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Severe acute pancreatitis: Surgical indications and treatment
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ABSTRACT
Background: Acute pancreatitis (AP) is defined as an acute inflammatory attack of the pancreas of sudden onset. Around 25% of patients have either moderately severe or severe disease with a mortality rate of 15-20%. 
Purpose: The aim of this article was to summarize the advances being made in the understanding of this disease and the important role of surgery
Results and Conclusions: An accurate diagnosis should be made a soon as possible, and initiating resuscitation with large volume intravenous fluids and oxygen by mask. Predicted severe disease will require intensive monitoring. Most deaths within the first week are due to multi-organ failure, thus these patients  and will require Intensive Therapy Unit management. During the second phase of the disease death is due to local complications arising from the pancreatic inflammation, requiring accurate identification to determine the correct form of treatment. Acute peripancreatic fluid collections arise < 4 weeks after onset of interstitial edematous pancreatitis, not requiring any treatment. Most pancreatic pseudocysts arise> 4 weeks after largely resolve on conservative management. Necrotizing pancreatitis causing acute necrotic collections and later walled-off necrosis will require treatment if symptomatic or infected. Initial endoscopic transgastric or percutaneous drainage will resolve less serious collections but necrosectomy using minimally invasive approaches will be needed to for more serious collections. To prevent recurrent attacks of AP then causative factors need to be removed where possible such as cholecystectomy and cessation of alcohol. Future progress requires improved management of multi-organ failure and more effective minimally invasive techniques for removal of necrosis.
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INTRODUCTION
Etiology, Incidence, Financial Aspects
Acute pancreatitis (AP) is defined as an acute inflammatory attack of the pancreas with a sudden onset of symptoms, which in the absence of post necrotic damage to the gland, results in complete resolution of histology, physiology and symptoms and provided the initiating cause is removed there will be no further attacks. The commonest causes for AP are gallstones (40-65%), and alcohol (25-40%), and the remainder (10-30%) are due to a variety of causes including autoimmune and genetic risk factors (Table 1) [1,2]. Irrespective of etiology, the trigger factors cause supraphysiological intracellular signaling resulting in trypsin activation within the zymogen granules [3-5]. The resultant acinar cell death causes a localized and systemic inflammatory response. Initially the most prominent features are distant organ dysfunction notably the lmungs and kidneys, which is most cases is of short duration (<48 hours) [6,7]. 
The incidence of AP is rising globally with an estimate of 34 cases (95% confidence interval (Cl) 23-49) per 105 general population per year [8]. In Europe the incidence of AP ranged from 4.6 to 100 per 105 population and was highest in eastern and northern Europe [9]. In the USA there were approximately 275,000 hospitalizations in 2009, almost doubling from that in 1988 [2]. Longitudinal data from Japan demonstrate a threefold increase from 1998 to 2011, with a prevalence of 49.4 per 105 [10]. Life-style factors probably account for the rising incidence, which can be attributed to diet and gallstones, alcohol and smoking consumption, diabetes mellitus, and obesity [2]. The overall financial burden of AP on public health systems across the world is considerable. A USA study from 2007 estimated $2 billion for hospitalization for AP – around $10,000 per admission [11]. Timely identification of patients at risk for developing severe disease and a state-of-the-art treatment of these patients are multidisciplinary challenges.
Classification and Severity
Around 75% of cases of AP have a mild clinical course and are self-limiting, usually only requiring intravenous fluids with oxygen support by mask [7]. The remaining patients are classified as having either moderately severe or severe disease with a mortality rate of 15-20% [12-15].  Persistent organ failure beyond 48 hours is the major cause of morbidity occurring in around half of patients with pancreatic necrosis and in up to two thirds of those with superimposed infection [12-15]. Pancreatic necrosis develops in approximately 20% of patients with infection of the pancreatic necrosis occurring in 30–70% of patients resulting in a mortality rate of 20–30% [13-16]. Fungal infection may occur secondarily to bacterial infection and is associated with a high mortality in primary and secondary infected pancreatic necrosis, requiring aggressive systemic anti-fungal therapy [17]. There are two phases of mortality, the major cause of death in the first week being continuing multiple organ failure, while most deaths in the subsequent period are due to local pancreatic necrosis (Figure 1). In a systematic review and meta-analysis totaling 6970 patients, the mortality rate in patients with infected necrosis and organ failure was 35.2%, compared to 19.8% for sterile necrosis with organ failure and 1.4% for infected necrosis without organ failure [18].
