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Abstract
Intra-abdominal infections can be classified into uncomplicated or complicated (peritonitis). Peritonitis is divided into primary, secondary, and tertiary. Tertiary peritonitis is the less common but the most severe among peritonitis stratifications, being defined as a recurrent intra-abdominal infection that occurs 48 h after a well-succeeded control of a secondary peritonitis. This disease has a complex pathogenesis that is closely related to the capacity of the peritoneal cavity to activate immunological processes. Patients who progress to persistent peritonitis are at an increased risk of developing several infectious complications such as sepsis and multiple organ failure syndrome. Moreover, tertiary peritonitis remains an important cause of hospital death mainly among patients with associated risk factors. The microbiological profile of organisms causing tertiary peritonitis is often different from that observed in other types of peritonitis. In addition, there is a high prevalence of multidrug-resistant pathogens causing this condition, and an appropriate and successful clinical management depends on an early diagnosis, which can be made easier with the use of clinical scores presenting a good prediction value during the intensive care unit admission. Complementarily, immediate therapy should be performed to control the infectious focus and to prevent new recurrences. In this sense, the treatment is based on initial antimicrobial therapy and well-performed peritoneal drainage.
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Core Tip: Tertiary peritonitis is a major cause of death among surgical patients. However, there is a lack of recent studies compiling the most important data on this issue. In this sense, this review provides a broad overview on that condition, from pathogenesis to treatment, compiling the most updated information on this issue.

INTRODUCTION
Peritonitis is the major cause of severe sepsis in surgical intensive care units (ICUs) worldwide, especially when it comes to its most serious forms[1]. Although remarkable advances in the management of the peritoneal cavity have been achieved as a consequence of greater availability of diagnostic and therapeutic resources, tertiary peritonitis (TP) remains an important cause of death among inpatients, being associated with mortality rates ranging from 30% to 60%[2].
Intra-abdominal infections (IAIs) are commonly classified into non-complicated and complicated IAIs on the basis of the extent of the infection site. Whereas in non-complicated IAIs the infection is limited to a single organ and the integrity of the anatomical structures is maintained, complicated IAIs reach the peritoneum, leading to a local or diffuse peritonitis[3]. The peritonitis, in its turn, can be classified into primary, secondary, or tertiary. Among the causes of primary peritonitis stand out the bacterial translocation, hematogenous dissemination, or iatrogenic abdominal contaminations that are not accompanied by macroscopic repercussions in the gastrointestinal tract (GIT)[4]. The secondary peritonitis (SP) occurs when the infectious process extends in a localized or generalized manner, accompanied by anatomical GIT rupture, resulting from traumatic, surgical, or ischemic processes[5]. Lastly, a peritonitis that keeps up 48 h after successful surgical treatment of an SP is classified as a TP, which initially manifests as local irritation and has nosocomial pathogens as causal agents[4].
Various pathogens are associated with the onset of the TP. The inflammation is favored by the peritoneum capacity to allow the activation, differentiation, and proliferation of immune cells, which leads to complex immune responses against invading microorganisms[6]. Because TP is a life-threatening condition, an accurate and rapid diagnosis is crucial for the appropriate management of the disease[7]. Such diagnosis is made on the basis of clinical manifestations related to the peritoneal and systemic inflammation and can be supported by laboratory findings, imaging, and some score systems including Mannheim Peritonitis Index (MPI), Acute Physiology And Chronic Health Evaluation II (APACHE II), and Simplified Acute Physiology Score (SAPS)[7-11]. The management of affected individuals is made through measures aimed at infection control, which range from antimicrobial therapy to percutaneous drainage or open surgical intervention[12,13].
This review aims to provide an updated overview on TP, from its pathophysiology to its management, as well as to discuss the complications, prognosis, and risk factors associated with this condition.

