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Abstract
The revised Atlanta classification of acute pancreatitis was adopted by international consensus, and is based on actual local and systemic determinants of disease severity. The local determinant is pancreatic necrosis (sterile or infected), and the systemic determinant is organ failure. Local complications of pancreatitis can include acute peri-pancreatic fluid collection, acute necrotic collection, pseudocyst formation, and walled-off necrosis. Interventional endoscopic ultrasound (EUS) has been increasing utilized in managing these local complications. After performing a PubMed search, the authors manually applied pre-defined inclusion criteria or a filter to identify publications relevant to EUS and pancreatic collections (PFCs). The authors then reviewed the utility, efficacy, and risks associated with using therapeutic EUS and involved EUS devices in treating PFCs. Due to the development and regulatory approval of improved and novel endoscopic devices specifically designed for transmural drainage of fluid and necrotic debris (access and patency devices), the authors predict continuing evolution in the management of PFCs. We believe that EUS will become an indispensable part of procedures used to diagnose PFCs and perform image-guided interventions. After draining a PFC, the amount of tissue necrosis is the most important predictor of a successful outcome. Hence, it seems logical to classify these collections based on their percentage of necrotic component or debris present when viewed by imaging methods or EUS. Finally, the authors propose an algorithm for managing fluid collections based on their size, location, associated symptoms, internal echogenic patterns, and content.  
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Core tip: The revised Atlanta classification of acute pancreatitis was approved by international consensus, and is based on actual local and systemic determinants of disease severity. Local complications of pancreatitis can include acute peri-pancreatic fluid collection, acute necrotic collection, pseudocyst formation, and walled-off necrosis. Interventional endoscopic ultrasound (EUS) has been increasingly utilized in managing pancreatitis. This review describes the utility, efficacy, and risks associated with using therapeutic EUS and involved EUS devices to manage acute pancreatitis. The authors propose an algorithm for use in managing pancreatic fluid collections based on their size, location, associated symptoms, internal echogenic patterns, and content.

INTRODUCTION
In 1992, the Atlanta classification of acute pancreatitis was adopted by international consensus. While the Atlanta classification attempted to standardize reporting and communication among health care professionals, some of the terminology used was confusing and failed to objectively describe complications associated with pancreatitis. This made it difficult to provide proper treatment. A revised Atlanta classification was released in 2012 after years of web-based consultation among a global panel of experts and international pancreatic associations[1-3]. The new classification system is based on actual local and systemic determinants of severity, rather than descriptions of events correlated with severity[1,2]. The local determinant is pancreatic necrosis (sterile or infected) and the systemic determinant is organ failure (transient or persistent). Acute pan​creatitis is now classified into two phases (early and late), and its severity is classified as mild, moderate or severe. Mild acute pancreatitis is not accompanied by organ failure, local or systemic complications, and usually resolves in the first week. Moderately severe acute pancreatitis is accompanied by transient organ failure, as well as local complications or exacerbation of a co-morbid disease. Severe acute pancreatitis presents with persistent organ failure (> 48 h duration) (Table 1). 

Local complications of pancreatitis can include acute peri-pancreatic fluid accumulation, acute necrotic collection (ANC, sterile or infected), pseudocyst formation, and development of walled-off necrosis (WON) (sterile or infected). WON is characterized by a distinct rim that forms around areas of tissue necrosis and adjacent pancreatic parenchyma. Interventional endoscopic ultrasound (EUS) has been increasing utilized to help manage these local complications[4,5]. To gather information for this review, the authors searched English language medical literature and reviewed articles which described the utility, efficacy, and risks associated with using therapeutic EUS and its involved devices in these clinical settings, which we grouped together as pancreatic fluid collections (PFCs). The authors propose an algorithm for use in managing pancreatic fluid collections based on their size, location, associated symptoms, internal echogenic pattern, and structure.  

METHODS AND REVIEW STRATEGY

On November 15, 2014, the authors performed a PubMed search using the abbreviation EUS in combination with phrases or words related to pancreatic fluid collection; such as pseudocyst, fluid collection, abscess, and WON. Next, pre-defined inclusion criteria or filters were manually applied to the PubMed search results (Figure 1). The inclusion criteria were: (1) original report; (2) case number > 6; and (3) English language publication only. The authors then manually reviewed the publications and their listed references, i.e., cross-reference search. Finally, each published paper was jointly reviewed by two authors of this review article, and relevant important information was extracted. 

