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COMPOSITION OF THE GUT WALL
The gut wall forms a physical/anatomical and immunological barrier. The physical/anatomical barrier of the
gut is formed by a monolayer of epithelial cells, originating from multipotent stem cells present in the crypt.
The epithelial cells, together with the lamina propria,
form the mucosa of the intestine[1,2]. The epithelial stem
cells differentiate into four major epithelial cells: (1) the
absorptive enterocytes, which make up > 80% of all
small intestinal epithelial cells; (2) the goblet cells, which
produce a variety of mucins and trefoil peptides; (3) the
enteroendocrine cells, which export peptide hormones;
and (4) the Paneth cells, which secrete a wide variety of
antimicrobial peptides.
Tight junctions (TJ) are the major complexes responsible for the adherence of intestinal epithelial cells to
one another and in this context are an important part of
the intestinal barrier[3] (Figure 1). Multiple proteins build
up TJ: occludins and members of the claudin family are
the major sealing proteins. The sealing proteins interact
with cytoplasmic proteins, including zonula-occludin
proteins, functioning as adaptors between the TJ pro-

Abstract
The intestinal mucosa is responsible for the absorption
of nutrients from the lumen and for the separation of
the potentially toxic luminal content (external environment) from the host (internal environment). Disruption
of this delicate balance at the mucosal interface is the
basis for numerous (intestinal) diseases. Experimental
animal studies have shown that gut wall integrity loss
is involved in the development of various inflammatory
syndromes, including post-operative or post-traumatic
systemic inflammatory response syndrome, sepsis, and
multiple organ failure. Assessment of gut wall integrity
in clinical practice is still a challenge, as it is difficult to
evaluate the condition of the gut non-invasively with
currently available diagnostic tools. Moreover, non-invasive, rapid diagnostic means to assess intestinal condition are needed to evaluate the effects of treatment of
intestinal disorders. This review provides a survey of
non-invasive tests and newly identified markers that can
be used to assess gut wall integrity.
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Figure 1 Composition of tight-junctions [in green (left) and in detail (right)] between neighbouring enterocytes (in yellow).

teins and actin and myosin contractile elements within
the cells[3]. Breakdown of this barrier potentially leads to
translocation of luminal antigens, microbiota, and their
toxic products into the circulation. The layers next to the
mucosa, the submucosa, muscularis and serosa, are not
in direct contact with the lumen. Injury of these layers
can result in passage of the luminal content into the abdominal cavity, which is a serious complication.
Next to the physical/anatomical barrier, there is also
an immunological barrier. The intestinal epithelium is not
merely a static barrier, but participates in immunosurveillance[1,2]. Enterocytes are considered to actively participate
as innate immune sensors of microbial pathogens and
commensal organisms[4]. Host recognition of microbial
components is achieved by so-called pattern recognition
receptors (PRRs), such as the NOD-like and Toll-like
receptors. Muramyl dipeptide, derived from peptidoglycan, is present in the cell wall of virtually all bacteria and
is recognized by NOD2, a PRR expressed in intestinal
epithelial cells, including Paneth cells[4]. Crypt Paneth cells
secrete defensins, which are antimicrobial peptides, into
the villous crypt, maintaining its sterility. Moreover, we
recently reported that Paneth cells are equipped with the
molecules that recognize and signal endotoxin, one of
the most potent immunostimulatory products derived
from Gram-negative bacteria[5]. Continuous antimicrobial
protection of the crypt is of crucial importance, as the
pluripotent stem cells are located there. Damage to stem
cells has severe consequences for the maintenance of
the homeostasis of normal gut epithelium[6]. Goblet cells
secrete mucus, a composition of glycoproteins and water,
which provides a filter overlying the intestinal epithelium.
Additionally, goblet cells secrete trefoil peptides, small
proteins needed for epithelial growth and repair. Furthermore, gut-associated lymphoid tissue is present in the lamina propria and provides immune surveillance. Sampling
of luminal antigens occurs by M-cells and dendritic cells,
which present antigens to T and B cells, thereby inducing an effector immune response. This response includes
secretion of large amounts of IgA by plasma cells. This
secretory IgA covers the mucosal surface and has a major
role in excluding antigens from passing the epithelium[1,2].
WJG|www.wjgnet.com

