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Abstract 
Restorative proctocolectomy with ileal-pouch anal anastomosis (IPAA) is the operation of choice for medically refractory ulcerative colitis (UC), for UC with dysplasia, and for familial adenomatous polyposis (FAP). IPAA can be a treatment option for selected patients with Crohn’s colitis without perianal and/or small bowel disease. The term “pouchitis” refers to nonspecific inflammation of the pouch and is a common complication in patients with IPAA; it occurs more often in UC patients than in FAP patients. This suggests that the pathogenetic background of UC may contribute significantly to the development of pouchitis. The symptoms of pouchitis are many, and can include increased bowel frequency, urgency, tenesmus, incontinence, nocturnal seepage, rectal bleeding, abdominal cramps, and pelvic discomfort. The diagnosis of pouchitis is based on the presence of symptoms together with endoscopic and histological evidence of inflammation of the pouch. However, “pouchitis” is a general term representing a wide spectrum of diseases and conditions, which can emerge in the pouch. Based on the etiology we can sub-divide pouchitis into 2 groups: idiopathic and secondary. In idiopathic pouchitis the etiology and pathogenesis are still unclear, while in secondary pouchitis there is an association with a specific causative or pathogenetic factor. Secondary pouchitis can occur in up to 30% of cases and can be classified as infectious, ischemic, non-steroidal anti-inflammatory drugs-induced, collagenous, autoimmune-associated, or Crohn's disease. Sometimes, cuffitis or irritable pouch syndrome can be misdiagnosed as pouchitis. Furthermore, idiopathic pouchitis itself can be sub-classified into types based on the clinical pattern, presentation, and responsiveness to antibiotic treatment. Treatment differs among the various forms of pouchitis. Therefore, it is important to establish the correct diagnosis in order to select the appropriate treatment and further management. In this editorial, we present the spectrum of pouchitis and the specific features related to the diagnosis and treatment of the various forms.
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[bookmark: OLE_LINK784][bookmark: OLE_LINK785]Core tip: Proctocolectomy with ileal-pouch and anal anastomosis is the operation of choice for refractory ulcerative colitis, for colitis with dysplasia, for familial polyposis and for selected Crohn’s colitis patients. Pouchitis symptoms are non-specific, and cannot be used alone to identify the cause. Furthermore, the name “pouchitis” is a general term representing many conditions, with differing causes and treatments. To manage pouchitis appropriately, one must be able to establish the correct diagnosis. In this paper, we have reviewed the diagnostic methods, including endoscopy, histology and other investigative tools, with the goal of being able to provide the correct diagnosis and treatment. 
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POUCHITIS: DEFINITIONS AND CLASSIFICATION 
Restorative proctocolectomy with ileal-pouch and anal anastomosis (IPAA) is the operation of choice for refractory ulcerative colitis (UC), for UC with dysplasia, and for familial adenomatous polyposis (FAP). Additionally, IPAA can be a treatment option for a selected group of patients with Crohn’s colitis without perianal and/or small bowel disease[1].
Pouchitis is a common complication in patients with IPAA, but the term is nonspecific, and encompasses a variety of etiologies and pathogenesis. Interestingly, while pouchitis may occur in up to 50% of patients with UC, it is rarely seen in patients with FAP[2,3]. This suggests that the pathogenetic background of UC may contribute significantly to the development of pouchitis. 
The symptoms of pouchitis are nonspecific[4] and can include increased bowel frequency, urgency, tenesmus, incontinence, nocturnal seepage, rectal bleeding, abdominal cramps, and pelvic discomfort. Extraintestinal manifestations, involving joints, eyes, skin and liver may also be present, more commonly in UC patients with IPAA[5]. 
The diagnosis of pouchitis is based on the presence of symptoms plus endoscopic and histological evidence of inflammation of the pouch. In general, pouchitis can present in 3 forms - acute, relapsing or chronic. 
However, “pouchitis” is a general term like “colitis”, and represents a wide spectrum of diseases and conditions, which can emerge in the pouch (Table 1). Based on etiology, we can identify 2 main diagnostic pouchitis groups - idiopathic and secondary. In “idiopathic” pouchitis, the etiology and pathogenesis are unclear, while in “secondary” pouchitis, there is an association with a specific causative or pathogenetic factor[6]. Secondary pouchitis occurs in up to 30% of cases and can be infectious, ischemic, non-steroidal anti-inflammatory drug (NSAID)-induced, collagenous, autoimmune-associated, or due to Crohn's disease. Sometimes, cuffitis or irritable pouch syndrome are misdiagnosed as pouchitis. Furthermore, idiopathic pouchitis can be sub-classified in types based on the clinical pattern, presentation, and responsiveness to antibiotic treatment. 

