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Abstract

Continuous peritoneal lavage is part of a set of minimally invasive techniques, called the Step up approach. These techniques have been used in the management of 
acute necrotizing (severe) pancreatitis (SAP), as they remove toxins and reduce serious metabolic disorders, although their effects on mild acute pancreatitis and on the 
content of peritoneal cells during mild and SAP are still unknown, since infl ammation is an important factor in the progression of the disease. The peritoneum is a tissue 
with important immunological functions, and the characterization of peritoneal cells during acute pancreatitis can be a relevant strategy to understand the mechanism 
by which peritoneal lavage has worked during clinical practice, as well as to uncover possible pharmacological targets. This review presents an approach to minimally 
invasive techniques in the management of AP, emphasizing peritoneal lavage and its nuances.
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Introduction

In most cases of Acute Pancreatitis (AP) the disease has 
a moderate course, where moderate fl uid resuscitation, pain 
control, nausea and early oral feeding result in rapid clinical 
improvement [1]. A systematic review by Xiao, et al. (2016) 
addressed epidemiological data related to the global prevalence 
of AP, bringing together high-quality studies specifi cally 
population-based cohort studies carried out in populations 
in general. This article reported that the global incidence of 
acute pancreatitis is 34 cases (95% confi dence interval (CI) 
23-49) per 100,000 inhabitants in general per year, with no 
statistically signifi cant difference between men and women. 
The combined mortality of an episode of acute pancreatitis 
in seven population-based cohort studies evaluated in the 
systematic review by Xiao, et al. was 1.16 (95% Cl 0.85-1.58) 
per 100,000 general inhabitants per year [2]. 

The evaluation of patients with AP is complex, as it is a 
disease that has variable etiology, clinical presentation, 
anatomopathological aspect and treatment [3]. The most 

serious cases, which comprise about 20 to 30% of patients, 
represent a high risk of life, with hospital mortality rates 
of around 15% [4]; other complications of include systemic 
infl ammatory response syndrome (SIRS), acute respiratory 
distress syndrome (ARDS) and sepsis [5]. 

The most widely used classifi cation for acute pancreatitis 
is based on the 2012 revision of the Atlanta classifi cation and 
defi nitions resulting from international consensus [6]. This 
classifi cation system identifi es two stages of the disease: early 
and late. As for severity, it can be classifi ed as mild, moderate 
or severe. The mild form (interstitial edematous pancreatitis) 
does not show organ failure, local or systemic complications and 
usually resolves within the fi rst week. If there is transient organ 
failure (less than 48 h), local complications or exacerbation of 
the comorbid disease, it is classifi ed as moderate. Patients with 
persistent organ failure (more than 48 h) have the severe form 
of the disease [6].

Around 20 to 40% of patients with severe acute pancreatitis 
have infection of pancreatic and peripancreatic necrosis, which 
is considered to have a poor prognosis because it is responsible 
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for the worsening of organic functions. In a systematic and 
meta-analysis review, totaling 6970 patients, the mortality 
rate in patients with necrosis and organ failure was 35.2%, 
while concomitant sterile necrosis and organ failure were 
associated with a mortality of 19, 8%. If patients had infected 
necrosis without organ failure, mortality would be 1.4% [7].

Currently, several trends in the management of SAP have 
changed clinical practices; early enteral feeding, selective 
role of prophylactic antibiotics, avoiding surgery in patients 
with sterile necrosis, a more conservative approach to 
infected necrosis with late intervention, whether endoscopic 
or surgical, and treatment of biliary pancreatitis. Despite 
improvements in access to care techniques, diagnostic imaging 
and interventions, acute pancreatitis continues to be associated 
with signifi cant morbidity and mortality [8]. In addition, there 
is no pharmacological therapy available to mitigate the disease 
and its course, and the management of patients with BP 
consists of supportive measures, even in cases of concomitant 
organic failure. [9]. 