The revised Atlanta classification published in 2012 provides a well-established framework for stratification of AP patients with precise definitions of complications and severity shown in Table 2 [12]. Correct identification of the nature of the local complication is important for clinical decision-making. The Determinant-Based Classification provides an additional Critical Severity Grade defined as a combination of both infected pancreatic necrosis and persistent organ failure, but is not as widely used as the revised Atlanta [19]. The recommendations of the IAP/APA evidence-based guidelines for the management of acute pancreatitis incorporates the 2012 revised Atlanta classification and summarized in Table 3 [20].
A rapid diagnosis and prediction of severity is critical to provide fluid resuscitation, oxygen supplementation intensive care and for patients in need. The diagnosis requires at least two of the following three criteria: acute onset upper abdominal pain, serum amylase or lipase>3x upper limit of normal, and/or imaging with contrast enhance CT or MRI. The revised Atlanta classification recommended the Modified Marshall scoring system for organ dysfunction that incorporates the renal, respiratory and cardiovascular status of the patient, is easy to assess and can be repeated daily [21]. Although the revised Atlanta classification recommended a systemic inflammatory response syndrome (SIRS) score of >2 for severity prediction, this is no better than the clinically pragmatic and robust modified Glasgow system and serum CRP levels [12, 22, 23]. 
Treatment Strategies
Resuscitation with intravenous fluids supplemental oxygen and close monitoring are essential from the outset of the attack. In gallstone AP, endoscopic retrograde cholangio-pancreatography (ERCP) and consecutive gallstone removal and sphincterotomy is indicated in patients with cholangitis or signs of persistent obstruction from choledocholithiasis [20, 24-27]. 
Predicted severe cases and/or those showing clinical deterioration with multi-organ dysfunction require management on the intensive care unit. 
Both peripancreatic and pancreatic necrosis usually requires treatment when infected, whereas sterile, non-obstructing necrosis can often be managed with a watch-and-wait strategy [7, 12, 20]. It is usual to delay intervention until the necrosis has walled-off, which usually takes approximately four weeks from symptom onset, but should not be delayed in the face of a deteriorating clinical scenario. Antibiotic treatment is indicated but only if infection of a necrotic collection is confirmed by fine needle aspiration or clinically suspected, and should be broad-spectrum, and able to penetrate into the necrosis.
Left flank retroperitoneal pancreatic necrosectomy, percutaneous catheter and/or endoscopic transgastric drainage, laparoscopic approaches, minimally invasive retroperitoneal pancreatic necrosectomy (MARPN), the step-up approach of percutaneous drainage with video assisted open debridement, have all been proposed as alternatives to open pancreatic necrosectomy [13-15,28-38].
Debridement of infected pancreatic necrosis is the mainstay of treatment when percutaneous drainage fails, which is the case in 25% to 75% of patients. Open necrosectomy is associated with 34-95% morbidity and 6-25% mortality depending on the cohort, expertise, and the disease severity [14,15,17,35,36,39-41]. In a collected retrospective multicenter study high risk cases infected pancreatic necrosis had a mortality of 53% using open necrosectomy whilst less invasive endoscopic methods had a mortality of 38% [15,29,39-41]. 
Surgical Concepts: Management of Necrosis
Historically, surgery for necrosis in AP was associated with a very high mortality of up to 50% or higher [39,42]. The timing of an intervention is important, with a general rule of thumb suggesting four weeks from the start of symptoms to enable walling-off of necrotic tissue, although this may not always be possible because of a deteriorating clinical scenario [20,40]. Another crucially important factor for the improvement of morbidity and mortality in the treatment of AP necrosis are advances and paradigm shifts in surgical technique. 
Open Pancreatic Necrosectomy
The basic principle is exposure of the necrotic area, usually after transection of the gastro-colic and duodeno-colic ligament, and blunt dissection then debridement of necrotic tissue. Sometimes it is easier to enter the necrotic cavity as the necrotic invades the transverse colon in the space of Riolan, adjacent to the ligament of Treitz. Subsequently, the necrotic cavity can be managed in various ways as follows [40].
(1) Open Packing: the cavity is packed, and the patient is scheduled for repeat procedures, usually every 48h, until the necrotic process is resolved; mortality of 12-49% with infected necrosis in 84-100% [40,44].