PATHOGENESIS
[bookmark: _Hlk58003098][bookmark: _Hlk58003126]The peritoneum is essential to provide an immunocompetent cavity system that is able to promote the activation, differentiation, proliferation, and recruitment of components of the immune system[14]. Nonetheless, certain clinical scenarios predispose the colonization of that environment by some microorganisms. In that context, the main pathogens related to the TP are enterococci (15%-35%), coagulase-positive staphylococci (5%-30%), Candida spp (10%-30%), and Escherichia coli (10%-15%), whereas the prevalence of Pseudomonas spp, Enterobacter spp, Bacteroides spp, Klebsiella spp, and Staphylococcus aureus are often lower than 10%[6]. Infections or surgical traumas to the peritoneum trigger an immune response with an initial predominance of monocytes, which produce pro-inflammatory cytokines such as tumor necrosis factor alpha, interleukin (IL)-1β, and interferon-γ aiming to recruit other cells in order to establish a robust immune response. In this process, anti-inflammatory cytokines including IL-4, IL-10, IL-1RA, and IL-13 are also released to control the level of inflammation and protect the host against an exacerbated inflammatory response[15]. These cytokines tend to inhibit the action of monocytes, including their ability to present antigens by reducing the expression of human leukocyte antigen-DR isotype. If there is a decrease of more than 30% in the human leukocyte antigen-DR isotype expression by monocytes, then an “immunological paralysis” can be found, a phenomenon that is believed to be the basis for the development of the TP[16]. In addition, neutrophils seem to affect the microbicidal function of other immune cells, hindering the occurrence of an effective type 1 T helper response and, therefore, playing a role in the above-mentioned immunological phenomenon[17].

CLINICAL MANIFESTATIONS AND DIAGNOSIS
The distinct innervations of the parietal and visceral layers of the peritoneum determine the manifestations in patients with peritonitis. Parietal peritonitis manifests as a somatic, acute, constant, local pain and potentially affects abdominal wall muscles. As a result, patients tend to present with abdominal stiffness as a protective reaction. On the other hand, inflammation in the visceral peritoneum often leads to a referred, colicky pain in the medial aspect of the abdomen[8]. Along with the clinical picture of acute abdomen, the TP is commonly accompanied by elevation in body temperature as well as imaging and laboratory findings, being associated with progressive multiple organ failure and prolonged systemic inflammation[18,19].
The first step in the approach of patients with clinical manifestations compatible with peritonitis should be the characterization of the clinical severity through appropriate score systems. Moreover, the hospital service should be prepared for a potential immediate intervention[19]. Relaparotomy is the most commonly used method to diagnose and treat the TP. This procedure may be necessary more than once after the initial surgery and it is considered as a late diagnostic method. Therefore, the identification of clinical features associated with an increased risk of developing TP may lead to an earlier diagnosis[20]. Clinical scoring systems are frequently mentioned in studies as important tools used in the ICU admission, being useful in the evaluation of the severity and clinical outcomes of the TP[21]. The MPI is a scoring tool based on clinical parameters that aims to predict mortality and risk of post-surgical complications in patients with peritonitis[9]. It takes into consideration specific factors of the disease such as the characteristics of the peritoneal fluid (clear, purulent, or fecal) and the degree of the peritonitis[22]. That index used to be applied only in SP, but it also proved to be effective in the prediction of the development of TP[7]. In addition, a study found that scores equal to or less than 32 for that index are associated with a low risk of death, whereas scores greater than 32 are associated with a high risk for this outcome[9]. Other disease-independent scores such as the APACHE II and SAPS II can be used in order to stratify patients based on the risk of death and disease severity. They are obtained from physiological parameters and may help in the decision making in the management of each patient in addition to serving as parameters for the effectiveness of the treatment provided[10,11]. The APACHE II is one of the most well-known and used systems in ICUs, and it is based on 12 physiological variables such as blood pressure, heart rate, temperature, age, and biochemical parameters, predicting mortality and multiple organ failure. A study evaluating