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Abstract
Introduction  Gut permeability is increased in critically ill patients, and associated with the development of the systemic 
inflammatory response syndrome and multiple organ dysfunction syndrome (MODS). The pathogenetic link(s) and potential 
therapies are an area of intense research over the last decades.
Methods  We thoroughly reviewed the literature on gut-origin sepsis and MODS in critically ill patients, with emphasis on 
the implicated pathophysiological mechanisms and therapeutic interventions.
Findings  Intestinal barrier failure leading to systemic bacterial translocation associated with MODS was the predominant 
pathophysiological theory for several years. However, clinical studies with critically ill patients failed to provide the evidence 
of systemic spread of gut-derived bacteria and/or their products as a cause of MODS. Newer experimental data highlight 
the role of the mesenteric lymph as a carrier of gut-derived danger-associated molecular patterns (DAMPs) to the lung and 
the systemic circulation. These substances are recognized by pattern recognition receptor-bearing cells in diverse tissues 
and promote proinflammatory pathways and the development MODS. Therefore, the gut becomes a pivotal proinflamma-
tory organ, driving the systemic inflammatory response through DAMPs release in mesenteric lymph, without the need for 
systemic bacterial translocation.
Conclusions  There is an emerging need for application of sensitive non-invasive and easily measured biomarkers of early 
intestinal injury (e.g., citrulline, intestinal fatty acid protein, and zonulin) in our everyday clinical practice, guiding the early 
pharmacological intervention in critically ill patients to restore or prevent intestinal injury and improve their outcomes.

Keywords  Intestinal barrier · Gut-origin sepsis · Bacterial translocation · Intestinal permeability · ICU · Danger-associated 
molecular patterns · Gut-lymph hypothesis

Introduction

The terms bacterial translocation (BT), was first described 
by Berg and Garlington in 1979, as the phenomenon of pas-
sage of viable bacteria from the gastrointestinal tract through 
the epithelial mucosa into the lamina propria and then to 
the mesenteric lymph nodes and possibly other normally 
sterile organs [1]. This initial definition was later widened 
to include the translocation of non-viable bacteria or their 
products, namely pathogen-associated molecular patterns 
(PAMPs), with main representative the intestinal endotoxin. 
The intestinal tract contains the body’s largest interface 
between a person and his or her external environment. The 
complexity of its function is obvious when thinking that, at 
the same time, the intestine must serve two opposite func-
tions; the selective permeability of needed nutrients from 
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the intestinal lumen into the circulation and into the internal 
milieu in general and, on the other hand, the prevention of 
the penetration of harmful entities including microorgan-
isms, luminal antigens, and luminal proinflammatory factors. 
The latter function is known as barrier function. The present 
review aims to provide a comprehensive overview of intes-
tinal barrier dysfunction in the critically ill patient, leading 
to gut-origin sepsis and MODS, with an emphasis on the 
implicated pathophysiological mechanisms and therapeutic 
interventions.

Materials and methods

A systematic literature search was conducted using PubMed, 
PubMed Central, and Google from inception until April 
30th, 2018. Several search terms were used to identify rel-
evant literature: “intestinal barrier”, “gut barrier”, “intestinal 
permeability”, “intestinal barrier dysfunction”, “gut origin 
sepsis”, “bacterial translocation”, “microbial translocation”, 
“endotoxemia”, combined with the terms “critically ill”, 
“ICU”, “trauma”, “sepsis”, “MODS”, “therapy”, and “treat-
ment”. Results were screened for appropriateness by the first 
author, according to title and abstract. Most relevant papers 
were further assessed by full content and their references 
were also reviewed and assessed when were found relevant. 
Only English language articles were included. Article types 
included clinical studies, experimental studies, clinical tri-
als, and reviews.

The intestinal barrier

The gut barrier function is comprised by three major lines of 
defense [2]: (A) The biological barrier, which is made up of 
normal intestinal flora (gut microbiota). Microbiota displays 
important metabolic, immunologic, and gut protective func-
tions. Metabolically, microbiota ferments carbohydrates, and 
indigestible oligosaccharides and synthesizes short-chain fatty 
acids (SCFA) such as butyrate, propionate, and acetate, which 
are rich sources of energy for the intestinal epithelium [3]. In 
addition, gut microbiota synthesizes vitamins B and K, and 
completes the entero-hepatic cycle of biliary acids. Immuno-
logically, the gut microbiota contribute to gut immunomodu-
lation interacting with both the innate and adaptive immune 
systems, through production of PAMPs, which are recognized 
by specific receptors of intestinal immune cells [4]. In addition, 
intestinal microbiota prevents the growth of potentially patho-
genic bacteria through antagonism for nutrients and exerting 
colonization resistance. (B) The immune barrier, which is 
composed of gut-associated lymphoid tissue (GALT), effec-
tor and regulatory T cells, IgA producing B (plasma) cells, 
group 3 innate lymphoid cells, and resident macrophages 

