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What do we know about optimal nutritional strategies in children
with pediatric acute respiratory distress syndrome?
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Abstract: Nutrition in pediatric acute respiratory distress syndrome (PARDS) is an essential aspect of
therapy, with potential to modify outcomes. The gut is slowly establishing its place as the motor of critical
illness, and the ‘gut-lung’ axis has been shown to be in play in the systemic inflammatory response. Thus,
utilizing the gut to modify outcomes in PARDS is an exciting prospect. PARDS is associated with high
mortality in low- and middle-income countries (LMIC), where malnutrition is also prevalent and may worsen
during hospital stay. Mortality may be higher in this subgroup of patients. At present, the gold standard
to estimate resting energy expenditure (REE) in critically ill children is indirect calorimetry. However, it
is a cumbersome and expensive procedure, as a result of which its routine practice is limited to very few
units across the world. Therefore, predictive equations, which may under- or over-estimate REE, are relied
upon to approximate calorie and protein needs of children with PARDS. Despite having target calorie and
protein requirements, studies have found that a large proportion of critically ill children do not achieve these
levels even at the end of a week in pediatric intensive care unit (PICU). The preferred mode of nutrition
delivery is enteral, and if possible, early enteral nutrition (EEN). Immunonutrition has been a lucrative
subject of research, and while there have been some strides, no therapy has yet conclusively demonstrated
benefit in terms of mortality or reduced length of stay in PICU or the hospital. Probable immunonutrients
in PARDS include omega-3 fatty acids, arginine, glutamine and vitamin D, though none are a part of any

recommendations yet.
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Introduction pushed to the background is nutrition. Evidence and

literature over time have demonstrated the importance

The child with acute respiratory distress syndrome (ARDS) of the part played by nutrition in the critically ill. The

presents a challenge to pediatric intensivists, with high recent Pediatric Acute Lung Injury Consensus Conference

severity of illness and multi-organ failure. Thus, the focus
of the PICU is always towards stabilization, optimization
of mechanical ventilation and meeting targets related to
oxygenation.

In the midst of life support measures, an area often
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(PALICC) guidelines have also stressed the importance
of nutrition in the child with pediatric acute respiratory
distress syndrome (PARDS), although there is not much
robust data on the same (1).

Moderate to severe PARDS has a mortality to the tune
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of 25-35% in the developed world (2). This figure is higher
in low and middle income countries, going to as high as
45-60% (3-5). It is of paramount importance, therefore, to
find ancillary therapies that may reduce mortality beyond
the reduction that has been achieved by application of
low tidal volume and high PEEP. Nutrition is one of the
cornerstones of PICU practice. While it may take a backseat
in the face of resuscitative and technologically advanced
therapy, its importance cannot be understated. If nutritional
intervention, as simplistic as it may seem, can play a role
in reduction of morbidity and mortality, an understanding
of its nuances in ARDS is key to its implementation. This
review highlights these key concepts.

Gut as a motor of critical illness

The theory that the gut is the motor of critical illness has
been a subject of study for the last few decades. The gut
is the largest mucosal surface that is in contact with the
outside world (6). It is lined by a single layer of epithelial
cells, and has its own lymphoid tissue and microbiome;
it is prone to disruption, bacterial translocation and a
strong immune response. The integrity of the gut may be
altered at every level—the mucus layer, the epithelial layer,
the submucosal layer and reduced renewal of cells in the
epithelium. Experimental data in mice have reinforced
the theory of bacterial translocation, which was the older
concept of why gut injury could lead to manifestations
of distant injury, especially in lungs (7). This damage
is contributed by the bacteria, endotoxins and cytokine
response in the gut (8). It has also been found in animal
models, that bacterial virulence may be modified by the
host environment- if commensal bacteria find themselves
in an environment that may be beneficial to them, they
undergo a virulent change and may cause severe disease
in the host. This applies to sepsis, septic shock, and major
surgery (9). However, the same results have not been
replicated in human beings. Therefore, the present theory
is not limited to only bacterial translocation. The gut has
extensive lymphoid tissue and cytokines produced in the gut
are carried via mesenteric lymph to the thoracic duct and
then the lungs. Thus, gut injury may perpetuate lung injury.
A study of probiotics in critically ill children with severe
sepsis found that pro-inflammatory cytokine levels were
significantly reduced, while anti-inflammatory cytokines were
elevated, in those who were administered probiotics (10).
Whether this has therapeutic implication or not is unknown,
but it reinforces the theory that the gut plays a definitive role
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in systemic inflammation (10). Each of these processes is
believed to augment distant organ injury (8,9,11-14).

