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“Don’t mess with the pancreas” is an old adage oft repeated in hospital corridors and operating theaters. This axiom is a reflection on the fragility as well as the complexity of the pancreas, one of the most fascinating organs in the human body. Management of pancreatic diseases continues to present challenging dilemmas for the clinician. Questions such as “should I start antibiotics on my patient with acute pancreatitis and fever?,” “is this patient a candidate for endoscopic drainage of a pseudocyst?,” and “what do I do with this 2-cm asymptomatic pancreatic cyst?” are routinely asked in clinical practice. The evolution of our understanding of pancreatic diseases and their management has overall evolved to a more evidence-based approach. Management paradigms continue to shift as more research comes to light. Keeping abreast of these advances is imperative for the physician managing patients with pancreatic diseases.


In this issue of Gastroenterology Clinics of North America, the focus is on discussing such advances in topics relevant to both the general gastroenterologist and the clinician with a specific interest in the pancreas. Our authors include a multidisciplinary group of recognized and emerging thought-leaders in their respective fields. A review of this issue will enable the clinician to have a better understanding of the advances in the diagnosis and management of acute pancreatitis, autoimmune pancreatitis, pancreatic cysts, and islet cell tumors of the pancreas. In addition, we have also included articles on screening for pancreatic cancer in the high-risk population—a topic that generates quite a bit of discussion and controversy at conferences. Finally, our surgical colleagues have provided comprehensive and crisp overviews of pancreas transplantation and advances in surgical management of pancreatic diseases.


I am indebted to the team of authors, who have been generous with their time and expertise in writing for this review. I am hopeful that readers will find this issue informative and edifying, with insights that will help them in the management of their patient with pancreatic diseases.










Advances in Management of Acute Pancreatitis
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This article reviews advances in the management of acute pancreatitis. Medical treatment has been primarily supportive for this diagnosis, and despite extensive research efforts, there are no pharmacologic therapies that improve prognosis. The current mainstay of management, notwithstanding the ongoing debate regarding the volume, fluid type, and rate of administration, is aggressive intravenous fluid resuscitation. Although antibiotics were used consistently for prophylaxis in severe acute pancreatitis to prevent infection, they are no longer used unless infection is documented. Enteral nutrition, especially in patients with severe acute pancreatitis, is considered a cornerstone in management of this disease.

Keywords
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Key points



• Early aggressive fluid resuscitation with lactated Ringer’s with a goal total infusion of 2.5 to 4 L in the first 24 hours is recommended.

• Antibiotics are not recommended for prophylaxis of infected pancreatic necrosis although are indicated if another source of infection is clinically suspected.

• Enteral feeding if tolerated is strongly preferred over parenteral feeding, especially in severe acute pancreatitis.

• Endoscopic retrograde cholangiopancreatogrpahy in acute gallstone pancreatitis should not be performed unless there is evidence of ascending cholangitis or there is clinical deterioration in the context of increasing liver test values.

• Cholecystectomy is recommended before discharge for those with acute pancreatitis and gallstones found on imaging.





Introduction

Acute pancreatitis is a frequently devastating pancreatic inflammation that has been associated with significant morbidity, mortality, and hospitalization costs.1 The incidence of acute pancreatitis has been increasing and features an overall mortality rate of 5% that may be as high as 30% in the most severe cases.2–4 It was the most common inpatient gastrointestinal diagnosis in 2009, totaling more than 270,000 United States hospitalizations and incurring costs of more than 2.6 billion dollars.5 The updated Atlanta classification divides acute pancreatitis into mild and severe types.6,7 Mild, characterized by pancreatic inflammation without necrosis or organ failure, is known as interstitial edematous pancreatitis, which is usually self-limiting and resolves in about 1 week. Severe pancreatitis, occurring in about 20% of cases, predisposes to local complications such as pancreatic necrosis, abscess formation, and pseudocysts. Severe pancreatitis is subdivided further into moderate and severe depending on the presence and duration (>48 hours) of organ failure. This article details treatment of acute pancreatitis, including highlighting new insights into prognostication and focusing on intravenous fluid resuscitation and the current evidence behind the use of antibiotics and pharmacologic therapies.

Predicting severity

• Simple, universally obtainable markers such as the change in blood urea nitrogen (BUN) level are equally predictive of severity when compared with more complicated systems.


Predicting the severity of acute pancreatitis can be challenging. Since 1974, when the Ranson’s criteria were first proposed, multiple scoring systems (ie, APACHE-II, Bedside Index for Severity in Acute Pancreatitis [BiSAP], Marshall Score) were developed as a means of improving the ability to predict severity in acute pancreatitis. However, despite the use of these often complex systems, laboratory abnormalities in hematocrit, creatinine, and BUN can be used as effective prognostic indicators with equivalent accuracy. For example, an increased risk of pancreatic necrosis has been linked with an elevated hematocrit level at admission or within the first 24 hours as well as an elevated creatinine level within the first 48 hours.8–10 With regard to BUN, A 2011 meta-analysis of 1043 acute pancreatitis cases found that a BUN ≥20 mg/dL (odds ratio, 4.6 and 4.3, respectively) at admission, or an increase in levels within the first 24 hours, was associated with an increased risk of mortality and death.11 Thus, it is recommended that a simple marker, such as BUN, be used as means of assessing severity and potential progression to organ failure.