this system found that a score equal to or greater than 15 is associated with higher mortality rates than scores below that cutoff[23]. A study including 122 patients demonstrated that individuals who progressed to TP had mean values of APACHE II (12.0 ± 6.3 vs 15.7 ± 4.8, P < 0.001) and MPI (25.2 ± 8.8 vs 28.7 ± 8.0, P = 0.035) scores significantly higher than those who had only SP. Moreover, that study showed higher effectiveness associated with the combined use of these score systems compared to the use of MPI alone (P < 0.001)[21]. The SAPS II is a tool that assists in predicting mortality from 17 variables that are collected in ICU admission, being a prognostic method for TP[24,25]. A study conducted by Weiss et al[26] that included 356 IAI patients demonstrated that the medians of MPI (25.9 vs 31.4, P < 0.001), APACHE II (12.4 vs 20.7, P < 0.001), and SAPS II (31.9 vs 45.6, P < 0.001) were significantly higher in TP patients compared with SP individuals[26].
The serum level of C-reactive protein is another parameter commonly used in that context[27]. Such protein was shown to be increased in the serum of post-surgical patients, but it is not specific for abdominal infections and can be just a consequence of other repercussions from the initial surgery[28]. A study that included 69 patients within the first days after a surgery to treat SP observed significantly higher values of C-reactive protein (265 mg/dL vs 217 mg/dL, P < 0.05) as well as of SAPS II (45.1 vs 28.4; P < 0.005) and MPI (28.6 vs 19.8; P < 0,001) among individuals who progressed to TP compared to those with SP[7].
Clinical suspicion of peritonitis can be elucidated with complementary data from imaging exams. Simple radiographic examination is not very effective in the identification of recurrent peritonitis due to the insignificant presence of abdominal air during the post-surgical period. In contrast, ultrasound examination and computerized tomography are often used and have satisfactory performances in the diagnosis/screening of intra-abdominal acute infections, with the latter having a higher potential for this purpose[2]. Both methods aid in the detection and drainage of abdominal fluid collections[29].
Complementarily, laboratory parameters and microbiological monitoring play pivotal roles in the diagnosis of the TP. Routine microbiological screening is able to identify rapidly infections by nosocomial pathogens and serve as a basis for the search for an infectious focus and for the appropriate antimicrobial choice[30]. Otherwise, laboratory investigation in this setting is made on the basis of the evaluation of leukocytes and procalcitonin, besides the aforementioned C-reactive protein. These parameters can be altered as a consequence of the inflammatory response due to the initial surgery as well; however, considerably high and rising values may indicate a recurrent infection[31]. In the aforementioned study by Weiss et al[1], these parameters were also evaluated, and procalcitonin and temperature elevations showed to be the most sensitive clinical/laboratory parameters to diagnose that condition (sensitivity = 64.5% and 63.4%, respectively). Although these parameters can increase the accuracy of the diagnosis, their usefulness may be reduced in patients who present with sepsis, multiple organ failure, and recurrent inflammations. Of note, even the accuracy of the clinical examination can be reduced due to non-infectious confounding factors such as surgical and reperfusion damages as well as therapies with steroidal anti-inflammatory drugs[1].
There are three practical stratifications for TP according to the different levels of clinical evidence suggesting its diagnosis. A microbiologically confirmed TP is characterized by detectable nosocomial pathogens in the peritoneal fluid or blood 48 h after the treatment of the SP. An SP-like clinical presentation with a documented persistent inflammation (more than 500 leukocytes/µL of peritoneal fluid) and lack of microbiological confirmation after the aforementioned post-surgical period characterizes a probable TP. In contrast, if there is no documented evidence of peritoneal inflammation in that clinical scenario, the condition is defined as a possible TP[4]. Figure 1 summarizes the stratification of patients with IAIs.
Because the delimitation between SP and TP can be difficult in clinical practice, some authors argue that the stratification into three clinical entities for peritonitis may be unnecessary. They suggest the exclusion of the term “tertiary peritonitis” and propose a subclassification of SP in which the presence or absence of anatomic rupture and clinical severity should be considered as distinct phenotypes of a single condition[6,32].