INDICATIONS AND TIMING FOR TRANSMURAL DRAINAGE

The decision to drain a pancreatic fluid collection depends on several factors, including the patient’s clinical condition and symptoms, the change in amount of accumulated fluid over time, the time from the onset of symptoms, and the presence of infection or other complications. Asymptomatic pancreatic and/or extra-pancreatic fluid collections do not warrant intervention regardless of their size, location, and/or extension. Instead, drainage is considered only when a fluid collection causes clinical symptoms or displays signs of infection[6]. Infection is most common in fluid surrounding necrotic tissue, and is suggested by the presence of air pockets inside the accumulation and visible on a computerized tomography (CT) scan. If a clinical scenario strongly suggests an infected fluid collection, it can be verified by performing and examining the contents of a fine needle aspiration. Patients with sterile accumulations, luminal or biliary obstruction resulting from external compression, persistent abdominal pain requiring narcotics, or an undiagnosed sepsis syndrome should receive drainage[7]. PFCs can be drained using surgical, percutaneous or endoscopic methods. 

Proper timing is critical for successful endoscopic drainage in cases of necrotizing pancreatitis. Interven​tions made within the first several weeks of necrotizing pancreatitis generally lead to poor outcomes. The guiding principle for timing of debridement is to delay any intervention until the collection has become encapsulated and liquefied as much as possible. Encapsulation does not usually occur until at least 4 wk after the initial injury.

Endoscopic methods for draining collected fluid have shown efficacies comparable to those achieved using surgical methods. Furthermore, endoscopic treatments usually result in shorter hospital stays, better patient physical and mental health, and lower treatment costs compared to surgery[8]. Percutaneous drainage requires the patient to have an external drain implanted for an extended period of time. This may lead to development of pancreatico-cutaneous fistulas; especially in patients with ductal disruption. In contrast to percutaneous drainage, an endoscopic approach allows placement of multiple drainage modalities through a single puncture site. 

EUS permits a physician to visualize the entire abdominal cavity, assess the maturity of the wall, measure the distance between the collection and the luminal wall, and identify intervening vessels (collaterals) along the puncture site (Figures 2 and 3). Furthermore, the rates of technical success achieved when using EUS-guided drainage have been higher than those achieved using conventional transmural endoscopic drainage techniques performed without EUS guidance[9]. EUS-guided drainage is the preferred modality in cases where there is no visible luminal bulge, portal hypertension and collateral formation are suspected, or when treating patients with coagulopathy[4,6,7].

SHOULD ERCP WITH TRANS-PAPILLARY DRAINAGE BE PERFORMED ON THESE PATIENTS?

Endoscopic drainage of PFCs may be performed either during endoscopic retrograde cholangiopancreatography (ERCP) with drainage through the main ampulla of Vater or via a transmural route - either the duodenum or stomach. Currently, no comparative or randomized studies have been reported from which solid data can be extracted regarding the preferred method for drainage. Only case series in which inconsistent methods and guidelines were used based on expert opinions have been published[10,11]. Based on the available published information, transpapillary drainage is preferred to EUS-guided transmural drainage as a first-step procedure for treating small fluid collections which communicate with the main pancreatic duct in the head or body of the pancreas (Figure 4). Moreover, most published cases which describe the use of EUS-guided drainage, fail to mention whether the patients had undergone ERCP prior to EUS-guided drainage. In one series of 116 patients, 15 patients received transpapillary drainage, 60 received transmural drainage, and 41 received both types of drainage. In that series, successful drainage was achieved in 88% of the patients[12]. However, there was no difference in the rates of success achieved using the different methods. Hence, little evidence exists to support a recommendation that pancreatic fluid collections should preferably be drained via the pancreatic papilla and pancreatic duct. 

DOES LOCATION OF THE FLUID COLLECTION MATTER?

