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A significant relationship exists between nutrition 
and pulmonary disease. Whether acute or chronic, 
pulmonary disease is associated with an increased 

risk and incidence of malnutrition. Malnutrition can result 
in further pulmonary system impairment, thereby leading 
to negative outcomes. Providing nutrition support to indi-
viduals with pulmonary disease is common, especially in 
hospitalized patients. Enteral nutrition (EN) is the modal-
ity of choice unless GI function is impaired, thus requiring 
the use of parenteral nutrition (PN). From the perspective 
of enteral tube feeding or oral supplement usage, an impor-
tant clinical question is frequently asked: Do patients with 
pulmonary disease benefit from a specialized formula?  
The purpose of this article is to describe the use of special-
ized pulmonary formulas in individuals with acute or 
chronic pulmonary disease and to evaluate the evidence 
supporting efficacy with this practice.

Nutrition Support in Pulmonary Disease

Individuals with both acute and chronic pulmonary dis-
ease often require nutrition support during the course of 
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their illness. Hospitalized patients with acute respiratory 
failure related to exacerbation of their chronic disease are 
candidates for nutrition support because their ability to 
adequately consume an oral diet within 5 to 10 days is 
unlikely.1 EN is the preferred nutrition support modality 
when adequate GI function is present.1 Ambulatory 
patients with chronic obstructive pulmonary disease 
(COPD) often receive nutrition supplementation in the 
form of either oral supplements or enteral tube feedings. 
The recently published nutrition practice guidelines for 
individuals with COPD by the American Dietetic 
Association recommend that for both inpatients and out-
patients with COPD and a body mass index <20 kg/m2, 
clinicians should “recommend the consumption of medi-
cal food supplements” because their use is associated with 
increased energy intake and weight gain (rating = fair).2

Providing nutrition support to prevent or treat malnu-
trition without exacerbating existing lung disease can be a 
clinical challenge. Metabolism of macronutrients all yield 
carbon dioxide (CO2) oxidative end products, with carbo-
hydrate (CHO) producing the greatest amount. The respi-
ratory quotient (RQ: amount of CO2 produced, divided by 
amount of oxygen consumed) can reflect substrate utiliza-
tion. When the value exceeds 1.0, oxygen consumption 
must increase, which in the individual with limited respi-
ratory reserve can lead to an increased work of breathing.3 
With significant pulmonary disease, the increased in 
workload can further impair respiratory function, result-
ing in respiratory failure or the inability to wean from 
mechanical ventilation. This was clearly demonstrated in 

The relationship between pulmonary disease and nutrition is 
significant. Nutrition support therapy is common in this 
patient population as a supportive and/or therapeutic measure. 
Historical reports of adverse respiratory function associated 
with high parenteral carbohydrate intakes have been the 
rationale for using high-fat enteral formulas in patients with 
chronic pulmonary dysfunction. Theoretically, providing a low-
carbohydrate formula will reduce carbon dioxide production, 
result in a reduced respiratory quotient, and lead to associated 
improvement in pulmonary outcomes. In the patient with 
acute respiratory distress syndrome, an imbalance of mediators 
exists, with proinflammatory mediators being dominant,  

ultimately affecting the disease course. An enteral formula 
with modified lipids designed to modulate eicosanoid produc-
tion, and therefore influence the inflammatory cascade, is 
available. This article reviews the rationale for use of modified 
enteral formulas in both chronic and acute pulmonary disease, 
reviews the available studies evaluating the efficacy of these 
formulas, and provides overall recommendations for the use of 
specialized enteral formulas in individuals with pulmonary 
disease. (Nutr Clin Pract. 2009;24:666-674)
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the 1980s when case reports outlined hypercapnia and 
respiratory failure in patients receiving high-CHO parenteral 
formulations.4-7 Standard practice at that time was to 
provide 100% of nonprotein calories as dextrose and  
provide lipid intermittently as a source of essential fatty 
acids. Based on the detrimental effects observed with 
excessive dextrose intake, practice recommendations were 
made to alter PN formulas and provide increased lipid 
with reduced dextrose.7,8