MARKERS OF GUT WALL INTEGRITY
Intestinal permeability
Intestinal permeability is frequently assessed using oral
ingestion of small to large-sized probe molecules and
measurement of their urinary excretion[7,8]. Large molecules are thought to traverse the epithelium by paracellular pathways via tight junctions between the enterocytes.
Permeability of the tight junctions presumably increases
in diseased or damaged mucosa, resulting in increased
absorption of large molecules. Small molecules are postulated to pass predominantly by transcellular pathways
through aqueous pores in the enterocyte membranes that
are too small to permit the passage of large molecules.
The ratio of urinary excretion of the relatively large molecule is compared with that of the relatively small molecule. When a large and small molecule are combined in the
test solution at a fixed concentration ratio, the effects of
variables, such as gastric emptying, intestinal transit time,
and renal clearance will apply equally to both. Thus, the
urinary excretion ratio of these two molecules is expected
to be influenced only by the difference in gut permeability
for each molecule.
Disaccharides (lactulose) or Poly-ethylene-glycol
(PEG)-3350 are frequently used as orally ingested large
molecules, while monosaccharides (mannitol, L-rhamnose) or PEG-400 are used as small molecular probes[8].
Subsequently, the renal excretion of the two probes is
monitored over a defined interval (mostly 5 h), and permeability is then expressed as the quotient (ratio) of the
urinary recovery of the large molecule divided by the
small molecule[8]. It is assumed that the probes used are
non-fermentable by bacteria in the gastrointestinal lumen
and that they are not metabolized in the body. These molecules are also supposed to be excreted in urine in proportion to the amount that has been absorbed through
the intestinal mucosa[8]. Thus far, contrasting results have
been reported for intestinal permeability tests using dual
probe molecules in several studies[7,9]. This is mainly attributed to a number of assumptions that have to be
made to interpret the test-results[8,9]. In particular, pathways of intestinal permeation of the different molecules
5273
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and the mechanisms by which permeability is altered are
as yet incompletely understood.

etry. Gastric tonometry assesses the pCO2 in the gastric
mucosa, taking into account that an increase in tissue CO2
production accompanies anaerobic metabolism, signifying
the effectiveness of regional splanchnic perfusion[16].

Translocation of bacteria and their products
Breakdown of the mucosal barrier potentially leads to
translocation of microbiota or their toxic products. Two
promising plasma markers, reflecting translocation of
bacteria or their products, are D-lactate and endotoxin
lipopolysaccharide (LPS), which are metabolic products
or components of the commensal bacteria of the gastrointestinal tract. D-lactate is only produced by bacteria
as a product of bacterial fermentation[10]. Baseline levels
of D-lactate in healthy subjects are very low. Increased
levels of D-lactate have been correlated with conditions
in which the number of bacteria elevates rapidly, including in patients with bacterial overgrowth due to infection,
short bowel syndrome, and mesenteric ischaemia[11]. LPS,
the major constituent of the outer membrane of Gramnegative bacteria, is released by Gram-negative bacteria
when replicating or dying. Increased circulating LPS levels
have been related to an impaired mucosal barrier. The
presence of LPS can be measured directly in blood, e.g. by
the Limulus Amoebocyte Lysate assay[12]. In addition, antiLPS antibodies can be measured by endotoxin-core antibody (EndoCAb), an indirect measurement of LPS leakage into the circulation[13]. A drop in levels of circulating
anti-LPS antibodies is considered to indicate consumption
of antibodies to LPS by exposure to LPS[14].

Functional enterocyte mass
Functional enterocyte mass is reflected by levels of circulating citrulline, an amino acid not incorporated into
proteins[17]. Differentiated small intestinal enterocytes
specifically produce citrulline from glutamine, and are
responsible for the major part of the total amount of
circulating citrulline[18]. Loss of small bowel epithelial cell
mass results in declined circulating levels of citrulline, as
is shown in haemopoietic stem cell transplant recipients
suffering from severe oral and gastrointestinal mucositis
following intensive myeloablative therapy[17].
Tight junctions
Currently, invasive intestinal biopsies provide the only
possibility to detect tight junction breakdown. Endoscopy
for biopsy is a time-consuming and invasive procedure.
In a recent translational study, using both a rat hemorrhagic shock model and a human setting of patients with
active inflammatory bowel disease (IBD), the immunohistochemically visualized loss of claudin-3, the major sealing
tight junction protein, from intestinal tissue resulted in the
rapid appearance of this protein in the urine[19]. This was
the first study to report that measurement of the status of
tight junctions can be performed non-invasively (Figure 2).

