 7" and 14" days. Trend of
PaO, changes during the study period in two groups
were significant. Data on oxygenation parameters, lung
mechanic indices and ventilation parameters are shown
in Table 2. Trend of compliance, tidal volume,
resistance, tidal volume during the study are shown in
Figures 2-5. We showed that adjusted mortality rate
did not have significant difference between two groups
(Table 1).

Table 1. Demographic characteristics and mortality rate in two
groups

Variable Omega-3 group Placebo group P value
Age*® 64.4+ 10.2 62.7+£13.7 0.401
8 16/11 15/13
M/F (59.3% / 40.7%)  (53/6%/ 46/4%) 0.671
APACHE® 26.1+4.5 24.5+ 4.8 0.313
Vent Free Days® 6.6+ 2 6+ 2.5 0.304
Length of ICU stay®  15.0+3.5 15.6£4.3 0.524
Mortality, n%" 7(25.9) 9(32.1) 0.612

a: Data presented as meantSD, Analysis with t-test

B: Analysis with chi square test

Results of mortality adjusted comparisons between intervention and
control groups: 87% (OR: 0.13. 95% CI= (0.01 To 1.97), P =0.14

Table 2. Oxygenation, ventilation parameters and respiratory
mechanical indices of patients

Variable * Day Omega-3group Placebogroup P value
0° 56.2+ 5.6 55.0+ 3.8 0.360

PaO, (cmH,0) 7€ 64.0+ 9.6 64.6+ 8.8 0.732
14°¢ 81.2+10.9 67.3+ 13.8 0.004

o° 39.8+5.3 37.4+4.9 0.091

PaCo, 7°¢ 42.0£7.2 42.4£5.9 0.789
14°¢ 443+5.5 46.7 8.0 0.274

o° 90.1+ 1.1 89.9+ 1.1 0.466

Sa0, 7°¢ 92.9+ 1.8 92.4+1.38 0.066
14°¢ 95.5+ 2.6 93.2£3.9 0.087

o° 7.36+0.06 7.35+0.05 0.753

pH 7€ 7.35+0.07 7.35+0.07 0.934
14°¢ 7.38+0.08 7.35£0.1 0.408

o° 46.6+6.7 50.6% 5.6 0.029

Compliance ~ 7° 51.7+13.9 58.4+ 11.1 0.176
14°¢ 71.6+16.8 58.9+ 19.6 0.005

o° 10.5+ 1.6 10.5+ 1.4 0.967

Resistance 7°¢ 8.9+2.4 9.2+ 3.3 0.596
14°¢ 6.5+ 2.4 9.2+3.3 0.001

0° 149.1+ 27.5 145.5+ 30.2 0.638

P/F ratio " 7€ 176.4+49.2 172.4£52.6 0.560
14°¢ 221.1£56.3 179.3+ 71.6 0.218

o° 30.2+ 1.7 28.5+2.4 0.004

P plateau 7€ 27.1+4.0 25.8+3.7 0.980
14°¢ 22.7+4.8 25.2+6.1 0.116

b 11313 11.7£0.8 0.313

\ 7€ 9.7+ 2.7 9.9+2.3 0.869
14°¢ 6.8£3.6 9.4+3.8 0.070

a: Data presented as meantstandard deviation
b: Analysis with students t-test

c: Analysis of covariance (ANCOVA)

u: PaO,/FiO;