Enteral Nutrition in Chronic  
Pulmonary Disease

The practice of altering macronutrient distribution with 
PN to avoid detrimental respiratory effects was also 
applied to EN support in the mid-1980s.8-10 The rationale 
for using an altered macronutrient formulation suggests 
that the provision of a reduced amount of CHO will lead 
to a reduction in CO2 production, thus minimizing the 
deleterious respiratory effects observed with high-CHO 
parenteral formulas. Current enteral formula manufactur-
ers offer 2 types of such formulas (Table 1). Multiple stud-
ies exist evaluating the effects of a high-fat enteral formula 
on respiratory function and status in those with chronic 
pulmonary disease11-15; these studies produced variable 
results depending on the population studied, the method 
of feeding used, and the nutrition status of the patients 
studied. These studies were limited by small sample sizes. 
Overall, in 6 studies with a total of 152 patients (ambula-
tory and hospitalized), the majority of the findings demon-
strated a lack of clinical benefit with use of such enteral 
formulas.

In most of the early reports citing adverse effects with 
large dextrose intakes, patients received excessive calories 
(1.7–2.25 times the measured energy expenditure).5,6,16 In 
a well-known study by Talpers et al,17 20 mechanically 
ventilated patients received either varying amounts of 
CHO (40%, 60%, or 75%) or total calories (1, 1.5, or 2 
times the basal energy expenditure). Carbon dioxide pro-
duction (Vco2) was measured in both groups of patients 48 
hours following a change in nutrient regimen. There was 
no significant difference in Vco2 among the varying CHO 
regimens; however, Vco2 significantly increased as the 
total caloric intake increased (P < .01). The authors con-
cluded that avoidance of overfeeding is of greater signifi-
cance than CHO intake in avoiding nutritionally related 

hypercapnia. This along with early reports of excessive 
overfeeding lends support for the argument that total 
caloric intake is more important than intake of CHO in 
preventing adverse ventilatory effects.

Ambulatory Outpatients

High-fat, reduced-CHO enteral formulas have been stud-
ied frequently in ambulatory COPD patients with con-
flicting results. Angelillo et al11 in 1985 were the first to 
report a benefit in respiratory function by decreasing the 
percentage of calories provided by CHO. The investiga-
tors studied 14 ambulatory, hypercapnic COPD patients, 
altering the CHO portion of an oral diet. CHO intake 
ranged from 28% to 78% of total calories. The lowest- 
CHO diet resulted in a significantly lower production of 
CO2 (P < .002) and lower RQ (P < .001) compared with 
those moderate or high in CHO content. The authors 
concluded that a lower proportion of CHO calories favor-
ably altered respiratory parameters and may be an impor-
tant consideration in patients with COPD.

In an effort to compare the differences in gas exchange 
and ventilation between normal patients and those with 
COPD, Kuo et al18 evaluated a high-fat oral liquid diet 
(55.2% fat and 28.1% CHO) and a high-CHO oral liquid 
diet (31.5% fat and 54.5% CHO) in 12 stable ambulatory 
COPD patients and 12 healthy volunteers. Significantly 
greater increases in oxygen consumption (Vo2) (P < .05), 
Vco2 (P < .001), and expired minute ventilation (Ve) 
(P < .001) occurred in the COPD patient group receiving the 
high-CHO diet compared with those receiving the high-fat 
diet. The healthy volunteers experienced no change in  
ventilatory parameters with either diet.

A more recent evaluation of different nutrition supple-
ments in ambulatory COPD patients demonstrated different 
results. In 2001, Vermeeren et al12 conducted a 2-part evalu-
ation of nutrition supplements on metabolism and exercise 
capacity in stable COPD patients. Part 1 compared a 250-
kcal load with a 500-kcal load. Part 2 compared a high-CHO 
supplement (60% CHO and 20% fat) with a high-fat supple-
ment (60% fat and 20% CHO). Significant increases in Vco2 
(P < .05), Vo2 (P < .05), and RQ (P < .01) were observed 
when the higher calorie load was consumed. Conversely 
there were no significant differences in Vco2 or Vo2 between 
the high-CHO and high-fat supplements. The RQ, however, 
was significantly greater in those who received the high-
CHO supplement (P < .01). In addition, the subjects 

Table 1.  Nutrition Characteristics of Enteral Formulas Designed for Chronic Pulmonary Disease

Manufacturer kcal/mL Carbohydrate, g/L (% total kcal) Protein, g/L (% total kcal) Fat, g/L (% total kcal)