Transmural damage
Any part of the gastrointestinal tract may undergo damage
to all layers of the GI wall from a variety of causes, releasing gastric or intestinal contents into the peritoneal cavity,
which can cause peritonitis. Symptoms develop suddenly,
with severe pain followed shortly by signs of (septic)
shock. If a perforation is noted, immediate surgery is necessary, because mortality from peritonitis increases rapidly.
The diagnosis of transmural damage (i.e. perforation) of
a gastrointestinal organ usually depends on the detection
of free intraperitoneal air, which is most often located in
the right subphrenic space. Traditionally, a chest X-ray
and a plain abdominal X-ray in the upright position, or,
more recently, ultrasonography, are the diagnostic tools
used to detect free air. However, the sensitivity of these
tools is < 80%. Currently, a computed tomography scan is
sometimes performed, which can detect free intraperitoneal air as well as small fluid collections and subtle tissueinfiltration at different locations.

Condition of enterocytes
Measurement of endogenous cytosolic enterocyte proteins
in urine or plasma has been shown to be useful to estimate
enterocyte damage. Fatty acid binding proteins (FABP)
comprise a class of low molecular weight (14-15 kDa)
cytosolic proteins found in high concentrations in tissues
involved in the uptake and consumption of fatty acids.
Three isoforms of FABP are present in the intestine: intestinal (I)-FABP, liver (L)-FABP, and ileal-bile acid binding
protein (I-BABP)[20]. I-FABP, L-FABP, and I-BABP are in
particular highly expressed in cells present on the tops of
the villi. The presence of FABP on the tops of the villi, the
initial site of destruction in numerous intestinal diseases,
makes circulating FABP potentially useful plasma markers
in early stages of intestinal diseases. The kidneys remove
approximately 30% of FABP in a single pass, leading to a
calculated FABP half-life of 11 min[21]. This emphasizes
that FABP is an accurate marker for actual cell damage and
that assessment of the urinary concentration is potentially
useful in reflecting enterocyte damage, as FABP are rapidly
cleared by the kidneys. Especially in neonates and children,
this is a great advantage, as blood collection for diagnostic
purposes is traumatic for children and a major cause for
anaemia in neonates. Intestinal FABP (I-FABP) is primarily
limited to mature enterocytes of the small and large intestine[20,22,23]. It circulates in low amounts in the blood stream
of healthy individuals. I-FABP is a useful plasma/urinary
marker for early enterocyte cell death and levels rise rapidly
after episodes of acute intestinal ischaemia and inflamma-

Splanchnic perfusion
Numerous clinical conditions are accompanied by a reduced splanchnic blood flow, including vascular disease,
major surgery, and various types of shock. Prolonged
hypoperfusion of the splanchnic region will inevitably
lead to hypoxic tissue injury. Furthermore, the splanchnic
region is an important source and target of inflammatory
mediators, which have a major impact on both systemic
and regional blood flow and tissue function[15]. Gut mucosal perfusion can be invasively measured by gastric tonom-
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Figure 2 Leakage of fatty acid binding proteins and claudin, reflecting the condition of the epithelial layer of the gut.

tion[20,22,24,25] (Figure 2). The level of circulating I-FABP has
been reported to correlate with the histological status of
the epithelium after intestinal ischaemia-reperfusion in experimental studies[25,26]. A second gut-specific FABP is Ileal-Bile Acid Binding Protein (I-BABP), which is exclusively
present in mature enterocytes of the jejunum and ileum[27].
Enterocytes also contain Liver-FABP (L-FABP), which is
localised in the mature enterocytes of the small and large
intestine, but is more abundantly present in the liver and to
a lesser degree in tubular cells of the kidney[20,23]. Increased
circulating and/or urinary L-FABP levels can therefore
be derived from other organs than the intestine. Next
to FABP, Glutathione S-Transferases (GST) are a family
of more or less tissue specific cytosolic enzymes. These
proteins are involved in the detoxification of xenobiotic
compounds by conjugation to glutathione and grouped
into species-dependent families based on their isoelectric
point[28]. Alpha and pi GST are found in the small and
large intestine[29]. However, these proteins are not organspecific, as they are also expressed in liver and kidney[30].
Plasma levels of alpha GST are elevated upon ischaemic
intestinal damage[31]. In conclusion, I-FABP and I-BABP
are the most promising endogenous enterocyte proteins
(markers) to assess enterocyte injury, as these proteins are
specifically expressed in the gut and released immediately
into the circulation upon cell damage.

