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BACKGROUND: ARDS is an overwhelming systemic inflammatory process associated with sig-
nificant morbidity and mortality. Several trials have evaluated the effects of pharmaconutrients,
given as part of a feeding formula or as a nutritional supplement, on clinical outcomes in critical
illness and ARDS. The aim of this review is to assess the effects of immunonutrition on mechanically
ventilated adults with ARDS compared to the standard feeding formula. METHODS: We searched
MEDLINE, EMBASE, CENTRAL, conference proceedings, and trial registries for appropriate
studies up to April 2018. We performed statistical analysis according to Cochrane methodological
standards. We used the GRADE approach to assess the quality of evidence for each outcome.
RESULTS: We identified 10 randomized controlled trials with 1,015 participants. All of the studies
compared an enteral formula or additional supplemental omega-3 fatty acids (eg, eicosapentaenoic
acid, docosahexaenoic acid), y-linolenic acid, and antioxidants. All of the studies reported mortality.
For the primary outcome, there was no difference in all-cause mortality (for the longest period
reported) with the use of an immunonutrition enteral formula or additional supplements of omega-3
fatty acids, y-linolenic acid, and antioxidants (risk ratio = 0.79, 95% CI 0.59-1.07; low-quality
evidence). For the secondary outcomes, we are uncertain whether immunonutrition with omega-3
fatty acids and antioxidants improves ICU length of stay, ventilator days, and oxygenation or
increases harm. CONCLUSIONS: This Cochrane meta-analysis of 10 studies of varying quality
examined the effects of omega-3 fatty acids and antioxidants in adults with ARDS. This intervention
may produce little or no difference in all-cause mortality between groups. We are uncertain whether
immunonutrition with omega-3 fatty acids and antioxidants improves ventilator days, ICU length
of stay, or oxygenation due to the very low quality of evidence. Key words: acute respiratory distress
syndrome; immunonutrition;, omega-3 fatty acids. [Respir Care 2020;65(1):99-110. © 2020 Daedalus
Enterprises]

Introduction

ARDS is characterized by refractory hypoxic respira-
tory failure with significant global inflammatory processes
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and multi-organ dysfunction. In the lung, diffuse epithelial
and endothelial injury leads to increased alveolar-capillary
permeability and florid pulmonary edema. Clinically, pa-
tients present with acute refractory hypoxemia and poor
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lung compliance, often necessitating invasive mechanical
ventilation.! Hospital mortality associated with ARDS var-
ies between 27% and 45%, depending on the severity of
the disease.>? Survivors of ARDS have significant long-
term physical, cognitive, and psychological sequelae.*>

Immunonutrition refers to modulation of the immune
system provided by specific interventions that modify di-
etary nutrients.® It has long been recognized that supple-
mentary immunonutrients may alter the course of critical
illness following sepsis, trauma, and surgery.” Several spe-
cialized enteral and parenteral formulas with immunonu-
trients are currently available on the market. These pri-
marily consist of a combination of antioxidant vitamins
(eg, vitamin C, vitamin E, B-carotene), trace elements (eg,
selenium, zinc), essential amino acids (eg, glutamine, ar-
ginine) or essential fatty acids, such as omega-3 fatty acids
(eg, eicosapentaenoic acid, docosahexaenoic acid), and
v-linolenic acid.® ARDS is characterized by overt recruit-
ment of neutrophils, significant release of pro-inflamma-
tory cytokines and chemokines, and activation of proco-
agulant cascades and prostaglandin pathways with
increased oxidative stress, causing damage to both lipids
and proteins.®

In patients with ARDS, a significant imbalance in the
antioxidant system with a relative increase in oxidative
stress leads to increased alveolar injury.'%-!2 Among crit-
ically ill patients in general, supplementation of antioxi-
dants is associated with a favorable outcome.!3> Macronu-
trients such as glutamine and arginine also have
immunomodulatory properties and have been used in sev-
eral clinical trials of critically ill and surgical patients.!4-!7
Glutamine improves gut barrier function and can be an
energy source for lymphocytes, neutrophils, and macro-
phages,!'81° whereas arginine deficiency, which is com-
monly encountered following critical illness, may impair
T cell function.?? Omega-3 fatty acids are essential lipids,
enriched in fish oil and consisting of polyunsaturated fatty
acids such as eicosapentaenoic acid, a-linolenic acid, and
docosahexaenoic acid. Therapeutic supplementation of
these nutrients, which have immunomodulatory proper-
ties, has been shown to moderate the inflammatory re-
sponse through suppression of pro-inflammatory eico-
sanoid biosynthesis,?! attenuations of pulmonary neutrophil
accumulation,?? reductions in lung permeability,?? and at-
tenuation of cardiopulmonary dysfunction in animal mod-
els of lung injury.?* Furthermore, in endotoxemic rat mod-
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els, eicosapentaenoic acid has been shown to reduce
pulmonary edema.?>

