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ABSTRACT

Introduction: In recent years, the concept of autophagy has been incorporated on the lexicon of
intensive care unit (ICU) nutrition therapy. Macroautophagy, or simply, autophagy, is a continuous
homeostatic process, through which degradation of cytoplasmic components (i.e., damaged
organelles, toxic, senescent, or defective protein aggregates) occurs. Methods: Narrative review.
Results: The article presents an overview of the topic focusing the interplay among autophagy,
nutrition therapy and critical care illness. Conclusions: Although further studies on the interface
between autophagy and nutrient supply are needed, nutritional therapy professionals can now
reinforce their understanding of their own specialty, considering that their infervention is not
limited to the mere supply of fuel for the metabolism, but extends for the induction of biochemical
stimuli and signals capable of interfering with critical cellular processes in health and disease.

RESUMO

Introdugéio: Nos Gltimos anos, o conceito de autofagia foi incorporado ao léxico da terapia
nutricional em unidade de terapia intensiva (UTI). Macroautofagia, ou simplesmente autofagia,
é um processo homeostdtico continuo, através do qual ocorre a degradagdo dos componentes
citoplasméticos (isto é, organelas danificadas, agregados de proteina téxicos, senescentes ou
defeituosos). Método: Revisdo narrativa. Resultados: O artigo apresenta uma viséo geral do
tépico, enfocando a interagao entre autofagia, terapia nutricional e doengas em cuidados inten-
sivos. Conclusoes: Embora mais estudos sobre a interface entre autofagia e aporte de nutrientes
sejam necessdrios, os profissionais da terapia nutricional podem agora reforgar o entendimento de
sua especialidade, visto que sua intervengéo ndo se limita ao mero fornecimento de combustivel
para o metabolismo, mas se estende para a indugéo de estimulos e sinais bioquimicos capazes
de interferir em processos celulares criticos na saude e na doenca.
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INTRODUCTION

In recent years, the concept of autophagy has been incor-
porated into the vocabulary of nutrition therapy in intensive
care medicine. Autophagy is the intracellular process of
degradation and reuse of cellular structures and organelles,
capable not only of maintaining the tissue’s physiological
condition, but also providing substrates or components for
energetic, functional, and structural purposes. It is ubiquitous
among animal species and in humans, was initially studied in
rare conditions such as mitochondrial diseases.

Recently, autophagy was recognized as a relevant process
in other clinical scenarios as sepsis, and some authors postu-
lates an important role in critical care patient. Since many
stimuli can modulate autophagy, nutritional therapy emerges
as a modulator of this process to the point of affecting the
clinical outcome. In this non-systematic review, we will present
key publications in nutrition therapy that supported these
arguments, adding perspective to the intensive care physician
and nutrition therapy specialists.

WHAT IS AUTOPHAGY AND WHY IS IT
IMPORTANT?

Macroautophagy, which we will simply call autophagy, is a
continuously functioning homeostatic process, through which
the degradation of cytoplasmic components such as damaged
organelles, toxic, senescent, or defective protein aggregates
occurs. By preventing this accumulation, the formation of
deposits and consequent impairment of function is avoided,
as is the case, for example, of senescent mitochondria that can
become sources of free radical generators. So far, autophagy
is the only known mechanism for cytoplasmic removal of this
type of residue'®.

HOW AUTOPHAGIC PATHWAYS ARE
REGULATED?

As a continuous process, autophagy is modulated by
several microenvironmental signals that trigger coordinated
subcellular responses, varying according to cell type*. In
skeletal muscle, it occurs by activation of two proteolytic
systems, triggered by environmental, epigenetic or patho-
logical stimuli: the ubiquitin-proteasome pathway and the
lysosomal pathway. Several genes participate in this process,
and some seem to have special relevance as great ‘orches-
trators’ of autophagy, such as the FoxO gene. Reviews on
autophagic pathways were publishes elsewhere and will not
be explored on this review®®.