Fluid resuscitation


• The goal is to decrease hematocrit and BUN levels within the first 24 hours of hospitalization.

• The goal is early aggressive fluid resuscitation with 250 to 500 mL/h of isotonic crystalloid in the first 12 to 24 hours or urine output of at least 0.5 mL/kg/h.

• Lactated Ringer’s solution should be used as the resuscitation fluid of choice.



Now commonly recognized as the primary form of initial management, the importance of adequate fluid resuscitation cannot be understated. In severe cases, acute pancreatitis can lead to pancreatic necrosis and ongoing pancreatic enzyme release.12 One of the triggers of necrosis is thought to be inadequate glandular perfusion. The pancreatic microcirculation encompasses the celiac and superior mesenteric arteries that branch off to supply the pancreatic acinus. Acute pancreatitis invokes a state of hypovolemia, causing a combination of microangiopathic effects and pancreatic edema that decreases blood flow. This disruption in perfusion may be an important factor responsible for the transition from mild, interstitial edematous disease to severe, necrotizing pancreatitis.13–17 Current proposed mechanisms of this pathophysiology include hypercoagulability with microthrombi, endothelial damage from free radicals, increased capillary permeability, and hypovolemia.18 The resultant ischemia produces a flush of cytokines and inflammatory mediators, which can progress into the development of the systemic inflammatory response syndrome (SIRS) and pancreatic necrosis and eventually lead to persistent (>48 hour) organ failure.


As the above data suggest, inadequate fluid resuscitation leading to poor pancreatic microcirculatory perfusion has been associated with acute necrotizing pancreatitis.19 Specifically, we now know that early fluid resuscitation has more of a therapeutic effect than delayed fluid resuscitation. In one study evaluating specifically the time course of intravenous hydration, early was defined as receiving greater than one-third of the total 72 hours fluid volume within the first 24 hours of hospitalization, whereas late was defined as receiving less than one-third of the total volume.20 Although the investigation did not focus on the total infused fluid volume, it concluded that the group receiving early fluid resuscitation experienced less mortality than those receiving later resuscitation. Other studies have since supported this claim, including a retrospective analysis of 436 acute pancreatitis patients, which found an association between early fluid resuscitation and decreased SIRS, organ failure at 72 hours, length of hospital stay, and a lower rate of intensive care unit admission.21


Although early fluid resuscitation is generally agreed to be an intervention of paramount importance, currently no standard guidelines exist on the optimal fluid type, volume, rate, or duration of treatment.22 Although human studies regarding the rate of hydration consistently show decreased morbidity and mortality with aggressive hydration in the first 24 hours, the total volume of hydration at the 48-hour mark seems to have a limited effect on patient outcomes. The current American College of Gastroenterology guidelines recommend 250 to 500 mL/h of isotonic crystalloid solution in the first 12 to 24 hours with frequent re-evaluation every 6 hours, with an ultimate goal of decreasing the BUN levels.23 Some experts recommend that in addition to the 1- to 2-L fluid bolus given in the emergency department, the starting infusion should be at a rate of 250 to 300 mL/h or enough to produce a urine output of at least 0.5 mL/kg/h.24 The goal within the first 24 hours is a total infusion volume of 2.5 to 4 L, with adjustments to be made based on the patient’s age, weight, physical examination, and comorbid conditions.25


The type of resuscitation fluid has not been satisfactorily studied. However, in the most widely cited prospective study of fluid resuscitation in acute pancreatitis, Wu and colleagues26 found that the use of Lactated Ringer’s solution, as opposed to normal saline, resulted in less SIRS and a decreased C-reactive protein level at 48 hours. No other prospective fluid studies have evaluated different types of resuscitative fluid, and thus it is generally recommended, in the absence of better evidence, that Lactated Ringer’s solution be used as the resuscitative fluid of choice.


It is also important to recognize the consequences of overresuscitation—most notably the development of intra-abdominal compartment syndrome. In a study of patients with predicted severe pancreatitis whose hematocrit level was aggressively lowered at the time of admission, those with aggressive lowering of their hematocrit level had greater morbidity and mortality.27



Pharmacologic strategies


Antibiotics

• Antibiotics are not recommended for prophylaxis of infected pancreatic necrosis although are indicated if another source of infection is clinically suspected.


Infected pancreatic necrosis continues to be the most common cause of death in patients with acute pancreatitis who survive the early phase, accounting for up to 70% of all mortality. Although initially present in about 5% of patients with acute pancreatitis, pancreatic necrosis puts patients at a high risk of pancreatic bed infection, occurring in 50% to 70% of cases.2,6 Antibiotic prophylaxis and therapy have been a long-contested solution to this problem, with the potential for reduction in the morbidity and mortality associated with severe acute pancreatitis.


Use of antibiotics in previous years as prophylaxis for infected necrosis was recommended and common in practice, supported by early research that showed broad-spectrum antibiotics to decrease the rate of infected pancreatic necrosis.28 A meta-analysis in 2001, which included randomized, controlled trials, compared antibiotic prophylaxis with no prophylaxis in the setting of acute necrotizing pancreatitis.29 These investigators found a reduction of 21.2% in sepsis and 12.3% in mortality rate in patients receiving prophylactic antibiotics; however, there was no difference in the incidence of pancreatic infection.