Abbott (Columbus, OH) 1.5 106 (28.2) 62.6 (16.7) 93.3 (55.1)
Nestlé (Minnetonka, MN) 1.5 100 (26.6) 68 (18) 94.8 (55.4)

 at HINARI on August 17, 2011ncp.sagepub.comDownloaded from 

http://ncp.sagepub.com/


668  Nutrition in Clinical Practice / Vol. 24, No. 6, December/January 2009

complained of dyspnea when consuming the high-fat supple-
ment. Of particular note, the authors stated that the rise  
in RQ could not be due to an increased Vco2 but rather 
was caused by a lower Vo2, reflecting a more efficient 
metabolism. They concluded that a lower energy–containing 
supplement is preferred to one of higher energy content 
because of an improved ventilatory response with the reduced 
calorie intake. They also concluded that a high-CHO  
supplement is preferable to a high-fat version because the 
former may increase lung function and result in less dyspnea.

One important aspect to consider when evaluating 
nutrition modification studies in COPD patients is to 
identify the nutrition status of the patients studied. It is 
well-known that malnutrition leads to decreased respira-
tory function; are positive results with a high-fat formula 
more likely to be demonstrated with malnourished 
patients? Cai et al13 designed a study in 2003 to answer 
this question. Sixty COPD patients with documented 
weights of <90% ideal body weight were randomized to 
consume an oral diet with high-fat supplements or a diet 
with increased CHO content for 3 weeks. Total daily 
energy intake remained the same between groups, with 
the mean intake of 33.5 kcal/kg in the high-fat group and 
32.5 kcal/kg in the high-CHO group. Significant decreases 
in RQ, Vco2, Vo2, and Ve (P < .05) were observed in the 
high-fat group compared with the high-CHO group. In 
addition, the forced expiratory volume decreased in both 
groups, although this was only significant in the high-fat 
group (P < .05). The authors proposed that this observa-
tion was most likely due to an improvement in nutrition 
status (not defined) rather than a change in actual airway 
obstruction. They concluded that in malnourished COPD 
patients, pulmonary function can be significantly 
improved with a high-fat, reduced-CHO oral supplement.

Hospitalized Patients

Two studies have been conducted evaluating the role of 
high-fat formulas in weaning patients from mechanical 
ventilation. In 1988, al-Saady et al14 studied the effects of 
a modified enteral formula on 20 ventilated patients in an 
intensive care unit (ICU). Patients were randomized to 
receive either a high-fat formula (55.2% fat and 28.1% 
CHO) or a standard formula (30% fat and 53.3% CHO) in 
amounts equal to their estimated energy requirements. 
Respiratory failure was due to a variety of underlying 
mechanisms, some of which included exacerbation of 
COPD. Significant decreases in Paco2 (P < .03), tidal vol-
ume (P < .009), and peak inspiratory pressure (P < .046) 
were observed in the high-fat group, whereas these param-
eters all increased in the group receiving the standard for-
mula. Time spent on artificial ventilation was 42% less in 
the high-fat group compared with time in the standard 
formula group (P < .001). The authors noted that sedative 
and muscle-relaxing agents may have affected the overall 

results. They also suggested that because the underlying 
cause of the respiratory failure varied between the  
2 groups, the duration of ventilation may have been 
affected. However, they concluded that a high-fat enteral 
formula appears to be beneficial in patients undergoing 
artificial ventilation.

Van den Berg et al15 conducted a similar study in 
1994, with slightly different results. Their unblinded 
study compared a high-fat formula (55.2% fat and 28.1% 
CHO) with a standard formula (30% fat and 53.3% CHO) 
in 32 medical patients in the ICU. Patient diagnoses 
included COPD, pneumonia without COPD, and neuro-
logic disease. The RQ during weaning was significantly 
lower in the high-fat formula group (0.72 ± 0.02 vs 0.86 
± 0.02; P < .01). There were, however, no significant dif-
ferences in Vco2 during weaning, and both groups had 
similar successful weaning episodes. The authors con-
cluded that a high-fat formula can significantly decrease 
RQ values in ventilated patients. Nevertheless, it is 
important to consider whether the reported significant 
decreases were of actual clinical significance because the 
RQ was well below 1.0; values higher than 1.0 are associ-
ated with a significant increase in work of breathing.

