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Objectives
▪ Describe the anatomy and physiology of the gastrointestinal tract.
▪ Understand the complexities of the interactions between the
integrity of the GI tract and the critically ill patient.
▪ Discuss the management strategies to reduce negative sequelae
from a stressed GI tract and improve critically ill patient outcomes.
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Historically, what did we learn about the gut?
▪ GIT has nothing (or
very little) to do with
immunity or
inflammation
▪ GI issues effect the GI
system only
▪ There is some thing
called “Normal Flora”
▪ Bacteria – BAD!
Always!
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https://www.publicdomainpictures.net/en/view-image.php?image=127964&picture=bacteria
So, I’m going to put forward the following question. Historically, what were we taught about the gut?
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What we would like you to leave with
▪ Intestinal immune system complex and diverse ecosystem
▪ More lymphocytes than any other location
▪ Consists of three components
▪ Epithelial layer
▪ Microbiome
▪ Immune system

▪ Cross-talk between mucosal immune system and epithelial barrier
and microbiome
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Our goal here today is to show you that pretty much everything you thought you knew about the gut is wrong! The gut actually
has a significant immunologic role. The intestinal immune system is a very complex and diverse ecosystem. There are actually
more lymphocytes in the gut than in any other system, include the spleen! The gut consists of three very components, all of
which participate in immune function and maintaining homeostasis. The components are the epithelial layer, the microbiome
and the intestinal immune system. These three components are constantly communicating information about the gut
environment and respond to this information in a very complex way. We will be discussing each of these components, describing
how they work in health and how they are disrupted in critical illness. Let’s start with the epithelial layer.
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Epithelial Layer Anatomy and Physiology
▪ One cell layer barrier between
internal environment and
external (gut lumen)

https://commons.wikimedia.org/wiki/File:2418_Histology_Small_Intestin
esN.jpg
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The intestinal barrier consists of a single cell layer and has a surface area of about the size of a tennis court. This single cell layer
is all that stands between the external environment (the gut lumen) and the internal environment (blood and lymph systems).
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I’ll just make this diagram a little bigger so you can see in greater detail the anatomy of the gut. So on your left is the intestine
which consists of villi. When we take a cross-section of the villi we can see the picture in the middle showing the intestinal crypt,
where stem cell mature and differentiate into the intestinal epithelial cells. We can also see that each villi has access to the blood
and lymphatic systems. As you can see there is only this single epithelial cell layer between the gut lumen and the blood and
lymph systems.
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Epithelial Layer Anatomy and Physiology
▪ One cell layer barrier between
internal environment and
external (gut lumen)
▪ Absorb nutrients
▪ Secretion of mucous
▪ Hormone regulation of digestion
▪ Regulation of immune function
▪ Release of cytokines
▪ Communication with GALT &
commensal microbiome

https://commons.wikimedia.org/wiki/File:2418_Histology_Small_Intestin
esN.jpg
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Surprisingly, this single cell layer performs many functions that are vital to homeostasis, particularly with respect to the immune
system (McClave, Lowen, & Martindale, 2017). These functions include the absorption of nutrients, secretion of mucous,
hormone regulation of digestion, regulation of immune function via the release of cytokines and continual communication
between the gut-associated lymph tissue (GALT) and the commensal microbiome (Mittal, & Coopersmith, 2014). Joanne will be
talking in more detail about the microbiome and what commensal microbiome really means. Suffice it to say for now that there
is a symbiotic and complex relationship between the bacteria and the epithelial layer. If you ever feel lonely, just know that you
have trillions of anti-microbial friends!
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Villi Anatomy and Physiology
▪ Four sub-types of IECs
▪ Different stage of maturation and
different function
▪ Proliferation, maturation,
migration and death (apoptosis or
shedding) necessary to maintain
the epithelial layer
▪ Replaced every 3-5 days
▪ Functions: absorption & digestion,
secrete mucous, hormone
regulation, anti-microbial peptides
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Okay, so lets talk about the IECs. There are four sub-types of intestinal epithelial cells (IECs), each belonging to a different stage of maturation and
providing a different function (see figure 1).
Proliferation, maturation, migration and eventual cell death (apoptosis or shedding) is necessary to maintain the integrity of the gut layer and barrier
function (McClave et al., 2017). This migration and differentiation is swift with the entire intestinal layer being replaced every 3-5 days (Mittal, &
Coopersmith, 2014). So if we look at the diagram here, we see that we start with the stem cell which differentiates into the mature enterocyte, as the
IECs migrate up the villi we get goblet cells, toward the tip of the villi we have the entero-endocrine cell and finally the Paneth cell. As mentioned each
of these differentiated IECs has a specific function.
The mature enterocytes are involved in the absorption and digestion of nutrients, goblet cells produce mucous, entero-endocrine cells are involved in
hormone regulation of digestion and the release of cytokines. As cells reach the tip of the villus, they either die by apoptosis or are exfoliated whole
into the lumen (called shedding). In contrast to other intestinal epithelial cell types, Paneth cells migrate downwards to the base of the crypts. Paneth
cells secrete several antimicrobial peptides (McClave, et al., 2017).
The balance between birth and death of the IECs is critical and what we see in critical illness is a profound decrease in crypt proliferation and migration
up the crypt/villus axis is also slowed resulting in a marked decrease of villus length (Pg 2 Otani)
Knoop KA, Newberry RD. Goblet cells: multifaceted players in immunity at mucosal surfaces. Mucosal Immunol. 2018;11:1551–7.
Gerbe F, Sidot E, Smyth DJ, Ohmoto M, Matsumoto I, Dardalhon V, et al. Intestinal epithelial tuft cells initiate type 2 mucosal immunity to helminth
parasites. Nature. 2016;529(7585):226–30
Gassler N. Paneth cells in intestinal physiology and pathophysiology. World journal of gastrointestinal pathophysiology. 2017;8(4):150–60. 16.
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Tight Junctions
▪ Gut-blood barrier maintained by
tight-junctions (gastrointestinal
epithelium or endothelial
vascular)
▪ Regulate the movement of
water, solutes and immune cells
▪ Inflammatory mediators
modulate barrier function