Transmural drainage has been attempted as a method for treating pancreatic pseudocysts (Figure 5A) and WON (Figure 5B) of suitable size, and located in the head, body or tail of the pancreas. However, this method requires that the distance between the lumen wall and cyst is < 1 cm. Due to their location in the lesser sac or extension to the pararenal space, PFCs in the pancreatic tail do not cause luminal compression, and can be accessed only by EUS. Varadarajulu et al[13] noted that the location of a pseudocyst is not predictive of treatment success. However, two cases of perforation have been reported when transgastric drainage was attempted for pseudocysts located in the uncinate process of the pancreas. This complication did not occur when uncinate pseudocysts were drained via the duodenum. Following transmural stenting, a low hanging pseudocyst in the uncinate region becomes decompressed, and may disconnect from the stomach wall, leading to perforation[14].

DOES THE AMOUNT OF INTERNAL DEBRIS MATTER?

In the context of draining PFCs, technical success refers to achieving access to a PFC and the placement of transmural stents, whereas clinical success means resolution of the collection. Very high clinical success rates (90%-100%) have been achieved when draining pseudocysts[9,12,15]. However, when treating cases of walled off pancreatic necrosis, the clinical success rates are generally poor. In a recent study of 211 patients with symptomatic PFCs, the reported success rate for treating sterile and infective pseudocysts was 93.5%, but only 63.2% when treating a WON[13]. Baron et al[16] reported a 92% success rate when performing pseudocyst drainage in patients without necrosis, compared to 72% in patients with necrosis. Although that study utilized non-EUS-guided endoscopic drainage, it illustrates the principle that outcomes achieved when performing endoscopic drainage of pseudocysts are superior to those achieved when draining collections with infected necrosis. In another study, drainage of a necrosis was clinically successful in only 25% of cases, but technically successful in 50% of cases[12]. If an aggressive endoscopic approach using endoscopic necrosectomy is adopted, success rates up to 81% can be achieved when treating a WON[17]; however, adjunctive surgical and percutaneous drainage may be required. Varadarajulu et al[18] suggested multiple transluminal gateway treatment (MTGT) for a WON, by which they attained a successful response in 92% of patients. In those cases, two or three transmural tracts were created between the necrotic cavity and gastrointestinal lumen by using EUS guidance. While one tract was used to flush normal saline solution via a nasocystic catheter, multiple stents were deployed in the tracts to facilitate drainage of the necrotic contents.

As the amount of necrotic component in a collection increases, the success rate of draining the collection progressively decreases, unless aggressive endoscopic necrosectomy or concomitant percutaneous drainage is also used. The need for surgical intervention is also more common in these groups of patients. The revised Atlanta classification describes a WON as a well encapsulated fluid collection which occurs 4 wk in the setting of necrotic pancreatitis. However, this may not always be true, as previous necrotic collections can liquefy over time. A study conducted in India had patients undergo follow-up EUS examinations at 6 wk, 3 mo, and 6 mo after the onset of acute necrotic pancreatitis, and found that not all fluid collections following acute necrotic pancreatitis had a solid necrotic component. During the time period studied, the collections tended to decrease in size and their solid content tended to liquefy, with almost half of the PFCs being completely liquid at 6 mo[19].

Another study conducted by the same group examined 43 patients with a symptomatic WON treated by endoscopic drainage[20]. The WONs had a mean size of 9.95 ± 2.75 cm, and were found to contain < 10%, 10%-40%, and > 40% solid debris in 6, 33, and 4 patients, respectively. Patients with < 10% necrotic debris required only a single ses​sion of endoscopic drainage, whereas patients with 10%-40% solid debris required two or more sessions. Patients with > 40% solid debris required either direct endoscopic debridement or surgical necrosectomy. The extent of necrosis was significantly correlated with the type of treatment received by the patient (r = 0.703, P < 0.001).