Overall results demonstrating whether a high-fat enteral 
formula vs a standard formulation offers a clinical advantage 
to the patient with chronic pulmonary disease are inconclu-
sive. One must look closely at the population studied and 
the clinical significance of the reported results. When con-
sidering use of such a formula in the hospitalized, mechani-
cally ventilated patient, it is important to keep in mind 
potential disadvantages. Delayed gastric emptying and 
increased formula costs are reasons to avoid the routine use 
of a high-fat formula in mechanically ventilated patients.19-21 
As with most nutrition support practices, patient monitoring 
is essential. If challenges in ventilatory management occur 
with the use of a standard enteral formula, offering an 
altered macronutrient formula is an option. Several organi-
zations have stated that routine use of an altered macronu-
trient formula for those with chronic pulmonary disease is 
not recommended.2,22-24 (See Table 2 for specific recommen-
dations and Table 3 for a description of the various organiza-
tions’ grading systems.) However, in the ambulatory patient 
setting, where nutrition repletion and weight gain are 
desired goals, the use of a modified lipid/CHO formula may 
be advantageous to limit potential adverse ventilatory effects 
during a period of planned overfeeding. It is this setting for 
which a pulmonary formula may be best suited.25

Nutrition Support in Acute Respiratory 
Distress Syndrome

Acute respiratory distress syndrome (ARDS) is a clinical state 
characterized by severe hypoxemia, diffuse pulmonary  
infiltrates, and respiratory failure.26 Despite advances in 
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understanding the cause and pathogenesis of ARDS and  
its progression, therapy remains primarily supportive.27-30 
Providing nutrition support as a therapeutic intervention to 
the patient with ARDS is essential, because most patients 
will require mechanical ventilation for some period of time. 
Current recommendations by the American Society for 
Parenteral and Enteral Nutrition (A.S.P.E.N.) and the Society 
of Critical Care Medicine (SCCM) outline that EN should 
be initiated in the critically ill patient who is unable to main-
tain volitional intake (grade B) and that it should be started 
early (within 24–48 hours; grade C).24 The European Society 
for Parenteral and Enteral Nutrition (ESPEN) recommenda-
tions outline that “patients who are not expected to be on a 
full oral diet within 3 days should receive enteral nutrition 
(grade C).”23 The American-European Consensus Conference 
on ARDS recommends that “nutrition supplementation 
should be attempted after a few days of critical illness 
because of its association with a more favorable outcome.”31 
Moreover, the underlying clinical event leading to the devel-
opment of ARDS, such as sepsis or trauma, often results in a 
hypermetabolic state that can significantly increase nutrition 
requirements. The use of EN is recommended for critically 
ill patients, such as those with ARDS, unless GI dysfunction 
is present.2,22,24,32

Enteral Nutrition Modification in ARDS

The underlying mechanism for the development and prolif-
eration of ARDS is not fully understood. The cascade of 
events is thought to involve uncontrolled inflammatory 
responses from alveolar macrophages and their release of 
proinflammatory eicosanoids derived from the metabolism 

of arachidonic acid (AA). Several of these metabolites, 
thromboxane A2, leukotrienes, and prostaglandin E2, have 
been implicated in the development of acute lung 
injury.27,33,34 A specialized enteral formula is available to 
potentially modulate this inflammatory cascade. The enteral 
formula offers a modified lipid component containing bor-
age and fish oils, sources of eicosapentaenoic acid (EPA) 
and γ-linolenic (GLA) acid.35 (See Table 4 for nutrition 
information.) The presence of these fatty acids displaces 
the AA metabolized within the immune cellular membrane, 
leading to an increased production of prostaglandins of the 
1 series and leukotrienes of the 5 series, metabolites associ-
ated with an anti-inflammatory and vasodilatory state (see 
Figure 1 for fatty acid metabolic pathway). Vasoconstriction, 
platelet aggregation, and neutrophil accumulation are 
reduced when the eicosanoid balance favors anti-inflamma-
tory rather than proinflammatory mediators.33,36 The spe-
cialized enteral formula provides a greater amount of total 
lipid than do other formulas designed for metabolic stress. 
Approximately 55% of total calories are provided as lipid 
compared with a range of 30% to 39% for other metabolic 
enteral formulas.35,37 ARDS, is also associated with a com-
promised antioxidative system, including reduced levels of 
α-tocopherol, β-carotene, and selenium.38 Oxidative stress 
via lipid peroxidation products, high oxygen concentrations, 
and excessive free radicals may be a factor in the cause of 
acute lung injury.27 Additionally, this specialty enteral for-
mulation contains increased amounts of α-tocopherol, 
β-carotene, and ascorbic acid, antioxidants that may have a 
potentially beneficial role in the course of ARDS.39