IDIOPATHIC POUCHITIS
In the majority of patients with pouchitis, the etiology and pathogenesis are not clear and the disease is identified as idiopathic pouchitis. The pathogenesis of pouchitis in these patients may be triggered by dysbiosis, leading to an altered mucosal immune response. 

Pathogenesis 
The intestinal microbiota, the intestinal epithelial cells and the immune system of the gut epithelium play a vital role in pouch homeostasis[7]. Following ileostomy closure, the ileal mucosa of the pouch is exposed to feces containing higher bacterial concentrations than in the ileum of a healthy individual; this is due to relative fecal stasis in the pouch[7]. During the first year following ileostomy closure, adaptive changes occur gradually in the pouch microbiota and mucosa. The pouch microbiota shift to a colon-like composition[8] and colonic metaplasia of the pouch mucosa occurs, where mucosal goblet cells and columnar epithelial cells acquire colonic morphologic and functional characteristics[9]. Current evidence suggests that the interactions of the altered composition and/or the quantity of the luminal microbiota (dysbiosis), with the altered characteristics of the mucosa (colonic metaplasia), in conjunction with abnormalities of innate and adaptive mucosal immunity, play a key role in the pathogenesis of pouchitis (Figure 1)[7,10,11].

Microbiota:	Pouchitis in UC patients is usually responsive to antibiotic therapy, which is presumed to indicate that bacteria are involved in the pathogenesis. However, microbiological investigations of the bacterial communities with cultures of stool or mucosal biopsies have failed to reveal the culprit species. Furthermore, even the new molecular microbiological techniques have failed to identify a certain species or a group of species which can specifically be associated with pouchitis in patients with either a UC or FAP pouch[12]. However, studies have shown that pouch microbiota differ between UC patients and FAP patients[13]. Bacterial diversity seems to play a protective role since it is significantly greater in FAP patients compared to UC patients without pouchitis, and it was also greater in UC patients without pouchitis compared to UC patients with pouchitis[12]. In addition, there may be a temporary alteration in the composition of the microbial community during pouchitis compared to the non-inflamed pouch, both in UC and FAP pouch[13]. Sulfate-reducing bacteria may play a role in UC patients with pouchitis. These bacteria exclusively colonize pouches in UC patients and not in FAP patients; the reasons are unknown[14]. Since idiopathic pouchitis is seen mostly in UC patients, these bacteria may well play a role in pouchitis pathogenesis.

Immune responses: The interactions between the pouch microbiota and host immune responses, innate and adaptive, play also significant role in pouchitis pathogenesis. Innate mucosal immune reactions are implicated in pouchitis pathogenesis, while the adaptive mucosal immunity reactions probable are an epi-phenomenon after the activation of a nonspecific inflammatory cascade or pathway[15,16]. Mucosal barrier dysfunction, with increased intestinal permeability, is also believed to play a role in pouchitis[17]. In a recent study, Landy et al[18] found abnormalities in tight junction protein (TJP) expression in UC pouches and differences in dendritic cell (DC) expression of gut-homing markers and toll-like receptors (TLRs) between the inflamed and non-inflamed ileal pouch in patients with UC, but not FAP. 

Genetics: So far, only a few small studies have analyzed genetic susceptibility to pouchitis. Polymorphisms in the interleukin-1 receptor antagonist gene allele 2, tumor necrosis factor (TNF) allele 2, TLR 1 and NOD2/CARD15 have been associated with pouchitis. In addition, the carriers of the toll-like receptor (TLR) 9-1237C and the CD14-260T alleles were found significantly more often to have the chronic relapsing form of pouchitis[11]. 

Risk factors
Reported risk factors for pouchitis include genetic susceptibility (polymorphisms of IL-1ra and NOD2/CARD15, non-carrier status of TNF allele 2), extensive UC, backwash ileitis, preoperative thrombocytosis or corticosteroid use, extraintestinal manifestations, especially PSC, the presence of p-ANCA, non-smoking status, and the use of NSAIDs[10]. Different risk factors may be associated with the different types of pouchitis, suggesting different pathogenic pathways in the various forms of idiopathic pouchitis and secondary pouchitis. 