CHOICE OF TRANSMURAL ACCESS DEVICES

The widespread use of EUS-guided PFC drainage has been limited by a lack of dedicated accessories. This factor necessitates using multiple steps to place a transluminal stent. The fluid collection is first visualized using a linear echoendoscope, and Doppler technology is used to ensure that no blood vessels lie in the line of puncture. The PFC is then visualized and punctured using a 19-gauge FNA needle, a cystotome or needle wire. After puncturing, a 0.035 guide wire is inserted into the PFC. When multiple stents need to be placed, some physicians prefer using a double guide wire approach in which two guide wires are simultaneously inserted after the first puncture[21]. A novel lumen-apposing self-expandable metal stent (AXIOSTM system, Xlumina; Mountain View, CA, United States) has recently been developed that can be deployed in a single step (Figures 6 and 7). The stent has a dumbbell-shaped configuration that foreshortens on deployment, and there​by minimizes the possibility of leakage or perforation[22]. 

CYSTOENTEROTOMY PATENCY DEVICES

A variety of stents have been used to maintain patency of the fistulous tract between the gut lumen and the PFC. Single plastic stents (straight or double pigtail), multiple plastic stents, nasocystic drainage catheters, enteral metal stents, and biliary metal stents have all been tried. Some studies have also used combined modalities such as plastic stents in combination with nasocystic drainage catheters or double pigtail stents axially placed through a metal stent. While the available literature includes studies which used a variety of stents in combination, there is no clear evidence to suggest that metal stents are better than plastic stents, or that one type of plastic stent is better than another. 

Pseudocysts

Lopes et al[23] used single plastic stents for draining pseudocysts. While drainage was successful in 93% of patients, 25% of patients experienced a recurrence. Those investigators also noted that complications occurred more frequently when using straight stents as compared to double pigtail stents; however, the difference was not statistically significant. Straight stents do not have anchorage, and thus can migrate more easily than double pigtail stents. Additionally, straight stents have been reported to cause bleeding and perforation.

Antillon et al[24] performed a single center pro​spective cohort study which examined the efficacy of single-step EUS-guided transmural drainage of pseudocysts. During the index procedure, complete resolution of the pseudocyst was achieved in 27 (82%) of 33 patients. Four additional patients (12%) had partial resolution (50% reduction in cyst size) accompanied by symptom resolution. Recurrence was observed in only one patient during a median follow-up period of 46 wk. 

In a retrospective study, 87 consecutive patients with pancreatic pseudocysts were managed by EUS-guided drainage. Sixty-three patients with solid debris were drained via nasocystic drains placed alongside stents, while 24 patients with solid debris were drained via transmural stents. The short-term success rate among patients with viscous solid debris-laden fluid and whose pseudocysts were drained by both stents and nasocystic tubes was 3-fold greater than that among patients who were drained by stents alone (OR = 3.6; 95%CI: 1.2-10.7; P = 0.03). Long-term follow-up results showed a non-significant trend suggesting that pseudocysts were better resolved when debris was drained using nasocystic drains placed alongside stents compared to using stents alone (79% vs 58% respectively, OR = 2.7; P = 0.059). Moreover, when draining debris-laden cysts, the rate of stent occlusion was higher when using stents alone rather than nasocystic drains placed alongside of stents (33% vs 13%, P = 0.03)[25].

Seewald et al[21] used a single step, simultaneous double-wire technique in conjunction with a prototype device to drain symptomatic cysts in eight patients. After puncturing a cyst, two 0.035-inch guide wires were simultaneously inserted into the cyst cavity. Next, transmural stenting was performed with an 8.5F double pigtail stent, and a 7 French nasocystic catheter was inserted into the cavity. The cavity was irrigated with a total of 1500 mL of saline solution daily (7-21 d duration) administered through the nasocystic catheter to prevent accumulation of pus and debris. Follow-up CT scans showed that all patients experienced complete resolution of their pseudocysts, and no recurrence was found during follow-up periods ranging 6 to 16 mo. 