A recent study published in the journal Nature criticizes 
the fact that mild AP is approached in most studies as self-
limited, since it can result in sequelae even after its clinical 
resolution. Thus, this study points to the importance of 
systematization in the management of AP and postulates that 
primary, secondary and tertiary prevention strategies need 
to be employed [10]. Severe cases of AP involving necrosis 
with suspected infection adopt a traditional management 
mechanism: open necrosectomy, so it is possible to completely 
remove the infected necrotic tissue. However, this invasive 
approach is associated with high rates of complications (34 
to 95%) and death (11 to 39%) and with a long-term risk of 
pancreatic insuffi ciency. Based on the concept of prevention, 
but aimed at reducing the risk of mortality in a later phase 
of acute BP, less invasive techniques, including percutaneous 
drainage [11] drenagem endoscópica (transgástrica) [12] 
and minimally invasive retroperitoneal necrosectomy, are 
increasingly common in use [13-15]. These techniques can be 
performed in an approach called a step-up [16]. In comparison 
with open necrosectomy, the step-up approach aims to control 
the source of infection, rather than the complete removal of 
infected necrotic tissue, thereby reducing infl ammation and 
tissue damage. A study published in 2010 in the New England 
Journal of Medicine showed the use of the technique in patients 
who had necrotizing pancreatitis and confi rmed or suspected 
secondary infection, reduced the rate of serious complications 
or death, as well as long-term complications, use of resources 
health costs and total costs. With the intensive approach, more 
than a third of the patients were successfully treated with 
percutaneous drainage and did not require major abdominal 
surgery [17]. 

Taking into account the incidence of AP and the 
comorbidities associated with the most severe cases [10], this 
review addresses the minimally invasive strategies used in the 
management of AP, highlighting the peritoneum as a central 
tissue in the immune response to these techniques, especially 
during continuous peritoneal lavage.

“Step up approach” and continuous peritoneal lavage in 
the context of severe AP

At worst, AP progresses to necrotizing pancreatitis infected 
with organ failure, which can have a 35% mortality rate [7]. The 
management of infected necrotizing pancreatitis has changed 
dramatically in the past 20 years and continues to evolve with 
increasing knowledge, new techniques and ongoing research 
efforts. Choosing the most appropriate treatment strategy is 
a complex decision that must be multidisciplinary, as it uses 
techniques that cover the areas of gastroenterology, surgery, 
radiology and intensive care [18].

Patients with acute necrotizing and / or infected pancreatitis 
can be treated in several ways, but the decision on how to treat 
is largely based on the location of the infected collections, 
extent of the disease, availability of equipment and knowledge 
of the various techniques. Although it is a heterogeneous 
disease and the treatment strategies are different for each 
patient, it has common goals for treatment: reducing SIRS, 
oxidative stress and preventing organ failure. Usually, the fi rst 
strategy used for this is the administration of antibiotics [19], 
which complements the surgical intervention or even avoids 
the need for it. In the background, the focus is on minimizing 
the complications of the disease, as well as intervening to treat 
them [17]. 

Some studies provide interesting data on the use of 
minimally invasive interventions in the context of necrotizing 
pancreatitis. In 2010, the results of the randomized PANTER 
study, conducted by the Dutch Acute Pancreatitis Study Group, 
demonstrated several benefi ts of the step-up approach on 
open necrosectomy, such as reduced organ failure, perforation, 
fi stula or bleeding. In 2012, a small randomized study (the 
PENGUIN study) showed a reduced risk of serious complications 
in the group that underwent endoscopic transgastric drainage 
versus surgical necrosectomy (20% vs. 80%, respectively)[20]. 

The Pancreatitis Study Group in Germany conducted a 
multicenter study between January 2008 and June 2014 with 
220 patients and found that only 44% of patients in the 
intensive intervention (percutaneous drainage, endoscopic 
drainage, with or without minimally invasive necrosectomy) 
had complications compared to 73.3% of patients in the open 
necrosectomy group. In addition, mortality was lower, with 
10.5% in the intensive group versus 33.3% in the open group 
[21].