Classification
Idiopathic pouchitis can be categorized as acute, acute relapsing, or chronic. It can also be classified as antibiotic-responsive, antibiotic-dependent and antibiotic-refractory (Table 2)[10,19]. It is important to emphasize that approximately 20%-30% of patients with chronic antibiotic-refractory pouchitis are mis-classified, and actually have secondary pouchitis. The management of these conditions differs from that for idiopathic pouchitis and is specific to the underlying etiology.

SECONDARY POUCHITIS
Clostridium difficile pouchitis
[bookmark: OLE_LINK2883][bookmark: OLE_LINK2884]Clostridium difficile (C. difficile) infection (CDI) is a common cause of diarrhea in hospitalized patients, including those with IBD[20]. It is now also a common cause of antibiotic-associated diarrhea in the general population with increasing incidence[21]. CDI can also affect IBD patients post-surgically, both in ileostomates, with increased stoma output, and in patients with IPAA, in whom CDI may range from simple asymptomatic colonization to chronic antibiotic-refractory pouchitis[22,23]. Fulminant Clostridium difficile-associated pouchitis has also been described[24] . Management choices should reflect standard practices for the treatment of this infection. 

Infectious pouchitis
In a recent study, bacterial pathogens other than C. difficile have been identified in some patients with chronic refractory pouchitis[25]. Fecal samples were analyzed in 15 patients with active refractory pouchitis and the cultures revealed Escherichia coli, Klebsiella, unclassifiable coliforms, Pseudomonas, and Morganella in isolation or in combination. Treatment was based on antibiotic sensitivity results; clinical response and remission was achieved in 12 out of 15 cases (80%). This study showed that fecal culture, fecal coliform sensitivity testing and targeted antibiotic treatment can be beneficial in some patients with refractory pouchitis. It is important to notify the lab to perform sensitivities on all predominant organisms, and to not discard cultures of what appear to be commensals. 

Candidal pouchitis
Although fungal pouchitis as a distinct form of pouchitis has not yet been described, fungal infection might be involved in a subgroup of patients with chronic refractory pouchitis. Navaneethan et al[6] reported that they have occasionally seen pouchitis in the setting of systemic candidiasis, although fungal invasion of the pouch tissue on histology was rare. In addition, they mention that clotrimazole has been shown to benefit patients with refractory pouchitis who had previously failed to respond to standard antibiotic therapies[6]. Although there is as yet no completed study, the authors stated that a study was in progress assessing the effectiveness and safety of topical clotrimazole enema in pediatric and adult patients with pouchitis (http://clinicaltrials.gov/ct2/show/NCT00061282)[6].

CMV pouchitis
CMV infection in patients with IPAA can cause chronic pouchitis with a clinical presentation similar to idiopathic pouchitis, with the only difference being that patients with CMV-associated pouchitis more often have fever compared to those with idiopathic pouchitis[26]. 

Ischemic pouchitis: Pouch ischemia may also be a cause of pouchitis. Characteristically, ischemic pouchitis is more often found in the efferent limb of the pouch[27]. Factors related to the surgical construction of the pouch have been implicated, including disruption of the vessels supplying the distal ileum during colectomy or the tension of the mesentery and/or the vessels that supply the distal ileum during the IPAA construction. However, besides the mechanical factors, the underlying disease may also play role, since ischemic pouchitis is more common in UC patients than in those with FAP[28]. Ischemic pouchitis may also be related to oxidative stress of the endothelial cells, due to ischemia-reperfusion injury, which eventually results in inflammation of the pouch mucosa[29]. Patients with ischemic pouchitis are often mis-classified as having chronic antibiotic-refractory pouchitis. Most of these patients have minimal symptoms, and do not require management. Compared with normal subjects, patients with IPAA have significantly lower plasma concentrations of lipophyllic antioxidants alpha-carotene, beta-carotene and lycopene and higher free radical activity suggesting increased oxidative stress. These differences do not appear to be related to diet and do not correlate with histological severity of pouch inflammation.

NSAID-induced pouchitis: It is well known that NSAID use can induce mucosal injury in the GI tract and can exacerbate disease activity in IBD patients. Not surprisingly, in a subset of patients with IPAA, NSAIDs can cause erosions in the pouch mucosa, which can result in either a pure NSAID-induced pouchitis per se or exacerbation of a pre-existing idiopathic pouchitis. NSAID use should always be elucidated in patients with chronic antibiotic-refractory pouchitis[30]. Elimination of NSAIDs should result in resolution. 