https://fr.wikipedia.org/wiki/Fichier:Increased_intestinal_permeability.pn
g
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Now, in between the IECs are tight junctions. Tight junctions regulate the movement of water, solutes and immune cells from the gut lumen to the
blood and lymphatic systems. Basically, it makes sure that what is supposed to stay in the gut lumen, stays in the gut lumen. Inflammatory mediators
modulate this function. This allows the immune cells to cross the barrier in response to a sensed threat. Holly will be talking more about immune
function and how the immune system senses the gut lumen environment later in this presentation.
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Epithelial Barrier in Critical Illness
▪ Hyperpermeability
▪ Changes to tight junctions
▪ Outflow of luminal contents
▪ Exacerbated by co-morbidities

▪ Decrease mucus production and damage to mucus layer
▪ Increased apoptosis
▪ Shortening of villi
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Critical illness induces hyperpermeability of the gut barrier which begins as early as 1 h after the onset of sepsis and lasts at least 48 h. This impaired
barrier function is mediated by changes in the tight junction and associated proteins and allows outflow of luminal contents. Of note, changes to the
gut epithelium and barrier function are exacerbated in the presence of chronic co-morbidities such as cancer or chronic alcohol use.
Mucus also plays a crucial role in host defense by preventing bacteria and digestive enzymes from coming into contact with the gut epithelium. The
mucus layer is damaged during critical illness, which, in turn, results in epithelial cell dysfunction. Ischemia/reperfusion, related to critical illness,
which Holly will be talking about in more detail, leads to altered intestinal permeability. In addition, after trauma/hemorrhagic shock, we see
decreased villus height loss with increased epithelial apoptosis.
Ultimately, these changes lead to gut-blood barrier dysfunction.
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Gut-Blood Barrier Dysfunction
▪ Activates inflammatory cells/mediators leading to SIRS, sepsis
and MODS
▪ Translocation of pancreatic proteases, DAMPs and PAMPs into
blood
▪ Leakage of plasma proteins from blood to gut
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Gut-Blood barrier dysfunction activates inflammatory cells/mediators which can then mount a systemic immune response leading to systemic
inflammation, sepsis and potentially end in multi-organ dysfunction syndrome.
So if you think about it, you’ve got the surface area of a tennis court (which is what you would get if you unraveled the epithelial layer) all inflamed
and broken down, and because has such a larger surface area, it activates inflammatory cells and mediators systemically.
The weakened barrier allows for the translocation of pancreatic proteases, DAMPs and pathogen associated molecular patterns (PAMPs) into the
blood, which results in systemic inflammation and leakage of plasma proteins from the vascular system into the gut, further increasing permeability
and risk of infection. What are DAMPs and PAMPs you ask? No idea, but the names a dead giveaway that it’s nothing good! All you need to know is
they activate the inflammatory system.
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Gut-Blood Barrier Dysfunction – Studies in Critical
Care Patients
▪ Very limited clinical studies
▪ GBB and trauma:
▪ Increased intestinal permeability
within 24hrs post injury
▪ Continued to increase for up to a
week

▪ GBB and hemorrhagic shock
▪ Eight-fold increase in permeability

▪ Epithelial growth factor (EGF)
shown to improve gut apoptosis,
proliferation and permeability
Wrba et al., 2017.