Due et al[26] described 10 patients who underwent pancreatic pseudocyst drainage; among whom, 7 patients received a 10 mm × 20 mm covered double-flanged metal stent. Three of the 7 patients who received the metal stent developed sepsis due to stent blockage, and one patient experienced persistent leakage. Two of the patients with stent blockage and the one patient with a leak ultimately required surgical intervention. Fabbri et al[27] reported the drainage of 20 patients with infected fluid collections using covered self-expanding metal stents (SEMS; 4 cm or 6 cm long, 10 mm diameter). The procedure was technically successful in all of the patients, and the treatment success rate was 90%. One month after insertion, the stents were removed, and the removal procedure was successful in all except one patient. Additionally, one stent had migrated and one patient required surgery. Several attempts have been made to provide better anchorage to SEMS by deploying plastic stents through them, and thereby reduce the likelihood of migration. Talreja et al[28] described a series of 16 patients with PFCs who underwent endoscopic drainage. SEMS (10 mm × 60 mm) were inserted, and double pigtail plastic stents were deployed through or alongside the metal stents to provide better anchorage. That study showed a 95% treatment response rate, and stent migration occurred in only one patient. Comparable results were reported by Penn et al[29], who used the same technique to drain pseudocysts.

A study from California[30] evaluated the safety and efficacy of EUS-guided drainage of PFCs using a one-step access device (NAVIXTM, Xlumina), followed by placement of a fully covered SEMS. Eighteen patients with a PFC showing indeterminate adherence were enrolled. After 7-10 d, the fully covered SEMSs were removed and replaced with double-pigtail stents. When indicated, tract dilation and endoscopy-guided cyst debridement were performed. Fully covered SEMS placement was technically successful in all 18 patients, and there were no complications. Cyst resolution was achieved in 78% of the patients, and the median procedure time was 37.5 min. Berzosa et al[31] reported 100% technical and clinical success rates when using SEMSs, and found no instance of stent migration. The majority of SEMSs used in that study were tubular stents designed for transluminal drainage, including bile duct drainage. When used for trans​mural drainage, these SEMSs have some limitations, including a high risk of stent migration and a possibility of causing tissue injury and bleeding. As a result of those limitations, a novel large-diameter SEMS with bilateral flanges (the AXIOS stent) has been specifically designed for transmural drainage. It consists of a barbell-shaped, flexible, fully covered, self-expanding nitinol stent housed within a catheter-based delivery system. The new SEMS is available in two sizes (10 mm × 10 mm and 15 mm × 10 mm), and its 10 mm saddle length is designed to appose the stomach or duodenum to the PFC wall. In 2012, Itoi et al[32] first described the use of AXIOS stents in a series of 15 patients with symptomatic pseudocysts who underwent drainage. All stents were successfully deployed without complications; the pseudocysts resolved after a single drainage procedure, and the median time to removal was 35 d. Although one stent migrated into the stomach, the remaining 14 stents were found to be patent at the time of removal. Moreover, there was no pseudocyst recurrence during a median follow-up period of 11-mo. In 2013, a Spanish study[33] reported the use of AXIOS stents for pseudocyst drainage. In that study, the technical success rate was 88% (8/9 patients), as the stent delivery system failed in one case. However, no stent migration was reported and all stents were easily removed. Moreover, all patients experienced a complete resolution of their cyst. 