v: Tidal Volume

Discussion

Our results showed that enteral supplementation of
omega-3 fatty acids improved oxygenation and lung
mechanic parameters in patients with mild to moderate
ARDS compared to control group who received
isocaloric energy. Attempts have been made to
modulate the inflammatory response in ARDS using
different strategies. Different studies showed that
enteral nutrition enriched with EPA/GLA(Gamma
Linoleic Acid) diets in critically ill patients who were
under mechanical ventilation resulted in reduction of
ICU and hospital length of stay.>'?** Based on
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previous studies, omega-3 fatty acids were able to
reduce pulmonary hypertension, pulmonary edema and
improve oxygenation and bacterial killing,*”*° which
some of them are in accordance to our results. We used
bolus enteral nutrition like some previous studies®*%**
but unlike the study of Rice T.W et al.'* who had
results opposed to ours. Another major difference
between our study and previous ones is that our enteral
formula was standard isovolemic isocaloric compared
to high-fat formulation containing predominantly
omega-6 and omega-9 fatty acids used in previous
studies. Previously, there were concerns about
carbohydrate usage for ARDS patients because of
possible hypercapnia, but now we know that it is not a
correct idea and we could use carbohydrate for ARDS
patiens.'’ Our formula consists of normal ratio
carbohydrate, otherwise we controled blood sugar in
our study between 80-150 mg/dl. As omega-6 and 9
are proinflammatory, the difference in outcome of
groups can be possible. In addition, we controlled fluid
intake as conservative strategy and ventilation
parameters as lung protective strategy, which are
important in improving outcome in patients with
ARDS.?"** The positive effects of omega-3 fatty acids
on treatment of patients with ARDS might be due to a
shifted production of proinflammatory mediators to
some less inflammatory mediators and formation of
resolvins. Also there are two trials that used enteral
omega-3 as bolus form in ARDS patients and did not
reach any positive results which might be due to
administration rout of omega-3."% The study stopped
for futility (no realistic chance that the intervention
could be proven to be beneficial with the size trial).
However it would not be appropriate to make any
conclusions about any other feeding product based
upon this study, as it would also be inappropriate to
conclude that their treatment was "harmful”. Stapleton
et al showed that enteral fish oil did not lead to a clear
decrease in any broncho-alveolar fluid or plasma
inflammatory biomarker IL-8. In this study, LTB4
increased in the fish oil group and decreased in the
placebo group and the reasons for these LTB4 changes
are not clear, and we must consider that these results
should be interpreted with caution because they did not
adjust for multiple comparisons. In addition, organ
failure, ventilator-free days, ICU-free days, or
mortality did not have significant difference between
the groups in this study.?® Stapleton used only omega-3
as bolus doses, which could describe the results as
other nutrients like EPA/GLA may have some
additional or synergistic effects with omega-3, but our
placebo didn’t have any nutrient properties that
interfere with results of the study. Other reason for
positive results of our study may be due to the fact that
high proportion of patients had trauma as their risk
factor for ARDS because patients with trauma related
ARDS have less severe endothelial and alveolar
epithelial lung injury.®
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Figure 5. Mean Resistance during study in two groups

Gadek et al showed that enteral nutrition supplemented
with EPA and gamma linoleic acid in ARDS patients
could lead to 39% increase in ventilator free days, 45%
decrease in length of stay, important decrease in BAL
leuckocyte count and PaO,/FiO, ratio.® In a single
centered study, Singer et al showed that in patients with
ALL, enteral nutrition enriched with EPA/GLA for 14
days resulted in better oxygenation, lung mechanic
indices and reduced mortality in intervention group®*
which is similar to our results. However, Grau-
Carmona T. et al showed that a diet enriched with EPA,
GLA and anti-oxidants does not improve gas exchange
or decrease the incidence of novel organ failures in
critically ill septic patients with acute lung injury or
ARDS. Patients treated with the EPA-GLA diet stayed
in the ICU for less time, but we did not find any
differences in infectious complications?” which are in
contrast to our results and may be because of less
heterogeneity in our patients which could be showed
with the difference between excluded patients in two
study. Another reason may be due to the fact that our
patients had PaO,/FiO, <300 but in mentioned study,
the inclusion criteria was PaO,/FiO, <200. Other reason
is that the mentioned study is not blinded so it might
have bias. A recently performed study showed that diets
with key pharmaconutrients decrease the appearance of
new organ failure.?® The different results in studies also
could be explained by different genetic polymorphism,
dose, way and duration of administration of
nutrient.?*

Mortality rate in this study was 25.9 % which is similar
to previous omega-3 trials in ALI patients. Although
the relation was not significant however a clinical
important effect was observed so that intervention
decreased the mortality by 87% (OR=0.13, 95%Cl). We
used 3 doses per day, as the previous study by Rice
T.W and colleagues showed that despite using 2 doses
of omega-3 per day and rise of omega-3 levels in blood,
level of inflammatory biomarkers did not significantly
decrease. One other reason for positive results of our
study might be due to the long duration (14 days) of

treatment  with  omega-3  which  help  the
immunonutrition to show its effect. "%

Limitation of study

We did not assay omega-3 blood levels and level of
inflammatory  biomarkers in plasma and also
pharmacokinetics. And we did not perform
bronchoalveolar lavage, although we had significant
improvement in oxygenation and lung mechanic
parameters. Other limitation of our study was small
sample size due to our decision to include ARDS patients
with low-moderate severity.

Conclusion

From the obtained results, it may be conclude that
omega-3 fatty acids in enteral diet of patients with ARDS
has positive results in term of ventilator free days,
oxygenation, lung mechanic indices. However, more
multi center trials with large sample size and different
doses of omega-3 is required for its routine usage as an
adjuant for ARDS treatment.
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