Studies since then have continued to have conflicting results, with a meta-analysis published in 2008, which included the same 3 previously mentioned randomized, controlled trials, finding no difference in the rates of pancreatic infection or mortality between the group receiving antibiotics versus the group receiving placebo.30 An evaluation of the same trials by a Cochrane review confirmed no difference in mortality but found a significant difference with the use of imipenem alone in terms of preventing infection.31 Most recently in 2011, an evaluation of 14 randomized, controlled trials totaling 841 patients compared those receiving antibiotics with those receiving placebo. No significant differences were reported in mortality, incidence of infected pancreatic necrosis, nonpancreatic infection, and surgical intervention.32 There may even be an association with antibiotic use and pancreatic fungal infections.33


There has been some consideration of using probiotics for prevention of infection in acute pancreatitis; however, a meta-analysis in 2009 found no reduction in the risk of pancreatic infection or associated mortality.34 There may be some benefit in selective gut decontamination, which is the process of using oral antibiotics to eradicate enteric gram-negative rods, thus, reducing bacterial translocation from the gastrointestinal tract into the pancreas, but further studies need to be performed.35


Ultimately, prophylactic antibiotics are not recommended for use in acute pancreatitis and should not be administered in the first 24 hours after the episode unless there is clinical suspicion for concurrent extrapancreatic infection. Patients may present initially with sepsis, SIRS, or multiorgan failure. Treatment with antibiotics is appropriate if evaluation of the patient, via blood cultures and fine-needle aspirations of pancreatic necrosis, finds infection. However, if there is no obvious source of infection, antibiotics should be discontinued.23

Emerging Pharmacologic Therapies

• No evidence suggests that any of the current targeted therapies provide benefit.


Extensive research has evaluated pharmacologic agents, such as somatostatin, octreotide, atropine, glucagon, and cimetidine, that specifically reduce pancreatic secretions. Most of the research has had disappointing outcomes. For example, cimetidine, assessed via a meta-analysis of 5 randomized, controlled trials in 2002, has also proven to be no more effective than placebo in decreasing complications or pain.36,37


Because acute pancreatitis features autodigestion from proteases, protease inhibitors would theoretically provide benefit. However, studies on gabexate mesilate and aprotinin have not found an improvement in patient outcomes.28,38 Numerous other attempts at targeted pharmacologic therapy, such as lexipafant (platelet-activating factor antagonist), antioxidants, corticosteroids, nitroglycerin, interleukin-10 or tumor necrosis factor alpha antibodies, have shown no benefit in the treatment of acute pancreatitis and should not be used at this time.39




Nonpharmacologic strategies


Nutrition


• Enteral feeding if tolerated is strongly preferred over parenteral feeding.

• For mild acute pancreatitis, start enteral feedings within the first week of hospitalization.

• For severe acute pancreatitis, start enteral feedings within the first 72 hours of hospitalization.



In the past, patients with acute pancreatitis were kept “nothing by mouth”—with the intent of providing pancreatic and bowel rest—until pain resolution. The practice did not have any demonstrable benefit, as bowel rest is associated with intestinal mucosal atrophy and increased infectious complications caused by bacterial translocation.40 Therefore, to maintain gut barrier function, enteral feeding is preferred over parenteral feeding in the management of acute pancreatitis.41,42


In mild acute pancreatitis, early initiation of oral intake with a low-fat soft solid diet is often tolerated and is found to be as equally efficacious as tube feedings.43 Enteral feeding is recommended within 1 week of hospitalization, typically after cessation of nausea and vomiting, discontinuation of parenteral analgesics, reduction in abdominal pain, and return of bowel sounds.44


In patients with severe acute pancreatitis, it is recommended to initiate enteral nutrition via nasoenteric tubes within the first 72 hours of hospitalization. A 2012 meta-analysis of 381 patients with severe acute pancreatitis confirms the benefit of enteral versus parenteral feeding. With 2 groups randomly assigned to receive each variation of nutrition, those with enteral feeding benefitted in mortality, infection, organ failure, and had a lower surgical rate.45 Nasojejunal feeding has long been preferred, although there is evidence that nasogastric feeding has similar clinical efficacy.46 Although evidence shows a preference toward enteral feeding, if the patient is unable to tolerate it or not meet nutritional goals, parenteral nutrition should be initiated while maintaining a slow rate of enteral feeding.23

Management of Underlying Etiology


• Evaluation for gallstones should be performed with abdominal ultrasound scan in all acute pancreatitis patients

• Cholecystectomy is recommended for those with acute pancreatitis and gallstones found on imaging.

• Endoscopic retrograde cholangiopancreatogrpahy (ERCP) should not be used in acute pancreatitis unless there is ascending cholangitis or clinical decompensation in the setting of elevated liver tests.



Identifying and treating the underlying etiology remains the most effective means of preventing a recurrence of acute pancreatitis. The most common cause is gallstones (40%–70%) followed by alcohol use (25%–35%).47–49 For this reason, an abdominal ultrasound scan is recommended for all those presenting with acute pancreatitis to evaluate for gallstones; if they are present, an elective cholecystectomy is suggested before discharge.23


In patients with acute biliary pancreatitis, ERCP should only be used in the context of ascending cholangitis or worsening liver tests with concomitant clinical deterioration.23,50 In general, therefore, ERCP should be avoided in the management of acute pancreatitis. The role of ERCP in gallstone pancreatitis is discussed in detail elsewhere in this issue.