12

Okay, so how do we know this. Well, there are very few clinical studies to date, but a significant amount pre-clinical studies have shown that critical
illness can cause gut-blood dysfunction. Now, clinical studies are being created to ensure we can translate this information to the bedside. So far
clinical studies have shown that intestinal permeability increases within 24 hours after trauma and this increase continues to increase for up to a
week. Studies with respect to hemorrhagic shock showed an eight-fold increase in permeability.
No current therapy exists to target the gut epithelium, permeability, or mucus at the bedside of critically ill patients. However, multiple pre-clinical
strategies exist that may be potential targets in the future. For example, epidermal growth factor (EGF) has been shown to improve gut apoptosis,
proliferation, and permeability following either cecal ligation and puncture or Pseudomonas pneumonia even if started 24 h after the onset of sepsis.
Okay, that’s a little bit about the epithelial layer and gut-blood dysfunction in critical illness. I’ll turn it over to Joanne to talk about the microbiome.
Wrba et al., 2017. Evaluation of Gut-Blood Barrier in various models of trauma, hemorrhagic shock and burn injury.
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Commensal Microbiome

BERNAT OLLE, 2018

13Types of microbes (micro-organisms) – live inside and on us: bacteria, viruses, fungi (Yeasts and moulds), algae, protozoa – in our gut we have a

commensal microbiome - the combined genetic material of the microorganisms in a particular environment. You read of some 40 – 100 trillion and
they outnumber our human cells 10 to 1 "understanding the microbiome—human, animal, and environmental—is as important as the human
genome". This emerging science is grounded in the realization that commensal microorganisms – our microbiome – has a key role in our physiology
– not just pathophysiology but the bacteria in the microbiome help digest our food, regulate our immune system, protect against other bacteria that
cause disease, and produce vitamins including B vitamins B12, thiamine and riboflavin, and Vitamin K, which is needed for blood coagulation. The
microbiome was not generally recognized to exist until the late 1990s.
One of the stand out findings has been that dysbiosis – a disruption of homeostasis of microbiota might be as important as the genetics of the host in
development of disease. We know that human genetics are the basis for many diseases and conditions – the growing belief is that disruption of our
microbiota plays a role in the development of a wide range of diseases. Claire Fraser talks about doing a literature review of many chronic diseases
by typing in the disease name and adding “microbial” and was shocked to see how many of these papers and research articles were referring to a
suspected link between gut bacteria and chronic diseases.
Autoimmune diseases such as diabetes, rheumatoid arthritis, muscular dystrophy, multiple sclerosis, and fibromyalgia are associated with dysfunction
in the microbiome. Disease-causing microbes accumulate over time, changing gene activity and metabolic processes and resulting in an abnormal
immune response against substances and tissues normally present in the body. Autoimmune diseases appear to be passed in families not by DNA
inheritance but by inheriting the family’s microbiome. The Center for Ecogenetics and Environmental Health, University of Washington
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Terminology
▪ Microorganism

▪ Microbiome

▪ Commensal Microbiome

▪ Pathogen
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A microorganism, or microbe, is a microscopic organism, which may exist in its single-celled form or in a colony of cells.
The microbiome is the genetic material of all the microbes - bacteria, fungi, protozoa and viruses - that live on and inside the human body.
A microbiota is an "ecological community of commensal, symbiotic and pathogenic microorganisms" found in and on all multicellular organisms
studied to date from plants to animals. A microbiota includes bacteria, archaea, protists, fungi and viruses.
The term commensalism refers to a type of relationship between two different organisms that “eat from the same dish”. In this kind of
relationship, neither benefits from the other or provokes any harm. It is therefore a neutral relationship. They get along
Pathogen - a bacterium, virus, or other microorganism that can cause disease.
Pathobiome a new vision of the pathophysiology of sepsis that includes the invariable loss of the host’s microbiome with the emergence of a
pathobiome consisting of both healthcare acquired and healthcare adapted pathobiota.
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Commensal Bacteria

Image courtesy of UChicago.)
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Commensal bacteria (red) reside amongst the mucus (green) and epithelial cells (blue) of a mouse small intestine. (Image courtesy of UChicago.)
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Commensal Microbiome
▪ Symbiosis between commensal microbiome and host maybe the
most important factor protecting the mucosal layer
▪ Intestinal epithelial cells (IECs) and immune cells discriminate
between commensal and pathogens.
▪ Commensal (Symbionts)
▪ Stimulate immunity
▪ Suppress inflammation