Various types of immunonutrition have the potential to
influence clinical outcomes in critically ill patients.® Sev-
eral RCTs have investigated enteral supplementation of
omega-3 fatty acids and antioxidants, which, when com-
bined in a meta-analysis, showed a significant reduction in
mortality with improvement in oxygenation for patients
with acute lung injury and ARDS.?¢° However, recent ran-
domized controlled trials (RCTs) and subsequent further
meta-analyses have presented conflicting results, suggest-
ing a lack of benefit and possibly even harm caused by this
intervention.?’-3! Among critically ill subjects, enteral sup-
plementation of glutamine conferred no clinical benefit,32
and a large RCT showed a trend toward increased mortal-
ity associated with glutamine therapy.'® This lack of de-
monstrable clinical benefit in recent studies conflicts with
the established literature and may be due to the heteroge-
neity of diseases within the population of critical care
patients, or variations in the type, route, and dose of im-
munonutrients administered. Uncertainty arising from these
conflicting results remains. This review aims to provide a
comprehensive evaluation of the effects of immunonutri-
ents for patients with ARDS, and to systematically review
and critically appraise available evidence on the effects of
immunonutrition compared to standard non-immunonutri-
tion formula feeding on mechanically ventilated adults
(age =18 y) with ARDS.

Methods

This is an abridged version of a previously published
Cochrane systematic review and meta-analysis. Details of
the methodology are available in the Cochrane version of
this systematic review; Cochrane reviews are regularly
updated as new evidence emerges and in response to feed-
back, and the Cochrane Database of Systematic Reviews
should be consulted for the most recent version of the
review.??> We included all studies involving mechanically
ventilated adult participants (age =18 y) with ARDS as
defined by the Berlin definition of ARDS? or, for older
studies, as defined by American—European Consensus Cri-
teria for both ARDS and acute lung injury.3* Eligible trials
included intervention groups consisting of participants
given enteral or parenteral immunonutrients, additionally
supplemented with or as part of a nutritional formula. In
comparison, control groups included participants who re-
ceived placebo or standard nutrition with a non-immu-
nonutrient formula feed.

Outcome Measures

The primary outcome was all-cause mortality (for the
longest period reported). Secondary outcomes were 28-d
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mortality, ICU length of stay (LOS) and ICU-free days at
day 28, ventilator days and ventilator-free days at day 28,
hospital LOS, indices of oxygenation (measured as P, /Fio,
at day 4 and day 7), other organ failure (ie, a change in
organ failure scores: Sequential Organ Failure Assessment
[SOFA] score, Multiple Organ Dysfunction Score [MODS];
recorded as the number of subjects with new organ failure
developed during the study period), nosocomial infection
(ie, additional infection developed during the hospital stay
and reported anytime during the study period), and adverse
events (eg, author-defined cardiac events, gastrointestinal
events, and total adverse events reported anytime during
the study period).

Searches, Data Extraction, and Management

We searched on the Cochrane Central Register of Con-
trolled Trials (CENTRAL; 2018, Issue 4, April) in the
Cochrane Library), MEDLINE (OVID SP; 1966 to April
2018, week 3), and EMBASE (OVID SP; 1988 to April
2018, week 3). Two review authors (AD, RC) indepen-
dently screened appropriate studies for study characteris-
tics and outcomes. We resolved disagreements by further
discussion and with the involvement of a third review
author (MG). When necessary, we contacted trial au-
thors to request additional information.

Assessment of Risk of Bias in Included Studies

We assessed the risk of bias of included studies accord-
ing to criteria presented in the Cochrane Handbook for
Systematic Reviews of Interventions.?> We assigned the
included studies to low risk of bias when all domains were
satisfied, high risk of bias if one or more domains were
inadequate, or unclear risk of bias, according to the criteria
provided in the Cochrane risk of bias tool. We used the
following 6 domains to assess the risk of bias in the in-
cluded studies: selection bias, reporting bias, performance
bias, detection bias, attrition bias, and any other bias.