Recurrence

The recurrence rate of acute pancreatitis is roughly 25% but can be up to 50% in patients whose predisposing factors have not been identified or addressed.51 As stated above, identifying and treating the underlying etiology is the most important step in preventing recurrence. In the case of a recurrent episode, additional imaging modalities are recommended to evaluate the anatomy of the region and possibly biliary or pancreatic ductal sludge and obstructive calcifications. A computed tomography scan, magnetic resonance cholangiopancreatography, examination, or endoscopic ultrasound scan may be used to visualize the area effectively.23


Summary


Although there continues to be high mortality and morbidity associated with acute pancreatitis, treatment remains largely supportive with early aggressive intravenous fluid resuscitation in the first 24 hours used to maintain the pancreatic microcirculation and prevent progression to severe acute pancreatitis, SIRS, multiorgan failure, and pancreatic necrosis. Optimal type, volume, and rate of infusion for the intravenous fluids require further randomized, controlled trials. No pharmacologic therapies are found to be of benefit in reducing the risk of these devastating complications. Furthermore, antibiotics are not recommended for prophylaxis of infected pancreatic necrosis and have shown no benefit in multiple large-scale studies. Identifying and treating the underlying etiology is the best way to prevent recurrence.
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Endoscopic drainage is the first-line therapy in the management of pancreatic pseudocysts. Before endoscopic drainage, clinicians should exclude the presence of pancreatic cystic neoplasms and avoid drainage of immature peripancreatic fluid collections or pseudoaneurysms. The indication for endoscopic drainage is not dependent on absolute cyst size alone, but on the presence of attributable signs or symptoms. Endoscopic management should be performed as part of a multidisciplinary approach in close cooperation with surgeons and interventional radiologists. Drainage may be performed either via a transpapillary approach or a transmural approach; additionally, endoscopic necrosectomy may be performed for patients with walled-off necrosis.
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Key points



• Endoscopic management of pseudocysts and walled-off necrosis should be performed as part of a multidisciplinary approach.

• Exclusion of pancreatic cystic neoplasms and pseudoaneurysms is critical before endoscopic drainage procedures.

• Indications for endoscopic drainage of pseudocysts include signs or symptoms attributable to the lesion, as opposed to large cyst size alone.

• The use of covered metal and lumen-apposing metal stents may improve outcomes compared with plastic stents for transmural drainage.

• New dedicated drainage devices and stents have been developed that may facilitate transmural drainage and necrosectomy.





Introduction

Pseudocysts complicate approximately 10% to 26% of acute pancreatitis and 20% to 40% of chronic pancreatitis cases.1 The 2012 Revised Atlanta Classification of Acute Pancreatitis defined pancreatic pseudocysts as well-circumscribed, completely encapsulated fluid collections more than 4 weeks old; surrounded by a nonepithelial wall of fibrous or granulation tissue; homogeneous and without a nonliquid component; and arising as a consequence of acute pancreatitis, chronic pancreatitis, or pancreatic trauma with pancreatic ductal disruption.2 Pseudocysts are a distinct entity from walled-off necrosis, which is a mature, well-circumscribed, completely encapsulated collection of pancreatic or peripancreatic necrosis that occurs more than 4 weeks after the onset of necrotizing pancreatitis.2


Endoscopic drainage has emerged as the first-line therapy in the management of pancreatic pseudocysts as well as walled-off necrosis, with significant advantages compared with surgical and percutaneous drainage.1 Endoscopic pseudocyst drainage was first described by Sahel and colleagues3 in the late 1980s, using diathermic transmural access into the pseudocyst followed by placement of a nasocystic tube for irrigation and drainage.4 The endoscopic management of pancreatic fluid collections has since evolved significantly with the introduction of endosonographic guidance,5 new catheter delivery systems,6 and indwelling stents, including novel lumen-apposing covered self-expanding metal stents (LAMS).7 This article discusses the endoscopic management of pancreatic pseudocysts and walled-off necrosis, including indications for drainage, endoscopic techniques, efficacy, and comparison with percutaneous and surgical drainage.

Indications for drainage

In general, the indications for pancreatic pseudocyst drainage include persistent pain attributable to the fluid collection, gastric or duodenal obstruction, biliary obstruction, development of pancreatic ascites or pleural effusion, enlarging size on serial imaging, and signs of pseudocyst infection or bleeding (Box 1). Pancreatic pseudocysts should not be drained in the absence of suspected infection if the fluid collection is not mature (ie, less than 4–6 weeks old), or the diagnosis remains in question.