Autoimmune pouchitis: In a subgroup of patients with antibiotic-refractory chronic pouchitis, there is emerging evidence implicating autoimmunity as a factor. In these patients the pouchitis has some particular features, including: no response to conventional antibiotics; presence of extraintestinal manifestations such as arthralgia or PSC; concurrent autoimmune disorders such as asthma, psoriasis, type I diabetes, rheumatoid arthritis, autoimmune thyroid diseases, psoriasis, systemic lupus erythematosus; presence of serum autoantibodies (pANCA); and responsiveness to immunosuppressive therapies (steroids, thiopurines, biologics)[5]. 
Autoimmune pouchitis includes the PSC-associated and IgG4-associated forms of pouchitis. PSC has been described as a risk factor for the development of pouchitis in UC patients with IPAA. PSC-associated pouchitis predisposes to chronic antibiotic-resistant pouchitis. IgG4-associated pouchitis represents another subgroup of autoimmune pouchitis that predisposes to a more severe chronic antibiotic-resistant pouchitis. It is characterized by elevated serum IgG4 and/or infiltration of the pouch mucosa with IgG4-expressing plasma cells, even in the absence of concurrent autoimmune pancreatic disease[5]. 
 
Crohn's pouchitis: Crohn's disease of the pouch can occur in patients with prior Crohn’s colitis without previous small intestinal or perianal disease. More interestingly, Crohn's disease of the pouch can develop de novo in UC patients after colectomy with IPAA. CD of the pouch can exhibit the inflammatory, fistulizing or fibrostenotic phenotypes of classic CD and can affect any part of the gastrointestinal tract including the proximal GI tract, the neo-terminal ileum, the pouch and the perianal area. CD pouchitis is a more complex disease than the idiopathic variant or the other secondary forms of pouchitis. Separation of this diagnosis from the other forms of pouchitis, as well as from the surgery-associated complications is required[31]. With a view to pouch preservation, management should be relatively aggressive; unless antibiotics are highly effective, immunomodulators and/or biologics should be used, with the goal of mucosal healing. 
Cuffitis: Cuffitis refers to inflammation of the rectal cuff in the area between the anastomosis and dentate line. Cuffitis may be a variant of UC or simply represent a flare of UC in the rectal cuff, and is particularly common in IPAA constructed with stapled anastomosis without mucosectomy. With this technique a 1-2 cm segment of rectal columnar epithelium remains in situ, increasing the risk for cuffitis and requiring surveillance for dysplasia. The symptoms of cuffitis can be very similar to those of pouchitis plus the presence of bloody bowel movements. Thus, differential diagnosis from pouchitis is required since the management can be different[32-34]. 

Irritable pouch syndrome: The irritable pouch syndrome is a functional disorder of unclear cause in patients with IPAA. The patients present with symptoms of pouchitis without endoscopic or histologic evidence of inflammation in the pouch mucosa. It is a diagnosis of exclusion; aside from idiopathic and secondary pouchitis, other diagnoses which should be excluded include celiac disease, lactose or fructose intolerance, and proximal small-bowel bacterial overgrowth, and possibly others[35].