(2)  Planned Re-laparotomies: after initial necrosectomy and lavage the patient is scheduled for re-laparotomy; mortality of 17-25% with infected necrosis in75-79% [40,45].
(3) Closed Continuous Lavage: two or more large Salem-sump tubes are placed in the necrotic area and the ligaments are re-approximated to create a compartment, followed by high volume continuous lavage immediately from the end of surgery; mortality of 12-49% with infected necrosis in 39-100% [40,46, 47].
(4) Closed Packing: packing of the area is combined with insertion of Penrose drains and closed-suction drains; mortality of 6% reported in one series from the Massachusetts General Hospital in Boston of 64 patients with infected necrosis in only 56% [48].
Closed continuous lavage and closed packing are naturally associated with fewer re-interventions (no scheduled re-laparotomy) and fewer complications such as gastrointestinal or colonic fistulas and incisional hernias [40,46-48]. In a subsequent series from the Massachusetts General Hospital of 167 patients the mortality was 20.3% in patients receiving open debridement and closed packing in the first 28 days after symptom onset but only 5.1% with debridement and closed packing after 28 days [49].  A retrospective study from Finland of open necrosectomy in 109 had a 90-day mortality of 22.9% but with the subgroup being operated on after 28 days (N=91) this was only 10.6% [50]. Longitudinal data from the Liverpool Pancreas Unit demonstrates a significant improvement in terms of mortality and overall complications for open pancreatic necrosectomy and minimally invasive approaches when comparing single-center data from 1997-2008 to 2008-2013 [14,15]. 
In summary, open pancreatic necrosectomy can be a viable treatment option in selected patients. It remains the method of choice when other, less invasive options fail. However, other approaches gained widespread acceptance over the last two decades and retroperitoneal access procedures represent the new standard of care that is going to be discussed below. 
Minimal Access Retroperitoneal Pancreatic Necrosectomy (MARPN)
The advent of high-resolution contrast enhanced computed tomography (CT) and sophisticated optical and surgical instrumentation enabled clinicians of the late 20th century to assess different minimally invasive routes to pancreatic and peripancreatic necroses in AP patients [51-53]. 

Retroperitoneoscopic access emerged as one of the most promising techniques. Intraabdominal dissemination of infectious necrotic tissue and subsequent septic shock are avoided/minimized utilizing this extraperitoneal approach.  Pioneered in Glasgow and Liverpool MARPN or minimal access retroperitoneal pancreatic necrosectomy (sometimes also referred to as minimally invasive retroperitoneal pancreatic necrosectomy = MIRPN) has influenced the development on minimally invasive approaches in centers across the world [14,15, 29,30].  MARPN is also referred to as “skunking” as the necrotic material being removed initially usually has a strong offensive odor. 
Technique of Minimal Access Retroperitoneal Pancreatic Necrosectomy (Figure 2)
First, a 12-French catheter over a flexible guide wire is placed into the necrotic area under local anesthetic by a specialist interventional radiologist under CT-guidance using a standard Seldinger-technique. This follows a left flank line of retroperitoneal access between the spleen, the splenic flexure of the colon, and the left kidney [30]. The approach from the right flank is usually not possible because the duodenum and the inferior vena cava block the line of access into the head of the pancreas. The patient may then be transferred back to the intensive care unit or regular ward to await theater or go straight to the operating room. The patient is placed in a supine position with the left (or right) flank being elevated with a sandbag for better access. The patient may be given a light anesthetic, or alternatively the whole procedure can be conducted without any sedation or analgesia except for local anesthetic around the guidewire skin entry point to enable an incision in order to widen the track access site. The index case was an elderly patient with aortic stenosis and cardiovascular disease, undertaken only with local skin anesthetic who watched the whole procedure on the nephroscope video-monitor.
The catheter is then removed leaving the guidewire in situ under radiologic control by a C-arm. After confirmation of correct guidewire placement and incision of the skin, it is replaced by a plastic sheath and the tract is serially dilated using a renal dilatation set. Once a 30-French tract has been established, a plastic sheath is left in place to prevent collapsing, and a rigid nephroscope with a video screen connection is used to visualize the necrosis. Continuous irrigation with saline-solution is essential to facilitate visualization of the cavity. Biopsy forceps are used to remove the black and or gray necrotic tissue, which is readily distinguished from normal tissue which is pink or white. 