▪ Pathogens (Pathobionts)
▪ Subvert immunity
▪ Activate inflammation

16

So now lets look at the relationship between us (host) and them (microbes) which is actually us.
Thinking back to grade 8 biology where you learned about symbiosis – close relationship between 2 organisms – from different species. It is sometimes, but not
always, beneficial to both parties. Commensalism is the type of relationship where one of the organisms benefits greatly from the symbiosis. The other is not
helped but is not harmed or damaged from the relationship. In other words, this is a one-sided symbiotic relationship. We have this happening in our gut.
Commensal microbes get along – a neighbourhood of kind of like minded people – not perfect – different families, different cultures, different from each other
in so many ways but that is what makes up the neighbourhood. They work together to prevent garbage from collecting, plant trees, people talk to each other
when neighbours have a disagreement - no inflammatory comments. They are all human – same species – structures, cultures – backgrounds – but we are all
human.
Pathogens on the other hand work hard to disrupt the place, they don’t care if the streets are full of garbage or neighbours are fighting - lots of inflammatory
language
Symbiosis between commensal microbiome and host is important to protecting the mucosal layer. Bacteria express different phenotypes (characteristics
derived from genotype) depending on the local environment. IECs like joan spoke of and immune cells – they both discriminate between the commensal
organisms (what gets along) and pathogens (what doesn’t)
The response of the gut epithelial cells to symbionts is to stimulate immunity, whereas the response to pathobionts is to subvert immunity, and activate
inflammation.
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Human Microbiome Project: Roadmap
▪ Study the human as a supraorganism composed of non-human and
human cells
▪ Began in 2008 as an extension of the Human Genome Project
▪ Mapping uncovering new species and genes

▪ Skin, mouth, nose, colon, and vagina
▪ Diversity: Genetic studies linking various combinations of microbe
species to certain human health conditions.
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Sponsored by the National Human Genome Research Institute (NHGRI), part of the National Institutes of Health (NIH).. It is a 5-year feasibility study with a
budget of $150 million, and is being carried out in a number of centers around the US. The purpose of the HMP is to study the human as a supraorganism
composed of non-human and human cells, with the goal of describing the human microbiome and analyzing its role in human health and disease. A major
goal of the HMP is to characterize the metagenome (the combined genomes of all the microbes) of the microbiomes of 300 healthy people, over time.
Five body areas are sampled: Skin, mouth, nose, colon, and vagina.
Why is the Human Microbiome Project important? A person’s microbiome may influence their susceptibility to infectious diseases and contribute to chronic
illnesses of the gastrointestinal system like Crohn’s disease (IBD) and irritable bowel syndrome (IBS).
Some collections of microbes may determine how a person responds to a drug treatment. The microbiome of the mother may affect the health of her
children. Researchers mapping the human microbiome are discovering previously uncharted species and genes.
Genetic studies that measure the relative abundance of different species in the human microbiome have linked various combinations of microbe species to
certain human health conditions. A more complete understanding of the diversity of microbes in the human microbiome could lead to new therapies, perhaps
treating a bacterial infection caused by a “bad” bacteria by growing more “good” bacteria. Not just focusing on getting rid of bacteria
The HMP serves as a roadmap for discovering the role of the microbiome in health, nutrition, immunity, and disease.
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Changing Host Environment
▪ Bacteria sense that there is inflammation

▪ Change virulence factors

▪ Replicated in animal studies
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So what happens in the gut – with our microbiome? Why is it a big problem that is being looked at with critically ill patients. Dr. Coopersmith – leader in this field says:
Microbiomes are different in our patients
Associated with the bacteria in the gut
Studies need to be done and can be done. Enough preliminary material from existing work to build on.
Bacteria sense inflammation – how? Because of what Joan said – changes to the gut/blood barrier - our intestinal epi cells and the villi are negatively impacted by critical illness –
normally the tight junctions are able to control what goes across and the immune cells cross to respond to a perceived threat. In critically ill patients the bacteria that was good and
friendly yesterday senses inflammation and changes to be virulent. It becomes the enemy tomorrow. It is pathogenic and makes our patients sicker. Remember that pathogens
subvert immunity and increase inflammation.
We have less diversity of gut commensal microbes and fewer of them. There are markers of barrier failure that show a decrease in mass and increase in damage of the barrier.
Replication in animal studies where they take pseudomonas from intentional sepsis in a mouse and inject into healthy mouse.
Both mice live
Then – inject pseudomonas to mouse with inflammation from 30% liver resection– enough to set up the inflammatory response. Take a sample from that mouse and inject into
healthy mouse – all mice die.
The difference is that there was inflammation set up.
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Microbiome – Critical Care Clinical Studies
▪ Extreme dysbiosis of the microbiome in critical illness
▪ 115 adult ICU patients
▪ Fecal, oral and skin samples: admission and discharge (or day 10)
▪ Composition of ICU patients is derived from unexpected sources and
differs significantly from healthy adult controls
▪ Movement towards a more virulent pathobiome seen within 6 hrs after
ICU admission in cardiac arrest and trauma pts
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McDonald, D.M., Ackermann, G., Kailova,
L., Baird, C., Heyland, D., Kozar, R.,…Wischmeyer, P.E . (2016). Extreme dysbiosis of the microbiome in critical illness. mSphere, 1(4):e00199-16 doi: 10.1128/
mSphere.00199-16
Dysbiosis = dysfunction
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115 patients