Measures of Treatment Effect

We based the outcome analysis on intention-to-treat.
We expressed dichotomous outcomes as risk ratios with
95% ClIs, and continuous variables as mean differences
with standard deviations. We assessed the clinical hetero-
geneity of studies in relation to the study population, in-
terventions, and outcome measures. We also assessed in-
consistencies and variability in outcomes among studies
using the I statistic. We assumed substantial statistical
heterogeneity when the I statistic exceeded 40%.35 We
used graphical evidence of reporting biases via contour-
enhanced funnel plots with a subsequent Harbord or Egger
test.36:37
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Fig. 1. Flow chart.

Subgroup and Sensitivity Analyses

We conducted subgroup analyses for the primary out-
come according to type of intervention, route of interven-
tion (parenteral/enteral), mode of intervention (continu-
ous/bolus), and intervention duration (measured in days).
We also performed a sensitivity analysis for the primary
outcome while excluding studies with high risk of bias.
Continuous data for the secondary outcomes were skewed.
We conducted a sensitivity analysis for these secondary
outcomes by log transformation. Analyses for 2 of the
secondary outcomes (ie, ICU-free days and ventilator-free
days at day 28) were sensitive to statistical methods; we
also performed sensitivity analyses for these outcomes us-
ing both fixed-effect and random-effects models to ad-
dress these issues.

Quality of Evidence

We used the principles of the GRADE system to assess
the quality of the body of evidence associated with spe-
cific outcomes.3® Through the GRADE approach, we ap-
praised the quality of a body of evidence based on the
extent to which one can be confident that an estimate of
effect or association reflects the item being assessed. As-
sessment of the quality of a body of evidence considers the
within-study risk of bias (methodological quality), direct-
ness of evidence, heterogeneity of data, the precision of
effect estimates, and risk of publication bias.
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Table 1.  Characteristics of Included Studies
Study Country Setting Population Subjects, N Baseline Pyo,/Fio,, Intervention Duration of
mm Hg Intervention

Elamin® USA Multi-center ~ ARDS 17 Control: 138 Continuous enteral EPA + DHA + 7d
Intervention: 157 GLA + antioxidants

Gadek?0 USA Multi-center ~ ARDS 146 Control: 170 Continuous enteral EPA + DHA + =4d
Intervention: 155 GLA + antioxidants

Grau-Camona*  Spain ~ Multi-center ~ Septic ventilated 160 Control: 122 Continuous enteral EPA + DHA + 28d
Intervention: 130 GLA + antioxidants

Gupta*! India Single-center ARDS 61 Control: 199 Intravenous omega-3 fatty acids 14d
Intervention: 145

Parish#? Iran Multi-center ~ ARDS 58 Control: 145 Bolus omega-3 gels 14d
Intervention: 149

Pontes-Arruda**  Brazil =~ Multi-center ~ Septic ARDS 165 Control: 158 Continuous enteral EPA + DHA + 28d
Intervention: 156 GLA + antioxidants

Rice?” USA Multi-center ~ ARDS 272 Control: 172 Bolus enteral EPA + DHA + 21d
Intervention: 160 GLA + antioxidants

Shirai* Japan  Single-center Septic ARDS 46 Not presentable Continuous enteral EPA + DHA + 14d

GLA + antioxidants

Singer* Israel ~ Single-center ARDS 100 Control: 231 Continuous enteral EPA + DHA + 14d
Intervention: 208 GLA + antioxidants

Stapleton?® USA Multi-center ~ ARDS 90 Control: 172 Bolus enteral fish oil (EPA + 14d
Intervention: 155 DHA)

DHA = docosahexaenoic acid
EPA = eicosapentaenoic acid
GLA = A-linolenic acid

Results

Characteristics of Included Studies

The combined search yielded 3,367 studies for possible
inclusion. We retrieved a total of 13 publications reporting
10 RCTs (Fig. 1).27:28:39-46 Three studies were conducted
exclusively on subjects with sepsis-induced ARDS.43-4446
We did not identify any other intervention apart from
omega-3 fatty acids (ie, eicosapentaenoic acid and doco-
sahexaenoic acid) and +y-linolenic acid with or without
antioxidant-based enteral formula or supplementation. Sev-
eral clinical trials investigated the use of glutamine sup-
plementation for critical illness, but none specifically fo-
cused on ARDS.3?