and dendritic cells in the lamina propria. As stated above, the 
intestinal innate and adaptive immune system is in continuous 
cross-talk with the intestinal microbiota driving development 
of tolerance to commensal bacteria, while simultaneously 
shaping an effective immunological response to potential 
microbial invaders [5]. Microbiota stimulation leads to B-cell 
switch to IgA class, regulatory T-cell induction, and T-cell 
differentiation to Th17 [4]. (C) The mechanical barrier, which 
is consisted by the closed-lining intestinal epithelial cells and 
by the capillary endothelial cells in the submucosa. Intesti-
nal epithelial cells come into the closest possible contact in 
the most apical part of the lateral cell membrane by specific 
structures named “tight junctions” (TJs), thus forming “kissing 
points”, which interconnect the cells and restrict the passage 
of ions, molecules and cells through the paracellular space [2, 
6]. Similar intercellular junctions exist in endothelial cells of 
submucosal vessels, restricting the passage of bacterial prod-
ucts in blood circulation. Beyond the critical role of TJs in the 
regulation of paracellular permeability, the integrity and conti-
nuity of intestinal epithelial lining is dependent on homeostasis 
between epithelial cell apoptosis and proliferation [2].

Bacterial translocation in health and disease

BT may be a phenomenon that occurs in healthy individuals 
and may be a normal physiologic event without deleterious 
consequences. The baseline rate of translocation in human 
studies has been reported to be 5–10% [7]. The patho-
physiological role of this low level of normal BT has been 
hypothesized to be the antigenic exposure of gut immune 
system to be prepared for an effective immune response in 
case of extensive pathogen invasion, and, on the other hand, 
develop immune tolerance to several microbial antigens of 
commensal microflora [7–9]. However, an excess level of 
BT has been demonstrated in several disease states, and has 
been associated with infectious complications and promo-
tion of a systemic inflammatory response that aggravates the 
pathophysiological consequences of the underlying disease. 
Nowadays, we have convincingly shown that gut-derived 
bacteria and endotoxins translocate in normally sterile 
extraintestinal sites in patients with ileus, cirrhosis, obstruc-
tive jaundice, acute pancreatitis, abdominal and aortic repair 
surgery, inflammatory bowel disease, bowel transplantation, 
haemorrhagic shock, burn injury, and those receiving total 
parenteral nutritional support [10–13].

The gut‑origin sepsis hypothesis of SIRS 
and MODS in the critically ill patient

In the early 1980s, a considerable amount of preclinical and 
clinical evidence had demonstrated the presence of the BT 
phenomenon in diverse clinical states. That time, there was 
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a pathophysiological gap in the sequence of events lead-
ing to the development of systemic inflammatory response 
syndrome (SIRS) and ultimately to MODS in critically ill 
or injured patients, in the absence of an infectious focus 
confirmed even at autopsy [14]. In 1985, during a panel 
discussion of the Surgical Infection Society, Meakins and 
Marshall proposed the gut might represent the “motor” of 
MODS. According to this theory, in critically ill patients, 
the intestinal barrier integrity is disrupted owing to micro-
circulatory alterations; bacteria and endotoxins translocate 
to the mesenteric lymph nodes and the portal vein system, 
gaining finally access to the systemic circulation, after spill-
ing over a dysfunctional liver which cannot clear the portal 
vein circulation from enteric bacteria or their products [15]. 
Consequently, a systemic inflammatory response is pro-
moted, which induces deleterious functional and structural 
alterations in diverse and even distant organs, thus leading 
to MODS.