The gut-lung axis

The critically ill child with, for example, PARDS or septic
shock, has a number of organ injuries at presentation or
during evolution of the illness. The presence of shock,
multiple vasoactive drug infusions and hypoxia predispose
the gut to injury, thereby leading to the above mentioned
adverse consequences. The lung and the gut have mucosa
in continuum, but with different microbiomes. The
normal, non-diseased alveoli, are populated with non-
pathogenic anaerobic bacteria like Prevotella, Veillonella,
and Fusobacterium, while the normal gut flora include the
Bacteroidetes and Enterobacteriaceae species (11). It has been
seen that in the diseased states mentioned above, there
occurs a state of dysbiosis of the lung, with bacteria which
normally populate the gut, being found in the lung. This
may also occur due to continuous micro-aspiration of
oropharyngeal secretions from around the endotracheal
tube in an intubated patient (11,15-18). Hence, it seems
prudent to consider the various effects the gut may play on
lung injury in a critically ill child and attempt measures to
keep the gut as healthy as possible.

Nutrition in PARDS

Experience and some evidence, which isn’t very robust,
have reiterated the importance of nutrition in the child with
ARDS. This area has always raised more questions than
answers and most practice is consensus based, rather than on
hard evidence. What is well known, however, are the effects
of malnutrition on outcomes and the malnourishment
that critically ill children are prone to in PICU stay.
Malnutrition is either present at admission, or may develop
or worsen in more than half the children admitted to
intensive care units (19-21). Studies have also shown
that malnutrition is an independent risk factor for longer
duration of mechanical ventilation and acquisition of health
care associated infections (22,23). In addition, malnutrition
has an impact on mortality. In an observational study on
PARDS by Yadav et al., 63% of malnourished children
died (17 children out of 27 malnourished children with
PARDS) (5). A recent retrospective study by Wong ez 4l.,
in 107 children with ARDS showed that those children
who received adequate calories had lesser mortality (34.6%
vs. 60.5%, P=0.025), while those who received adequate
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protein had both, reduction in mortality (14.3% vs. 60.2%,
P=0.002) and more VFDs [median (interquartile range), 12
(3.0-19.0) vs. 0 (0.0-14.8) days; P=0.005] (24). Hence, it is
quite clear that nutrition in PARDS is an area which needs
more careful thought and planning in all children admitted
to PICUs, and may aid in improvement in outcomes like
length of mechanical ventilation, PICU stay and mortality.

Enteral vs. parenteral nutrition

Critically ill children are at risk of gut barrier disruption
and splanchnic vascular compromise, due to the presence
of shock, vasoactive support and hypoxia (25). In addition,
there are physician-related barriers for nutrition, like
the need for multiple procedures, like intubation, central
venous catheter insertion, and emergent surgery, all of
which require the patient to be in a ‘nil-per-oral’ status
(26,27). Hence, both the initiation of nutrition, and the
debate of enteral versus parenteral nutrition has been the
subject of critical care controversies for many decades now.

Why enteral nutrition (EN)?

EN is the natural mode of feeding and seems to inherently
have its advantages. Animal studies have shown that enteral
feeds “keep the gut moving”, thereby reducing bacterial
translocation, prevent mucosal atrophy, maintain integrity
of the epithelial barrier of the gut and reduce production
of toxic cytokines (28). The exact opposite effects have also
been demonstrated in murine models using total parenteral
nutrition (TPN) (29,30). Older studies have also shown
higher incidence of new onset sepsis and hyperglycemia in
those who were on TPN (31). It seems logical, therefore, to
‘use the gut’ to feed the sick child, as soon as possible, and
prefer EN over TPN.

When should it be started?

The question of how soon is also something which has been
the subject of investigation. Studies have compared early
enteral nutrition (EEN) to late enteral nutrition, defining
EEN as within 48-72 hours of admission to the PICU.
EEN was associated with shorter PICU and overall length
of stay, and reduction in mortality (19,32,33). Therefore,
once the child has attained hemodynamic stability and there
are no other physician-decided barriers to feeding, EN, and
preferably EEN should be initiated.

Although one may be enthusiastic about initiating EN, it
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has been observed that hardly 40-75% of total goal calories
and proteins are met in the first 7 days of PICU stay in the
critically ill child (34,35). There are many barriers to EN,
as have already been mentioned above. In addition, one
of chief factors operating in the inability to meet caloric
and protein targets is feed interruptions, due to actual or
perceived gastric intolerance and for procedures. A study
done by Mehta et al. found that almost 50% of all feed
interruptions are avoidable (36). The presence of a written
feeding protocol, with guidelines on feed intolerance
would likely reduce the number of interruptions and aid in
achieving full feeds as early as possible.

How much to feed?