Among the 10 included studies, 6 of them used a similar
enteral preparation (Oxepa; Abbott Nutrition/Abbott Lab-
oratories, Columbus, Ohio) continuously supplemented
with eicosapentaenoic acid, docosahexaenoic acid, y-lin-
olenic acid, and antioxidants (Table 1).36:37:40-43 Four of
these 6 studies used an isocaloric high-fat formulation (Pul-
mocare; Abbott Nutrition/Abbott Laboratories, Columbus,
Ohio) for control groups.3%-40-43.45 The remaining 2 studies
used a carbohydrate-based control formulation (Ensure Plus
or Ensure Liquid; Abbott Laboratories, East Windsor, New
Jersey).*+4¢ Three studies used additional enteral supple-
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mentation of fish oil,?® omega-3 gels,*? or intravenous for-
mulation with 10% fish oil,*! and control groups received
the same enteral feeding formulation as intervention groups.
One study gave boluses of a high-fat formulation enriched
in eicosapentaenoic acid, docosahexaenoic acid, y-linole-
nic acid, and antioxidants and compared this with isocal-
oric/isovolemic carbohydrate-rich control nutrition.?” Five
studies defined a target enteral nutrition delivery rate of
50% to 75% of basal energy expenditure/resting energy
expenditure (BEE/REE) for the first 24 h with variable
increments to achieve 70% to 100% of BEE/REE.39:40:43-45
The duration of intervention was = 7 d,40-41 14 d,28.41.42:44.45
21 d,?7 or 28 d.#340

Risk of Bias in Included Studies

We identified an increased risk of bias among 6 studies
(Fig. 2). Authors of 4 studies reported that they were in-
dustry-supported.*0-43-4546 We rated these studies as hav-

ing an unclear risk of bias.

Primary Outcome: All-Cause Mortality (Longest
Period Reported)

All studies reported mortality. The range of reported
mortality varied between studies: six studies reported this
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Fig. 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.
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Fig. 3. Forest plot for the comparison omega-3 fatty acids and antioxidants versus placebo or standard nutrition. Outcome shown is

all-cause mortality (longest period reported).

outcome at day 28,3941-43.4546 three studies at day 60,27-28:44
and one for the study duration*®. There was no evidence
for the use of omega-3 fatty acids and antioxidants for
reducing mortality at the longest period reported (risk
ratio = 0.79, 95% CI 0.59-1.07; > = 42%; partici-
pants = 1,015) (Fig. 3). The pooled control group mor-
tality rate was 28%, and the pooled intervention group
mortality rate was 23.5% for the longest period reported.
Overall mortality varied between studies and ranged
from 6% to 43%. A funnel plot of the primary outcome
prepared to test the effect of publication bias showed no
evidence of data asymmetry (Egger’s regression test,
with P = .81) (Fig. 4). We downgraded the quality of
evidence by two levels due to inconsistency from clin-
ical and methodological heterogeneity and indirectness
for intervention and comparator.

Secondary Outcomes
Six studies with 466 participants reported 28-d mortal-
ity.3941-43.45.46 We noted uncertain evidence for use of ome-

ga-3 fatty acids and antioxidants in terms of mortality at
28 d (risk ratio = 0.64, 95% CI 0.49-0.84; I> = 0%)
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(Fig. 5). This analysis was limited by the small number of
participants, which accounted for < 50% of the total par-
ticipants included.

There is uncertain evidence for the use of omega-3
fatty acids and antioxidants for the improvements in
secondary outcomes of ICU LOS, duration of mechan-
ical ventilation, ICU-free days at day 28 and ventila-
tion-free days at day 28 (Table 2). There was also un-
certain evidence for the use of omega-3 fatty acids and
antioxidants in terms of improvements in P, /F, ratio
at day 4 and at day 7, reported new organ failures,
nosocomial infections, and adverse events (Table 2).
We downgraded the quality of evidence by 3 levels due
to increased risk of bias, inconsistency due to clinical
and methodological heterogeneity, and indirectness for
both intervention and comparator.

Subgroup Analysis

For the primary outcome, we performed a subgroup
analysis for types of control nutrition given, route of
administration (parenteral/enteral), mode (continuous/
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Fig. 4. Funnel plot of comparison: omega-3 fatty acids and antioxidants versus placebo or standard nutrition. Outcome shown is all-cause

mortality (longest period reported). No data asymmetry with Egger’s regression test (P = .81). RR = relative risk.
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Fig. 5. Forest plot for the comparison omega-3 fatty acids and antioxidants versus placebo or standard nutrition. Outcome shown is 28-d

mortality (longest period reported).