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 
“Pouchitis” represents a wide spectrum of inflammatory and non-inflammatory disorders of the pouch, with different pathogenetic mechanisms, presentations, courses, prognoses and treatments. It is therefore important to establish the correct diagnosis in order to optimize the management and treatment. The symptoms of pouchitis are non- specific. As is often the case in IBD, the severity of the symptoms does not necessarily correlate with the severity of endoscopic and/or histologic findings[36]. It is generally accepted that the diagnosis and differential diagnosis of pouchitis should be based on a combination of clinical, endoscopic and histological findings[37]. 
Two scoring systems have been developed to diagnose pouchitis and to assess disease severity, the pouchitis disease activity index[38] and the pouchitis activity score (PAS)[39]. Both combine the scoring of clinical symptoms, endoscopic findings and histologic features (Tables 3 and 4) and are commonly used in clinical trials. On the other hand, in clinical practice, endoscopy is the most accurate and valuable tool to diagnose the presence, describe the features and assess the severity of inflammation in the pouch mucosa. 
Pouchoscopy guides the next steps of the diagnostic work-up and, finally, the treatment. During pouchoscopy it is important to identify and carefully evaluate the pouch outlet, the pouch body, the efferent limb, the tip of the pouch (in J pouch), the pouch inlet, the afferent limb, the staple lines and the anal transitional zone or cuff (Figure 2)[40]. The endoscopist should collect information about the anatomical construction of the pouch and the severity, extent, and distribution of mucosal inflammation in the various parts of the pouch. The presence of edema, granularity, erythema, friability, spontaneous bleeding, erosions and ulcerations should be recorded[41]. Additionally, one should record the presence of afferent loop ileitis, cuffitis, or inflammatory polyps. 
Although one might expect a totally normal mucosa in the pouch, mild patchy edema and erythema are considered to be acceptable in a “normal” pouch (Figure 3 A and B)[42]. A normal-appearing mucosa in a symptomatic patient should raise the suspicion of irritable pouch syndrome. In active pouchitis, a spectrum of findings occurs. Most typical is a mucosa with findings resembling those of active ulcerative colitis (Figure 4 A and B). 
Patients with CDI pouchitis typically lack the classical endoscopic or histologic features of pseudo-membranes[43]. Immune-mediated pouchitis, including the PSC-associated and IgG4-associated forms, often produces diffuse inflammation in the pouch body, together with a long segment of inflammation in the afferent limb[44].
Ischemic pouchitis is characterized by an asymmetric distribution of the inflammation in the pouch body. The pouchitis is present in the efferent limb only, sparing the afferent limb of the pouch, with a sharp demarcation of inflamed and non-inflamed parts of the pouch body[27]. 
Patients with typical CD of the pouch may have: segmental inflammation of the pouch body and/or afferent limb[45]; strictures at the pouch inlet/outlet or in the afferent limb (Figure 5 A-H); and the presence of 1 or more fistulas (perianal, pouch-vaginal or pouch-vesical)[46]. 
With a finding of afferent limb ileitis, one must consider the following possibilities: NSAID-induced ileitis, CD ileitis, and immune-related ileitis. Immune ileitis is continuous, whereas the lesions in NSAIDs or CD ileitis can be patchy/segmental and often extend to the distal neo-terminal ileum (more than 10 cm beyond the pouch inlet, Figure 5). On endoscopy, cuffitis is characterized by inflammation of the rectal cuff only, while the pouch should be normal or near-normal, with minimal inflammation [34].
Histology, abdominal and pelvic imaging, stool examination and cultures, and serology can also contribute to the differential diagnosis, especially in chronic antibiotic-refractory pouchitis. Infectious causes can be excluded with stool culture and Clostridium difficile toxin assay. Antibiotic sensitivity testing in stool cultures can help identify effective antibiotics. The serology panel may include pANCA, celiac tests and serum IgG4 levels. 
Histology can help by characterizing the inflammation as acute or chronic, and by providing information useful for the differential diagnosis. However, it is important to recognize that there is a default “physiologic” inflammation in the pouch mucosa that represents an adaptive response of the ileal mucosa to the pouch construction and the environment (fecal stasis). The histologic features of the “normal” pouch include villous atrophy and crypt-cell hyperplasia, mild acute and chronic inflammatory infiltration by neutrophils, eosinophils, lymphocytes, plasma cells, and histiocytes, and colonic metaplasia of the mucosa with increased numbers of Paneth and goblet cells. True pouchitis is associated with increased villous atrophy, acute and/or chronic inflammatory infiltrates, crypt abscesses, and ulceration[47].
Specific histological features often help with the differential diagnosis. The presence of granulomas is typically indicative of CD, while viral inclusion bodies provide evidence for CMV infection, which can be confirmed with immunostaining for CMV antigen or tissue PCR for CMV, confirming the diagnosis of CMV pouchitis[26,48]. Pyloric metaplasia is a sign of chronic mucosal inflammation which can be associated with chronic antibiotic-refractory pouchitis or CD pouchitis[49,50]. Increased crypt apoptosis and lamina propria infiltration with IgG4 (+) plasma cells are observed in autoimmune-pouchitis[51,52]. In ischemic pouchitis a characteristic feature on histology is the presence of extracellular hemosiderin or hematoidin pigment deposits, while the classic histologic features of ischemic enteritis are not always present[27].
Abdominal imaging is a valuable tool for the diagnosis and differential diagnosis of ileal pouch disorders, particularly when CD is the cause. Computed tomography (CT) enterography and magnetic resonance imaging (MRI) enterography are useful for the evaluation of the location, number, and degree of strictures, the presence of abscesses, or, simply, the presence of inflammation of the pouch and the proximal small bowel. Contrast pelvic MRI or anorectal ultrasound can be used for the evaluation of the anatomy and abnormalities around the pouch body and the anal transitional zone, such as fistulas, sinus tracts, and abscesses[53].