Walled-off necrosis

A WON often leads to the severe clinical deterioration of a patient, and requires treatment with open debridement or endoscopic necrosectomy. Infection is a common complication which occurs during endoscopic drainage of pancreatic fluid collections, and is more common in patients with a WON than patients with a pseudocyst. This increased incidence of infection in cases of WON is presumably due to stent occlusion by solid debris and subsequent bacterial colonization. Hence, most physicians favor placing multiple stents, and especially in cases of WON. When performing MTGT, two or three transmural tracts are created between the necrotic cavity and gastrointestinal lumen under EUS guidance. While one tract is used to flush normal saline solution via a nasocystic catheter, multiple stents are inserted into the other tracts to facilitate drainage of necrotic contents. Varadarajulu et al[18] compared MTGT with conventional EUS-guided drainage in 60 patients with a symptomatic WON. Twelve of the patients were managed by MTGT and 48 by conventional drainage. Treatment was successful in 11 of 12 (91.7%) patients managed by MTGT vs 25 of 48 (52.1%) patients managed by conventional drainage (P = 0.01). Although 1 patient in the MTGT cohort required endoscopic necrosectomy, 17 patients who received conventional drainage required surgery, 3 underwent endoscopic necrosectomy, and 3 died of multiple-organ failure. A multicenter prospective study[22] from the United States evaluated the out​come of AXIOS stent placement in 33 patients with symptomatic pancreatic pseudocysts and WONs. The devices were successfully placed under endoscopic ultrasound guidance in 30 patients (91%), while the remaining 3 patients each received two double-pigtail stents. One subject could not be evaluated due to a pseudoaneurysm. Among the 29 patients who received an AXIOS stent, 27 patients (93%) showed resolution of their PFC, and stent migration was noted in only one patient. In a large multicenter trial involving 15 European centers, 61 patients with either a pseudocyst (n = 46, 75%) or WON (n = 15, 25%) were drained using AXIOS stents. In that study, stent placement was judged to be technically successful in 60 (98%) of the 61 patients. Clinical success, defined as resolution of clinical symptoms combined with a decrease in the PFC size to ≤ 2 cm on imaging, was achieved in 93% of patients with a pancreatic pseudocyst and 81% of patients with a WON. Treatment failure occurred in nine patients (16%), including four patients who required surgical intervention. Stent removal was performed in 82% of patients after a median time of 32 d, and the removal procedure was rated as “easy” by all but one patient. Endoscopic stent removal was not performed in a total of 10 patients due to stent migration (n = 3), stent dislodgement during necrosectomy (n = 3), stent removal during surgery (n = 2), or patient refusal (n = 2).

SINGLE OR MULTIPLE STENTS?

No randomized control trial has compared the benefits of using a single plastic stent vs multiple plastic stents vs a metal stent for treating a pseudocyst. However, retrospective studies have shown that insertion of even a single stent provides high rates of clinical resolution. This is probably because stent occlusion has not occurred due to the absence of solid necrotic debris. A recent meta-analysis of 14 studies involving 698 patients found no difference in the rates of treatment success between patients managed with mul​tiple plastic stents vs metal stents (89%, 95%CI: 87-91 vs 87% 95%CI: 76 to 91; P = 0.22, respectively). Furthermore, the two cohorts showed no difference in their respective rates of ad​verse events or pseudocyst recurrence[34]. However, these results may not apply in cases of WON, because stent occlusion and consequent treatment failure are likely occurrences, and the chances of achieving clinical resolution and treatment success depend on providing adequate drainage. This notion is reinforced by the successful use of MTGT to treat cases of WON as proposed by Varadarajulu et al[18], who placed multiple stents at different sites in conjunction with a nasocystic drain to achieve resolution of a WON in > 90% of cases.

DEFINITION OF CLINICAL AND RADIOLOGICAL SUCCESS

Technical success is defined as the ability to access and drain a pancreatic pseudocyst by placement of a stent. Treatment success involves both clinical and radiologic improvement. Clinical success refers to the resolution of symptoms that prompted an intervention. Radiologic success refers to a decrease in the size of a cyst or its resolution. In a randomized clinical trial comparing endoscopic and surgical drainage of pseudocysts, treatment success for endoscopy was defined as complete resolution or a decrease in the size of a fluid collection to 2 cm or less as seen on a CT scan, in combination with the resolution of clinical symptoms as determined at an 8-wk outpatient follow-up evaluation[8]. Follow-up is usually done using upper endoscopies and imaging techniques (either a CT scan or abdominal ultrasound). 

EFFICACY OF EUS-GUIDED DRAINAGE OF PANCREATIC FLUID COLLECTIONS

Very high clinical success rates (90%-100%) have been achieved by draining pseudocysts[9,12,23]; however, less data is available concerning the clinical success rates achieved when draining an abscess. While high treatment success rates ranging from 80%[35] to > 90%[12] have been reported, the rates for clinical resolution of a WON are generally poor. In a recent study of 211 patients with symptomatic PFCs, the rate of success in treating sterile and infected pseudocysts was 93.5%, compared to only 63.2% when treating WONs[36]. However, the success rate for treating WONs can be improved to 81%[17] if an aggressive endoscopic approach using endoscopic necrosectomy is adopted; although adjunctive surgical and percutaneous drainage may be needed. Varadarajulu et al[18] sug​gested multiple transluminal gateway treatment for a WON, and achieved a clinically positive response in 92% of patients when using this method. In a retrospective review of 31 patients who received EUS-guided drainage of fluid collections after pancreatic resection, EUS-guided drainage was performed with a technical success rate of 100%, and clinical success was achieved in 29 of the 31 patients (93%)[37].