mation[32]. Activated neutrophils infiltrate the mucosa and
their products can be detected in faeces due to release into
the intestinal lumen. Obviously, changes in neutrophil release products can also be detected in plasma/serum, but
plasma/serum levels are also increased by various conditions other than gut inflammation. Therefore, faecal markers of neutrophils are specific for the detection of inflammatory intestinal diseases. Numerous neutrophil derived
proteins present in stool have been studied, including
calprotectin, lactoferrin, and elastase[32]. The most promising marker is calprotectin, because of its remarkable resistance to proteolytic degradation and its stability in stool
kept at room temperature for at least seven days[33].
Calprotectin, also known as MRP-8/MRP-14 or
S100A8/A9 complex, is a 36 kDa calcium and zinc binding heterodimer protein that plays a regulatory role in the
inflammatory process. It constitutes about 60% of the
soluble proteins in human neutrophilic cytosol and is also
found in monocytes, macrophages, and ileal tissue eosinophils. It is released during cell activation or cell death and
has antiproliferative, antimicrobial, and immunomodulating functions[32,33].
Faecal calprotectin is nowadays used in clinical practice
to evaluate disease activity in the follow-up of patients
treated for active IBD[32]. It was found that faecal calprotectin levels correlated well with endoscopic, as well
as histological, disease activity of patients with IBD[32].
Moreover, recent studies showed that normalisation of
calprotectin levels in patients with established IBD is a
strong indicator of mucosal healing. Furthermore, several studies showed that calprotectin was a very sensitive
detection marker of inflammation in patients with inflammatory bowel disease (IBD, Crohn’s disease, and ulcerative
colitis) compared with healthy controls and patients with
irritable bowel syndrome, though not a specific marker, as
increased levels were also found in neoplasia, infections,
and polyps[32]. Bunn et al[34] confirmed these results on calprotectin levels in children with IBD. Carroll et al[35] stated
that faecal calprotectin might be a useful marker of gastrointestinal mucosal inflammation in neonates in a pilot

IMMUNOLOGICAL COMPONENTS OF
THE GUT WALL
Gut wall inflammation
A broad range of pathologies can lead to intestinal inflammation: neoplasia, IBD, infections, autoimmune diseases
(e.g. celiac disease), ischaemia-reperfusion, intestinal hypoperfusion, and e.g. the use of non-steroidal anti-inflammatory drugs. Generally, defects or increased permeability
of the mucosal barrier will cause intestinal inflammation
in response to the enormous number of bacteria present
in the bowel. Recruitment of leukocytes into the intestinal
wall is important in the pathogenesis of intestinal inflamWJG|www.wjgnet.com
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study comparing seven patients with proven necrotising
enterocolitis (NEC) with seven healthy peers. This is supported by our recent results[36].

integrity, measured by derangement of tight-junctions
and elevated circulating levels of FABP, originating from
damaged intestinal epithelial cells[43,44]. Moreover, leakage
of macromolecules, microbial products, and microbiota
from the intestinal lumen into the circulation and mesenteric lymph nodes, spleen, and liver occurs[44]. The
inflammatory response to microbial products, such as
endotoxins, has been reported to be provoked via various rapidly induced innate immune mechanisms, ranging
from Toll Like Receptors to complement activation. Supportive of the importance of the gut in the development
of postoperative complications is the observation that
protection of the gut wall integrity in hemorrhagically
shocked animals by administration of probiotic strains,
which inhibit the adhesion of enteric pathogens to intestinal epithelial cells, can result in abrogation of both
local and systemic inflammatory responses[45]. However,
administration of probiotic strains might also have unwanted side-effects, including disruption of intestinal
tight junctions and increase of bacterial translocation[46].
Studies in patients undergoing major gastrointestinal,
cardiac, or vascular surgery, investigating the role of the
gut in the development of post-operative complications, are largely restricted to data on increased intestinal
permeability for sugars, 51Cr-ethylenediaminetetraacetic
acid (51Cr-EDTA), and the circulatory levels of endotoxin[14,47-49]. Increased intestinal absorption of sugars
or 51Cr-EDTA, indirect measures for gut barrier loss, in
patients following major surgery support data obtained
from animal studies, indicating that the gut barrier is injured after major surgery[14,48-50]. However, other reports
show no changes in intestinal permeability[51]. Moreover,
the value of measuring gut integrity with sugar probes
is debatable[8,9]. Similar results are reported on the development of endotoxemia. Several authors report on increased circulating levels of endotoxin or reduced values
of anti-endotoxin antibody during major surgery, suggesting leakage of gut derived bacterial products from
the gut lumen into the circulation due to an impaired
epithelial barrier, whereas others show unaltered endotoxin concentrations[49,52]. Data showing better survival
in patients with pre-operatively higher anti-endotoxin
titres support the theory of intestinal contribution in the
development of postoperative complications[53]. In conclusion, the debate regarding involvement of the gut in
patients undergoing major surgery is still ongoing.
Three recent studies show the temporary presence
of intestinal villous cell damage, measured by increased
urinary levels of I-FABP, in patients undergoing cardiovascular surgery with cardiopulmonary bypass (CPB)[54-56].
Patients with high urinary I-FABP levels developed postoperative gastro-intestinal complications[54]. The use of
CPB was shown to be responsible for alterations in blood
flow with consequent intestinal mucosal hypoxia and villous tip ischaemia[55,56]. Furthermore, intestinal injury correlated positively with markers of systemic inflammation.
We recently reported, in patients undergoing major nonabdominal surgery, a similar influence of reduction in
blood pressure on the provocation of intestinal villous cell