Although occurs physiologically, the process is susceptible
to different microambiental stimulus, such as food deprivation
and cellular and organic stress, resulting in disbalancing in
favor to stimulation or inhibition. The promotion of autophagy

may have specific effects on muscle tissue, resulting in
cellular loss or, in the other extreme, its inhibition may result
in accumulation of intracellular debris, inclusion bodies and
dysfunctional mitochondria, with loss of function. These
altered processes can be noticeable under light microscopy
and in functional tests: in the liver, for example, accumulation
of dysfunctional mitochondria is observed in a pattern like that
observed in mitochondrial diseases®8?.

In chronic critically ill patients, hallmarks of insufficient
autophagy activation such as accumulation of autophagic
substrate and scarcity of autophagic vacuoles are present
in liver and muscle tfissue biopsies®'?. Although molecular
mechanisms remain under investigation, the plausible hypo-
thesis that itself determines lean mass loss through direct
consumption of muscle fiber rests unrefuted. According to this
reasoning, the sarcopenia of severe disease may be a direct
result of an excess of autophagy.

New insights, however, have suggested that autophagy
may have a protective role, where inhibition of autophagy
would be harmful to the stress response. In this sense, the
autophagic flow would be necessary in the acute phase to
recycle senescent material, contributing to better cell func-
tioning in the scenario of severe disease. A possible analogy
is to compare autophagy to the sharpening of a knife: for
the tool to keep it sharp and useful, it is necessary to lose a
certain amount of its substance.

HOW CAN NUTRITIONAL THERAPY
INTERFERE WITH AUTOPHAGY?

Micro ambiental stimulus may interfere with autophagy,
promoting inhibition or intensification. A key modulating
factor is nutrient availability of nutrients, a potent suppressor
of autophagy, especially amino acids, insulin and other grows
factors''. lts inhibitory role provided basis for the hypothesis
explaining why full nutrition therapy in an early phase of
acute critical illness may not result in better outcomes. The
conundrum about the better strategy in acute phase rests
unsolved, since recent trials involving more than 15000
patients could not uncontroversial show benefit in favor of
early nutrition of not'2.

Although much of the discussion goes around metho-
dologic issues, such as type of disease, gravity scores, route
of nutrition therapy, recent evidence of autophagy inhibition
associated mainly in the recovery phase of a life-threatening
insult shed light over a potential role of the process's.

Autophagy has been studied from a mechanistic stan-
dpoint by some groups in the context of nutrition therapy
in intensive care since EPaNIC study'. In the study, the use
of early parenteral nutrition was not associated with better
prognosis compared to a more conservative strategy. At the
time, the mechanisms that explained these findings were not
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fully clarified. In the year following its publication, Derde et
al.'® studied a model of severe disease in rabbits, submitted to
fasting and a load of isocaloric parenteral nutrition containing
different proportions of glucose, amino acids and lipids. The
effects of these interventions on biochemical and histological
markers of autophagy failure (mitochondrial dysfunction and
tissue damage) were evaluated. The offer of lipids and above
all amino acids was able to suppress autophagy, causing
changes in liver and muscle tissue.

The results in animal model were studied in the clinical
field. In 2013, Hermans et al." published a randomized and
controlled trial using muscle biopsy technique and biomarker
dosage to understand how the timing of total parenteral
nutrition (TPN) onset affected muscle strength and the quality
of myocyte autophagy. Patients with late TPN had a lower
incidence of weakness than the early group (34% vs. 43%),
in addition to larger cross-sectional area of the muscle fiber.
Biomarkers related to the formation of the autophagosome
(intracellular organ that performs autophagy) and the staining
for ubiquitin were higher in the late group, showing that the
autophagy pathway was enhanced. In patients with prolonged
critical illness, muscular autophagy was inversely correlated
with ICU-acquires weakness.