bolus), and the duration of intervention (Table 3). We
are uncertain of any mortality benefit when investiga-
tors compared an omega-3 fatty acid or antioxidant group
with a control group administered with a lipid-rich or
carbohydrate-rich formula or as additional supplemen-
tation of omega-3 fatty acids. Only one study gave in-
travenous omega-3 fatty acid supplementation.*! All re-
maining studies gave enteral supplementation. We are
also uncertain of any mortality benefit derived by dif-
ferent routes of administration (enteral or intravenous),
either as continuous or bolus supplementation. We are
also uncertain of any mortality benefit associated with
duration of intervention for < 7 d, 14 d, or for 28 d
(Table 3). For all subgroup analyses, we downgraded
the quality of evidence by 3 levels due to increased risk
of bias, inconsistency due to clinical and methodologi-
cal heterogeneity, and indirectness for intervention and
comparator.
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Sensitivity Analysis

We conducted a sensitivity analysis for the primary
outcome while excluding studies with high risk of bias.
We included 4 studies in the analysis.?7:28:4042 We found
no evidence for the use of omega-3 fatty acids and
antioxidants in reducing mortality at the longest period
reported (Table 4). Most data for continuous secondary
outcomes, such as ICU LOS, ICU-free days at day 28,
ventilator days, ventilator-free days at day 28, and hos-
pital LOS, were skewed. Therefore, we also performed
sensitivity analysis for these outcomes from log-trans-
formed data. Despite this transformation, we are uncer-
tain whether this intervention confers any beneficial
effect on these secondary outcomes (Table 4). We also
performed sensitivity analysis using both fixed-effect
and random-effects models for secondary outcomes of
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Table 2. Summary Statistical Analysis for Secondary Outcomes
Outcome Studies, no. Participants, n Statistical Method Effect Size

ICU length of stay 8 639 MD (IV, Random, 95% CI) —3.09 (—5.19 to —0.99)
ICU-free days at day 28 5 607 MD (IV, Random, 95% CI) 3.44 (—1.17 to 8.06)
Ventilator days 7 581 MD (1V, Fixed, 95% CI) —2.24 (=3.77to —0.71)
Ventilator-free days at day 28 6 665 MD (IV, Random, 95% CI) 2.15(—0.91 to 5.22)
Hospital length of stay 3 291 MD (1V, Fixed, 95% CI) —2.79 (=7.01 to 1.44)
P,0,/Fio, ratio at day 4 8 676 MD (IV, Random, 95% CI) 38.88 (10.75 to 67.02)
P,0,/Fio, ratio at day 7 9 465 MD (IV, Random, 95% CI) 23.44 (1.73 to 45.15)
Subjects with new organ failure 2 249 RR (M-H, Fixed, 95% CI) 0.45 (0.32 t0 0.63)
Subjects with nosocomial infections 3 450 RR (M-H, Fixed, 95% CI) 1.01 (0.76 to 1.33)
Adverse events

Cardiac 3 339 RR (M-H, Random, 95% CI) 0.87 (0.09 to 8.46)

Gastrointestinal 4 427 RR (M-H, Fixed, 95% CI) 1.11 (0.71 to 1.75)
Total adverse events 5 517 RR (M-H, Fixed, 95% CI) 0.91 (0.67 to 1.23)

MD = mean difference

IV = inverse variance

Random = random-effects model
Fixed = fixed-effects model

RR = relative risk

M-H = Mantel-Haenszel

Table 3.  Summary of Subgroup Analysis for Primary Outcomes

Subgroup Analysis for Primary Outcome Studies, no.

Participants, n

Statistical Method

Effect Size

Type of intervention
Immunonutrition formula compared with lipid- 4
based control diet

Immunonutrition formula compared with 2
carbohydrate- based control diet
Immunonutrition supplemented to same 3

intervention and control diet
Immunonutrition supplemented to different 1
intervention and control diet
Route of intervention
Enteral 9
Intravenous 1
Mode of intervention

Continuous infusion 7

Bolus supplementation 3
Duration of intervention

Duration < 7d 2

Duration 14 d 5

Duration 21 d 1

Duration 28 d 2

RR = relative risk
M-H = Mantel-Haenszel
Random = random-effects model

361 RR (M-H, Random, 95% CI)
178 RR (M-H, Random, 95% CI)
204 RR (M-H, Random, 95% CI)
272 RR (M-H, Random, 95% CI)
954 RR (M-H, Random, 95% CI)

61 RR (M-H, Random, 95% CI)
600 RR (M-H, Random, 95% CI)
415 RR (M-H, Random, 95% CI)
163 RR (M-H, Random, 95% CI)
345 RR (M-H, Random, 95% CI)
272 RR (M-H, Random, 95% CI)
235 RR (M-H, Random, 95% CI)

0.57 (0.42-0.78)

1.13 (0.57-2.22)

0.75 (0.48-1.15)

1.63 (1.01-2.63)

0.82 (0.59-1.14)