The evidence supporting the use of a specialized 
enteral formula for ARDS is increasing. Preclinical animal 
data have demonstrated positive effects of EPA and GLA 

Table 2.  Guidelines and Recommendations for Use of an Altered Macronutrient 
Enteral Formula in Individuals With Chronic Obstructive Pulmonary Disease

Organization Year Published Recommendation Grade

European Society for Parenteral 
and Enteral Nutrition

2006 In stable COPD, there is no additional advantage of 
disease-specific low-carbohydrate, high-fat oral nutrition 
supplements compared with standard high-protein or 
high-energy oral nutrition supplements.

B

American Dietetic Association 
Evidence Analysis Library

2008 Registered dietitians should advise that the selection of 
medical food supplements for individuals with COPD 
be influenced more by patient preference than by the 
percentage of fat or carbohydrate.

Fair

Canadian Clinical Practice 
Guidelines

2009 There are insufficient data to recommend high-fat/ 
low-carbohydrate diets for critically ill patients.a

Not applicable

Society of Critical Care 
Medicine and American 
Society for Parenteral and 
Enteral Nutrition

2009 Specialty high-lipid, low-carbohydrate formulations 
designed to manipulate the respiratory quotient and 
reduce carbon dioxide production are not recommended 
for routine use in intensive care unit patients with acute 
respiratory failure.

E

COPD, chronic obstructive pulmonary disease.
aIncluded 2 studies, one evaluating an altered enteral formula designed for those with pulmonary disease and 1 evaluating a formula 
designed for those with elevated glucose levels.
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Table 3.  Grading Systems Used by Various Organizations Offering Nutrition Support Guidelines

Organization Grade or Rating Definition

American Dietetic 
Association Evidence 
Analysis Library: 
Evidence-Based 
Guidelines

Strong The benefits of the recommended approach clearly exceed the harms (or 
the harms clearly exceed the benefits in the case of a strong negative 
recommendation), and the quality of the supporting evidence is 
excellent/good (grade I or II).a In some clearly identified circumstances, 
strong recommendations may be made based on lesser evidence when 
high-quality evidence is impossible to obtain and the anticipated benefits 
strongly outweigh the harms.

Fair The benefits exceed the harms (or the harms clearly exceed the benefits in 
the case of a negative recommendation), but the quality of evidence is 
not as strong (grade II or III).a In some clearly identified circumstances, 
recommendations may be made based on lesser evidence when high-
quality evidence is impossible to obtain and the anticipated benefits 
outweigh the harms.

Weak The quality of evidence that exists is suspect, or well-done studies (grade I, 
II, or III)a show little clear advantage to one approach versus another.

Consensus Expert opinion (grade IV) supports the guideline recommendation even 
though the available scientific evidence did not present consistent 
results or controlled trials were lacking.

Insufficient evidence There is both a lack of pertinent evidence (grade V)a and an unclear 
balance between benefits and harms.

Society of Critical Care 
Medicine and 
American Society for 
Parenteral and Enteral 
Nutrition

A Supported by at least one level I investigation: large randomized trials with 
clear-cut results; low risk of false-positive (α) and/or false-negative (β) 
error.

B Supported by one level I investigation.
C Supported by level II investigations: small randomized trials with uncertain 

results; moderate to high risk of false-positive (α) or false-negative (β) 
error.

D Supported by level III investigations: nonrandomized cohort with 
contemporaneous controls.

E Supported by level IV or V evidence: nonrandomized cohort with historical 
controls, case series, uncontrolled studies, and expert opinion.

Canadian Clinical 
Practice Guidelines

Strongly recommended If there were no reservations about endorsing an intervention.

Recommended If evidence was supportive but there were minor uncertainties about the 
safety, feasibility, or costs of the intervention.