The ideal method to decide how much to feed a child is
dependent on the resting energy expenditure (REE), which
is the requirement to sustain the basal metabolic rate. This
may be calculated using mathematical equations like the
Schofield equation or FAO/WHO/UN  equations, or by
the gold standard method, indirect calorimetry. Predictive
equations are inaccurate and may overestimate the needs
of the child (37-39). Indirect calorimetry is cumbersome
and is not available in most centres for routine use, except
for academic purposes. A recent study done by Ismail ez 4l.,
assessing energy balance in critically ill mechanically
ventilated children, showed poor agreement between energy
expenditure calculated by predictive equations and indirect
calorimetry (40). But for practical purposes, either of the
equations mentioned may be used for calculation of calorie
requirement (41).

Both, underfeeding and overfeeding are deleterious.
Underfeeding leads to endogenous protein breakdown,
loss of muscle mass and weakness of the muscles of
respiration (42). This is associated with delay in weaning
from ventilatory support, immunosuppression, delayed
wound healing and increased risk of nosocomial infections.
Overfeeding, on the other hand, is associated with
higher carbon dioxide (CO,) production, which may also
lead to delay in weaning from ventilatory support (42).
Another theory, which supports a degree of underfeeding
(called permissive underfeeding), is autophagy. It is
an evolutionarily conserved mechanism of clearing
intracytoplasmic debris, and in the process, providing
nutritive substrate (amino acids) to the cell. Autophagy
is induced by starvation and oxidative stress, as seen in
mild critical illness. Factors such as endotoxins, oxidative
stress, ischemia, and mitochondrial dysfunction stimulate
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autophagy, which maintains ATP production, removes
damaged proteins and improves cell survival. However, with
increasing severity of illness, the same stimulatory factors
lead to excessive autophagy, greater degradation of cytosolic
proteins and organelles, and increased cell death. When and
where this balance is tilted is unknown, but the benefits of
permissive under-feeding may be due to autophagy (43-45).

In PARDS, the child is in a hyper-catabolic state, with
higher than usual requirement of proteins and calories
(41,42). The breakdown of lean muscle and protein
turnover may not completely be stopped by provision of
adequate calories and proteins, but is markedly reduced.
As per the latest ASPEN guidelines, a minimum protein
intake of 1.5 g/kg/day is advised in critically ill children (41).

Calories are met by providing both, carbohydrates
and lipids. There has been some research into which type
of feeding would be best suited to patients with ARDS.
Traditional feeds contain 40-50% carbohydrates and less
than 30% as lipids. However, there have been postulations
that high lipid, low carbohydrate formulations may be more
beneficial. Some studies in adults have shown that a higher
lipid formulation is associated with lower CO, production as
compared to higher carbohydrate formulations, resulting in
lower ventilation and ICU days (46). This theory was later
refuted, when Talpers er a/. demonstrated in their study that
it was increasing total calories, and not the carbohydrate
content of the feed, which was responsible for higher CO,
production. They showed that CO, production increased
significantly, even when the carbohydrate: lipid ratio was
maintained a constant, as total calories increased (47).

At present, guidelines suggest using balanced ratios of
carbohydrates and lipids (41).

Immunonutrition in PARDS
-3 Fatty Acids and GLA

The rationale for using eicosapentaenoic acid (EPA) and its
related molecules in PARDS is that it may downregulate
the production of inflammatory leukotrienes, thereby
reducing inflammation, and may enhance production of
positive modulators of inflammation. Animal models of
sepsis-induced ARDS had shown that low-carbohydrate,
high-fat diet containing EPA (fish oil), gamma-linolenic
acid (GLA; borage oil) (EPA + GLA), and antioxidants
improves lung microvascular permeability, oxygenation, and
cardiopulmonary function and reduces pro-inflammatory
eicosanoid synthesis and lung inflammation (46). Based on
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this, Gadek er 4l. undertook a study in adults with ARDS,
with the treatment group receiving EPA + GLA diet, and
controls receiving routine diets. They demonstrated a
significant improvement in PaO,/FiO, ratio on days 4 and
7, reduction in BAL neutrophils by almost 2.5-fold, and
reduction in ventilation days and ICU length of stay in the
treatment group versus controls (48).

A meta-analysis assessed 3 studies in adults with acute
lung injury, who received EPA + GLA vs. control diet. A
total of 296 patients were assessed, of whom 152 received
EPA + GLA and 144 were in the control group. There
was significant reduction in mortality risk [OR 0.40; 95%
confidence interval (CI), 0.24-0.68; P=0.001], duration
of mechanical ventilation [standardized mean difference
(SMD) =0.56; 95% CI, 0.32-0.79; P<0.0001], risk of developing
new organ failure (OR 0.17; 95% CI, 0.08-0.34; P<0.0001)
and in length of ICU stay (SMD =0.51; 95% CI, 0.27-0.74;
P<0.0001), in those who were in the treatment group (49).