Box 1


Indications for pseudocyst drainage


Persistent abdominal pain attributable to pancreatic pseudocyst

Gastric or duodenal obstruction

Biliary obstruction

Pancreatic ascites

Development of pleural effusions

Enlarging size on serial abdominal imaging

Pseudocyst infection

Pseudocyst bleeding



Exclusion criteria


Pancreatic cystic neoplasms

Acute peripancreatic fluid collections

Acute necrotic collections





An important step before consideration of drainage is the exclusion of other cystic lesions, such as pancreatic cystic neoplasms. Although pseudocysts account for at least 75% of all pancreatic cystic lesions, they can be difficult to distinguish from pancreatic cystic neoplasms, congenital cysts, and retention cysts, especially in those patients without a clear history of pancreatitis.1 Such lesions often appear morphologically similar to pseudocysts on cross-sectional imaging, and additional evaluation with endoscopic ultrasonography (EUS) and fine-needle aspiration of the cyst fluid may be necessary before endoscopic drainage.8


Pancreatic pseudocysts and walled-off necrosis should also be differentiated from acute peripancreatic fluid collections and acute necrotic collections, both of which occur in the acute phase of pancreatitis or necrotizing pancreatitis. These collections have yet to develop an encapsulated, well-defined wall surrounding the fluid collection, and often resolve with expectant management.2


Historically, guidelines have mandated drainage if pseudocysts are present for longer than 6 weeks. This recommendation originated from observational studies of the natural history of pancreatic pseudocysts and complications associated with conservative management. Between 1971 and 1976, Bradley and colleagues9 followed 54 patients with pancreatic pseudocysts by serial clinical and sonographic examination until either spontaneous resolution, development of complications, or loss to follow-up. During the observation period, 41% of patients developed complications including rupture, abscess, jaundice, and hemorrhage, and 20% developed spontaneous cyst resolution. The investigators surmised that prolonged observation of pancreatic pseudocysts past 7 weeks resulted in risks that exceeded those of elective surgery. In contrast, more recent studies have suggested that longer periods of observation are safe and effective in permitting spontaneous resolution in up to 86% of patients over an average 1-year follow-up, with a 3% to 9% rate of serious complications.10–12


The decision to pursue pseudocyst drainage should not be based on cyst size alone. Although data regarding pseudocyst size and outcomes have been mixed, a cyst of less than 4 cm has been found to be a predictor of spontaneous resolution.13–15 In the past, drainage has been indicated for pseudocysts larger than 6 cm because of lower rates of spontaneous resolution and greater risks of complications. A study from Yeo and colleagues11 of 36 patients with asymptomatic pseudocysts showed that 67% of pseudocysts greater than 6 cm in diameter required surgical treatment, compared with 40% of pseudocysts less than 6 cm in diameter. In contrast, Cheruvu and colleagues12 showed that the median pseudocyst size of those patients requiring intervention was similar to that of patients who were successfully managed conservatively (8 cm vs 7 cm). Similarly, Nguyen and colleagues16 determined that a cyst size greater than or less than 6 cm had no effect on rates of spontaneous resolution, need for operative management, complications, cyst recurrence, or mortality. This heterogeneity in data regarding cyst size highlights the primacy of symptoms and regional complications attributable to the cyst when considering cyst drainage.

Surgical drainage

An overview of pancreatic pseudocyst drainage techniques is given in Box 2. The surgical management of pancreatic pseudocysts depends on the extent of disease and local expertise, and may include cystenterostomy, partial pancreatic resections, and combined laparoscopic and endoscopic interventions. Laparoscopic surgery, such as laparoscopic anterior transgastric cystogastrostomy and lesser sac posterior cystogastrostomy, results in lower morbidity compared with conventional open surgery.17,18 Surgical series of patients undergoing laparoscopic pseudocyst drainage have shown success in 95% of cases, with 1% mortality, a 12% complication rate, and 10% conversion rate to open surgery.17 A study comparing the outcomes of 83 patients who underwent cystogastrostomy by either open, laparoscopic, or endoscopic approaches found comparable overall success rates of more than 90% with open and laparoscopic approaches, with no difference in complication rates.19




Box 2


Techniques for pseudocyst drainage

Surgical


Open surgical drainage

Laparoscopic surgical drainage

Anterior transgastric cystogastrostomy

Lesser sac posterior cystogastrostomy



Percutaneous

Percutaneous irrigation or drainage


Endoscopic


Single or multiple transmural entry (EUS or non-EUS guided) with nasocystic irrigation

Single entry with percutaneous endoscopic gastrostomy for irrigation

Single or multiple transmural entry with plastic or metal stent placement

Transmural entry with endoscopic necrosectomy



Hybrid


Percutaneous irrigation and endoscopic transmural entry

Percutaneous endoscopic direct necrosectomy





Percutaneous drainage

Percutaneous drainage of pancreatic pseudocysts and other peripancreatic fluid collections involves placement of a needle and drainage catheter under ultrasonography or computed tomography (CT) guidance. Following successful drainage of the fluid collection, drainage catheters are kept in place until the daily flow decreases to 5 to 10 mL, with repeat CT imaging confirming resolution of the pseudocyst with the catheter tip remaining within the pseudocyst cavity. At present, percutaneous drainage is preferred for collections that are not adjacent to the gastrointestinal lumen or do not communicate with the pancreatic duct, in patients who have immature infected pseudocysts, or in patients who are poor surgical candidates.1 Hybrid endoscopic and percutaneous approaches for pancreatic pseudocyst irrigation as well as pancreatic necrosectomy have been described and can be performed in specialized centers under close cooperation between the endoscopist and the interventional radiologist.20