0.62 (0.32-1.22)

0.64 (0.49-0.83)
1.17 (0.72-1.88)

0.61 (0.32-1.17)
0.64 (0.47-0.89)
1.63 (1.01-2.63)
0.79 (0.44-1.44)

ICU-free days and ventilator-free days at day 28 28.
Results were sensitive to the type of analytical method
used (ie, random-effects model or fixed-effect model)
(Table 5).
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Discussion

We identified 10 RCTs evaluating effects of omega-3
fatty acids, eicosapentaenoic acid, docosahexaenoic acid,
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Table 4.  Sensitivity Analysis for Primary Outcomes*
Outcomes Studies, no. Participants, n Statistical Method Effect Size
All-cause mortality (excluding studies with 4 561 RR (M-H, Random, 95% CI) 0.98 (0.60-1.58)
high risk of bias)

ICU length of stay, log days 8 639 MD (1V, Fixed, 95% CI) 0.08 (—0.23 to 0.06)
ICU-free days at day 28, log days 5 607 MD (IV, Random, 95% CI) 0.34 (0.00-0.68)
Ventilator days, log days 7 581 MD (1V, Fixed, 95% CI) —0.08 (—0.24 t0 0.07)
Ventilator-free days at day 28, log days 6 665 MD (1V, Fixed, 95% CI) 0.06 (0.06-0.18)
Hospital length of stay, log days 3 291 MD (1V, Fixed, 95% CI) —0.05 (—0.34 t0 0.24)

* Excluding studies with high risk of bias and for the secondary outcomes with skewed data.
RR = relative risk

M-H = Mantel-Haenszel

MD = mean difference

IV = inverse variance

Random = random-effects model

Fixed = fixed-effects model

Table 5.  Sensitivity Analysis for ICU-Free Days and Ventilator-Free Days at Day 28

Outcome Statistical Analysis Mean Difference (95% CI) P
ICU-free days at day 28 MD (IV, Random, 95%) 3.44 (—1.17 to 8.06) .14
ICU-free days at day 28 MD (IV, Fixed, 95%) 1.95 (0.42-3.48) .01
Ventilator-free days at day 28 MD (IV, Random, 95%) 2.15(—=0.91 to 5.22) 17
Ventilator-free days at day 28 MD (1V, Fixed, 95%) 1.00 (0.06-1.94) .041

Sensitivity analysis was performed using a fixed-effects model and a random-effects model.
MD = mean difference
IV = inverse variance

v-linolenic acid, and antioxidants, given as a supplement
or as part of an enteral nutrition formula. We identified no
clinical trials with any other specific immunonutrition in-
tervention for this patient population. We found no evi-
dence that this type of nutrition improves the primary out-
come of all-cause mortality at the longest period reported.
Included studies showed clinical heterogeneity with re-
spect to type, mode, and duration of intervention provided,
as well as the type of enteral nutrition formulation re-
ceived by the control group. We performed subgroup anal-
ysis according to different interventions in the control
group. Although we noted a statistical reduction in mor-
tality when omega-3 fatty acids and antioxidants were com-
pared with a lipid-rich enteral formula, we are uncertain
due to very low-quality evidence whether this intervention
improves mortality in the ARDS population. We also found
uncertain evidence regarding reductions in duration of me-
chanical ventilation, ICU LOS, improvement in oxygen-
ation, and increased adverse events with this intervention.

We performed appropriate and thorough searches of elec-
tronic databases to identify suitable studies. We applied no
restrictions. We obtained additional study details from study
authors when possible. Our meta-analysis incorporated
10 clinical trials of 1,015 participants investigating im-
mune-modifying nutrition in subjects with ARDS. All stud-
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ies used omega-3 fatty acid-based nutritional formula with
or without antioxidants for the intervention. However, this
approach was subject to significant clinical and statistical
heterogeneity. Overall, pooled data did not support giving
omega-3 fatty acids in combination with +y-linolenic acid
and antioxidants to improve mortality in ARDS. Although
results from some subgroup analyses indicate that the mor-
tality risk ratio was reduced when the intervention was
given as a continuous enteral infusion against a lipid-rich
control formulation, the quality of evidence is very low.
Also, the isocaloric high-fat formula used in the control
group diet was enriched in omega-6 fatty acids with a high
content of linolenic acid, which may have been harmful; in
other words, the beneficial effect reported by those studies
may have been due to potentially harmful effects of the
lipid-rich diet given to the control group.