An irrigation-drainage system for continuous lavage on the ward is positioned under radiologic control.  A bespoke drainage system is used comprising a pediatric 12-French nasogastric tube transfixed to the proximal tip of a large 28-French semi rigid chest drain with additional holes cut out proximally and both tubes then sutured transfixed to the skin. The chest drain is connected to a large collecting bag (such as a urine bag) that can measure the fluid output and be emptied through a separate outlet tube. The rate of lavage should start at 3L/24h using normal saline and be commenced in the operating room to ensure unobstructed in-flow of saline and steady out-flow of lavage effluent. The inflow and outflow should be regularly recorded to ensure that the volumes are more less equal over a 24h period.
The main objective of the first procedure is to decompress the necrotic cavity which is normally under tension and send the pus and other infected tissue for culture and antibiotic sensitivities,
Several procedures are usually needed for successful debridement and at the initial procedure the surgeon should not aim to remove every necrotic piece that is visualized. For subsequent procedures, the plastic sheath and the nephroscope are reintroduced under visual control and no radiologic imaging is necessary except for placement of the lavage-drainage system. Again, these repeat procedures may not require a general anesthetic. The necrotic cavity will gradually collapse, and the necrotic areas will be replaced by healthy pink granulation tissue. Major vessels including the splenic and superior mesenteric arteries may and  superior mesenteric vein and the inferior vena cava may be seen, as well vein including the superior mesenteric vein and the inferior vena cava. The steady collapse of the cavity can be radiological monitored using soluble contrast injected into the cavity via the lavage system (a ‘tubogram’) and also by contrast enhanced CT. As the patient steadily improves the rate of lavage can be reduced but may need to be increased again if there is clinical deterioration. The progress of the patient can also be followed using sequential serum levels of CRP. Rising levels of CRP indicate the need for repeat skunking and/or new collections developing. Once the CRP falls to around 50 mg/L further interventions are unlikely and when 30 mg/L or less the lavage may be stopped. At this stage the chest drain tube is cut and a colostomy bag is placed around this to collect the effluent. 
Most patients will be discharged home with a drainage bag in situ and followed up weekly. If the drain becomes blocked with thick debris and/or pus it can be flushed with a small volume of normal saline. The drainage tube is shortened by 2-5cm every week or so to enable the sinus tract to granulate towards the skin. With 10-15cm remaining the chest drain is downsized to a tube with a smaller diameter such as an 18-French nasogastric tube cut to size. It is important to allow the tract to fully granulate before the skin closes over the tract otherwise this will cause a subcutaneous assess.
MARPN was initially limited to necroses in the pancreatic tail and body. Over time, indications have been expanded to necroses in the paracolic gutters usually by additional access tracts aiming caudally from the left and/or right flanks. Additional drainage tubes may be required for pelvic collections and transgastric or transduodenal routes for endoscopic drainage of the head of the pancreas if left sided access is insufficient for complete debridement.  A single multipurpose laparoscopic port inserted extra-peritoneally may facilitate access to paracolic necrotic collections, using a zero-degree nephroscope, and an articulated grasper and continuous irrigation/drainage, but of course not entering the peritoneal cavity. These combined procedures are classified as complex MARPNs [15]. This means, that in patients where debridement is indicated, the majority of cases can be treated via retroperitoneoscopic approaches without entering the peritoneal cavity and avoiding large abdominal incisions.
Results of Minimal Access Retroperitoneal Pancreatic Necrosectomy
In the original series from Glasgow there were two (14.3%) deaths from 14 patients with infected pancreatic necrosis treated MARPN [29]. In a small series of 18 patients with infected pancreatic necrosis from Beijing all were successfully treated by MARPN without morbidity or mortality [54]. In the series of 394 patients with pancreatic necrosis (77.7% infected) from Liverpool, the mortality was lower in MARPN treated patients (15.3-19%) compared to open pancreatic necrosectomy (23.3-38%) [14,25]. The rate of post-operative multi organ failure is lower after MARPN (20.4-31% versus 35-56% respectively), and there are fewer post-operative complications (55.0-63.5% versus 81.0-81.7%) [14,15]. 