COMPLICATIONS AND RISKS OF EUS-GUIDED TRANSMURAL DRAINAGE

When using EUS-guided transmural drainage, the rates of complication range from 1%-18%[12,24,36,38-40], and complications most frequently manifest as bleeding, perforation, secondary infection or stent migration. A retrospective study conducted by Varadarajulu et al[13] reported a significantly higher complication frequency in cases of pancreatic necrosis (15%) when compared to cases involving a pseudocyst or abscess (5%). Secondary infection is caused by contamination of an incompletely drained WON or pseudocyst resulting from premature stent occlusion or its uneven collapse, and occurs in about 10% of cases. The perforation risk increases when a pseudocyst wall is poorly defined or is located > 1 cm from the intestinal lumen. Very few cases of procedure-related mortality have been reported, and the ones that have were mainly related to bleeding[12,41,42]. Because surgery is required in 5%-11% of cases, most complications are conservatively managed by an interventional radiologist or endoscopy[43]. Complications such as pneumothorax, air embolism, and intra-abdominal abscess have been seldom reported in the literature. 

WHEN TO CONSIDER SURGERY

Walled-off pancreatic collections can be surgically managed with either an open surgical procedure or a laparoscopic approach. Most surgical literature has described the use of open surgical drainage procedures. Open surgical drainage can be accomplished via cystgastrostomy, cystenterostomy (direct drainage or via a Roux limb) or resection. However, drainage can also be accomplished using laparoscopic techniques. Laparoscopic cystgastrostomy can be performed via an anterior transgastric approach or a posterior approach through the lesser sac. The latter approach requires only a single gastrotomy in continuity with the walled-off pancreatic fluid collection. During the last 10 years, endoscopic drainage has come to the forefront and demonstrated efficacy comparable to that of surgical drainage; additionally, it is less expensive to perform and requires a shorter hospital stay. 

Surgical drainage is a multidisciplinary decision and should only be considered for patients who have experienced previous endoscopic failures, disease recurrence following a successful endoscopic drainage, and patients who do not satisfy the criteria for endoscopic or percutaneous drainage. In 2011, Seewald et al[44] published a paper describing the long term results of patients who underwent endoscopic drainage of PFCs. Their retrospective analysis of 80 patients with symptomatic PFCs showed that fluid collections were clinically resolved by endoscopic methods in 67 (83.8%) patients, and surgery was required for 13 patients (perforation: four patients; endoscopically inaccessible areas: two patients; inadequate drainage: seven patients). Five patients required surgery within 6 mo after their first treatment due to recurrent fluid collection. Moreover, during a mean followup period of 31 mo, an additional four patients required surgery due to recurrent collections as a consequence of underlying pancreatic duct abnormalities that could not be treated endoscopically. The long-term success rate of endoscopic treatment was 72.5% (58/80 patients), and 28% of patients required surgery. 

The traditional approach to treating necrotizing pancreatitis accompanied by a secondary infection of necrotic tissue is open necrosectomy to completely remove the infected necrotic tissue. However, this invasive approach is associated with high rates of complications and death (11%-39%), as well as a risk of long-term pancreatic insufficiency. The Dutch pancreatitis study group showed that an incremental approach consisting of percutaneous drainage followed, if necessary, by minimally invasive retroperitoneal necrosectomy is a better strategy than open necrosectomy for treating patients with necrotizing pancreatitis and a secondary infection[45]. Additionally, new-onset multiple-organ failure occurred less often in patients treated using the incremental approach than in those treated via open necrosectomy (12% vs 40%, P = 0.002). 

FUTURE DIRECTIONS

The revised Atlanta classification of acute pancreatitis better defines local complications which can be associated with pancreatitis: acute PFC, acute necrotic collection, pseudocyst formation, and WON. In recent decades, interventional EUS has been increasingly utilized in the management of these local complications. With development of improved and novel endoscopic devices dedicated to transmural drainage of fluid and necrotic debris (access and patency devices), we believe that EUS will become an indispensable part of procedures used to diagnose PFCs and image guided interventions.   