Given that mechanical ventilator days and ICU LOS
may be influenced by the death rate, more recent critical
care clinical trials have widely reported ventilator-free and
ICU-free days as better outcome measures. In general,
ventilator-free days and ICU-free days at day 28 are used
as a surrogate for overall ICU outcomes combining mor-
tality with duration of mechanical ventilation and ICU
LOS, respectively. Study results show a difference in the
pooled statistical analysis between outcomes of ICU LOS
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and ICU-free days at day 28. This was also true for ven-
tilator days and ventilator-free days at day 28. Reporting
of either the number of days with ventilation or in the ICU
or numbers days without ventilation or not in the ICU can
be subject to bias. For this reason, we meta-analyzed both
ways of reporting all available data from published trials
(ventilator days/ventilator-free days at day 28 and ICU
LOS/ICU-free days at day 28). Alternatively, this disagree-
ment between our secondary composite outcomes (ICU
LOS/ventilator days and ICU-free days/ventilator-free days
at day 28) and individual end points could be due to in-
clusion and exclusion of different studies from outcome
analyses, based on available outcome measures, or due to
lack of standardized reporting. Nevertheless, due to this
low-quality evidence, we are uncertain whether the use of
an omega-3-based immune-modulating diet in ARDS im-
proves ventilator days or ICU LOS.

Some studies did not provide adequate descriptive evi-
dence for methods of randomization and allocation con-
cealment. One study was unblinded, and 2 studies did not
adequately clarify the blinding of outcome assessment.
Significant dropouts occurred in several studies for a va-
riety of reasons, including protocol violations and intoler-
ance of the intervention or trial. We graded these studies as
having a high risk of bias. Most studies reported antici-
pated outcomes and all reported mortality, although they
were not adequately powered to detect differences between
groups. We graded the quality of evidence for the primary
outcome as low and for all secondary outcomes as very
low because, despite the possibility of increased risk of
bias, the primary outcome analysis included > 1,000 sub-
jects with > 250 events and was not influenced by inclu-
sion of studies with high risk of bias, as evidenced by the
sensitivity analysis omitting these studies. Analyses of con-
tinuous outcome data for most secondary outcomes yielded
skewed results. We were not able to obtain the raw trans-
formed data from study authors; therefore, we performed
sensitivity analysis using logarithmic transformations for
these secondary outcomes. We encountered substantial sta-
tistical heterogeneity for several secondary outcomes. Sig-
nificant clinical and statistical heterogeneity led to a priori
defined subgroup analyses of the primary outcomes, ac-
cording to the type of intervention provided.

Most included studies in this meta-analysis presented
indirectness, where there were significant differences be-
tween the intervention dietary composition and control
formulations. Four RCTs used a comparator enteral for-
mula enriched in omega-6 fatty acids.39-4043.45 Because
omega-6 fatty acids can potentiate inflammation, this may
have caused increased harm in the control group. Further-
more, one study gave bolus feeding and reported signifi-
cant differences between the amount of protein given per
day to the control group (20 g) and the intervention group
(4 g).?7 There were also differences in the patient popula-
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tion between included studies, in that 3 studies exclusively
consisted of subjects with sepsis-related ARDS.43-4446 Eti-
ological heterogeneity of ARDS origin may have different
pathophysiological consequence, and modulation of in-
flammation by immunonutrition in sepsis and septic shock
has produced conflicting results.#”® Consequently, com-
bining these studies of both pulmonary and extrapulmo-
nary origin of subjects with ARDS may have introduced
clinical heterogeneity and thus bias. Overall, we rated the
quality of evidence as low to very low because of in-
creased risk of bias, skewed data, inconsistency, and in-
directness. Further research on this topic is essential both
to address the overall objective of this review and to focus
on specific questions. Future RCTs should consider stan-
dardized reporting of ICU outcomes to facilitate the com-
bination and comparison of data between studies.

To our knowledge, we have identified and included all
published studies on this topic. Lack of standardization in
reporting outcomes resulted in some studies reporting du-
ration of ICU stay as ICU LOS and others as ICU-free
days at day 28. We encountered similar issues when deal-
ing with duration of mechanical ventilation. This resulted
in pooling of these studies separately, which was not
planned when the protocol was drafted. Lack of standard-
ized statistical data from the included studies led to as-
sumptions of normal distribution and calculations of stan-
dard deviation from standard error, interquartile ratio, and
P value, which may have introduced additional bias.