The role of bacterial translocation 
in gut‑origin sepsis in the critically ill patient

The attractive theory of gut-derived sepsis and MODS 
remained to be confirmed in clinical situations. In 1991, a 
surgical team from Denver attempted to gain insight into 
the clinical relevance of BT in 20 severely injured patients, 
most of which (60%) were in shock at presentation [16]. 
The researchers inserted portal vein catheters for sequen-
tial blood sampling in trauma patients and performed con-
secutive blood cultures and endotoxin measurements. Even 
though 30% of patients developed MODS, only 2% of portal 
venous blood cultures turned out positive, while none of 
the patients had portal or systemic endotoxemia. The find-
ings of this study raised reasonable questions on the accu-
racy of the “gut hypothesis” of sepsis, but similar studies 
with severely injured patients were difficult to be repeated. 
Confirmation of the BT process in trauma patients would 
require cultures of MLNs or portal vein blood sampling that 
is very difficult to be performed in this patient population. 
The most suitable alternative population, to directly study 
the potential clinical relevance of BT, was surgical patients 
subjected to major operations for diverse reasons, where 
sampling of MLNs could be easily performed. From 1998 
to 2006, six relevant clinical studies enrolling 2125 surgical 
patients were conducted [7, 13, 17–20]; BT was confirmed 
in 5–21% of patients, but most importantly BT was associ-
ated with increased postoperative infectious complications. 
Specifically, when BT was present, the rate of infectious 
complications raised to 45% as compared to only 19% in 
patients without BT. Furthermore, in almost half of patients 
with BT, the same enteric pathogen that was isolated from 
the MLNs was also found in the postoperative infectious 

focus. However, the evidence of the above studies in sur-
gical patients does not directly apply to the critically ill, 
injured, or septic, patient. After the initial not supportive 
BT study by Moore et al., several researchers attempted to 
answer the question of the accuracy of the gut hypothesis of 
sepsis and MODS. In all these subsequent studies, owing to 
the difficulty of direct measurements of BT, the researchers 
seek evidence for gut barrier failure by measuring intestinal 
permeability. Indeed, in critically ill ICU patients, intestinal 
permeability was significantly increased, and this finding 
was interrelated with the development of SIRS, sepsis, and 
MODS [21, 22]. Moreover, this interrelation seemed to be 
causative, because improvement of gut barrier function and 
permeability led to prevention of the above-stated complica-
tions [23].

Reshaping pathophysiology 
beyond bacterial translocation: 
the gut‑lymph hypothesis

Therefore, accumulating clinical data provided evidence 
that the critically ill patient in the ICU has a compromised 
intestinal barrier function and increased gut permeability, 
which is interrelated with the development of MODS, but 
translocation of enteric microbes and their products through 
the portal vein system does not seem to be the connecting 
mechanism. Then, how could increase of gut permeability 
and MODS be interrelated in the critically ill patient? An 
alternative route of translocation of gut-derived pathogens 
and PAMPs could be the intestinal lymphatics. Mesenteric 
lymphatics first drain to the cisterna chyli and finally via 
the thoracic duct empty into the systemic circulation at the 
left subclavian vein. The pulmonary vasculature is the first 
vascular bed that is exposed to the mesenteric lymph, while 
this organ is also the first and most commonly injured organ 
in the critically ill patient through development of the acute 
respiratory distress syndrome (ARDS). Therefore, transloca-
tion of gut-derived microbes and/or their products through 
the intestinal lymphatics could theoretically explain the fre-
quently encountered ARDS in critically ill patients, with 
subsequent development of MODS, and would also provide 
a convincing explanation for the failure of Moore et al. to 
detect translocating microbes in the portal circulation. Con-
sequently, the research team of Professor Deitch designed an 
excellent series of appropriate studies to test the hypothesis 
that gut-origin sepsis and distant organ injury are mediated 
by gut-derived factors carried in the intestinal lymphatic sys-
tem, rather than the portal vein.

In a trauma/haemorrhagic shock experimental animal 
model, which mimics the clinical situation of seriously 
injured critically ill patient in the ICU, they documented 
that the early lung injury and MODS could be prevented 
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by ligation of the major intestinal lymph duct, which pre-
vents intestinal lymph from reaching the systemic circu-
lation [24, 25]. In vitro studies showed that mesenteric 
lymph from shocked animals led to neutrophil activation, 
cardiomyocyte and endothelial cell injury, and red blood 
cell dysfunction [25]. Furthermore, injection of mesen-
teric lymph from shocked animals into healthy mice or 
rats induced a systemic septic state and caused ARDS 
and MODS [26, 27]. These injurious in vitro and in vivo 
effects were not observed when portal blood from shocked 
animals was tested [24]. Mesenteric lymph analysis from 
experimental animal models of shock showed that lymph 
did not contain detectable levels of endotoxin or bacte-
rial DNA [28], while the same findings were obtained in 
a clinical study examining thoracic duct lymph in ICU 
patients [29]. More detailed investigations into the exact 
nature of the biologically active factors in lymph suggest 
that non-microbial and non-cytokine factors act as danger 
signals (Danger-Associated Molecular Patterns—DAMPs) 
and exert their adverse systemic effects by stimulating 
Toll-like receptor-4 and, perhaps, other pattern recognition 
receptors (PRR) in a fashion similar to bacteria [30, 31]. 