Left Flank Necrosectomy and Video-Assisted Retroperitoneal Debridement (VARD)
In 1989 Fagniez and colleagues from Créteil France, described a direct retroperitoneal approach for necrosectomy in 40 patients with severe acute pancreatitis, all but one with infected necrosis, and 18 had failed pancreatic surgery elsewhere [28]. The approach was with a left lateral incision, just anterior to the 12th rib, allowing direct access to the pancreas and a complete manual exploration of the gland and peripancreatic spaces. Thirteen patients (32.5%) died, although only four patients (18.2%) out of the 22 operated on primarily in Créteil. Twenty patients (50%) developed a local complication including major hemorrhage in eight and eleven with colonic fistula and/or necrosis, and one with a gastric fistula. Respiratory failure developed in ten patients and another seven patients developed multi-organ failure [28].	Comment by Microsoft Office User: I’m not sure what this means?
Van Santvoort et all adopted videoscopic assisted retroperitoneal debridement (VARD) beginning with a left flank sub-costal incision to directly remove necrosis followed by a laparoscope to access deeper lying necrosis and then using continuous lavage [55]. They described as “a hybrid between pure endoscopic retroperitoneal necrosectomy and the open (20 cm incision) translumbar approach, described by Fagniez et al. in 1989” [55]. Unfortunately, it is not possible to obtain any clear outcome data on the VARD procedure as it is contained within the “step up approach” that provides combined outcome data with prior percutaneous drainage [31, 34].
In the PANTER multicenter trial from the Netherlands 88 patients with necrotizing pancreatitis
were randomly assigned to undergo up-front open necrosectomy with continuous lavage or a step-up approach combining initial percutaneous drainage and if there was no clinical improvement then necrosectomy by VARD [31]. The primary end point was a composite of major complications which included new-onset multiple-organ failure or multiple systemic complications, perforation of a visceral organ or enterocutaneous fistula, or bleeding, or death. The primary end point occurred in 31 (69%) of 45 patients assigned to open necrosectomy and in 17 (40%) of 43 patients assigned to the step-up approach. In the step-up approach group 17 patients had percutaneous drainage only but with two (11.8%) deaths. There were six (23.1%) deaths in the remining 26 patients who had VARD, compared to seven (15.6%) deaths in the 45 patients that had open necrosectomy [31]. Follow-up showed that in the step-up group, patients had fewer incisional hernias and less exocrine insufficiency (not surprisingly but there were no differences between the groups in terms of recurrent acute or chronic pancreatitis, endoscopic or surgical interventions pancreatic, quality of life or costs [36].
Endoscopic Transgastric Necrosectomy (ETN)
The Dutch Pancreatitis Study Group subsequently undertook a multicenter study in which patients were randomly assigned to one of two step-up groups, the endoscopic approach (N=51) consisting of endoscopic ultrasound-guided transluminal drainage followed, if necessary, by endoscopic necrosectomy and the surgical approach consisting of percutaneous catheter drainage followed, if necessary, by VARD (N=47) [34]. Endoscopic necrosectomy was undertaken in 29 (56.8%) of patients randomized to the endoscopy group and VARD was undertaken in 23 (51.1%) of patients in the surgery group [34]. There were nine (18%) deaths in the endoscopy group and six (13%) patients in the surgery group but we do not know how many deaths occurred before endoscopic intervention or VARD; major complications or death occurred in 22 (43%) and 21 (45%) patients respectively [34].
A single center study from Florida Hospital in Orlando USA randomized 32 of 66 patients with pancreatic necrosis to minimally invasive surgery, either laparoscopic cysto-gastrostomy or VARD depending on location of collection, and 34 patients to an endoscopic step-up approach comprising transluminal drainage with or without necrosectomy. The primary endpoint was a composite of major complications of new-onset multiple organ failure, new-onset systemic dysfunction, enteral or pancreatic-cutaneous fistula, bleeding and perforation of a visceral organ or death during 6 months of follow-up. Death occurred in two (6.3%) patients in the surgery group and in three (8.8%) patients in the endoscopy group; the primary endpoint occurred in four (11.8%) patients who received the endoscopic procedure and in 13 (40.6%) patients who had minimally invasive surgery [56].