There was concern about diarrhea and feed intolerance
following administration of these lipid formulations.
However, there was no intractable diarrhea requiring
stoppage of the feeds in any of the studies analysed (50).

The EDEN-omega study was conducted as part of the
ARDSnet trials (Early Versus Delayed Enteral Feeding
and Omega-3 Fatty Acid/Antioxidant Supplementation
for Treating People With Acute Lung Injury or Acute
Respiratory Distress Syndrome) (51). In addition to a
comparison of feeding patterns in adults with ARDS, it
also studied a combination of omega-3 fatty acids and anti-
oxidants, and placebo. In contrast to the other 3 major
studies done on EPA + GLA, which used continuous enteral
infusions of the lipid formulation, the EDEN-omega study
used 12-hourly boluses of the lipids. The study, however,
was terminated after interim analysis, for futility. The
mortality at 60 days was significantly lower at in the control
group versus the experimental cohort (16.3% vs. 26.6%;
P=0.05). The control group also had more ventilator-free
and ICU-free days. The final results of this study are yet to
be published (42).

The first study on critically ill children using EPA +
GLA showed a favourable modification of the fatty acid
profile, but did not assess changes in oxygenation indices,
ventilation days, length of PICU or hospital stay, or
mortality (52). Another similarly timed trial in children
using ©-3 fatty acids and glutamine also showed a favourable
lipid profile, but no difference in end points of ventilation
days or mortality (53).

At present, there is no evidence for routine administration

Ann Transl Med 2019;7(19):510 | http://dx.doi.org/10.21037/atm.2019.08.25



Annals of Translational Medicine, Vol 7, No 19 October 2019

of o-3 Fatty Acids in PARDS and further studies are needed
in children before a recommendation can be made (1).

Arginine

Arginine is a non-essential amino acid in normal states, as
small quantities of it are produced by the body. However,
in states of stress, it becomes an essential amine acid, which
plays an important role in detoxification of ammonia,
nitric oxide release, wound healing, and release of anabolic
hormones. Hence, it has garnered interest as a potential
immunonutrient (54).

A study done by van Waardenburg et /. on plasma
concentration of arginine in critically ill children showed
that levels were low in the acute phase, and a strong inverse
relationship with inflammatory markers like CRP (55).
Studies using arginine supplementation in adults have
been controversial, with some beneficial effects in surgical
patients, but with a trend towards increased mortality in
septic patients (56). In the few studies done in children,
arginine appears to have some immunomodulatory effects,
but whether these translate into benefit in hard outcomes is
yet to be seen (57,58).

Further studies are required in PARDS for the role of
arginine supplementation.

Glutamine

Glutamine is the most abundant amino acid in the body and
similar to the lines of arginine, due to its high requirement
in critical illness, it is a non-essential amino acid, which may
become essential in these states. It has also attracted a lot of
attention as a possible immunonutrient.

Studies in mice induced with both pulmonary and extra-
pulmonary ARDS have shown mitigation of lung injury,
improvement in inflammatory markers and reduced systemic
inflammation (59). There are, however, no studies in adults
or children with lung injury which reiterate these findings.

Vitamin D

Vitamin D deficiency has associated with impaired
pulmonary function and increased predilection for both,
viral and bacterial infections, and non-infectious diseases
of the lung like asthma. Vitamin D is believed to be an
immunomodulatory, playing an important role in the
Th2 response, macrophage, lymphocyte and epithelial
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cell function (60). Therefore, it seems logical to postulate
that it may benefit in ARDS (61). A study in critically ill
children showed that sepsis was associated with low vitamin
D levels, as compared to matched controls, but there was
no statistically significant difference in mortality, length of
PICU stay or mechanical ventilation (62).

Otbher therapies

Other nutrients that have been studied in the critically ill
are zinc, selenium and anti-oxidants like ginger extract.
Most studies have been conducted in adults, and have
shown some benefit in reducing inflammation, but none are
conclusive (41,58,63-65).

Summary

Nutritional therapy may play a pivotal role in PARDS and
is as essential as other treatment modalities. EN, as early
as feasible, should be considered. The ideal method of
calculating REE is indirect calorimetry, but in its absence,
predictive equations may be used (Schofield or FAO/
WHO/UN equations). Protein delivery should target at
least 1.5 g/kg/day. Both under- and over-feeding may be
deleterious, and care must be taken to prevent malnutrition
from occurring during PICU stay, as it is associated with
serious adverse outcomes. Immunonutrients are a subject
of research at present, and while some data in adults seem
favourable towards the use of omega-3 fatty acids and
borage oils (EPA + GLA), there is inconclusive data in
children at present. Current guidelines do not recommend
the use of immunonutrition in PARDS, but further studies
are required.
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