Considering the above, principally experimental evidence, 
the “gut-lymph” theory of gut-origin sepsis and MODS 
was proposed by Deitch in 2006 [27] (the evolution of 
pathogenetic theories of gut-origin sepsis in the critically 
ill patient is schematically presented in Fig. 1). Accord-
ing to this theory, critically ill trauma or septic patients 
develop a structural and functional derangement of the 
integrity of their gut-barrier function leading to increased 
intestinal permeability. Intestinal barrier injury is pro-
moted according to the three-hit model; the first insult 
is splanchnic hypoperfusion or ischemia, the second hit 
is restoration of intestinal blood flow during resuscita-
tion leading to ischemia–reperfusion injury and the third 
hit is loss of gut-barrier function which permits luminal 
bacteria, endotoxin, or both to cross the mucosal barrier 
[32]. Bacterial translocation can activate first a local gut 
inflammatory response, even when translocating bacteria 
and PAMPs are trapped within the gut wall or intestinal 
lymph nodes and do not reach the systemic circulation. 
The result of this gut inflammatory response is production 
of toxic and inflammatory substances which are carried 
through the mesenteric lymphatics to systemic circulation. 

Fig. 1   Evolution of pathogenetic theories of gut-origin sepsis in the 
critically ill patient: Intestinal barrier dysfunction and increased gut 
permeability is associated with the development of multiple organ 
dysfunction syndrome (MODS). The initial theory that the patho-
genetic link was the translocation of intestinal microbes and/or their 
products through the portal vein to the liver and the systemic circula-
tion was not confirmed by clinical data. Current pathogenetic aspects, 
based mainly on experimental evidence, support the gut-lymph 
theory according to which gut microbes and/or their products gain 

access to the intestinal submucosa activating the intestinal immuno-
logical system of defense. An intestinal proinflammatory response 
further aggravates intestinal injury and danger-associated molecular 
patterns (DAMPs) are released in the mesenteric lymphatics, carried 
to the lung and the systemic circulation. The gut becomes a pivotal 
proinflammatory organ promoting deleterious effects in even distant 
organs, through the release of DAMPs, without the need of systemic 
bacterial translocation
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These injurious biomolecules (DAMPS) are recognized by 
PRR-bearing cells of the innate immune system, includ-
ing macrophages, leukocytes, and dendritic cells as well 
as vascular cells, fibroblasts, and epithelial cells, to pro-
mote proinflammatory and profibrotic pathways [33]. In 
case that the systemic release of DAMPs is sufficiently 
great, the result is the promotion of organ injury in diverse 
organs and the development of MODS, which further 
aggravate intestinal barrier injury leading to a vicious 
cycle (Fig. 2). With the evolution of the “gut-lymph” the-
ory of sepsis and MODS, we have passed from the classic 
view of the “systemic BT”, which means the spread of 
bacteria and/or their products to the systemic circulation 
and other normally sterile extraintestinal sites, accounting 
for a microbe-associated promotion of a systemic inflam-
matory response, to a new pathophysiological appraisal, 
which highlights the intestinal barrier failure and the sub-
sequent “local BT”, as the first step in a sequence of events 

that finally lead the gut becoming a major proinflammatory 
organ driving the systemic inflammatory response associ-
ated with MODS in the critically ill patient.