Endoscopic drainage

Endoscopic drainage has emerged as the first-line therapy in the management of pancreatic pseudocysts.21–23 Compared with surgical and percutaneous drainage, there are multiple advantages to endoscopic drainage, including the ability to place multiple drains, cystic cavity irrigation via nasocystic tubes, and direct endoscopic necrosectomy, all of which are performed via a minimally invasive approach. In addition, ongoing pancreatic duct disruption, leak, or obstruction may be treated via endoscopic retrograde cholangiopancreatography (ERCP) in a single session1 (Fig. 1). A further advantage is that the development of an enterocystic fistula may reduce the risk of pseudocyst recurrence by allowing pancreatic drainage in cases of disconnected tail syndrome.24 In addition, endoscopic drainage has been shown to be equally if not more effective than surgical and percutaneous drainage, with lower morbidity and complication rates, particularly with respect to persistent cutaneous fistula formation.21,25 An overview of endoscopic pancreatic pseudocyst drainage techniques is given in Box 3. Endoscopic cystogastrostomy, regardless of the technique used, is performed with fluoroscopic guidance.


[image: image]
Fig. 1 Pancreatogram showing leak at tail of pancreas.




Box 3


Endoscopic techniques for pseudocyst drainage

Cyst entry


Transpapillary

Diathermic

Seldinger

EUS Guidance

Single-step access device (Navix system)



Cyst dilation


Balloon dilation

Bougie dilation



Stent placement


Double-pigtail plastic stent

Fully covered self-expanding metal stent (SEMS)

Combination double-pigtail plastic stent within fully covered SEMS

Biflanged covered SEMS (Nagi stent)

Lumen-apposing covered SEMS (Niti-S Spaxus and Axios stents)





Transpapillary Drainage

Endoscopic drainage can be performed using either a transpapillary or transmural technique. Endoscopic transpapillary drainage with placement of a pancreatic duct stent is typically reserved for pseudocysts smaller than 6 cm and with communication to the main pancreatic duct.26,27 Alternatively, transpapillary stenting is indicated when transmural drainage is not feasible because of contraindications such as coagulopathy, or when the pseudocyst is too distant (>1 cm) from the gastrointestinal lumen to allow safe transmural drainage. Transpapillary stenting may be combined with additional interventions such as major or minor papillotomy, dilation of pancreatic duct strictures, and placement of large-bore pancreatic duct stents across a ductal disruption or into the pseudocyst cavity, if necessary. A combined transmural and transpapillary approach is not typically required for successful resolution of most pancreatic pseudocysts.

Transmural Drainage Without Endoscopic Ultrasound Guidance

Non–EUS-guided transmural drainage requires close proximity of the pseudocyst to the gastrointestinal lumen, as well as endoscopic localization in the form of a visible luminal bulge (Fig. 2). There are currently 2 well-described methods for non–EUS-guided cyst entry, known as diathermic puncture and the Seldinger technique.28,29 Both methods rely on endoscopic needle localization of the point of maximal gastric bulge to confirm the most appropriate location before cystogastrostomy tract dilation and stent placement.


[image: image]
Fig. 2 Endoscopically visible gastric bulge from pseudocyst.



Cyst entry using diathermic puncture involves the use of a needle knife or Cystotome to gain access into and maintain close apposition of the pseudocyst to the gut lumen. The needle knife is directed perpendicularly to the axis of maximal endoscopic bulge. A pure cutting current is then used to gain access into the pseudocyst, with electrocautery discontinued immediately on entry into the cyst cavity to avoid thermal injury to surrounding structures. Once a site is found with suitable fluid return, a small quantity of contrast is injected under fluoroscopic guidance to confirm position within the pseudocyst. Stroking of the needle knife should be avoided, because a cut of even a few millimeters can result in entry of the needle knife into an adjacent gastric vessel. In addition, the needle knife should not extrude consistently in the coaxial plane of cyst entry, because it can result in iatrogenic injury. If blood return is seen once the cyst is punctured, the clinician should immediately consider evaluating for the presence of a pseudoaneurysm or gastric varices.


The Seldinger technique involves creating an initial puncture with an 18-gauge or 19-gauge needle, followed by the introduction of a 0.89-mm (0.035-inch) guidewire through the needle. In a study of 94 patients, the Seldinger technique was shown to have a comparable efficacy to diathermic puncture (95% vs 92%), although with a significantly lower bleeding complication rate (4.6% vs 15.7%).29


Once access into the cyst is obtained with a guidewire, it is looped within the cavity to create 2 to 3 coils, and the needle or catheter is exchanged for a dilating balloon (typically 4-mm, 6-mm, 8-mm, or 10 mm balloons).1 Inflation of the balloon is then performed under fluoroscopic guidance, with the goal of obliteration of the waist of the balloon, to ensure adequate cystogastrostomy tract dilation. Passage of dilation catheters, such as a 6-French to 10-French bougie, can also be used for tract creation without electrocautery, although cautery access is often still required in cases in which there is minimal endoscopic bulge. Following tract creation and dilation, stents may then be placed for pseudocyst drainage.