VS

fecal samples within 48 hrs
of admission to ICU
and again at D/C

Rapid depletion of
health promoting
organisms

Loss of GM+/- anaerobic
bacteria and
anti inflammatory
organisms

1242 healthy
patients

Overgrowth of
known pathogens

Enterobacter
Staphylococcus
Proteobacteria

Significant
decrease in
biodiversity on
discharge or
Day 10
MacDonald, Ackerman, Khailova,
2016d
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Health promoting, commensal microbes rapidly depleted – those are the good ‘normal flora’ that Joan mentioned.
They looked at the extreme dysbiosis – or dysregulation - of microbiota in the critically ill patient – what happens……
Remember we don’t only have a pool of one kind of ICU patient. Yet this happened to all the ICU patients studied.
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Microbiome – Critical Care Clinical Studies
▪ Metagenomic Analysis Reveals Dynamic Changes of Whole Gut
Microbiota in the Acute Phase of Intensive Care Unit Patients
▪ 12 patients
▪ DNA sequencing of Bacterial over 10 days after admission to ICU
▪ An extreme imbalance in gut microbiota may be associated with
prognosis in critically ill patients
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So what role does DNA play in the Approximately 40 trillion microorganisms reside within the intestine and the number of genes within the microbiome is exponentially
larger than that of the human genome. The gut microbiome contains approximately 1000 different species, weighs 1.5 kg, and contains more DNA than every host organ
combined. Recent advances in metagenomic sequencing and mass spectrometry reveal that the microbiome plays a pivotal role in maintaining health and homeostasis
(Otani)
This study was designed to investigate how different, but complementary, stool culture conditions allowed the DNA sequencing and analysis of bacteria that could not be
properly sequenced using deep culture-independent microbiome sequencing.
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Microbiome – Critical Care Clinical Studies
▪ Microbiota-Immune interactions and Critical Illness outcomes in
the Intensive Care Unit (MICRO-ICU)
▪ 50 ICU patients (25 sepsis, 25 non-sepsis) and 25 healthy controls
▪ Microbiota analysis, immune profiling, nosocomial infections, and
organ dysfunction
▪ Determine biological mechanisms linking dysbiosis with clinical
outcomes

22
Ongoing study in ICU in Calgary
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Bacteria Change and Travel

23
Science in this field shows bacteria travels from the gut
How? Studies have shown.
So what does this all mean anyway? Various factors can cause a change in bacteria - and they change from health promoting and maintaining human wellness to
disease promoting microbiome. During critical illness that protective layer of the epithelial cell is disrupted, it is impacted by a variety of issues – antibiotics that
change the immune response, and decrease the rich diversity of the microbiome, and depending on the state of the host –
So, normally bacteria that rarely expressed virulent genes…. this bacteria can alter their virulence and become maladaptive.
Like when the host is stressed – as an ICU patient would be, and resources such as nutrition to feed the microbes is not sufficient, normal commensal microbes can
change…… and they can travel…..
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Evidence Of Travel:
Microbiome Disruption May Have Key Role in ARDS, Sepsis
University of Michigan. Dickson et al. 2016
▪ 68 ICU pts. with ARDS vs healthy volunteers

▪ Studied lung microbiome with genetic tools and culture techniques

▪ Findings:
▪ Evidence of lung microbiome enriched with gut bacteria
▪ Severely critically ill patients: lung bacteria outnumbered misplaced gut bacteria