The role of biomarkers of gut‑barrier 
dysfunction in the critically ill patient

Considering the above analyzed pathophysiology, there is an 
emerging need for reliable and easily applied biomarkers of 
gut-barrier integrity that may help the intensivist to identify 
patients with intestinal barrier dysfunction at risk of devel-
oping MODS. Several clinical studies have focused on the 
potential utility of non-invasive biomarkers in the evaluation 
of gut-barrier dysfunction in the ICU setting [34, 35]. Since 
the main determinant of intestinal permeability is the gut 
mechanical barrier, consisted by a monolayer of tightly inter-
connected epithelial cells, plasma biomarkers of enterocytes’ 

Fig. 2   Pathophysiology of gut-origin sepsis and multiple organ dys-
function syndrome (MODS) in the critically ill patient: Splanchnic 
hypoperfusion, ischemia/reperfusion injury during resuscitation, 
and food deprivation promote intestinal injury through oxidative 
stress-mediated mechanisms. Oxidative stress promotes enterocytes’ 
apoptosis and disruption of intercellular tight junctions, increasing 
intestinal permeability. Enteric bacteria, endotoxin, or both cross 
the mucosal barrier and interact with the intestinal immunological 
system leading to a proinflammatory response, which further aggra-
vates intestinal barrier dysfunction (1st vicious cycle). As a result of 
intestinal mucosa damage, injurious biomolecules (danger-associated 

molecular patterns—DAMPS) are released to the mesenteric lym-
phatics, carried to the lung and subsequently to the systemic cir-
culation. These substances are recognized by pattern recognition 
receptor (PRR)-bearing cells of the innate immune system, includ-
ing macrophages, leukocytes, and dendritic cells, as well as vascular 
cells, fibroblasts, and epithelial cells, and promote proinflammatory 
pathways (systemic inflammatory response syndrome—SIRS) and 
multiple organs’ dysfunction (MODS). This systemic inflammatory 
response further aggravates intestinal barrier injury creating a second 
selfsustained and potentially lethal vicious cycle
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and TJs’ integrity have been evaluated in the context of criti-
cal care. A recent systematic review in this research field 
highlights the promising role of two enterocyte integrity 
biomarkers; plasma citrulline, an indicator of the functional 
enterocyte mass and plasma or urinary intestinal fatty acid-
binding protein (I-FABP), a marker of enterocyte damage 
[36]. Both markers were correlated in diverse studies with 
intestinal permeability, endotoxemia, systemic inflamma-
tion, and even prognosis in the critically ill patient. Another 
pilot study demonstrated a positive role of plasma zonulin, 
a modulator of TJs’ integrity and permeability, increasing 
in plasma in TJs dysfunction, as a biomarker of intestinal 
barrier failure in the septic ICU patient [37]. Presently, the 
wide clinical application of these biomarkers is withheld by 
their limitations. Their measurements are time-consuming 
and could not be available in real time, the threshold of their 
prognostic value has not been established and more detailed 
data are required on their kinetics (half time, metabolism, 
and clearance) [36].

Therapeutic approaches

Therapeutic approaches aiming at preventing or limiting the 
BT process in the critically ill patient can be divided into two 
major categories; (a) treatments aiming to preserve normal 
intestinal microecology and/or inhibit increased pathogenic 
bacteria growth and attachment to the intestinal epithelium, 
which represent the first step in the bacterial translocation 
process (selective digestive tract decontamination—SDD, 
probiotics/prebiotics/synbiotics) and (b) therapies aiming 
at enhancing the integrity of the intestinal epithelial bar-
rier and/or preventing gut injury (early resuscitation, enteral 
nutrition, immunonutrition, and antioxidants).

Selective digestive tract decontamination

Selective digestive tract decontamination consists of the 
use of oral non-absorbable antibiotics plus a short course 
of systemic antibiotics, directed against pathogenic gram 
negative aerobic enteric bacteria with minimal action against 
commensal anaerobic bacteria. Suppression of pathogenic 
intestinal bacterial overgrowth is expected to limit bacte-
rial translocation and gut-derived infections and sepsis. 
SDD has been consistently shown to reduce infections and 
ventilator-associated pneumonia (VAP) in ICU patients [38, 
39]. A cluster-randomized multicenter trial encompassing 
2762 surgical and 3165 non-surgical patients additionally 
demonstrated a survival advantage of patients subjected 
to SDD [40]. Regarding the comparison of SDD and SOD 
strategies, a large open-label, clustered group-randomized 
crossover study in 13 intensive-care units in the Netherlands, 
with 5927 patients, showed comparable effects of the two 

treatments in terms of infection rate and mortality, in paral-
lel with low levels of colonization with antibiotic-resistant 
pathogens [41].