Considering this new knowledge, the EPaNIC group revi-
sited the work to dispel some confounding elements present
in the original study design. It was necessary, for example, to
assess whether the deleterious effects of early parenteral nutri-
tion were related to the severity of the disease or to the dose
and type of macronutrients used, since EPaNIC trial gathered
a large number of patients of the most varied types, many
who even spent a short time in the intensive care unit or even
with TPN. To solve this bias, post hoc analyses were made,
taking in account groups stratified according to severity!”. Two
main analyses were made. In the first one, all patients were
included to study the effect of the original randomization on
the selection of groups that received early nutrition or not.
In the second, the existence of an association between the
amount and type of macronutrients in the recovery of patients
was studied in the cohorts who remained in the ICU after days
3,5,7,10and 14. The primary outcome in both assessments
was time to discharge from the ICU alive. For the first part
of the investigation, an additional outcome was considered:
the occurrence of new infections. After rebalancing according
to disease severity and type, there was no interference of
allocation in the outcomes found. However, it was possible
to identify that a lower dose of macronutrients, especially
amino acids, was associated with a faster recovery and that
incremental doses were associated with a delay in recovery.
The glucose supply, although high, was below the lipogenesis
threshold and was not related to major deleterious effects.
Consonant results were observed years later, in PEPaNIC',
which tested EPaNIC hypothesis in the pediatric population.

With no difference in mortality, the late TPN group had fewer
infections than the early TPN group (10.7% vs. 18.5%; OR
0.48 and 95% Cl 0.35 to 0.66). The length of stay was also
shorter (6.5+0.4 days vs. 9.2+0.8 days), as well as the time
on MV (p=0.001), need for dialysis (p=0.04), and time on a
laboratory panel compatible with inflammation (p=0.001).
Delayed parenteral nutrition was also associated with lower
levels of y-GT, bilirubin, and C-reactive protein. All these
conclusions reinforced the thesis that autophagy may interplay
as a relevant process in severe disease, sensible fo modulation
by nutritional therapy.

Another domain that rests relatively unknown are the
relations between timing and route for nutritional stimulus,
type of disease and autophagy. In 2014, Weijs et al.!? found
in a refrospective study that a protein intake of 1.2 g/kg/d
until the fourth day was related to better survival in non-septic
patients without overfeeding, and in contrast, septic or over-
feed patients did not benefit of protein intake over 1.0 g/kg/d.
Although at the time of publication, the theme of autophagy
was not usually addressed in the nutritional therapy literature
in the context of severe disease, the study suggests that the
relationships between these three domains are not linear.
Bendavid et al.??, in 2019, studied the outcome of patients
under nutrition therapy in two levels of protein intake, lower
and higher than 0.7g ptn/kg/d, and observed that higher
protein levels were related to better outcomes.

The PROTINVENT trial?' added some insights over
Bendavid” study. It was a single-center retrospective study,
carried out between January 2011 and December 2015,
with the objective of comparing clinical outcomes in patients
with different protein intakes in the first seven days of severe
disease: mortality within 6 months, length of stay in the ICU,
time of hospital admission, hospital mortality, duration of
mechanical ventilation and need for hemodialysis. Three
groups were formed for this comparison: a) <0.8 g ptn/kg/d,
b) 0.8 = 1.2 g ptn/kg/d and ¢) >1.2 g ptn/kg/d. In all, 455
critically ill patients with a minimum mechanical ventilation
time of 7 days were included in the analysis. The researchers
found a time-dependent relationship between protein offer
and mortality: low offers (<0.8 g/kg/d) before D3 and high
offers (>0.8 g/kg/d) after D3 were related to lower mortality
in 6 months. The 6-month mortality reduction was observed
when the supply was even more staggered or asymmetric, in
steps of <0.8 g/kg/d in D1-D2, 0.8-1.2 g/kg/d in D3-D5
and finally >1.2 g/kg/d after D5.

It is necessary to bear in mind that the mechanisms and
pathways of autophagy are not fully known. The concept
that has gained ground in the field of intensive care requires
further study. Clinical studies until were not able to distinguish
between important domains that compose the background
where nutrition time, route and targets, and model of critical
disease take place. Evidence suggests that more layers of
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complexity must be added to the conundrum. Tardif et al.??,
in an in vitro study using cultures of myocytes and human
plasma, measured the autophagic flow, one of the ways to
quantify this dynamic process. Plasma and myocytes from
volunteers and critically ill patients were studied in the absence
and presence of chloroquine, a known autophagy blocker.
Critically ill patients responded in 3 possible ways: indiffe-
rent, with increased autophagic flow or with its blockage. An
increase in autophagic flux was observed when the plasma
level of essential amino acids was lower. When this level was
higher, however, no autophagy blockade was observed. Thus,
the authors concluded that early enteral nutrition in severe
disease, although not able to completely block autophagy,
may contribute to a certain attenuation of the beneficial
effect. In vitro studies, although not reflecting the complexity
of critically ill patients, have the virtue of denying the null
hypothesis that autophagy happens in a simple way, without
admitting nuances of the most diverse types. In other words,
autophagy may present with different phenotypes depending
on host response.

