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Abstract

Bacteria of the human intestinal microflora have a dual role. They promote
digestion and are part of a defense mechanism against pathogens. These bacteria
could become potential pathogens under certain circumstances. The term
“bacterial translocation” describes the passage of bacteria of the gastrointestinal
tract through the intestinal mucosa barrier to mesenteric lymph nodes and other
organs. In some cases, the passage of bacteria and endotoxins could result in
blood stream infections and in multiple organ failure. Open elective abdominal
surgery more frequently results in malfunction of the intestinal barrier and
subsequent bacterial translocation and blood stream infections than laparoscopic
surgery. Postoperative sepsis is a common finding in patients who have
undergone non-elective abdominal surgeries, including trauma patients treated
with laparotomy. Postoperative sepsis is an emerging issue, as it changes the
treatment plan in surgical patients and prolongs hospital stay. The association
between bacterial translocation and postoperative sepsis could provide novel
treatment options.

Key Words: Bacterial translocation; Major gastrointestinal surgery; Postoperative sepsis;
Intestinal permeability; Microbiota
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Core Tip: Increased intestinal permeability can potentially induce intestinal flora
dysbiosis. Bacterial translocation, attributed to intestinal barrier impairment, may lead
to systematic infection in the postoperative period. The definitive correlation between
translocation and postoperative sepsis is yet to be proven, but the latter is an emerging
issue for patients undergoing major gastrointestinal surgeries.
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INTRODUCTION

The incidence of postoperative sepsis has increased in the past decades, with the
proportion of severe sepsis cases rising to unprecedented levels. Cases of sepsis are
noted both after elective and emergency surgeries, but in the cases of elective
surgeries, mortality is not respectively affected[1]. Gastrointestinal perforation is the
most common surgical condition requiring immediate surgical intervention. More
specifically, colonic perforation may cause peritonitis through the spread of bacteria
from the intestines, and, therefore, there is a high risk for further bacterial spread via
blood flow|[2].

Gut microbiota affects the host decisively in both states of health and illness. The
human gut microbiota consists of numerous bacteria that coexist and play a beneficial
role in normal functions of the intestine. In normal conditions, bacteria of the gut assist
in the absorption of nutrients. In illness, there are vast changes that alter the balance of
these bacteria, leading to proliferation of potentially dangerous bacteria, capable of
causing infections[3]. Diseases like colorectal cancer, inflammatory bowel disease, and
diseases of the liver could alter the relationship between bacteria of the gut and the
host.

In addition to bacterial dissemination due to mechanical disruption of the continuity
of the intestinal barrier, as in the case of perforation, another potential mechanism
proposed is bacterial translocation. Bacterial translocation is the movement of bacteria
or their products from the intestinal lumen through the mucosa layer to a normally
sterile tissue[4]. The most common routes for bacterial passage from the intestine to
the systemic circulation and eventually to distant organs are the lymphatic route and
the vascular route[5].

Major abdominal surgeries are procedures that promote an imbalance in intestinal
bacteria. Patients undergoing major abdominal surgery are considered at high risk of
developing postoperative infections as a result of bacterial translocation. Those
undergoing emergency surgery are at even higher risk[6]. An increase in morbidity
and mortality has been shown in cases of ascertained translocation to locoregional
mesenteric lymph nodes[7,8].

ROLE OF THE INTESTINAL BARRIER

The intestinal barrier interacts with the contents of the intestinal lumen at immuno-
logical and chemical levels, besides being a physical barrier. It is composed of a single
layer of columnar epithelial cells, which have diverse functions, such as absorptive,
secretory and immune functions. The majority of intestinal epithelial cells are
absorptive enterocytes. Other types of intestinal epithelial cells are secretory goblet
cells, Paneth cells, and enteroendocrine cells. All these cells are under constant renewal
by intestinal epithelial stem cells located in the bases of mucosal crypts[9].