Probiotics, prebiotics, and synbiotics

Maintenance of intestinal microflora with the use of probiot-
ics, prebiotics, and synbiotics is another treatment option. 
Probiotics are living non-pathogenic microorganisms, which 
have demonstrated well-documented beneficial health effects 
administered in optimum amounts via promoting a healthy 
gut microbiome, prebiotics are specific plant fibres that 
promote the growth of useful bacteria and synbiotics are a 
combination of the two [42]. Probiotics have been widely 
tested, with positive results, as a measure to reduce the rate 
of postoperative infections in patients undergoing elective 
major abdominal procedures [43, 44]. However, important 
skepticism on their wide use rose in the scientific commu-
nity, after the results of a randomized control trial on the 
value of their prophylactic use in patients with severe acute 
pancreatitis; probiotics not only failed to reduce infectious 
complications but also increased mortality from 6 to 16% 
[45]. In critically ill ICU patients, probiotics were shown to 
reduce the incidence of VAP by 40%, although no survival 
benefit was demonstrated [46]. A randomized clinical trial 
with 72 multiple trauma patients showed that synbiotics 
decrease the risk for sepsis by bloodstream infections and 
the occurrence of VAP by A. baumannii [47]. Taking into 
consideration these contradictory results, it seems that pro-
biotics administration requires a careful selection of the can-
didate patient in order to apply the Hippocratic Oath “first do 
not harm”. Their prophylactic use in stable patients before 
any damage of their intestinal barrier integrity occur, e.g., in 
the preoperative period to reduce postoperative infections, is 
reasonable. In contrast, their use in critically ill patients with 
the established gut injury and increased gut permeability 
may predispose these patients to probiotic strains translo-
cation, thus promoting a systemic inflammatory response 
deteriorating the patient’s clinical state.

Early hemodynamic resuscitation

Gut hypoperfusion has been suggested as a critical initiative 
event leading to intestinal injury and gut-barrier dysfunction 
in the critically ill patient. Decrease of adequate blood sup-
ply to the intestine induces several injurious effects associ-
ated with disruption of the mucosal barrier and this injury 
is further aggravated during reperfusion through oxidative 
stress-mediated mechanisms [48, 49]. Increased enterocytes’ 
apoptosis, decreased proliferative response, and loss of tight 
junctions’ integrity are some of the most important cellu-
lar alterations associated with intestinal barrier dysfunc-
tion in this setting [50]. Therefore, the early resuscitation 
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to maintain the intravascular volume and cardiac supply is a 
pivotal therapeutic manipulation. Conventional aggressive 
fluid therapy has been challenged with the early evidence 
supporting balanced, restricted fluid, and early vasopres-
sor use, which is anticipated to reduce hypervolemic state-
induced intestinal mucosal edema, but more trials are needed 
before any conclusion can be made on this issue [51]. To 
prevent the oxidative stress-related reperfusion injury, sev-
eral studies have been conducted with antioxidant volume 
resuscitative therapies with positive results [52, 53].

Enteral feeding

The gut has specific nutritional needs to preserve its nor-
mal structure and function. Experimental and clinical stud-
ies have shown that deprivation of the digestive tract from 
food nutrients and their associated gastric and pancreati-
cobiliary secretions induces mucosal atrophy and compro-
mises the integrity of the gut barrier, thus promoting bacte-
rial translocation [54]. Enteral feeding as compared to total 
parenteral nutrition was associated with reduced rates of 
infectious complications, SIRS, MODS, and mortality in 
critically ill patients with severe acute pancreatitis [55–57]. 
A recent metanalysis of 18 RCTs with a total number of 
3347 critically ill adult patients showed that enteral nutrition 
is superior to total parenteral nutrition in terms of infectious 
complications and ICU length of stay, but no difference in 
mortality was observed [58].

Immunonutrition

The term “immunonutrition” refers to the enteral or paren-
teral administration of pharmacologically active nutrients 
(pharmaconutrients) that may modulate the metabolic and 
inflammatory response to surgery or critical illness and 
enhance immune function. Enteral immunonutrition refers to 
the enteral administration of the normal constituents of the 
basic nutrition enriched with these specific immunomodu-
lating substrates, to directly supply enterocytes and prevent 
gut-barrier injury. The most well-studied immunonutrients 
are glutamine, arginine, ω-3 fatty acids, γ-linoleic acid, and 
nucleotides [59]. These nutritional components have been 
shown to exert pleiotropic actions on the intestinal mucosa, 
including proliferative, antiapoptotic, antioxidant, and 
antiinflammatory effects, thus enhancing the mechanical 
(enterocytes and tight junctions) and immunological integ-
rity of the gut barrier and preventing BT [60–62]. These 
positive effects have been mainly derived from animal stud-
ies and clinical studies of elective surgery for gastrointestinal 
cancer, whereas, in the critically ill patient, the evidence 
has been controversial [63, 64]. Though the early single-
centre studies with ICU patients demonstrated some clinical 
benefits, recent multicentre trials have shown no benefit or 