MANAGEMENT
Antibiotics are the first-line treatment for idiopathic pouchitis. In patients with IPAA and a first attack of acute pouchitis, a course of empiric antibiotic treatment with metronidazole or ciprofloxacin can be justified, without the need of endoscopy and biopsy, since the majority of these patients will have a rapid favorable response. In approximately 40% of cases, acute pouchitis will present as a single episode without recurrence[54]. However, in 60% of the patients, acute pouchitis will follow a relapsing course after the first episode, and 20%-30% of them will develop a frequently relapsing form or refractory pouchitis[54,55].
In general, when symptoms of pouchitis appear in patients with IPAA, it is recommended, if possible, that endoscopy with biopsies be performed to establish the diagnosis, before initiating treatment. If endoscopy must be delayed, empiric treatment with antibiotics can be initiated. Stool culture and testing for C. difficile toxin should be obtained. In more chronic forms of pouchitis, relapsing or refractory, along with endoscopy and biopsies, the diagnostic evaluation should be expanded to cover the diagnosis and differential diagnoses of secondary or other causes of “pouchitis” (Figure 6). Subsequently, the treatment will be tailored to the specific diagnosis (Figure 7).

PREVENTION AND TREATMENT
Primary prophylaxis of a first episode of pouchitis
The prevention of pouchitis begins in the operative room during surgical construction of the pouch. A suitable-sized, not too long pouch, is less susceptible to pouchitis[56]. Excessive weight gain postoperatively has been associated with an increased risk for worse pouch outcomes, including pouchitis[57,58]. Moreover, the increase in fruit consumption and intake of antioxidants, vitamin A, and vitamin C may protect from pouchitis[59]. The use of probiotics, i.e., VSL#3, has been shown to be beneficial in the primary prevention of pouchitis[60]. The administration of Lactobacillus rhamnosus GG has also shown to be effective in the primary prophylaxis[61]. However, these treatments are expensive and the long-term benefit or safety is as yet unknown[58].

Treatment of acute idiopathic pouchitis 
[bookmark: OLE_LINK2878][bookmark: OLE_LINK2879]Patients with a first episode of acute pouchitis typically respond rapidly to antibiotic therapy. Metronidazole, ciprofloxacin, tinidazole, and rifaximin have all been used in the treatment of acute pouchitis in clinical practice[62]. First-line therapy includes a 2-wk treatment with metronidazole (15–20 mg/kg/d) or ciprofloxacin (1 g/d). High-dose VSL#3 has been reported to be effective for treating mild acute pouchitis[62,63]. It is noteworthy that patients who experience pouchitis symptoms immediately post-IPAA and do not respond to the antibiotic therapy, surgery-associated complications, such as pouch anastomotic leaks, should be suspected[19]. 

Secondary prophylaxis of subsequent episodes of pouchitis 
Relapse of pouchitis or recurrent pouchitis is common (60%) after treatment and resolution of the initial episode, and some of the patients will develop treatment-refractory disease. Long-term administration of the probiotic VSL#3 has been shown to be effective in maintaining antibiotic-induced pouchitis remission in 85% of treated patients in a 9-mo period[62,64]. However, other studies have failed to confirm this beneficial effect of VSL#3[65]. Rifaximin may be an alternative maintenance treatment[66].

