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            Abstract

            
               
Background: To assess the role of image guided percutaneous drainage of acute pancreatic collections in influencing the clinical outcome
                  of patients. Subjects and Methods: This is a prospective study done in the department of intervention radiology, Narayana medical college. About 20 cases have
                  been performed in our institution from January 2019 to December 2019. All these drainage procedures have been done under CT
                  guidance. All these cases were strictly followed during their hospital course. Clinical success has been defined as control
                  of sepsis and prevention of MODS without the requirement of surgical debridement. Results: Out of twenty cases, which we intervened, there was an improvement in clinical outcome in fourteen cases with the prevention
                  of septic shock and multiorgan failure. Three cases were critically ill at the time of admission and succumbed to MODS (Multiple
                  organ dysfunction syndrome). The other three cases required additional surgical intervention-debridement. In which, there
                  was increased morbidity with delayed recovery in two cases, and one case developed MODS and expired. Conclusion: Image guided Percutaneous catheter drainage is a safe and effective technique to drain pancreatic collections. Adequate knowledge
                  regarding the interpretation of imaging findings, time to intervene, adequate expertise for performing the procedure, close
                  follow up with regular clinical assessment is vital in the management of patients in acute pancreatitis. Early and aggressive
                  intervention helps reduce the morbidity and mortality by preventing the evolution of MODS.
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               Introduction

            Acute necrotizing pancreatitis corresponds to 10–15% of all cases of acute pancreatitis. [1] It was frequently complicated by a systemic inflammatory response syndrome and multisystem organ failure and infections.
               Infectious pancreatic necrosis (IPN) is the most dreaded and severe complication causing 80% of the deaths associated with
               AP. [1,2,3,4,5]

            The surgical debridement has been the mainstay of treatment of patients with acute necrotizing pancreatitis traditionally.
               However, such aggressive treatment is associated with significant complications and mortality in 11–39 % of patients. This
               high rate has been primarily attributed by the presence of comorbid medical conditions and multisystem organ failure which
               is derived from a systemic response to pancreatitis. [6,7,8,9,10,11]

            Alternative nonsurgical techniques like percutaneous catheter drainage (PCD) have promising results of PCD in the treatment
               of the other complications which are routinely associated with AP, such as acute necrotising fluid collections. Limited studies
               have evaluated the role of CT-guided percutaneous catheter drainage in the care of patients with infected pancreatic necrosis. [12,13,14,15] Compared with open surgery, PCD could effectively reduce the hospital stay and average hospital cost and avoid surgically
               related complications, such as wound infection and incisional hernia. [6,7,8,9,10,11,12,13,14,15,5]

         

         
               Subjects and Methods

            
               Subjects
               
            

            The prospective study was performed from January 2019 to December 2019 after taking informed consent. There were 20 patients
               (all were men, the median age of 37 years) with a diagnosis of acute necrotising pancreatitis who underwent percutaneous catheter
               drainage via CT guidance and have been followed up. The cause of the pancreatitis was alcoholism in all cases at our center.
               Institutional ethical review board approval was obtained for this study.
            

            Assessment of the patient's clinical condition at initial percutaneous CT guided PCD was dependent on the criteria based on
               the revised classification of Acute Pancreatitis – 2012. The revised classification identifies early and late phases of the
               disease and classifies into mild, moderate, and severe acute pancreatitis. [4] The mild acute pancreatitis has no organ failure, no local or systemic complications. The moderate acute pancreatitis has
               transient organ failure or local complications or exacerbation of comorbid diseases for less than 48 hours. The severe acute
               pancreatitis has persistent organ failure for more than 48 hours. [4]

            In our center, we aimed at providing early and aggressive intervention for all patients with sizeable pancreatic collections,
               followed by regular upsizing of the catheter. 
            

            
               Procedure
               
            

            Referral for radiological intervention has been based on clinical suspicion of infection raised by fever, leucocytosis and
               associated renal or cardiac compromise, or general clinical deterioration which is not responding to conservative medical
               care. The referral is also given if there is a sizeable pancreatic collection on imaging with rapid abdominal distension,
               irrespective of the clinical parameters. 
            