▪ ICU’s tend to treat sepsis and ARDS focused on downstream effects
24
Downstream effect is where the focus is in treatment - the inflammation and tissue injury – which are both consequences of what is happening upstream
When in fact they should be addressing the upstream effect of the disordered bacterial communities in the gut and lung.
Remember – ICU patients come from everywhere – multiple comorbidities, injuries, illness – they are not all post op abdominal surgery or aspirations. The results were
the same – they ended up with ARDS.
Traditional treatment is antibiotics – because it is bacteria - but the research is becoming clear, more work needs to be done in exploring the impact of treating the gut –
multiple theories of what needs to be done but acknowledge that the large studies have yet to be completed to demonstrate with is speculated.
Virulent bacteria from the gut can cause sepsis in remote organ failure without systemic dissemination.
Microbiome Disruption May Have Key Role in ARDS, Sepsis
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Immune system and the gut
▪ Complex and diverse ecosystem
▪ There are microbes on everything we ingest!
▪ Problems arise when the acidity in the stomach does not kill the microbes
▪ Functions in the gut by constant sampling of the intestinal lumen.
▪ Does this by innate and adaptive responses.
▪ https://www.instagram.com/p/B046_yPl23t/?utm_source=ig_web_copy_link
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Think of the constant sampling of the intestinal lumen like a
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Gut Immunity Pathophysiology

Intestinal
lumen
sampling

Innate and
adaptive
responses

Bacterial
invasion
sensed

WBC are recruited to the gut

26
Innate and adaptive responses live in the gut
Constant intestinal lumen sampling is conducted by the immune system.
With these processes, when a bacterial invasion is sensed, WBC (specifically neutrophils, eosinophils and lymphocytes) are then recruited to the gut to help fight the
infection.
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Gut Immunity Pathophysiology Cont…
WBC are recruited to the gut

Antigen
presenting
cells take
bacteria to
mesenteric
lymph nodes

Bacteria
translocated
to
mesenteric
lymph nodes
IgA antigens
developed

This makes up 80% of your IgA gut immunity!
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Once neutrophils are recruited to the gut, one of two things will happen:
Bacteria will translocate to the mesenteric lymph nodes OR
Antigen presenting cells take the bacteria to the mesenteric lymph nodes
Once this occurs, IgA antigens are developed and the body then has “gut immunity” to the specific bacteria.
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Interesting points about the immune
system and the gut
▪ More lymphocytes in gut than anywhere else in body.
▪ Gut lymphocytes maintain gut epithelium
▪ specifically in regards to inflammation.

▪ T cells (in the gut) work to clear the infection and subsequent inflammation
▪ This is done by regulating mucin expression and promoting goblet cell function in
the small intestine.

▪ Eosinophils also help by promoting local immunity and respond to inflammation
and allergy in the GI tract
▪ Do this by directly interacting with bacteria in the microflora

▪ Scientists are just starting to understand this process and more research is
needed on this.
▪ Short chain fatty acids (SCFAs)
▪ Primary energy source for IECs

28
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Immune system and the gut
▪ Gut-lymph hypothesis
▪ Translocation of inflammatory mediators originating from the intestinal
lumen travel via mesenteric lymph system to lung where they cause
damage.
▪ Ligation of mesenteric lymph duct decreased lung injury and attenuates
neutrophil activation in rodent models of critical illness and improve
survival

▪ Lung bacterial communities dominated by gut bacteria in sepsis
▪ Gut specific bacteria in ICU patients with ARDS

29
It is hypothesized that due to translocation of inflammatory mediators from the intestinal lumen; through the mesenteric lymph system to the gut, the patient can develop
lung injuries such as ARDS.
In septic patients it has been noticed that there is a large amount of gut bacteria found in the lungs.
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Inflammation and the gut…the pathophysiology

Dysbiosis

Increased mucosal permeability and passage of
luminal antigens/ microorganisms across intestinal
epithelium

Disturbance of epithelial-neuro-immune interactions

Inflammation of the gut

30
When a patient has dysbiosis -there is an increased mucosal permeability.
This leads to the passage leads to leaky gut - of luminal antigens and microorganisms across the intestinal epithelium.
Eventually the epithelial-neuro-immune interactions are affected and lead to inflammation of the gut.
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Inflammation and the gut cont…
▪ The dysbiosis and subsequent enhanced intestinal epithelium
permeability and impaired epithelial barrier dysfunction
▪ Thought to cause many of the digestive and non-digestive diseases we
commonly see in humans.

31
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What do you do as an ICU
nurse that could negatively
impact the gut?

32
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What happens in Critical Care that adversely
impacts the gut?
▪ Drugs: Antibiotics, PPI, Opioids
▪ Ischemia/Hypoxia
▪ Cardiac reperfusion

▪ Lack of enteral feeding

33
Numerous treatments delivered to patients in the ICU have off-target effects that directly alter the microbiome. Drugs that have been shown to impact the microbiome
include antibiotics, proton pump inhibitors, and opioids [55, 56]. In addition, nutrition components (carbohydrates, lipid, and protein) and route (enteral/parenteral)
alter the microbiome in health (Otani pg 3)
Drugs: Antibiotics, PPI, Opioids
Ischemia/Hypoxia Lack of enteral feeding
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How do you measure
your patient’s GI function
at the bedside?