The fi rst attempt to use the human peritoneum to dialysate 
uremic retention solutes was made almost 100 years ago [22]. 
Peritoneal dialysis (PD) is a successful form of renal replacement 
therapy, cardiorenal syndrome [23] and also an approach to 
treat acute necrotizing pancreatitis. The procedure takes place 
by introducing dialysis fl uid into the peritoneal cavity, which 
remains in circulation for a few hours and then drains. The 
characteristics of the liquid inserted in the peritoneal cavity 
also contributes to the success of PD, since it has electrolytes 
in its composition, exerting an osmotic pressure at the site and 
enabling the fi ltering of undesirable metabolites present in 
the blood [24-26]. Another factor that makes PD successful is 
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the presence of the aquaporin-1 molecule, which is expressed 
constitutively in the endothelial cells that line the peritoneal 
capillaries. Aquaporin-1 is a member of a family of highly 
conserved water channels, organized as homotetramers, with 
each monomer containing a central pore that facilitates the 
movement of water through lipid membranes [22,27].

Continuous peritoneal lavage (LPC) is structurally similar 
to peritoneal dialysis, but the lavage fl uid introduced into the 
peritoneal cavity is concomitantly drained by an outlet catheter. 
PCL was introduced in the treatment of BP based on the theory 
that the elimination of ascites containing infl ammatory 
cytokines and infl ammatory mediators reduces the severity 
of the disease. These data suggest that an intensive approach 
based on peritoneal lavage may be benefi cial [28].

In the 1980s, several randomized clinical trials were 
conducted using minimally invasive strategies, but these did 
not reveal the benefi cial effects of peritoneal lavage, just as 
they questioned this intervention as the main treatment for 
acute pancreatitis [5,29,30,31]. Despite this, there are still 
reports of the benefi ts of peritoneal lavage in experimental 
models of acute pancreatitis and also in the clinical setting 
[32]. A prospective study compared the effects of percutaneous 
drainage with continuous peritoneal lavage in patients with 
severe acute pancreatitis, showing that the two procedures 
were not different in terms of reducing mortality or major 
complications resulting from the condition. However, 
continuous washing had additional advantages as it reduced 
the incidence of deep vein thrombosis and pancreatic 
encephalopathy in these patients [33]. A study conducted by 
Korean researchers evaluated the effects of peritoneal lavage 
in a sample of 58 patients who had moderate to severe AP. 
Of these patients, 31 received only conventional treatment 
(enteral nutrition, gastrointestinal decompression, antibiotics, 
fl uid resuscitation, antacids and analgesics) and 27 received 
conventional treatment and peritoneal lavage. After evaluating 
white blood cells, C-reactive protein in the serum, liver, kidney, 
pancreatic function and mortality, the authors concluded 
that continuous peritoneal lavage can signifi cantly reduce 
mortality, as well as complications and length of hospital stay in 
moderate to high blood pressure [28]. Although the protective 
effect of lavage is known in the most severe cases of acute 
pancreatitis, the mechanisms that involve the participation 
of peritoneal cells in the pathophysiology of the disease have 
not yet been clarifi ed, nor is the effi cacy of peritoneal lavage 
in earlier stages yet known. of the PA. It is worth mentioning 
that the involvement of resident peritoneal cells in the longest 
survival in animal models has also been described in the 
literature de sepse [34], peritoneal tumor [35] and hepatitis 
[36], demonstrating their immunological importance in the 
pathophysiological mechanism of diseases and the possibility 
of being pharmacological targets in the future. Clinical studies 
that have shown the benefi cial effects of peritoneal lavage only 
reinforce the need to investigate which are the peritoneal cells 
involved in the pathophysiology of the disease, such as the 
cytokines present in that infl ammatory environment.

The peritoneum

The peritoneum is classically defi ned as a serous membrane 

that lines the abdominal cavity, containing the liver, pancreas, 
spleen, most of the gastrointestinal tract and other viscera. 
Thus, its classifi cation is based on an anatomical approach, 
which can be renamed in two ways: visceral peritoneum, which 
lines the viscera; and parietal, which lines the abdominal cavity 
wall [37]. However, this classifi cation is somewhat reductionist, 
as it does not take into account the cellular composition of 
this tissue, as well as its functions and interactions with other 
tissues and organs. 