Commensal bacteria found in the intestinal lumen prevent the proliferation of
potential pathogens through regulating intestinal pH and decreasing the nutrients
required by those pathogens. On the surface of the lumen, a layer of water, the
glycocalyx, and the mucus layer containing immunoglobulin A (IgA) create a first
defensive line, preventing adhesion of pathogenic bacteria to the epithelium and
diminishing interaction between pathogen and epithelial cells. In addition, antimi-
crobial agents secreted by epithelial cells attract monocytes and assist in the
opsonization of macrophages. Immunoglobulins and cytokines are secreted by cells of
the lamina propria, as those cells are part of the innate and acquired immune system
and play a vast role in immunological regulation in the intestine[10]. Besides having a
role as a physical barrier, the mucus layer of the intestine contains an abundance of
secretory IgA and antimicrobial proteins. There is a substantial difference in the
composition of the mucus layer between the small and large intestine. This layer in the
small intestine is penetrable by bacteria, while the large intestine has both a penetrable
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outer mucus layer and an impenetrable inner mucus layer. Intestinal epithelial cells
create a defense barrier below the layers of mucous inside the lumen of the intestine
[11]. A barrier formed by mucins between the intestinal lumen and intestinal epithelial
cells can regulate expression of tolerogenic and inflammatory cytokines[12].

INTESTINAL PERMEABILITY

Intestinal epithelial cells are connected to each other with tight junctions[9,10]. Tight
junctions are an assembly of multiple proteins located on the apical part of
neighboring epithelial cells and affect paracellular permeability, as they selectively
regulate permeability. Tight junctions are fundamental in maintaining intestinal
barrier function. They act as adhesive and mechanical mediators, maintaining barrier
function, but do not seal the paracellular space. There are two functional protein
categories, namely integral transmembrane proteins that form a network between
adjacent cell membranes and peripheral membranes. Four integral transmembrane
proteins are occludin, claudin, junctional adhesion molecule, and tricellulin[13,14]. In
certain conditions of intestinal inflammation, it is shown that these tight junctions
dysfunction, increasing permeability. The repair process of the epithelial cells affects
intestinal motility and is considered an important factor in intestinal barrier function[9,
10,15].

Intestinal permeability is the condition during which soluble molecules and fluids
are exchanged between the intestinal lumen and tissues. In normal conditions,
intestinal barrier homeostasis acts to prevent this exchange, but both permeability and
barrier function are dynamic states[16]. Dysfunction of the mucosal barrier can be
found in both stress-associated conditions and in a diverse group of conditions in
otherwise healthy people. It has been shown that there is increased intestinal
permeability in patients with gastroenterological diseases correlated with intestinal
inflammation, especially in those with inflammatory bowel disease. In addition,
healthy relatives of these patients are at high risk of developing increased intestinal
permeability[17,18]. Use of non-steroidal anti-inflammatory drugs may alter the
structural normality of the intestinal lumen, thereby impairing the barrier and
potentially increasing permeability[19]. More importantly, studies have shown that in
a number of patients undergoing abdominal surgery, bacterial DNA was detected as
early as a few hours postoperatively, indicating a relation between surgery and
translocation[6].

INTESTINAL MICROBIOTA IN GASTROINTESTINAL DISEASES

The human intestinal microbiota plays a main role in intestinal metabolism and in
immunological response of the intestines[20]. Balance of the intestinal microbiota is a
prerequisite for a healthy intestinal environment. Imbalance of microbiota and of the
host immune system is present in intestinal diseases. Altered concentrations of
commensal intestinal bacteria depends on disease activity, and this can easily be noted
when patients are compared to healthy individuals[21].

Studies in patients with colorectal cancer have shown that alterations in microbiota
are also associated with tumorigenesis. These alterations are characterized by the
dominance of certain bacteria species. In the spotlight are Fusobacterium nucleatum,
Escherichia coli, and Bacteroides fragilis[22]. Analyses of intestinal microbiota are
performed using 16S ribosomal RNA techniques. When the aforementioned bacteria
species are increased, other bacteria are depleted. Gram-positive bacteria are vastly
affected, and Clostridia species are also decreased in these patients[23-26]. Bacteroides
fragilis colonizes the intestine and has a prominent place in the microbiota. Although
Escherichia coli is considered a commensal bacteria, some of its species are potential
pathogens, promoting intestinal inflammation and producing oncogenic toxins. This
phenomenon, when there is an imbalance in intestinal flora, is called dysbiosis.
Dysbiosis may characterize inflammatory gastrointestinal diseases and colorectal
cancer but may also be explained by the changes in dietary habits that have occurred
over the past decades. The importance of metabolites and their products to intestinal
inflammation have led to increased concern for the impact of metabolic diseases on
microbiota[23,27].

Bowel obstruction has both local and systemic effects. Fecal retention promotes
bacterial overgrowth. Besides changes in bowel motility, moderate inflammation is a
probable finding. This inflammatory response may lead to systemic responses, with
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sepsis and septic shock being the most serious. The causative factor for these systemic
responses is bacterial translocation[28].