Comparison of Outcomes of Different Techniques
Comparison of the different techniques is not straightforward as:
(1) different techniques are used sequentially on the same patient thereby altering the characteristics of the outcomes for each type of technique, thus introducing a selection bias [57];
(2) description of key characteristic features of the pancreatitis may not be included such as presence or absence of pancreatic necrosis, extent of pancreatic necrosis, transient or persistent organ failure, and pre-operative and post-operative intensive therapy unit (ITU) requirement;
(3) details of infected or sterile pancreatic necrosis before intervention is missing, as once intervention takes place infection is almost invariably acquired, so falsely reported as being infected necrosis;
(4) selective bias with late referrals of patients: for example, in the three-center (Calgary, Stanford, and Indiana) retrospective study on surgical transgastric necrosectomy for necrotizing pancreatitis as a single-stage procedure for walled-off pancreatic necrosis, the median delay from symptom onset to surgical treatment was 53, 60, and 71 days respectively, leaving only the relatively low risk survivors to have the surgery [37];
(5) lack of a clear distinction between acute peri-pancreatic fluid collections (which do not need treatment), pancreatic pseudocysts (which usually resolve without treatment), pancreatic necrosis, acute necrotic collection, and walled of necrosis, all with different outcomes;
(6) groupinglumping various minimized techniques together, such as MARPN, VARD and ETN, when they are probably not comparable in terms of outcomes [35, 58];
(7) use of composite endpoints where significant differences might be seen due to potentially biased observations such as pancreatic enzyme replacement therapy, or pancreatic fistula (which by definition always occurs with a percutaneous approach), whilst unbiased events such as death (when there may be no significant difference) assume a secondary significance [56].
Considering these reservations, data for various techniques are shown in Table 4 for comparison.  Although VARD has been promoted, the data on how effective it is are rather small compared to MARPN [15,31]. A recent series of 179 consecutive patients with necrotizing pancreatitis from the Massachusetts General Hospital Boston USA reveled a 90-day mortality rate of  only 2/91 (2.2%) in patients treated by a variety of minimally invasive techniques (including ETN, STE and VARD) compared to 9/88 (10.2%) in patients treated by open necrosectomy [58].The International Association of Pancreatology/American Pancreatic Association guidelines recommend either a conventional or endoscopic step-up approach as the initial treatment strategy of choice in patients with infected necrosis or persistent organ failure and necrosis [20]. One advantage of this approach is that more invasive interventions of incorrectly diagnosed necrotic collections - that are actually acute peripancreatic fluid collections (that do not need treatment) or pseudocysts (that mostly resolve) – are avoided. One disadvantage is that initial drainage only leads to partial resolution of a necrotic collection that subsequently complicates minimal access approaches, forcing an open necrosectomy, that would have been otherwise avoidable. 
The American Gastroenterological Association (AGA) Clinical Practice Update on the  management of pancreatic necrosis recommends that the use of direct endoscopic necrosectomy should be reserved for those patients with limited necrosis who do not adequately respond to endoscopic transmural drainage using large-bore, self-expanding metal stents/lumen-apposing metal stents alone or plastic stents combined with irrigation [59]. The AGA also recommends that minimally invasive operative approaches to the debridement of acute necrotizing pancreatitis are to be preferred to open surgical necrosectomy whenever possible [59].
Other Complications and their Surgical Management
Colonic and Enteric Fistula
Enteric and especially colonic necrosis, ischemia and hemorrhage in the context of severe AP is usually caused by the spread of pancreatic enzymes and pancreatic/peripancreatic necrosis. If suspected, colonic resection is essential [15,60].  Colonic fistulas, which can appear in 17-19% of patients, are associated with increased mortality [61]. This complication can be managed  without surgery utilizing percutaneous drainage in around 47% of cases. In a large series including 132 patients with colonic fistula, mortality in patients requiring surgical intervention for colonic fistula was higher (37%) compared to the group receiving percutaneous drainage (19%) [61]. 
Hemorrhage
Pancreatic fistula and necrosis can erode blood vessels involved in the collection causing major bleeding and occurs in 15-18% of cases and pseudo-aneurysm in around 4% [15]. With open pancreatic necrosectomy the mortality is very high. In a collected series of 44 cases reported in 2003 the overall mortality rate was 34.1% [62]. The splenic artery, portal vein, spleen, and unspecified peripancreatic vessels were the most commonly involved sources of bleeding, with associated mortality rates of 33.3%, 50.0%, 30%, and 28.5%, respectively [62]. Massive hemorrhage was more frequently associated with severe necrosis, with a mortality rate of 37.9% 62]. Earlier on in the Liverpool series the mortality rate was 70% when attempted treatment for massive hemorrhage was straight to open laparotomy and packing [63]. Subsequently for bleeding in patients who had MARPN,  tamponade of the bleeding was introduced simply by stopping the continuous irrigation and clamping the chest drain with arterial forceps; in most cases the bleeding would be controlled without the need for further intervention. For open necrosectomy the standard procedure for bleeding is emergency angiography and embolization, and only iof this is not successful should there be a laparotomy followed by packing to control the bleeding. Using this approach, the mortality was only 16% from bleeding in the Liverpool series [14]. 