Treatment of chronic antibiotic-refractory pouchitis
Chronic antibiotic-refractory pouchitis may respond to longer courses of antibiotic combinations such as ciprofloxacin and rifaximin[67], ciprofloxacin and metronidazole[68] or ciprofloxacin and tinidazole[69]. In patients with antibiotic-resistant pouchitis, a thorough investigation is recommended. Fecal cultures and antibiotic sensitivity testing may be needed to choose the appropriate effective antibiotics. Additionally, the investigation should aim to identify and treat causes of secondary pouchitis. 
Despite the atypical endoscopic findings treatment of C. difficile infection in pouch patients, management choices should reflect standard practices for the treatment of this infection[70,71]. Finally, recent studies have suggested that fecal microbiota transplantation might be an alternative or adjunctive treatment for refractory CDI pouchitis[72]. CMV-pouchitis can be treated with oral or intravenous anti-CMV agents (ganciclovir)[26]. Management should reflect current practice.
If NSAID-associated pouchitis is suspected, a trial of discontinuation of NSAIDs is recommended, and should result in prompt resolution. The safety of selective COX-2 inhibitors in IPAA patients is still unknown and if those suffering from arthralgias do not respond to acetaminophen (paracetamol), they can be tried on sulfasalazine[73]. 
Ischemic pouchitis may be treated with allopurinol. Allopurinol is a scavenger of oxygen-derived free radicals and previous studies have shown its beneficial effect both in an animal model and in treating active pouchitis[74].
Autoimmune pouchitis, both PSC- and IgG4-associated, can be treated with corticosteroids (prednisone or budesonide), immunomodulators (azathioprine, 6-mercaptopurine), or anti-TNF biologics (infliximab, adalimumab, others). The same treatment options apply for Crohn's pouchitis together with endoscopic or surgical interventions for fistulizing or stenosing disease[75,76]. With a view to pouch preservation, management should be relatively aggressive; unless antibiotics are highly effective, immunomodulators and/or biologics should be used, with the goal of mucosal healing.
Cuffitis can be treated similarly to ulcerative proctitis with topical 5-ASA or topical steroids; suppositories should be sufficient. Cuffitis refractory to topical treatment should raise the suspicion of other conditions in the perianal and peri-pouch area. Therefore, investigation with the appropriate additional imaging studies is recommended to rule out surgical complications or CD manifestations including fistulas, sinus tracts or abscesses[77]. 
Finally, the treatment of irritable pouch syndrome is empiric similar to the irritable bowel syndrome, and therapies can include dietary modifications, anti-diarrheals, antispasmodics, and tricyclic antidepressants.

FUTURE TRENDS AND RESEARCH 
The pouch itself and pouchitis, both acute and chronic, can serve as models to study IBD pathogenesis. Despite some differences, there are many similarities between idiopathic pouchitis and ulcerative colitis. Therefore, by studying the changes in the pouch environment that might eventually lead to pouchitis we can extract information that may help us to understand the pathogenesis of UC, as it proceeds from normal mucosa to chronic inflammation. 
So far, there are no reliable animal models of pouch/pouchitis. There are technical difficulties in the creation of a pouch and translational difficulties in interpreting the results into clinical practise due to differences in the genetic background, the bacterial flora and the gut inflammation between animals and humans. On the other hand, in the human pouch model these obstacles are lacking. Pouchitis can serve as an excellent clinical model to study the pathogenetic pathways of UC, CD and other conditions that affect the bowel including C. difficile, CMV or NSAIDs[78].
Undoubtedly, the gut microbiome has an important role in both IBD in general and in pouchitis pathogenesis. The development of new techniques for identifying the luminal and mucosal bacterial compositions in the gut before and after pouch construction, as well as potential pathogens involved in pouchitis will contribute to understanding the IBD and pouchitis pathogenesis. The pouch may be an ideal environment to study the gut microbiota and the role of dysbiosis in IBD pathogenesis[79]. 
Finally, in a recent study[80] more than half of asymptomatic patients with IPAA had abnormal endoscopic and/or histologic findings on surveillance pouchoscopy, suggesting that even asymptomatic pouch patients should have pouchoscopy at regular intervals in order to diagnose and consider treating sub-clinical pouch complications at an early stage.

CONCLUSION
Pouchitis represents a disease spectrum with differences in pathogenesis, clinical manifestations, course and treatment. It is therefore important for the clinician to be aware of the various phenotypes of pouchitis and to be familiar with the clinical, endoscopic and histologic features of each one in order to plan the appropriate management and apply the suitable treatment. Pouchoscopy is the best way to assess the patient with pouchitis symptoms in order to reach the correct diagnosis, treat accordingly, and follow the course. It is important to realize that one third of chronic treatment-refractory pouchitis cases are related to secondary etiologies or triggering factors that can be treated or modified, thus altering the course of pouchitis and avoiding pouch failure.
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Figure 1 Idiopathic pouchitis pathogenesis.
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Figure 2 The J-pouch anatomy (adapted and modified from Cima et al[40]).
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Figure 3 Normal pouch mucosa (A), mucosal granular pattern (edema) with disappearance of the mucosal vascular pattern (B).
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Figure 4 Active pouchitis (A, B). The mucosal vascular pattern has been lost and the mucosa is characterized by diffuse redness, severe edema with erosions and ulcers.
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Figure 5 Crohn’s ileo-pouchitis. Stenosis of the pouch outlet (A, B), normal appearing mucosa of the pouch (C), stenosis of the pouch inlet (D), stenosis of the afferent limb at 25 cm (E), linear deep ulcerations in the ileum (F), proximal stenosis of the ileum at 45 cm (G) and ulcers more proximally (H).
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Figure 6 Pouchitis diagnostic algorithm (adapted and modified from Shen et al[15]). C. difficile: Clostridium difficile.
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Figure 7 Pouchitis treatment algorithm (adapted and modified from Shen et al[15]). C. difficile: Clostridium difficile.