Pontes-Arruda et al?¢ conducted the first meta-analysis
on this topic in 2008. This review included 3 earlier
studies*®-43:35 and reported a survival advantage, improve-
ment in oxygenation (at day 4 and at day 7), and other
clinical variables such as ICU-free days and ventilator-free
days at day 28 with immune-enhancing diets.?¢ All studies
included in this review gave a high-fat, low-carbohydrate
formula enriched with eicosapentaenoic acid, y-linolenic
acid, and antioxidants. However, the beneficial effects seen
in these trials may have been confounded by increased
mortality in the control groups, possibly caused by the use
of enteral formula enriched in omega-6 fatty acids. An-
other meta-analysis, which only included these 3 earlier
studies and focused on mortality and oxygenation, yielded
the same conclusions.?’

Results from a subsequent meta-analysis of 7 studies
contradicted these previous positive findings and revealed
that enteral supplementation of omega-3 fatty acids, y-lin-
olenic acid, and antioxidants provide no benefit in reduc-
ing clinical outcomes such as 28-d mortality, ventilator-
free days, and ICU-free days.’® However, these results
showed an improvement in oxygenation at day 4 and at
day 7 with immune-modulating diets. In comparison to the
previous meta-analyses, this review included 4 additional
studies, and 3 of these were methodologically different
from the older studies.?”-28:4¢ The largest of these trials (ie,

107



IMMUNONUTRITION IN ADULTS WITH ARDS

OMEGA Trial) demonstrated no mortality benefit and was
terminated early due to futility after an interim analysis. In
contrast to the older studies, the intervention in this trial
consisted of twice-daily bolus supplementation of ome-
ga-3 fatty acids, y-linolenic acid, and antioxidants or the
control supplement composed of an isocaloric, high-
carbohydrate, low-fat feed.?” Another study supplemented
enteral fish 0il,?® whereas another gave a lipid-based diet
with omega-3 fatty acids, y-linolenic acid, and antioxi-
dants as the intervention and used a high-carbohydrate,
lipid-poor control enteral feed.#¢ A more recent meta-anal-
ysis of 6 RCTs3! assessed the effect of enteral omega-3
fatty acids, +y-linolenic acid, and antioxidants. They dem-
onstrated significant heterogeneity across studies and found
no difference in clinical outcomes such as all-cause mor-
tality, ventilator-free days, or ICU-free days.?! In this re-
view, the authors also analyzed studies with high overall
mortality and demonstrated a positive outcome with the
intervention for patient groups with higher mortality, in-
ferring potential benefit for those with severe ARDS.
Our meta-analysis was consistent with the conclusions
of recently published reviews in finding no mortality ben-
efit derived from immunomodulatory diets based on the
inclusion of omega-3 fatty acids, y-linolenic acid, and an-
tioxidants. We noted no improvement in ventilator-free
days or ICU-free days at day 28, and this was sensitive to
analytical methods. These findings were consistent with those
reported by a previous meta-analysis.® Our findings are also
consistent with guidelines of the Society of Critical Care
Medicine and the American Society for Parenteral and En-
teral Nutrition for the provision of nutritional support for
adult critically ill patients, which do not recommend the
use of omega-3 fatty acids in the ARDS population.*®
Our systematic review and meta-analysis showed no
mortality benefit associated with use of immunonutrition
in ARDS populations. Current data do not justify a large
RCT on this topic but would support targeted proof-of-
concept studies in groups of subjects to refine the inter-
vention. Consistent reporting of outcome measures by re-
searchers will be important to allow combinations of results
in subsequent meta-analyses. Mortality is unlikely to be
the best outcome measure for such studies. Cost-effective-
ness data are notably absent from current studies and should
be collected in the future. The most promising areas for
future evaluation include continuous supplementation with
a balanced formula for both control and intervention groups
with additional supplementation for the intervention group.

Conclusions
This meta-analysis evaluated 10 heterogeneous studies
of varying quality and analyzed effects of omega-3 fatty

acids and antioxidants in critically ill adults with ARDS.
We did not find clinical trials of any other immunonutri-
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tion intervention provided to this patient group. Despite
the inclusion of all studies in our meta-analysis, we were
not able to pool all studies for every anticipated clinical
outcome due to the lack of standardized outcome report-
ing. This may have introduced bias into our analysis. Our
results suggest that no mortality benefit is derived from the
use of omega-3 fatty acids or antioxidants in ARDS. Un-
certain evidence suggests reductions in duration of me-
chanical ventilation and ICU LOS, along with improved
oxygenation. The quality of evidence was very low due to
several factors, including poor-quality small trials with
high risk of bias, clinical and methodological heterogene-
ity, and issues due to imprecision and inconsistency be-
tween trials, with additional indirectness due to an imbal-
ance in nutrition provided to the comparator groups.
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