Should be considered If the supportive evidence was weak or there were major uncertainties 
about the safety, feasibility, or costs of an intervention.

No recommendation: ie, 
insufficient data

If there was either inadequate or conflicting evidence.

European Society for 
Parenteral and Enteral 
Nutrition

A I-a Meta-analysis of randomized controlled trials; I-b At least 1 randomized 
controlled trial.

B II-a At least 1 well-designed controlled trial without randomization; II-b At 
least 1 other type of well-designed, quasi-experimental study; III Well-
designed nonexperimental descriptive studies such as comparative 
studies, correlation studies, case-control studies.

 C IV Expert opinions or clinical experience of respected authorities.

aConclusion statements are assigned a grade based on the strength of the evidence. Grade I is good; grade II is fair; grade III is 
limited; grade IV signifies expert opinion only; and grade V indicates that a grade is not assignable because there is no evidence to 
support or refute the conclusion. The evidence and these grades are considered when assigning a rating (strong, fair, weak, consen-
sus, insufficient evidence to make a recommendation).
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on proinflammatory mediator production, gas exchange, 
and oxygen delivery.34,40,41 Gadek et al42 published the first 
report of beneficial effects in using a specialized formula in 
patients with acute lung injury (ALI). Ninety-eight patients, 
defined by the American-European Consensus Guidelines 
as having ALI (oxygenation of Pao2/Fio2 ≥200 or ≤300 mm 
Hg), were randomized to receive either a modified lipid 
formula for ARDS or control within 24 hours of study 
entry. Patients receiving the specialized formula showed a 
significant improvement in oxygenation (P < .05), required 
significantly fewer days of mechanical ventilatory support 
(P = .011), and demonstrated a decreased ICU length of 
stay (P = .016) compared with the control group. There 
was no difference in mortality between the 2 groups. The 
authors concluded that a specialized enteral formula would 
be useful in the management of those with, or at risk of 

developing, ARDS. It is important to note that the control 
formula provided was a pulmonary formula with an equal 
macronutrient distribution as the study formula. The only 
difference between the 2 formulas was the type of lipid and 
the elevated  levels of antioxidants.

Singer and colleagues43 demonstrated similar results in 
their 2006 trial comparing a lipid-modulated enteral for-
mula in ARDS patients. One hundred ventilated patients 
meeting the criteria for ALI31 were randomized to receive 
either a formula containing EPA, GLA, and antioxidant or 
a control pulmonary formula within 24 hours of ICU 
admission. Patients who received the EPA/GLA formula 
had a significantly shorter length of ventilator time (P ≤ .05) 
as well as a reduced ICU length of stay (P ≤ .05) compared 
with the control patients. There was no difference in either 
hospital length of stay or mortality between the 2 groups.

Table 4.  Nutrition Characteristics of Enteral Formula Designed for Acute Respiratory Disease Syndrome

Manufacturer kcal/mL Carbohydrate, g/L 
(% total kcal)

Protein, g/L  
(% total kcal)

Fat, g/L  
(% total kcal)

Source of Fat Elevated Levels of 
Antioxidants

Abbott 
(Columbus, 
OH)

1.5 105.3 (28.1) 62.7 (16.7) 93.8 (55.2) Canola oil, medium-
chain triglycerides, 
marine oil 
(anchovy, 
menhaden, 
salmon, sardine, 
tuna), borage oil

Vitamin C, 850 mg/L; 
vitamin E, 320 
IU/L; β-carotene, 
5 mg/L

 

Metabolism of PUFA by Macrophages
n-6 FAMILY

vegetable oils

∆-6 Desaturase
(↓in sepsis, trauma)

(↑in sepsis, trauma)

∆-5 Desaturase
γ-Linolenic Acid (18:3n6)

(borage oil)

Dinomo-γ-Linolenic Acid
(20:3n6)

n-3 FAMILY
soybean, canola oils

Linolenic Acid (18:2 n-6)

20:4n3

Cyclooxygenase

PGE1
(vasodilator,

antiaggregator)

TXA2
(platelet aggregator vasoconstrictor)

PGI2
(vasodilator, antiaggregator)

PGE2
(immunosuppressor)

TXA3
(moderate vasoconstrictor)

PGI3
(vasodilator, antiaggregator)