	Table 1 Classification of “pouchitis” according to the etiology


	Idiopathic pouchitis

	Secondary pouchitis

	· Infectious 
Bacterial pathogens:
Clostridium difficile, Campylobacter jejuni, Salmonella typhii, Escherichia coli, Klebsiella, Pseudomonas, others
Fungi: Candida
Viruses: CMV

	· Ischemic

	· NSAID-associated

	· Collagenous

	· Autoimmune-associated

	· Crohn’s disease-associated

	Other diagnoses

	· Cuffitis

	· Irritable pouch syndrome


NASID: Non-steroidal anti-inflammatory drug.





	Table 2 The variety of idiopathic pouchitis classifications


	Activity
	· Active
· Inactive 


	Presentation
	· Acute < 4 wk duration
· Chronic > 4 wk duration


	Clinical pattern
	· Single episode
· Infrequent < 4 episodes a year
· Relapsing > 4 episodes a year
· Continuous


	Response to treatment
	· Responsive 
· Refractory


	Response to antibiotics 
	· Antibiotic-responsive: 
· infrequent episodes (< 4 episodes per year) responding to a 2-wk course of a single antibiotic
· Antibiotic-dependent 
· frequent episodes or persistent episodes of pouchitis requiring long-term, continuous therapy for maintaining remission
· Chronic antibiotic-refractory 
· not responding to a 4-wk course of metronidazole or ciprofloxacin, requiring prolonged therapy of ≥ 4 wk consisting more than 2 antibiotics, oral or topical 5-ASA, corticosteroids, AZA/6-MP, or biologics

	 
	






	Table 3 The pouchitis disease activity index 

	Criteria
	Score

	Clinical
Stool frequency
 Usual postoperative stool frequency 
 1–2 stool ⁄ d > postoperative usual 
 3 or more stool ⁄ d > postoperative usual 
Rectal bleeding
 None or rare 
 Present daily 
Fecal urgency or abdominal cramps
 None 
 Occasional 
 Usual 
Fever (temperature > 37.8 °C)
 Absent
 Present 
	

0
1
2

0
1

0
1
2

0
1

	Endoscopic findings
 Edema
 Granularity 
 Friability 
 Loss of vascular pattern 
 Mucous exudates 
 Ulceration 
	
1
1
1
1
1
1

	Histological findings - Acute histological inflammation
Polymorphonuclear leucocyte infiltration
 Mild 
 Moderate without crypt abscess 
 Severe with crypt abscess 
Ulceration per low-power field (mean)
 < 25% / 25–50% />50% 
	

1
2
3

1/2/3

	Total pouchitis disease activity index (max 18) Pouchitis ≥ 7
	


	

[bookmark: OLE_LINK2887][bookmark: OLE_LINK2888]Table 4 The pouchitis activity score

	Criteria
	Score

	Clinical
Stool frequency/24 h: < 8/8-10/10-13/> 13
Urgency: absent/present 
Rectal bleeding: absent/present
	
0/2/4/6
0/3
0/3

	Endoscopic findings
 Edema: absent/present
 Granularity: absent/present
 Friability: absent/mild/severe
 Erythema: absent/mild/severe 
 Mucosal flattening: absent/present
 Ulcerations/erosions: absent/mild/severe
	
0/1
0/1
0/1/2
0/2/3
0/2
0/2/3

	Histological findings
Acute histological inflammation
Polymorphonuclear leucocyte infiltration
absent/discrete and patchy/moderate ± crypt abscesses or cryptitis/
extensive ± crypt abscesses or cryptitis
Ulcerations/erosions 
absent/mild and superficial/moderate/extensive

Chronic histological inflammation
Polymorphonuclear leucocyte infiltration
absent/mild and patchy/moderate/extensive
Villous atrophy
absent/minimal/partial/subtotal-total
	


0/1/2/
3

0/1/2/3



0/1/2/3

0/1/2/3

	Total pouchitis activity score (max 36)
Pouchitis ≥ 13
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