TREATMENT
The management of TP involves establishing an effective antimicrobial therapy covering multidrug-resistant pathogens as well as performing procedural approaches in order to control the source of infection. Previous antimicrobial therapies and exposure to the hospital environment are associated with changes in the pattern of microbiological colonization of the patients; and, therefore, IAIs in these circumstances are more likely to involve nosocomial bacteria[12]. Of note, fungi are not uncommon pathogens among patients with bowel involvement, nosocomial infection, previous exposure to antibiotics, immunocompromising conditions, or recurrent infections[13].

Source control and drainage
Except for primary peritonitis, surgical intervention and/or percutaneous drainage are often required for the treatment of IAIs, and the latter procedure should be the first choice. Open surgical interventions allow surgeons to identify and correct dehiscence or anatomical changes, to debride infected necrotic tissues, and to drain fluids[13]. Sample collections for microbiological analysis including gram stain and cultures should be performed during the procedure. The microbiological analysis is especially important for patients who were previously exposed to antibiotics or who are at a high risk of infection with resistant organisms. Gram staining provides early guidance that aids in the choice of antibiotics and may be the only source of information if cultures do not achieve satisfactory growth[33].
Indication for surgical treatment should be aggressive and aims to eliminate the source of infection, to reduce the peritoneal contaminants, and to avoid a continued peritonitis. The cavity approach should be performed through the former surgical incision, whose length should be extended if necessary. The reduction of peritoneal contamination is done through aspiration of the infectious content, purulent exudates, food debris, or fecal particles, in a radical debridement scheme[34]. Most patients progress with mechanical obstruction and substantial distention of the small intestine, making decompression an important part of the surgical treatment as well as the washing of the abdominal cavity[35]. Of note, the main goal is to solve the intraperitoneal infectious process in the first re-intervention, thus avoiding new re-interventions, since there is an increase in mortality in patients who undergo multiple re-interventions[36].
Another important measure associated with the definitive resolution of IAI is to avoid planned relaparotomy. A randomized trial including 232 patients compared planned relaparotomy (after 36-48 h of the last approach) vs on-demand approaches (when there are parameters of clinical deterioration). Their results demonstrated that the former group did not experience a statistically significant reduction in the occurrence of unfavorable primary outcomes (morbidity and mortality) associated with severe peritonitis. However, there was a significant reduction in the prevalence of secondary outcomes such as the frequency of relaparotomies and percutaneous drainages as well as the length of hospital and ICU stay[37]. The negative result of programmed relaparotomies seems to be related to a delay in the diagnosis of persistent infection and the onset of multiple organ dysfunction syndrome before the re-approach.

Adjuvant therapy
In addition to the mandatory surgical treatment in the management of TP, pharmacological therapy has great importance in mitigating the infectious process. Given the increasing prevalence of infections caused by multidrug-resistant organisms, studies have been evaluating the appropriate selection of antimicrobial drugs and the duration of treatment[38]. Resistance to multiple drugs is not exclusive to nosocomial pathogens; and, otherwise, it can also be seen in community-acquired infections, mainly by extended-spectrum beta-lactamase microorganisms. However, infections by pathogens from a hospital multidrug-resistant microbiota represent a greater challenge for the pharmacological approach in TP[39]. It has to be emphasized that the presence of risk factors related to the patient also leads to the prescription of more aggressive adjuvant therapies.
Given the above, knowing the nosocomial microbiota is crucial to guide the spectrum of the adjuvant therapy. Multidrug-resistant bacteria can be both gram-positive or gram-negative microorganisms[40]. In addition, fungal infections in patients with TP can also be observed, with Candida albicans being the most commonly found pathogen, besides other opportunistic fungi.
Along with the growing number of infections caused by multidrug-resistant pathogens, new drugs and antibiotic schemes have been made available. Among the new drugs and therapeutic combinations stand out some cephalosporins (ceftolozane and ceftazidime) associated with beta-lactamase inhibitors (tazobactam and avibactam) and fluorocyclines (eravacycline). However, their use should be carefully selected in order to prevent the development of bacterial resistance[41]. These new options have been added to the widely used regimens against aerobic and anaerobic gram-negative bacilli such as meropenem, imipenem-cilastatin, doripenem, and piperacillin plus tazobactam, for individual use, and ceftazidime or cefepime associated with metronidazole if an infection by anaerobic microorganism is suspected[42]. In addition, antienterococcal antibiotics are recommended in empirical schemes for patients with nosocomial IAIs, especially those with postoperative infections who were previously treated with cephalosporins. In this scenario, ampicillin or vancomycin can be added for enterococcal coverage[13]. In IAI cases with a documented infection by methicillin-resistant Staphylococcus aureus or an increased risk of colonization by this pathogen due to failure of previous treatment and previous exposure to various antibiotics, an empirical antimicrobial scheme including vancomycin should be instituted[2]. Furthermore, echinocandins were shown to be superior to other drugs in controlling peritonitis by Candida spp in critical patients, whereas the use of azoles is indicated in patients in clinical remission[42].
Furthermore, the duration of antimicrobial therapies directly influences the development of multidrug-resistant organisms. Moreover, a series of studies conducted in countries such as France and the United States (STOP-IT 2015) observed no benefit with the use of prolonged antimicrobial therapy for the control of the infectious focus in patients with peritonitis[43,44]. The most updated guidelines of the Surgical Infection Society indicate the use of antibiotics for no more than 96 h in patients with a controlled infectious focus. On the other hand, patients who have not undergone a procedure aiming for the definitive control of the infectious focus should have their therapy extended for 5-7 d (Table 1)[45].