Endoscopic Ultrasonography–guided Transmural Drainage

EUS is increasingly used to guide transmural drainage. EUS can be used to exclude pancreatic cystic neoplasms and pseudoaneurysms, and provides real-time image guidance to identify relative contraindications to endoscopic drainage such as gastric varices, cyst-lumen distance greater than 1 cm, and normal intervening pancreatic parenchyma.30,31 A single-step EUS-guided approach is the most commonly used method for pancreatic pseudocyst drainage.32 The EUS-guided method involves endosonographically guided puncture of the pseudocyst with a 19-gauge fine-needle aspiration needle. Subsequently, the stylet is withdrawn, cyst aspiration and contrast injection is performed, and a 0.89-mm (0.035-inch) guidewire is placed through the needle for tract dilatation and stent placement (Fig. 3).


[image: image]
Fig. 3 (A) EUS image of pseudocyst abutting gastric wall. (B, C) Fluoroscopic views of cyst puncture, contrast injection, wire placement, and dilatation. (D) Stent placement.



More recently, a single-step exchange-free access device (Navix; Xlumena, Mountain View, CA) was developed for transluminal pseudocyst drainage.6 This device comprises an endoscopic trocar with a blade that creates a 3.5-mm puncture opening, an anchor balloon that maintains access within the target, a dilation balloon that expands the tract to 10 mm, and 2 guidewire ports for subsequent stent placement. Following EUS-guided transmural entry into the pseudocyst with the trocar, the balloon catheter is then advanced over the trocar, followed by inflation of the anchor balloon. A 0.89-mm (0.035-inch) guidewire is then inserted into the cyst cavity, and the tract is dilated to 10 mm with the dilation balloon. After dilation, a second 0.89-mm (0.035-inch) guidewire is inserted. The access device is then removed from the endoscope, and a 7-French followed by 10-French double-pigtail stent can be inserted in sequence across the guidewire and into the cystogastrostomy tract for drainage. The size of the working channel of current endoscopes limits the first stent to 7-French diameter. Other methods for 1-step simultaneous double-wire pancreatic pseudocyst drainage have also been described.33,34

Stent Placement

A variety of different stents are available for pancreatic pseudocyst drainage, including plastic pigtail stents, covered self-expanding metal stents (SEMS), and new LAMS. Based on the currently available literature, the standard of practice in endoscopic drainage of pancreatic pseudocysts remains the placement of multiple double-pigtail plastic stents, with or without a fully covered SEMS.


Transmural pancreatic pseudocyst drainage with plastic stents was first described in 1998,35 and covered SEMS were introduced in 2010 for transmural necrosectomy.36 Plastic stents have disadvantages, including a small lumen diameter, which may result in stent occlusion and need for reintervention, hence typically multiple plastic stents are placed in tandem.37


SEMS have a much larger luminal diameter than plastic stents and therefore may facilitate greater drainage. However stent migration and tissue injury from stent erosion into either the wall of the pseudocyst or gastrointestinal tract are significant potential adverse events.38 To prevent migration, double-pigtail plastic stents, ranging in size from 7 French to 10 French, are often placed within the lumen of the covered SEMS to act as an anchor and prevent migration39 (Fig. 4).


[image: image]
Fig. 4 Fully covered self-expandable metal stent with indwelling anchoring double-pigtail stents.



Sharaiha and colleagues40 recently compared metal versus plastic stents for pseudocyst drainage in a retrospective cohort study involving 230 patients who underwent EUS-guided transmural drainage. They included 118 patients who were drained with double-pigtail plastic stents and 112 patients who were drained using fully covered SEMS. At 12 months, the rate of complete resolution of pseudocysts was significantly lower in the group using double-pigtail plastic stents compared with fully covered SEMS (89% vs 98%; P = .01). Procedural adverse events were significantly more common (31% vs 16%; P = .006) in the plastic stent group. On multivariate analysis, patients drained with double-pigtail plastic stents were 2.9 times more likely to experience adverse events. The investigators concluded that fully covered SEMS improved clinical outcomes and lowered adverse event rates compared with double-pigtail plastic stents.


A novel metal stent designed for pseudocyst drainage uses round flared ends that may prevent stent migration and tissue injury (Nagi stent, Taewoong Medical Co, Ilsan, South Korea).41,42 The Nagi stent was recently evaluated by Dhir and colleagues43 in a prospective single-center study of 47 patients with symptomatic pancreatic pseudocysts in the body and tail of the pancreas. Technical and clinical success was achieved in 43 patients, with 2 patients developing cyst infections. The stent was removed after 3 weeks, at which time patients with a disconnected duct underwent successful ERCP with pancreatic duct stenting. Multivariate analysis suggested that a disconnected duct was an independent predictor of failure at 3 weeks. The investigators concluded that short-term placement of fully covered SEMS with removal after 3 weeks combined with selective pancreatic duct stenting seemed to be safe and effective in the treatment of pseudocysts in the body and tail of the pancreas.


Recently, a second LAMS (Axios; Xlumena, Mountain View, CA) has been developed for use in EUS-guided transmural drainage of pancreatic pseudocysts.7,44–46 The Axios stent is a nitinol stent that is barbell shaped, flexible, fully covered, and self-expanding (Fig. 5). The stent is housed within a catheter-based delivery system and currently is available in 2 sizes: 10-mm and 15-mm diameter by 10-mm length. The 10-mm saddle length is designed to appose the gut lumen to the wall of the pancreatic fluid collection. The large luminal diameter of the stent allows for efficient drainage of pancreatic pseudocysts, as well as for management of pseudocysts containing necrotic material, including debridement, irrigation, cystoscopy, and necrosectomy. Following resolution of the pancreatic fluid collection, the stent can be removed using a standard endoscopic snare.