De Lamballe, in 1829, was the fi rst to highlight the protective 
functions of the omentum, formed by layers of peritoneum, as 
a tissue capable of sealing gastrointestinal perforations and 
protecting against peritonitis. in the abdominal cavity; as early 
as 1880, Senn used this knowledge for surgical innovation: he 
used omental fl aps to protect intestinal sutures [38]. Not to 
mention the mesentery, which is composed of peritoneum, but 
is presented to us as an independent structure [39].

A recent literature review draws attention to the complex 
and dynamic relationship of peritoneal content in the 
pathophysiology of diseases, as well as the study of its 
physiology, since most research has focused only on clinical 
aspects of peritoneal lavage, while the approach of molecular 
and cellular mechanisms that orchestrate these changes still 
remain unclear [40]. Still in this review, the authors resume 
the discussion for some important functions of the peritoneum 
already addressed, among them, the participation in primitive 
intestinal embiogenesis [39], cell transport [37] physiological 
barrier, immunological induction, modulation and inhibition, 
tissue repair and healing [37,41] protection against tumor 
adhesion and spread [42,43] e cell migration [37,44].

A small amount of liquid (between 5 and 100 mL in humans) 
circulates inside the cavity, which is described as derived 
from blood ultrafi ltration containing immune elements of 
the complement system, as immunoglobulins, antimicrobial 
peptides, defensins, immune cells (macrophages, B cells and T, 
NK, dendritic and eosinophil cells), mast cells and mesothelial 
cells [45-50], functioning as a physiological barrier against 
infection. The presence of a high number of macrophages 
(around 60%) and B lymphocytes (about 50%) residing in 
the peritoneal cavity (PerC) makes this a preferred site for 
the collection of these cells [51]. Macrophages are dynamic 
cells that differentiate into macrophages classically (M1), 
or alternatively (M2) activated with specifi c and phenotypic 
properties, under the infl uence of signals from the local 
microenvironment and that are metabolically differentiated 
[52]. However, in the case of peritoneal macrophages, it is 
necessary to be careful with this classifi cation, since there is 
a very high dynamism and plasticity of these cells according 
to the stimulus in which they are exposed [51]. The literature 
mentions a majority population of peritoneal macrophages that 
do not fi t in the M1 and M2 classifi cation, as these macrophages 
have a unique transcription factor (GATA 6) and can behave as 
much as the classic Macrophage (M1), performing phagocytosis 
and releasing infl ammatory cytokines, as M2, acting in a 
more restorative way and producing IL-10, protecting against 
infl ammation [53-55]. These resident peritoneal macrophages 
have been referred to as the large peritoneal macrophage (large 
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peritoneal macrophage) (PML), as they are relatively larger 
than the medullary macrophages present in the circulation. 
In addition to these, small peritoneal macrophages (SMP) can 
also be found in the peritoneal cavity, but are physiologically 
small [56]. These two macrophages can be differentiated by 
the technique of immunophenotyping and fl ow cytometry 
based on their phenotypic markers expressed on the cell 
membrane. LPMs express high levels of F4 / 80 and CD11b, and 
low levels of molecules of the main histocompatibility complex 
(MHCII), appear to originate from embryogenic precursors, 
and their maintenance in PerC is regulated by the expression 
of specifi c transcription factors and derived signals of tissues. 
On the other hand, SPMs have an F4 / 80lowCD11blow and 
MHCIIhigh phenotype and are generated from myeloid 
precursors derived from bone marrow [51,57]. In response to 
infectious or infl ammatory stimuli, the cellular composition 
of PerC is dramatically altered, where PMS disappear and PMS 
become the prevalent population along with its precursor, the 
infl ammatory monocyte [54]. Mac-Gata6 KO mice have been 
shown to develop PMLs in the peritoneal cavity with reduced F4 
/ 80 expression. In addition, the number of PMS, but not PMS, 
collected from peritoneal exudate was greatly reduced in Mac-
Gata6 KO mice, that is, PMS repopulate PerC in the absence 
of PML, even though there is no infl ammatory or infectious 
stimulus, but this mechanism has not yet been clarifi ed [58]. 