BACTERIAL TRANSLOCATION, ABDOMINAL SURGERY, AND
POSTOPERATIVE SEPSIS

Bacterial translocation, attributed to increased intestinal permeability, can be present
as early as 2 h after abdominal surgery. The grade and the prognosis depend on the
severity of surgical trauma and the presence of intestinal ischemia. Studies have
proposed that the potential mechanism involves visceral vasoconstriction due to
surgical trauma, anesthetic agents, intestinal ischemia, and blood loss. In addition,
production of vasoactive agents and release of inflammatory cytokines promote
visceral vasoconstriction and therefore intestinal ischemia. Postoperative bacterial
translocation is associated with systematic infection and systematic inflammatory
response[6] (Figure 1).

In order to assess and confirm bacterial translocation, cultures from mesenteric
lymph nodes are taken. Furthermore, blood cultures are collected from patients in the
postoperative period. These samples are assessed using real-time polymerase chain
reaction techniques to identify bacteria. In the case of bacterial translocation, positive
cultures of samples from mesenteric lymph nodes have been reported to have slightly
higher specificity[29-31]. The most common isolated bacterium associated with
translocation is Escherichia coli[32]. A feasible method proposed to assess and monitor
the progress of bacterial translocation is the evaluation of levels of D-lactate. D-lactate
is a product of bacteria normally found in the intestinal lumen and is not metabolized
by the human body. Levels of plasma D-lactate are used as a postoperative indicator of
dissemination of these bacteria from the intestinal tract to the mesenteric lymph nodes,
liver, spleen, and bloodstream[33].

Infections in the postoperative period are found to be more common in patients
with identified bacterial translocation. A positive result in cultures taken from
mesenteric lymph nodes is a more accurate prognostic factor than cultures from
surgical site, intra-abdominal fluid collection, or peripheral blood samples. In other
words, mesenteric lymph nodes act as beacons for progression of the infection[34].
This fact raises concerns regarding prophylactic use of antibiotics in patients
undergoing abdominal surgery. Elective surgeries are performed under better circum-
stances and with better precautions taken. Emergency surgeries and surgeries for
trauma are considered high-risk for the development of bacterial translocation, thus
requiring use of antibiotics in the perioperative period[35]. Patients with advanced
colorectal and gastric cancer, potentially associated with cachexia, are also in need of
prophylactic use of antibiotics due to immunological imbalance induced by the
progressed disease[36,37]. Prophylaxis against bacterial translocation seems to be
associated with better survival rates in cancer patients who undergo surgery[7].
However, while gastric and colon resections are correlated with augmented rates of
translocation, the use of antibiotics does not seem to prevent the occurrence of translo-
cation[38,39].

The definite significance of bacterial translocation is yet to be determined, although
there is evidence suggesting a causative role for sepsis. In some cases of sepsis, the
causative factor was determined to be bacteria found in the intestine. In critically ill
and frail patients undergoing major abdominal surgeries, those bacteria cause sepsis
and even septic morbidity[40]. Sepsis is a diverse syndrome of varying severity. Late
diagnosis and treatment could lead to more severe illness, even septic shock. In some
cases, it may cause multi-organ failure. Severe sepsis is characterized by the presence
of hypoperfusion or hypotension and by the failure of at least one organ[41]. However,
this is hard to verify in most cases, as in cases of multi-organ failure occurring early
postoperatively, and it is probably due to the inflammatory response causing
endothelial cell activation. In contrast, late-onset multi-organ failure may be attributed
to bacterial translocation, as it creates an imbalance between proinflammatory and
anti-inflammatory cytokines[42]. When the septic condition in surgical patients is so
severe that it causes a state of immunosuppression, multi-organ failure is responsible,
with high mortality rates (reaching 50%-80%). This fact supports the theory of gut-
induced sepsis[43].

Postoperative sepsis was found to be most common among men and among older
and low-income populations. Besides these characteristics, other factors regarding
hospitalization are also crucial. Larger hospital bed size, urban hospital location, and
non-teaching status were associated with higher postoperative sepsis rates.
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Figure 1 Mechanism of bacterial translocation after major gastrointestinal surgery.