CLINICAL IMPORTANCE OF GUT WALL
INTEGRITY
Early diagnosis and follow-up of intestinal damage in
clinical medicine
Evaluation of intestinal pathology in patients of all age
groups has long been a challenge for clinicians. Numerous patients present with abdominal complaints, which
are frequently aspecific and therefore correspond to pathologies of most intra- and even to some extra-abdominal organs. Laboratory tests and imaging techniques are
often helpful in revealing disorders of organs, including
the liver, pancreas, heart, and kidneys. However, it is
still difficult to diagnose intestinal pathology in patients
presenting with abdominal complaints[37]. The current
standard technique for assessing intestinal status is endoscopy with biopsy. For some diseases this is helpful;
however, it is invasive, associated with morbidity, sometimes requires sedation, expensive, and only assesses the
function of the biopsied fraction. Moreover, for neutropenic and/or thrombocytopenic patients, the procedure
is physically hazardous and often ethically unacceptable.
Therefore, a major delay in diagnosis occurs in patients
with e.g. NEC, chemotherapy-induced mucositis, acute
mesenteric ischaemia, and celiac disease[37,38]. Such a
diagnostic delay results in delayed treatment, which is
accompanied by higher morbidity and mortality rates. In
line with these diagnostic concerns, the follow-up of numerous intestinal diseases is hampered by the absence of
rapid, non-invasive diagnostic means to assess intestinal
damage for evaluation of the effects of treatment on the
recovery of the disorder[37].
Potential involvement of the gut in the development of
postoperative or posttraumatic complications
Patients undergoing major surgery or sustaining severe
trauma are at risk of developing morbidity and mortality
from post-operative or post-traumatic systemic inflammatory response syndrome (SIRS), sepsis, and multiple
organ failure (MOF). Development of such potentially
lethal complications in relatively healthy surgical or
trauma patients is poorly understood[7]. Experimental
animal studies have generated the hypothesis that the
intestines are central in the origin of post-operative and
post-traumatic sequelae[39-41]. Human studies have contributed insufficiently to gain insight in the applicability
of this hypothesis[7]. Recognition of patients at risk of
developing post-operative or post-traumatic SIRS, sepsis, and MOF is important, as patients with these clinical
syndromes have the highest noncardiac mortality rate of
patients in the intensive care unit (ICU)[39-42].
Experimental animal models, resembling the clinical situation of major surgery and trauma, show that
haemorrhagic shock leads to disruption of the gut wall