[image: image]
Fig. 5 Axios lumen-apposing, fully covered, self-expandable metal stent. (Image provided courtesy of Boston Scientific. © 2016 Boston Scientific Corporation or its affiliates. All rights reserved.)



The Axios stent was initially evaluated, in a retrospective clinical series, by Itoi and colleagues.45 They evaluated 15 patients with symptomatic pancreatic pseudocysts, of whom 12 underwent transgastric and 3 underwent transduodenal pseudocyst drainage. Stent placement in 4 of the patients facilitated subsequent endoscopic necrosectomy. All stents were deployed without complication, and all pseudocysts resolved after a single drainage procedure. One stent migrated into the stomach after 19 days, and the remaining 14 stents remained patent at time of removal, with no pseudocyst recurrence over a median follow-up of 11.4 months. The stent was further evaluated in a European retrospective clinical series of 9 patients.46 All patients achieved complete cyst resolution, device failure occurred in 1 patient, and 1 patient developed cyst recurrence after stent removal. No stent migrations were reported, although 1 patient underwent transesophageal stent placement and developed a tension pneumothorax.


Subsequent larger studies have corroborated the findings of these pilot series using the Axios stent. A large recent European prospective study from Walter and colleagues47 of 61 patients with pancreatic fluid collections included 46 patients with walled-off necrosis and 15 patients with pancreatic pseudocysts. Technical success was achieved in 98% of patients, and clinical success (defined as resolution of clinical symptoms and decrease in pancreatic fluid collection size <2 cm on imaging) was achieved in 93% of patients with pancreatic pseudocyst and 81% of patients with walled-off necrosis. Treatment failure occurred in 9 patients (16%), 4 of whom required surgical intervention. Stent migration occurred in 3 patients and stent dislodgment during necrosectomy occurred in 3 patients. A total of 5 major complications were reported (9%), including 4 patients with infection of the pancreatic fluid collection and 1 perforation.


A second recent prospective study by Shah and colleagues7 evaluated the outcomes of Axios stent placement in 33 patients with symptomatic pancreatic pseudocysts and walled-off necrosis, across 7 participating tertiary care centers. The LAMS was placed successfully in 91% of the patients, with 93% resolution of pancreatic fluid collections. Endoscopic debridement across the LAMS was performed in 11 patients. Complications included 3 patients with abdominal pain, 1 patient with stent migration and back pain, and 1 patient with access-site infection and stent dislodgement. The results of this study suggested several advantages of LAMS placement, including single-step deployment, the ability to perform endoscopic debridement with minimal stent migration, and high technical and clinical success rates of greater than 90%.


A similar LAMS (Niti-S Spaxus; Taewoong Medical Co, Ilsan, South Korea) has also been studied in a small retrospective series of 7 patients by Moon and colleagues.48 The Niti-S Spaxus stent has a flange of 25-mm diameter, and is currently available in 3 sizes: 8-mm, 10-mm, and 16-mm diameter by 5-mm length. Further prospective studies of LAMS are warranted, particularly to elucidate whether the safety and efficacy of LAMS are superior to those of conventional double-pigtail plastic stent placement for pseudocyst drainage.

Walled-off Necrosis

Minimally invasive necrosectomy with endoscopic, percutaneous, and laparoscopic approaches, alone or in combination, have largely replaced traditional open surgical debridement. However, there remains little consensus on the optimal timing and approach. Residual pancreatic necrosis seems to be the most important factor influencing poor endoscopic treatment outcome.49 Therefore, if necrotic debris is identified during EUS or thick cyst aspirate is encountered during pseudocyst drainage, consideration should be given to placement of larger-bore stents and/or nasocystic tubes for irrigation and drainage. Nasocystic tubes are flushed continuously or lavaged every 3 to 4 hours for several days to weeks depending on the amount of debris present and patient tolerance.1 If longer-term irrigation is necessary, a percutaneous endoscopic gastrostomy with a catheter placed directly into the cyst fossa is a reasonable alternative.20


Endoscopic necrosectomy involves a combination of pseudocyst lavage and mechanical debridement. Direct endoscopic necrosectomy does not need to occur at the time of the index drainage procedure, and may increase the risk of dehiscence between the pseudocyst and the gut lumen. In general, debridement and necrosectomy should be performed through a mature tract, typically a minimum of 2 to 4 weeks after initial cystogastrostomy, although direct debridement following LAMS placement has been described.1


Multiple techniques for endoscopic necrosectomy have been reported.50,51 Conventionally, dilation of the cystogastrostomy tract is performed anywhere from 12 to 20 mm using balloon dilators, to allow for the passage of diagnostic or therapeutic channel gastroscopes into the cavity for debridement. Subsequently, necrosectomy is performed using a combination of snares, graspers, ERCP baskets, and polyp retrieval devices, followed by upsizing of the stents to progressively increase the diameter of the cystogastrostomy (Fig. 6). The advent of large-diameter LAMS may more readily facilitate endoscopic debridement and necrosectomy without the need for multiple endoscopic dilations.7
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