PMS seem to be the main source of infl ammatory mediators 
in PerC during infection, while PMS contribute to the production 
of IgA independent of the lymphoid tissue associated with the 
intestine and dependent on retinoic acid by peritoneal B1 cells 
[59]. The cavity is also important for the study of T cells, Natural 
Killer, dendritic and granulocytes (mainly eosinophils), in 
addition to B1 cells (which constitute a majority cell population) 
and conventional B2 cells [57], that can be differentiated as to 
the expression of CD11b +, an integrin that together with CD18 
forms the CR3 heterodimer. B1 cells are subdivided into B1a and 
B1b, which can be distinguished by the superfi cial expression 
of CD5. B1 cells (CD11b +) are an important source of natural 
IgM, providing early protection from a variety of pathogens. 
B1a cells (CD11b+ CD5+) have modulating properties due to 
their high IL-10 production capacity [60].

Peritoneal cells and acute pancreatitis

It is known that cells belonging to organs neighboring the 
pancreas have their phenotype altered in the course of the 
disease [60]. A work published by XU, et al. (2014), showed 
that hepatic macrophages modify their phenotype from M1 
to M2, through stimulation with IL-4 and Treg cells in vivo 
and in vitro, promoting a protective effect in mice with severe 
acute pancreatitis [54]. Another study found that gastric 
macrophages are responsible for damage to the gastric mucosa 
when activated during severe acute pancreatitis [61]. In 2009, 
Gea-Sorlí and Closa [62] published a study that specifi cally 
investigated macrophage phenotypes during the progression 
of a model of acute pancreatitis and SIRS, induced by 5% 
sodium taurocholate in rats. The results of this study showed 
that treatment with IL-4 and IL-13, M2 profi le interleukins, 
reversed the induction of pancreatitis in vitro, but failed to 
modulate in vivo activation in peritoneal macrophages.

The effect of peritoneal lavage on the survival of patients 
with severe acute necrotizing pancreatitis is already known. A 
study of meta-analysis and systematic review published by Li, 
et al. (2016)[32] based on a sample of 889 patients from 15 
studies concluded that peritoneal lavage signifi cantly decreased 
mortality in patients with severe acute pancreatitis.

A study group from the USP School of Medicine published 
a paper on the effects of peritoneal lavage on a model of acute 
pancreatitis induced by taurocholic acid in rats. In this work, 
it was demonstrated that peritoneal lavage after severe BP 
induction reduced the concentration of infl ammatory cytokines 
in the serum of these animals (TNF- and IL-6) and increased 
IL-10, which is an anti-infl ammatory cytokine. In addition, 
the expression of cyclooxygenase-2 and inducible nitric oxide 
synthase in the pancreas was reduced [63]. A work published by 
Mikami, et al. (2003)64 revealed that peritoneal macrophages 
are involved in the progression of acute pancreatitis, but as at 
that time the macrophage subtypes that could be found in PerC 
had not yet been described, this question remained open. In 
this work, macrophage depletion was performed by injecting 
liposome-encapsulated dichloromethylene bisphosphonate 
(Cl2MBP liposome), and 48h after the induction of acute 
pancreatitis by taurocholic acid (3%). Among the results 
obtained are: reduction in the number of neutrophils, 
concentration of infl ammatory cytokines in the peritoneal and 
serum lavage, volume of ascites and reduction of pulmonary 
and pancreatic damage.

A study conducted by Liu, et al. (2018) showed that drainage 
of ascitic fl uid (paracentesis) in this type of BP promoted a 
change in the macrophage phenotype (transition from M1 to 
M2), signifi cantly reduced histopathological scores and levels 
of amylase, lipase, tumor necrosis factor- and interleukin 
(IL) -1, L-selectin, elevated the cytokines IL-4 and IL-10 and 
increased the expression of the anti-infl ammatory protein 
Arg-1 in the pancreas of rats [65]. 

Conclusion

Based on these studies, it is possible that there is a 
correlation between acute pancreatitis and the dynamics 
of peritoneal cells in the course of the disease, and that the 
manipulation of this system can be a strategy to be studied 
in the management of BP, based on minimally interventions. 
invasive, such as using techniques for cell characterization.
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