Disconnected Main Pancreatic Duct 
Disconnected main pancreatic duct (DPD) is defined as a discontinuity of the main pancreatic duct (MPD) and is a feature of severe necrotizing pancreatitis with central pancreatic necrosis first described in 1993 [64]. An external pancreatic fistula will therefore be usually expected using MARPN/VARD/percutaneous drainage for severe necrotizing pancreatitis. It can be managed as an outpatient procedure by gradual shortening of external drain then downsizing using a smaller French diameter naso-gastric tube cut to size and aggressive endoscopic or surgical interventions are not usually necessary [65]. Late recurrence leading to a tdrain tract pseudocyst can occasionally occur due to a distal structure in the neck or head of the pancreas and is then best managed by Roux-en-Y pseudocyst-enterostomy [65].
Abdominal Compartment Syndrome
Severe AP is accompanied by drastic compartment fluid shifts especially into the interstitial spaces leading to abdominal compartment syndrome. Although laparostomy has been suggested as means of treatment there is no quality evidence to support this and may well be deleterious to the condition of the patient.
Timing of Cholecystectomy
Cholecystectomy is recommended for patients with gallstone associated pancreatitis r=to prevent further attacks and should be undertaken at the index admission is recommended for mild biliary pancreatitis [20, 66]. For patients with peripancreatic collections however, cholecystectomy should be delayed until the collections have resolved or until after six weeks as there is higher risk for sepsis [20, 67]. 
Summary and Outlook
Severe AP still is a life-threatening condition requiring a multidisciplinary approach. An accurate diagnosis should be made a soon as possible, and initiating resuscitation with large volume intravenous fluids and oxygen by mask. If there is any doubt of the diagnosis, then an urgent contrast enhanced CT scan should be undertaken. If severe disease is predicted using clinical assessment and serum CRP >150 mg/L the patient will require intensive monitoring. Most deaths within the first week or so are due to multi-organ failure so severe cases will require management on the Intensive Therapy Unit. During the second phase of the disease death is due to local complications arising from the pancreatic inflammation.  Accurate identification of these local complications is required to determine the correct form of treatment. Acute peripancreatic fluid collections are common not requiring any treatment. Most pancreatic pseudocysts also largely resolve on conservative management, not needing intervention. Necrotizing pancreatitis causing acute necrotic collections and later walled-off necrosis will require treatment if symptomatic or infected. Initial endoscopic transgastric or percutaneous drainage will resolve less serious collections but necrosectomy using minimally invasive approaches will be needed for more serious collections and usually require a combination of techniques for larger extensive collections. To prevent recurrent attacks of AP then causative factors need to be removed where possible. Future progress needs to be focused on better management of multi-organ failure in the first phase and more effective minimally invasive techniques for removal of necrosis.
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FIGURES
Figure 1. Distribution of deaths in patients with severe pancreatitis. Most deaths occur in the first week or so from multiorgan dysfunction syndrome (MODS) consequent to an excessive systemic inflammatory response syndrome (SIRS). In the second phase deaths tend to occur from pancreatic necrosis, associated with sepsis and leading to secondary MODS.
Figure 2. The serial treatment of necrotizing pancreatitis by MARPN (A). In the radiology department the guide wire is inserted into the center of the necrotic mass, taking a line between the lower pole of the spleen, the splenic flexure of the colon and the upper pole of the left kidney (B, C). Then in the operating room the surgeon dilates the guide wire track using increasing diameter nephrectomy dilators, under X-ray control using the vertebral column and the position of a nasogastric tube as reference point (D). Following multiple skunk procedures using a straight rigid nephroscope the necrosis has largely been cleared and the necrotic cavity has collapsed  around the 28Fr chest drain (E); the tract will heal by granulation tissue on steady withdrawal then downsizing of the drain over a several weeks as an out-patient.
TABLES
Table 1. Causes and risk factors for acute pancreatitis.
Table 2. Definitions of the 2012 Atlanta classification revision.
Table 3. IAP/APA evidence-based guidelines for the management of acute pancreatitis.
Table 4. Comparison of various techniques for treating pancreatic necrosectomy.
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