34
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Markers of GI Function
▪ Subjective and objective markers
▪ No single marker sensitive enough to assess feeding tolerance
▪ Bowel sounds
▪ Bowel movements
▪ Gastric residual volumes (GRVs)
▪ Abdominal distension
▪ Bloating or discomfort
▪ Nausea, vomiting & aspiration
▪ Abdominal radiologic studies
35
How do we know that a patient’s gut is functioning properly?
These are the traditional methods we have used to decide if the gut in functioning well or not.
Btaich et al, 2010
Coopersmith – one symptom alone is not going to cause death – however 3 or more increases the likelihood 3 fold.
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Enteral Feeds…why do
we use them?

36
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Enteral Nutrition
▪ Enteral nutrition
▪
▪
▪
▪
▪
▪

Trophic effects to maintain intestinal physiology
Prevent villi atrophy
Decrease intestinal epithelial permeability
Protect against ischemia-reperfusion injury
Preserve gut immunity
Reduces infectious complications
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Early and adequate enteral nutrition is essential for critically ill patients. Enteral nutrition provide trophic effects to maintain intestinal physiology, prevent gut villi
atrophy, decrease intestinal permeability, stimulate intestinal perfusion to protect against ischemia-reperfusion injury and preserve gut immunity through their effects
on the gut-associated lymphoid tissue. When given within 24 to 36 hours of admission to ICU it also reduces infectious complications (Btaiche et al., 2010).
Studies indicate that in general only about half of ICU patients are deemed to be tolerating enteral nutrition. Tolerance of enteral nutrition is generally assessed using
the markers of GI function discussed in the last slide (diarrhea, GRV, etc.).
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Problems with Enteral Nutrition
▪ Studies indicate that in general only about half of ICU patients are
deemed to be tolerating enteral nutrition
▪ Early and adequate delivery impaired by:
▪ GI motility issues
▪ Enteral feeding complications (tube blockage, high residuals)

▪ Clinical strategies to improve enteral feeding delivery

▪ WHAT CAN YOU DO TO IMPROVE ENTERAL FEEDING DELIVERY?

38
Studies indicate that in general only about half of ICU patients are deemed to be tolerating enteral nutrition. Tolerance of enteral nutrition is generally assessed using
the markers of GI function discussed in the last slide (diarrhea, GRV, etc.).
Oami, et al. (2019). The microbiome and nutrition in critical Illness.
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Clinical strategies to improve enteral feeding delivery

▪ Assess the patient for tolerance of enteral feeds
▪ Be proactive
▪ Brainstorm solutions to intolerance with inter-disciplinary team
(dietician, pharmacist, etc.)
▪ Minimize time enteral nutrition is withheld
▪ Stopping tube feeding during turns
▪ NPO status for non GI surgery
▪ Tube blockage

▪ Follow protocols and algorithms to determine when to begin enteral
nutrition and if the patient is tolerating them

*1 hr from sepsis diagnosis to antibiotic OR 1 hr from
critical illness diagnosis to enteral nutrition?
39

As mentioned previously the gut is disrupted very early in critically illness and many of the interventions aimed at correcting the disorder that has brought them into the
ICU actually contribute to this disruption. This initial disruption may also limit enteral nutrition tolerance, further exacerbating the problem. One way we, as critical care
nurses, can break this cycle is to ensure that we limit the amount time enteral feeding is withheld.
Make sure you are assessing the patient for tolerance of enteral feeds, and if there are finding indicative of intolerance be proactive by reporting this information to
inter-disciplinary team rounds. Brain-storming with the dietician and pharmacist may provide a solution to the intolerance. For example, The patient might be
experiencing decrease motility due to opioids and would benefit from a prokinetic or could a change in the pain management away from opioids. It is important to
minimize the time enteral nutrition is held. Is it really necessary to stop the tube feeding for turns or patient care? Does the patient need to be NPO for an non-GI
surgery? Are we flushing the feeding tube sufficiently after giving medications? Finally, many institutions have developed protocols to determine when enteral nutrition
can be started and at what rate. Algorithms also exist regarding tolerance. These tools should be used as they represent a more objective assessment of enteral feeding
tolerance.
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Probiotics
▪ Probiotics
▪
▪
▪
▪