even negative effects in terms of mortality or other clini-
cal endpoints [65–68]. A large randomized trial enrolling 
1223 critically ill adults in 40 intensive-care units (ICUs) 
in Canada, the United States, and Europe showed that the 
early administration of glutamine in critically ill patients 
with multiorgan failure was associated with increased mor-
tality [69].

Antioxidants

Since oxidative stress has been shown to be a crucial factor 
contributing to intestinal injury in the critically ill patient, 
the therapeutic trial of antioxidants for reversing gut-barrier 
dysfunction seems reasonable. However, clinical studies 
with antioxidants supplementation in this patient population 
have shown inconsistent results. In 2012, a meta-analysis 
analyzed all randomized clinical trials about the effects of 
micronutrients and antioxidants, as pharmaceutical agents, 
on clinical outcome in critically ill patients showed that high 
dose of parenteral selenium reduces mortality especially in 
patients with high risk of death [70]. Two later large rand-
omized-controlled trials, using combinations of antioxidants, 
failed to show any benefit of antioxidants in the clinical out-
come of ICU patients [69, 71]. On the other hand, some 
recent metanalyses on high-dose selenium use in severely ill 
septic patients have shown a 28-day survival benefit [72, 73]. 
It is obvious that, on the basis of the above-stated results, 
no evidence-based recommendation can be made regard-
ing the use of antioxidants in critically ill patients. These 
contradictory findings might be explained on the different 
doses or combinations of antioxidants used, diverse stages of 
patients’ illness, or immunological function (e.g., hyperin-
flammatory or immunoparalysis stages of sepsis). We think 
that we should probably reshape our beliefs on oxidative 
stress as a uniformly considered harmful mediator of cellular 
and tissue damage. Reactive oxygen species are also crucial 
molecules regulating essential cellular signaling pathways. 
The negative results of antioxidants in critical illness might 
be explained by disruption of the normal signaling processes 
that regulate an effective host defense to severe infection 
[74].

Conclusions

The gut is the motor of sepsis and MODS in severely ill 
patients, but the pathophysiological explanation for this 
pivotal role of the gut has changed over time. Splanchnic 
hypoperfusion and enteric microcirculatory disturbances are 
a critical first step leading to intestinal injury and disrup-
tion of its barrier function. Gut microbes gain access to the 
intestinal submucosa activating the intestinal immunological 
system of defense. An intestinal proinflammatory response 
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further aggravates intestinal injury and DAMPs are released 
in the mesenteric lymphatics, passing subsequently to the 
systemic circulation (Fig. 2). This is the second critical step 
promoting a systemic inflammatory response associated 
with MODS, irrespectively of translocation of intestinal 
microbes or their products beyond the gut or the mesenteric 
lymph nodes. Consequently, in the critically ill patient, the 
gut exerts a pivotal role as a proinflammatory organ that 
drives the systemic inflammatory response associated with 
MODS. In this respect, we have reached a point where we 
should highlight in our medical care the vital role of the gut 
in the clinical outcome of ICU patients. Towards this direc-
tion, there is an emerging need for sensitive non-invasive 
and easily measured biomarkers of the early intestinal injury 
that will guide the early hemodynamic or pharmacological 
intervention to restore or prevent intestinal barrier dysfunc-
tion. Research efforts in this field should be intensified and 
promising biomarkers (e.g., citrulline, intestinal fatty acid 
protein, and zonulin) should be further tested to overwhelm 
their current limitations and become readily available for 
clinical application. Intensivist should also pay attention 
in preventing their patients’ intestines from injury during 
critical illness, by applying well-demonstrated treatment 
strategies like selective gut decontamination, early hemo-
dynamic resuscitation to prevent visceral-microcirculatory 
disturbances, enteral nutrition to improve microcirculation, 
prevent mucosal atrophy, and provide important nutrients 
for enterocytes. In conclusion, the Hippocratic quote “all 
disease begins in the gut” seems to be particularly true, over 
2000 years later, for the critically ill patient.
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