Eicosapentaenoic Acid
(20:5n3) (fish oils)

Arachidonic Acid (20:4n6)

α-Linolenic Acid (18:3n3)

Stearidonic Acid (18:4n3)

Figure 1.  Metabolic pathway of fatty acids. PGE, prostaglandin E; PGI, prostaglandin I; PUFA, polyunsaturated fatty acids; TXA, 
thromboxane. Reprinted with permission from Mizock BA, DeMichele SJ. The acute respiratory distress syndrome: role of nutri-
tional modulation of inflammation through dietary lipids. Nutr Clin Pract. 2004;19:563-574.33 
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A trial published in 2006 demonstrated positive out-
comes in patients receiving a specialized lipid modulated 
formula.44 Pontes-Arruda and colleagues44 reported their 
results comparing an altered lipid formula with a control 
formula in 165 patients with sepsis. Study patients were 
enrolled if they required mechanical ventilation and demon-
strated an oxygenation measurement of Pao2/Fio2 <200 mm 
Hg. Patients were randomized to receive a control standard 
pulmonary formula or a formula with EPA, GLA, and anti-
oxidants, which was initiated within 6 hours of study entry. 
Of the 103 patients who were deemed evaluable (intent-to-
treat analysis was for mortality outcome only), those who 
received the EPA/GLA formula experienced improved oxy-
genation on study days 4 (P = .033) and 7 (P < .02) com-
pared with the control group. In addition, a greater number 
of ventilator-free days (P < .001), a greater number of ICU-
free days (P < .001), and a significant reduction in new 
organ failure (P < .001) were demonstrated in those who 
received the lipid-modulated formula. Unlike in the previ-
ously cited trials, the use of the EPA/GLA formula was 
associated with an increased survival rate (P = .037).

In an effort to determine the overall effectiveness of a 
specialized enteral formula on clinical outcomes in patients 
with ALI/ARDS, Pontes-Arruda and colleagues45 conducted 
a meta-analysis on the cumulative evidence comparing EPA/
GLA formula vs control. Three randomized controlled trials 
met inclusion and quality criteria, providing a total sample 
size of 411 patients, of whom 296 were evaluable. The use of 
an EPA/GLA formula was associated with a 60% reduction in 
the risk of 28-day mortality (odds ratio [OR], 0.040; 95% 
confidence interval [CI], 0.24–0.68; P = .001). With aggre-
gation via intent to treat, a significant reduction in 28-day 
mortality was still evident with the use of an EPA/GLA for-
mula (49% reduction) (OR, 0.51; 95% CI, 0.33–0.79; P = 
.002). Positive results were also demonstrated with use of an 
EPA/GLA formula with increased 28-day ventilator-free days 
(P < .0001), increased 28-day ICU-free days (P < .0001), 
improved oxygenation (P < .0001), and reduced risk of new 

organ failure (P < .0001). The authors concluded that 
patients with ALI/ARDS given an EPA/GLA formula had a 
significant reduction in mortality risk as well as improve-
ments in oxygenation and clinical outcomes compared with 
those who received a control formula.

Two abstracts have been published evaluating the use 
of an EPA/GLA formula. In 2005, Elamin and colleagues46 
reported results of their preliminary randomized controlled 
trial (n = 16) comparing an EPA/GLA formula with an iso-
caloric standard control formula in patients with ARDS.46 
In patients with higher Acute Physiology and Chronic 
Health Evaluation II (APACHE II) scores at enrollment, 
those who received the study formula experienced signifi-
cant improvement in oxygenation (P < .01), a decrease in 
their APACHE II score (P < .01), and a reduced ICU length 
of stay (P = .016) compared with those who received the 
control formula. Moran and colleagues,47 in 2006, reported 
their multicenter trial results comparing an EPA/GLA for-
mula with an isocaloric control formula in septic patients  
(n = 198). Nosocomial pneumonia occurred less often in 
patients fed the EPA/GLA formula compared with controls 
(P < .05). There were no differences in other clinical out-
comes including Sepsis-related Organ Failure Assessment 
score and mortality. In this evaluation, the formulas were 
administered at a minimum of 50% of estimated energy 
requirements from the fourth day onward. This is in con-
trast to the previously mentioned trials in which enteral 
formulas were administered from 6 to 24 hours of study 
entry or ICU admission. Perhaps earlier formula initiation 
with more optimal support (75% of estimated energy 
requirements) would produce different results.