Suppress cytokine production
Stimulate mucus layer and IgA production
Prevent gut apoptosis –protecting the gut barrier
Reduce pathogenic bacterial overgrowth
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Understanding the importance of our commensal microbiome has lead to the idea that fostering a healthy microbiome could positively effect patient outcomes.
Probiotics have been shown to suppress cytokine production, stimulate mucus layer and IgA production, prevent apoptosis and reduce pathogenic bacterial overgrowth.
Basically, all the dysfunctions we just talked about are positively effected by probiotics. So is this the magic bullet?
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Probiotic and Synbiotic Therapy
▪ Meta-analysis (2016)
▪ 30 studies of probiotic/synbiotic use in 2972 ICU patients
▪ Primary outcomes:
▪ Statistically significant decrease in all new infections (p = 0.009)
▪ Statistically significant decrease in VAP (p = 0.002)
▪ Statistically significant decrease in duration of antibiotic therapy (p =
0.0003)
▪ No effect on overall or ICU mortality*
▪ No effect on ICU** or hospital LOS
▪ No effect on diarrhea

▪ Meta-analysis (2019) trend towards reducing VAP
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Well, studies have shown that it has positive effects on patients but there are some challenges with the current clinical data. A meta-analysis done by Manzanares et al.
looked at 30 studies in which probiotics and or synbiotics were used in 2972 ICU patient. A symbiotic is actually a combination lf a prebiotic (such as fibre) and a
probiotics (bacterial strain). They found …
*tendency towards a reduction in ICU mortality
**tendency towards a reduction in ICU LOS
A more recent meta-analysis by vanRuissen, et al. looking specifically at VAP, showed a trend towards reducing VAP. One of the issues with the clinical studies that have
been done so far is that none of them have been sufficiently powered to determine the effect on mortality. Furthermore, the quality of the studies (random double
blind vs. retrospective) varies making the evidence less strong. Finally, there was significant variation in the type and amount of
Manzanares et al. (2016) Probiotic and symbiotic therapy in critical illness: a systematic review and meta-analysis
vanRuissen, et al. (2019). Manipulation of the microbiome in critical illness – probiotics as a preventative measure against VAP.
Synbiotics are a combination of prebiotics (fibre) and probiotics (bacteria)
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Issues with Clinical Studies
▪ None sufficiently powered to determine the effect on mortality
▪ Varying study quality
▪ Variation between type (strain(s) of bacteria) and amount of
probiotic or is synbiotic used
▪ Further, well powered, high quality studies need to be done to
inform the clinical use of probiotics
▪ No one magic bullet!
▪ Most likely see probiotics tailored to patient microbiome – but we
are not there yet!
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One of the issues with the clinical studies that have been done so far is that none of them have been sufficiently powered to determine the effect on mortality.
Furthermore, the quality of the studies (random double blind vs. retrospective) varies making the evidence less strong. Finally, there was significant variation in the type
(strain(s) of bacteria) and amount of probiotic or synbiotic used. Probiotics are being used in ICU. How many here have given probiotics to your critically ill patient? So
they are being used, but are they helpful. As it stands right now there is no magic bullet. A more likely solutions will be that probiotics are tailored to the patient
microbiome. But we are not there yet!
Manzanares et al. (2016) Probiotic and symbiotic therapy in critical illness: a systematic review and meta-analysis
vanRuissen, et al. (2019). Manipulation of the microbiome in critical illness – probiotics as a preventative measure against VAP.
Synbiotics are a combination of prebiotics (fibre) and probiotics (bacteria)
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Fecal Microbiota Transplant…
Or how to re-poop-ulate the gut!
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Fecal Microbiota Transplantation
First documented use in the 4th century!!
▪ Highly effective in C-difficile
▪ Some newer evidence in Crones and Ulcerative Colitis
▪ Largely dependent on the donor and host microbiota
▪ No “One stool fits all” approach as no one specific pathogen has been isolated in each condition
▪ Delivered via endoscopy, naso-intestinal tube, retention enema, or capsule ingestion
▪ Even with a successful FMT, patient may require subsequent FMT as over time microbiota may change
▪ Due to diet, antibiotics, and innate immunity

▪ Disease pathologies currently being considered in FMT
▪
▪
▪
▪
▪
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IBS
Constipation
Liver issues
Blood and metabolic conditions
Neurological conditions
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Fecal Microbiota Transplantation cont…
▪ Problem
▪
▪
▪
▪
▪

No standardized way to administer
No standardized amount
Microbiota needed may vary depending on the patient
Microbiota available will vary depending on the donor
May not have a role in the acute phase

▪ May see precision FMTs in the future
▪ Provides a defined mixture of bacteria that have shown to work in a
particular disease pathology
▪ Trials have seen mixed results thus far
▪ Have we not isolated the right microbiota needed??
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In Conclusion
▪ A healthy gut is a diverse gut
▪ ICU leads to significantly decreased diversity
▪ This is associated with poor outcomes
▪ We need to correct this……..
▪ We need to change our microbial world

▪ We need to believe in the power of
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Poop
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Now taking questions
from your gut intuition…
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