The evidence provided in this review suggests that the amount of necrosis is the most important predictor of a successful outcome following drainage of a PFC. Hence, it seems logical to classify these collections based on their percentage of necrotic component or debris as indicated by radiological imaging or EUS. Thus we propose using a classification system in which fluid collections can be categorized into 3 groups: those with a solid component < 20%, those with a solid component between 20%-50%, and those with solid a component > 50%. As patient clinical outcomes are directly related to the type of fluid collection being treated, it is important to accurately distinguish a PFC before initiating inter​vention. In this review, the authors proposed using a management algorithm based on the amount of internal debris present in a PFC (Figure 8). For PFCs with < 20% internal debris, transmural drainage with 1-2 double pigtail plastic stents or a lumen apposing metal stent would probably be sufficient. For PFCs with > 50% internal debris, endoscopic necrosectomy with placement multiple plastic stents or a lumen apposing metal is required. If the pancreatic duct is connected to the cyst, trans-papillary drainage via ERCP can be performed on any of these patients at the discretion of an endoscopist. 
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Figure 1  On November 15, 2014, the authors performed a PubMed search using following key word sets: endoscopic ultrasound in combination with terminologies related to pancreatic fluid collections such as pseudocyst, fluid collection, abscess, and walled off necrosis. Each published paper was simultaneously reviewed by two authors who extracted important information related to this review. EUS: Endoscopic ultrasound; WON: Walled off necrosis.
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Figure 2  Selected magnetic resonance imaging frame showing a large peri-pancreatic pseudocyst extending from the pancreatic tail to the anterior abdominal wall in a patient with pancreatitis and splenic vein thrombosis.
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Figure 3  In the same patient, endoscopic ultrasound permits visualization of the pancreatic pseudocyst, assessment of wall maturity, determination of  distance between the collection and the luminal wall, identification of intervening vessels or collaterals (arrow) (A), and selection of the optimal puncture site (B). PP: Pancreatic pseudocyst.
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Figure 4  Fluoroscopic image showing transpapillary drainage of a pancreatic pseudocyst that is shared with the main pancreatic duct.
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Figure 5  Endoscopic ultrasound image of a 5 cm chronic pseudocyst with a thin wall (A) or a 7.8 cm irregular pseudocyst with walled off necrosis (B).
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Figure 6  Endoscopic image of a self-expandable metal stent immediately after endoscopic ultrasound guided drainage (AXIOSTM system, Xlumina, Mountain View, CA, United States). Note the fluid floating through the stent opening. A guidewire extending through the stent lumen is still visible.
[image: image7.png]



Figure 7  Corresponding endoscopic ultrasound image of a collapsed pancreatic pseudocyst immediately after drainage. Note reflexions from the stent mesh inside the collapsed cyst.
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Figure 8  Authors' proposed endoscopic ultrasound-guided management algorithm based on the amount of internal debris inside a pancreatic fluid collection.
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Table 1  Revised Atlanta classification (2012) of pancreatic/peripancreatic fluid collections


Type of pancreatic or peripancreatic fluid collection


�
Etiology


�
Capsule


�
Specific features


�
�
Acute peripancreatic fluid collection, APFC


�
≤ 4 wk after onset of acute interstitial-edematous pancreatitis


�
-


�
Homogeneous, liquid, infection +/-, no features of a pseudocyst, usually resolves spontaneously 


�
�
Pancreatic pseudocyst, PPC


�
> 4 wk after onset of acute interstitial-edematous pancreatitis


�
+


�
Round/oval,


Liquid, no non-liquid contents, persistent�
�
Acute necrotic collection, ANC


�
Acute necrotizing pancreatitis


�
-


�
Heterogeneous, liquid and necrotic contents, usually resolves spontaneously


�
�
Walled-off pancreatic necrosis, WOPN


�
> 4 wk after onset of necrotizing pancreatitis


�
+


�
Heterogeneous, liquid and necrotic contents, infection +/-


�
�
ANC: Acute necrotic collection.
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