A criticism often cited with the methods used in the 
above outlined trials is the use of a higher-fat control for-
mula rich in ω-6 fats. Does the use of this type of control 
formula actually impede clinical recovery?48 In the Gadek 
et al and Singer et al trials,42,43 the source of lipids in the 
control formula was 98% corn oil, a predominantly ω-6 fat 
(from linoleic acid). However, in the Pontes-Arruda 2006 

Table 5.  Guidelines and Recommendations for Use of an Altered Lipid Enteral Formula in 
Individuals With Acute Respiratory Distress Syndrome/Acute Lung Injury

Organization Year Published Recommendation     Grade

European Society for Parenteral 
and Enteral Nutrition

2006 Patients with acute respiratory distress syndrome 
should receive enteral nutrition enriched with ω-3 
fatty acids and antioxidants.

B

Canadian Clinical Practice 
Guidelines

2009 Based on one level I study and four level II studies, 
this group recommends the use of an enteral 
formula with fish oils, borage oils, and antioxidants 
in patients with acute lung injury and acute 
respiratory distress syndrome.

Recommend

Society of Critical Care 
Medicine and American 
Society for Parenteral and 
Enteral Nutrition

2009 Patients with acute respiratory distress syndrome and 
severe acute lung injury should be placed on an 
enteral formulation characterized by an anti-
inflammatory lipid profile (ie, ω-3 fish oils, borage 
oil), and antioxidants.

A
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trial,44 the control formula contained 55.8% canola oil (an 
oil comprised of oleic, linoleic, and α-linolenic acids) and 
only 14% corn oil. Would the use of a formula with prima-
rily ω-6 fats lead to, via the AA metabolic pathway, a greater 
production of proinflammatory mediators resulting in a 
reduced clinical benefit? A possible explanation offered by 
Pontes-Arruda and colleagues45 is that in critical illness, the 
enzymes responsible for elongation of ω-6 fats to AA are 
rate-limiting with further activity limited by catabolic hor-
mones. This rate-limiting step prevents a significant eleva-
tion in AA production, which, if it did occur, might be 
manifested by a substantial worsening of clinical parame-
ters (eg, oxygenation) in the control patients. In the 3 stud-
ies described, oxygenation remained the same in the patients 
receiving the control formula compared with the significant 
improvements demonstrated with the study formula. In an 
animal model, Palombo et al40 demonstrated that feedings 
with linoleic acid (ω-6 fat) in an endotoxic state did not 
increase the production of proinflammatory mediators seen 
with AA metabolism. From this illustration, it can be con-
cluded that providing a diet containing linoleic acid (of 
which corn oil is a precursor) likely does not exacerbate a 
preexisting inflammatory state.

The evidence supporting use of a lipid-modified formula 
with added EPA and GLA and elevated antioxidants in 
patients with ARDS/ALI is highly supportive, which has 
translated to usage recommendations by several organiza-
tions.22-24 Table 5 outlines the available recommendations. 
Providing an inflammation-modulating  combination of 
nutrients as a treatment option for this patient population is 
an exciting development, one that is currently being studied 
in septic patients requiring mechanical ventilation.49

Conclusion

The potential for altered nutrition status in individuals 
with either acute or chronic pulmonary disease is signifi-
cant, and nutrition support is often indicated as a thera-
peutic and/or treatment modality. The use of specialized 
enteral formulas in individuals with both chronic and 
acute pulmonary disease is controversial. Data supporting 
the routine use of a high-fat enteral formula in hospital-
ized patients with pulmonary dysfunction are limited and 
inconsistent. It is suggested that this type of formula 
should not be routinely used, however, and should be 
reserved for patients with marginal respiratory reserve 
(severely malnourished and/or severe COPD) who fail to 
wean from mechanical ventilation despite prevention of 
overfeeding or for malnourished patients who require 
nutrition repletion. In the patient with ALI/ARDS, a 
modified formula with added EPA, GLA, and increased 
antioxidants may offer a mortality benefit as well as 

improvements in other important clinical outcomes. 
Based on recommendations by several nutrition organiza-
tions, this specialized formula should be used in patients 
with ALI and ARDS.
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