WJG|www.wjgnet.com
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injury, without the use of extracorporeal circulation[57]. A
significant inverse association between mean arterial pressure and succeeding plasma levels of I-FABP and I-BABP
was found, which indicates that systemic hypotension is
correlated with intestinal mucosal cell injury. Anaesthetics,
leading to decreased systemic vascular resistance, mainly
cause systemic hypotension. Finally, splanchnic hypoperfusion (measured by gastric mucosal PiCO2 and Pr-aCO2gap) correlated strongly with intestinal mucosal damage
(assessed by plasma I-FABP) at all observed time-points
during surgery[57].
In conclusion, the results of these studies show, for
the first time, the relation between altered splanchnic perfusion and the development of intestinal mucosal cellular
damage in patients undergoing major surgery. Collectively,
these findings shed new light on the potential role of intestinal barrier compromise during major surgery, which
was deduced from numerous animal studies, but has now
been reported, for the first time, in relatively healthy children and adolescents undergoing major (non-abdominal)
surgery. Furthermore, these results indicate a need to reexamine currently accepted criteria of haemodynamic
parameters, both regarding the use of extra-corporeal
circulation and accepted systemic hypotension, in patients
undergoing major surgery.
The presence of intestinal damage does not show any
cause-and-effect relationship with the development of
sepsis or MOF. Moreover, intestinal damage may be part
of more generalised tissue damage with epithelial barrier
dysfunction in lung, liver, and kidney[7]. These studies are,
however, the basis for further research to clarify the onset
of intestinal damage. In addition, assessment of intestinal
epithelial damage in patients with sepsis or undergoing
major surgery might have important clinical implications.
Evaluation of intestinal epithelial cell damage as a consequence of splanchnic hypoperfusion, could help to monitor preoperative treatment or therapy in patients with
shock directed at restoration of peripheral perfusion and
prevention of organ damage.

early phase of abdominal sepsis correlated strongly with
intestinal mucosal damage. Moreover, elevated plasma
I-FABP values on admission to the ICU were associated
with a poor outcome in patients with abdominal sepsis.
In children with meningococcal sepsis, it was shown that
almost half of the patients presented with intestinal epithelial cell damage, shown by increased plasma I-FABP
values, at admission to the paediatric ICU. The children
who died were characterised by continued presence of
gut damage, while in all survivors this injury came to an
end within 12 h after starting intensive treatment[58]. A
significant proportion (93%) of adult trauma patients
rapidly developed intestinal mucosal cell damage, measured by elevation of plasma I-FABP values[59]. The extent of intestinal damage was readily detectable in blood
withdrawn on presentation at the emergency department
(ER). Interestingly, the highest 10% of I-FABP values at
ER belonged to patients with severe abdominal trauma
that required acute surgical intervention, such as ruptures
of the diaphragm, liver, and spleen. Circulatory concentrations of enterocyte damage marker I-FABP were related to the presence of shock and the extent of general
injury, as well as abdominal trauma, indicating that the
level of intestinal cell damage was determined by both
systemic and local factors. Moreover, early I-FABP values
correlated positively with the inflammatory response that
developed in the days following trauma[59].
In conclusion, evaluation of intestinal tissue damage
in the early phase of sepsis is an adequate predictor for
survival. Furthermore, the adequacy of treatment of
circulatory failure in sepsis is currently monitored using
indirect parameters of (peripheral) tissue perfusion and
oxygenation, including blood pressure, urinary output,
metabolic status (lactate, base deficit) skin temperature,
ScvO2, and capillary refill time. However, these parameters do not reflect the actual defects in (peripheral) tissue
perfusion and subsequent tissue damage. Assessment of
plasma I-FABP levels offers the possibility to monitor
the presence of intestinal epithelial cell damage as a consequence of splanchnic hypoperfusion, which could help
to monitor treatment directed at restoration of peripheral perfusion and prevention of organ damage. Further
studies are needed to clarify the diagnostic potential of
assessment of plasma I-FABP in monitoring the treatment of sepsis in the acute phase and during follow-up.

FUTURE DIRECTIONS
Relatively new markers for gut wall integrity (including
FABP, claudin-3, and calprotectin) might be useful in the
early diagnosis of intestinal diseases. The implementation
of these markers in daily clinical practice seems only a
matter of time. In addition, these markers are used nowadays to unravel the involvement of the gut in patients
undergoing major surgery or sustaining major trauma or
sepsis. These results led to studies aimed at re-examining
accepted criteria of preoperative haemodynamic parameters, both regarding the use of extra-corporeal circulation and accepted systemic hypotension in patients
undergoing major surgery[56,57]. We strongly believe that
I-FABP can be used as a clinical marker of intestinal
hypoperfusion. First of all, there is a strong correlation
between gastric mucosal PiCO2 and circulating levels of
I-FABP, in patients with postoperative sepsis who were
admitted to the ICU[42]. Splanchnic hypoperfusion in the
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