Comorbidities like diabetes, chronic renal disease, cardiovascular disease, and
hypertension increase the risk for postoperative sepsis. Patients’” preoperative status
and lifestyle choices contribute to modifying the relative risk. In addition, the type of
surgery also has an impact, as gastric, biliary and colorectal surgeries were associated
with relatively higher rates of postoperative sepsis, when at the same time esophageal
surgery had the lowest risk of postoperative sepsis[44-46] (Figure 2). Although the
incidence is rising, especially in elderly patients, mortality rates are decreasing[47].

As sepsis progresses, the release of proinflammatory cytokines triggers the
production of toxic mediators that damage the endothelium, thus leading to increased
capillary leakage. In addition, the release of agents that act as vasodilators, resulting in
hypotension, indicates that evolution of sepsis to septic shock and subsequently to
multi-organ failure requires vigilance. Early detection and therapeutic intervention
could improve outcome and prognosis. Diagnosis is based on both clinical assessment
and taking into consideration other factors, such as impaired consciousness and severe
underlying diseases. Hypotension, oliguria, and acute altered mental status are
indicative signs of severe sepsis[48]. As this condition continues to cause concern,
efforts are being made to create a predictive score that will help physicians to assess
probability of postoperative sepsis and mortality and to intervene sooner[49].

The cornerstone of treatment is fluid resuscitation to address hypovolemia,
hypotension, and hypoperfusion. Hemodynamic stability could be restored using
vasopressors when fluids alone are not adequate to maintain blood pressure.
Furthermore, broad-spectrum intravenous antibiotics should be administered within
the first hour. The choice of antibiotics should be guided by the suspected causative
factors. Response of patients to treatment must be monitored closely, because in cases
where there is no improvement, surgical intervention may be needed[50]. Novel
treatments have been proposed for postoperative sepsis due to bacterial translocation,
such as the use of probiotics and prebiotics. These are considered living microor-
ganisms, which can be beneficial. Lactobacillus and Bifidobacterium are the most
commonly used. They act through competition with pathogens for binding sites and
nutrients. Probiotics also induce immunological response and reduce inflammation.
Prebiotics are non-digestible food ingredients that promote the growth and the
increase in activity of certain intestinal bacteria. These treatments have been studied
well in patients with sepsis in intensive care units, with results being promising, as
prophylactic use of probiotics has been shown to reduce infections, sepsis, and
mortality. Another potential treatment is fecal microbiota transplantation. This is a
technique that attempts to restore commensal bacteria in the intestinal epithelium. It
also acts as an immunomodulatory tool, as it assists intestinal crypts to express
immunological pathways. This being said, this technique prevents severe inflam-
mation and dysregulation of intestinal lumen homeostasis[51].
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LAPAROTOMY VS LAPAROSCOPIC SURGERY AND THEIR IMPACT IN
BACTERIAL TRANSLOCATION

The effect of increased intra-abdominal pressure on bacterial translocation has been
under investigation. Abdominal surgeries are associated with increased intra-
abdominal pressure. Studies have shown that bacterial translocation usually occurs at
pressure levels above 14 mmHg[52]. Patients undergoing laparoscopic surgeries
should be monitored, as pneumoperitoneum significantly increases intra-abdominal
pressure. Randomized control trials regarding patients with colorectal cancer have
concluded that there is an increase in intra-abdominal pressure, systemic endotoxemia,
and bacterial translocation during both open and laparoscopic resection but without a
statistically significant difference between the two groups[53]. The effect of
pneumoperitoneum in translocation was also studied in animal models. It was found
to provoke alterations in the inflammatory response, with milder inflammation and
quicker restoration. However, there was no evidence supporting the premise that
laparoscopic surgery is related to higher incidence of bacterial translocation[54-56].

CONCLUSION

Postoperative sepsis is an emerging issue that can be present as soon as a few hours
postoperatively and requires immediate treatment. It may cause severe disease and
result in high mortality rates, especially in frail and elderly surgical patients. Bacterial
translocation is proposed as a causative factor of postoperative sepsis. This fact
suggests that intestinal microbiota combined with altered homeostasis in the intestinal
barrier could create a chain of events leading to sepsis, as commensal bacteria
translocate to usually sterile tissues. Bacterial translocation has been noted both in
laparotomy and in laparoscopic surgeries, with no significant differences regarding
incidence. Proper management and early intervention are needed, based on the
fundamentals of sepsis treatment. Over the past few years, data regarding novel
treatments using probiotics, which assist classic treatments, have been developed.
More randomized studies will be needed to clarify the role of these treatments in
postoperative sepsis in the years to come.
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