CLINICAL APPLICATIONS OF AUTOPHAGY

Until this moment, clinical management should be
guided by bedside judgement and high quality randomized
controlled trials and guidelines that does not support early
full nutrition support in critically ill patients. Autophagy rests
as an inferesting but to be evolved concept, not feasible to
be measured in clinical setting due to extensive laboratory
testing and biopsies?.

Pharmacological manipulation by autophagy inducers or
inhibitors may be in the future an important tool?*. Drugs as
rapamycin has shown effect in overcome feeding-induced
suppression of autophagy and reduce morbidity in an animal
model?. Potential immunosuppressive or diffuse effects may
preclude its widespread use in critically ill patients.

THE BENEFIT OF THE DOUBT

Although several authors have advocated a protective

2627 others keep skeptical

role of autophagy in critical illness
about its role as a main driver?®??. From preclinical studies to
the randomized trials, there are evidence of benefit early, but

no full, enteral nutrition in critical care patients.

Catabolism of protein and oxidation of amino acids is
related to disease severity or the degree of oxidative stress.
Neither starvation nor feeding imposes as relevant factor in
reducing protein degradation and amino acids usage. By the
other hand, both result in reduced protein synthesis®®. How
these mechanisms may influence the clinical course of the
critically ill patient is unknown and more aspects with added
complexity must be taken in account. Each patient may present

himself with unique needs for its own cellular substrates to be
recycled in autophagic process, far from the idea of an all or
nothing process. These individual demands may be also modi-
fied by insulin supplementation or nutrition therapy strategy.
It is worth considering that although autophagy operates as
an active life-long process even during physiological crisis, it
may have different relevance depending on critically ill disease
phase, such as chronic critically ill patients.

Although the interactions between autophagy and critical
illness have been studied, it is worth not do replace significa-
tive amount of evidence on the benefits of enteral nutrition
therapy.

A balanced autophagy response is therefore probably
ideal for optimal outcome. Neither nutrient excess (or over-
feeding/hyperglycemia) leading to impaired autophagy nor
starvation leading to massive breakdown of lean body mass
for inefficient energy generation by amino acid stores (or
too much autophagy). This is probably best achieved by
adequate and balanced nutrition application in critical illness,
including sufficient protein to minimize cellular and lean body
mass losses. The ideal dose of each macronutrient needed
to optimize this balance is unknown and is a basic question
needing further research.

CONCLUSION

The discovery of autophagy and, above all, the power
of nutritional stimulation in modulating the autophagic flow
opens new perspectives for understanding how nutritional
therapy can be even more fully related to the recovery of
critically ill patients. However, this new pathway must be
viewed as another piece in the puzzle, rather than a new
mechanism replacing others. Autophagy, as a physiological
process, must be viewed not statically, but dynamically, as an
adaptive response that admits different grades, with modes
of operation depending on tissues and organs?.

In this sense, autophagy emerges as a potentially impor-
tant therapeutic target in critical illness, that must be taken
in account as part of managing nutrition under uncertainty.
In the scarcity of lab tests to monitor autophagy, the decision
making will pendulate between withholding autophagic
stimulus, e.g., withholding nutrition, or coping with increasing
risks for starvation. In the future, research may identify novel
agents suitable ICU patients.

In an epistemological perspective, as new physiological
pathway, researchers and clinicians must exercise the prudence
and judicious clinical reasoning in order to accommodate new
evidence, with its positivity, without immediate replacement
of the actual knowledge basis.While we await further studies
on the interface between autophagy and nutrient supply,
nutritional therapy professionals can now reinforce their
understanding of their own specialty, considering that their
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intervention is not limited to the mere supply of fuel for the
metabolism, but extends for the induction of biochemical
stimuli and signals capable of interfering with critical cellular

processes in health and disease.
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