CLINICAL COMPLICATIONS, PROGNOSIS, AND RISK FACTORS
Since late diagnosis increases the likelihood of negative outcomes in TP, it is a condition that requires great attention from the medical team. This disease should not be ignored and requires effective and targeted treatment according to the clinical characteristics of each patient in order to avoid clinical complications[2,46].
[bookmark: _Hlk50367577][bookmark: _Hlk58003882]Some independent factors can increase mortality in TP patients, such as advanced age [odds ratio (OR): 1.06, 95% confidence interval (CI): 1.03-1.1, P < 0.001], cerebrovascular disease (OR: 4.3, 95%CI: 1.40-13.1, P = 0.01), malignant disease (OR: 2.9, 95%CI: 1.3-6.5, P = 0.01), hemodialysis dependence (OR: 3.8, 95%CI: 1.3-11.2, P = 0.02), and liver disease (OR: 4.2, 95%CI: 1.6-15.1, P = 0.03)[2,21]. Individuals with TP have higher rates of multiple organ failure and a higher mortality rate than patients with SP[1,7,21,47]. A recent study by Ballus et al[48] assessed 343 patients with peritonitis who underwent abdominal surgery. Among them, 185 progressed to TP, from which 48% (n = 90, P = 0.02) died. Besides, patients with TP are at a higher risk of developing severe sepsis/septic shock[48].
Among other characteristics associated with a poorer prognosis stand out delayed intervention, inability to obtain satisfactory surgical control, immunosuppression, organ dysfunction, severe peritoneal involvement or diffuse peritonitis, hypoalbuminemia, and low nutritional status[13].
The ICU admission itself predisposes the occurrence of certain infections due to the mechanisms used in the treatment of the patient. In this sense, it is not uncommon to observe cases of pneumonia associated with artificial respiration, contamination through central venous access, or urinary tract infection due to vesical catheterization[26,45]. Therefore, patients with TP are at an increased risk of acquiring additional infections since their period of stay in the ICU tends to be longer than individuals with SP (21.8 ± 14.9 d vs 8.5 ± 7.9 d)[18]. Bacterial resistance is another point that makes recovery difficult and increases the severity of the condition and the length of hospital stay[47].
The aforementioned study by Ballus et al[48] found that some factors may contribute to the development of TP in ill individuals, such as a long stay in ICU (P = 0.01), the necessity of urgent surgery in hospital admission (P = 0.006), the use of parenteral nutrition in ICU patients (P = 0.002), and initial infection in the stomach or duodenal sites (P = 0.011). On the other hand, patients who had localized peritonitis at ICU admission had lower chances of developing TP (P = 0.001).

CONCLUSION
Although advances have been achieved in our knowledge of TP, much has to be done aiming for a better understanding of this condition. Unfortunately, this review evidences a limited number of current studies on that condition. In this sense, given the high complexity of TP and the absence of a meaningful reduction in its mortality rates throughout the years, it has to be emphasized the importance of conducting original studies that aim for a better comprehension of the condition and for improvements in its management. Of note, an effective diagnosis is essential for an appropriate and rapid therapy, which should include both procedural approaches aiming for the definitive control of the infectious focus and the use of antimicrobial drugs, leading to a lower frequency of complications and unfavorable outcomes.
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Figure 1 Stratification of intra-abdominal infections. GIT: Gastrointestinal tract; NP: Nosocomial pathogens; SP: Secondary peritonitis.

Table 1 Adjuvant therapy in tertiary peritonitis
	Microorganisms
	Antimicrobial drugs
	Treatment duration (for all regimens)

	Gram-negative bacilli and multidrug-resistant pathogens
	Meropenem or imipenem-cilastatin or piperacillin-tazobactam or doripenem; Anaerobic microorganisms: ceftazidime or cefepime associated with metronidazole; New schemes: ceftolozana or ceftazidime + tazobactam or avibactam; Fluorocyclines
	Patients with controlled infectious focus: no more than 96 h. Patients who not yet undergone definitive control of the infectious focus: 5-7 d

	Enterococcus spp
	Include ampicillin or vancomycin
	

	MRSA
	Include vancomycin
	

	Candida spp
	Critical patients: echinocandins; Patients in clinical remission: azoles
	


MRSA: Methicillin-resistant Staphylococcus aureus.
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Intra-abdominal infections (IAls)
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