            The decision for PCD was based on guidelines according to the American College of Radiology appropriateness criteria with
               radiological imaging suggesting a liquefied drainable collection, collections larger than 5 cm, rapidly enlarging collections,
               infected collections and collections causing obstruction. Infection in the collection was assessed on the imaging picture
               (the collection density has higher Hounsfield Units than water or the collection with gas) and in indeterminate cases with
               prior needle aspiration. [14,15]

            
               Drainage procedure
               
            

            PCD was performed under CT guidance, using local anaesthesia in strict sterile conditions. The Seldinger technique has been
               systematically used to place a catheter in the necrotic collections via the most direct transperitoneal route, without intervening
               bowels and solid organs. Retrogastric and lesser sac collections have been referred to the gastroenterologist for endoscopic
               interventions. 
            

            To start with One or more 16- French malecot catheters were placed to aspirate the cavity fluid and then continuously irrigated
               with 1 L/drain/day of normal saline. Malecot catheters have been preferred due to less frequency of clogging. Later upsizing
               was done with the new larger bore catheter (Upto 28 French malecot), depending upon the amount drained and residual collection.
               Continuous and abundant daily irrigation was started, ranging from 0.5 to 1.5 L/drain/day of normal saline, depending on the
               size of the collection. If the drainage was inadequate, further upsizing of the catheter was performed up to 36 french ICD
               tube, under fluoro guidance, with the help of urethral dilators. The removal of the catheters and stoppage of the drainage
               was based on clinical improvement demonstrated by the control of the sepsis and hemodynamic stability, resolution of the necrotic
               cavity on CT scan, and the amount of drain fluid was less than 10 mL/day. The mean time between presentation with pancreatitis
               and the first interventional procedure was 7 days. 
            

         

         
               Results

            
                  
                  Figure 1

                  
                     A 57-year-old man with moderately severe necrotizing pancreatitis. A. Axial contrast-enhanced CT image obtained 8 days after
                        onset of symptoms showing acute necrotic fluid accumulation in right anterior
                     pararenal
                      space extending into the right 
                     paracolic
                      gutter (represented by the star symbol), B. Axial plain CT image obtained after insertion of 
                     malecot’s
                      catheter into the necrotic collection (depicted by white arrow)
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                  Figure 2

                  
                     
                     A 32
                     -year-old man with moderately severe alcoholic necrotizing pancreatitis. A. Axial contrast-enhanced CT image obtained 6 days
                        after onset of symptoms showing acute 
                     peripancreatic
                      fluid accumulation (represented by the star symbol) extending anteriorly into the greater sac, transverse 
                     mesocolon
                     , and posteriorly into left anterior 
                     pararenal
                      space and 
                     paracolic
                      gutter with thickening of left 
                     pararenal
                      
                     facia
                      (represented by the arrow symbol). Few air foci noted within the collection, suggesting infection. B. Axial plain CT image
                        obtained after insertion of 
                     malecot’s
                      catheter into the necrotic collection (depicted by white arrow).
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                  Figure 3

                  
                     
                     A 49
                     -year-old man with the severe necrotizing pancreatitis. A. Axial contrast-enhanced CT image obtained 7 days after onset of
                        symptoms showing acute 
                     peripancreatic
                      fluid accumulation extending anteriorly into lesser sac, transverse 
                     mesocolon
                     ; superiorly into the lesser sac (represented by the star symbol) and posteriorly into left anterior 
                     pararenal
                      space and 
                     paracolic
                      gutter. B. Axial contrast-enhanced CT image obtained after insertion of ICD tube into the necrotic collection (depicted 
                     with the
                      white arrow). ICD was placed by regular upsizing of the catheters.
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                  Figure 4

                  
                     
                     A 29-year-old man with the severe necrotizing pancreatitis. A. Axial contrast-enhanced CT image obtained 14 days after onset
                        of symptoms showing fluid accumulation in the pelvis. (represented
                      by the star symbol). B. Coronal contrast-enhanced CT image obtained after insertion of pigtail catheter into the pelvic fluid.
                        (
                     depicted
                      by white arrow).
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                  Figure 5

                  
                     
                     A 36
                     -year-old man with severe necrotizing pancreatitis. A. Axial contrast-enhanced CT image obtained 9 days after onset of symptoms
                        showing necrosis of pancreas and acute 
                     peripancreatic
                      fluid accumulation (represented by the star symbol) extending into left anterior 
                     pararenal
                      space and 
                     paracolic
                      gutter. B. Axial contrast-enhanced CT image obtained after insertion of 
                     Malecot’s
                      catheter into the necrotic collection (depicted by white arrow). 
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                  Figure 6

                  
                     A 43-year-old man with moderately severe necrotizing pancreatitis. A. Coronal contrast-enhanced CT image obtained 13 days
                        after onset of symptoms showing fluid accumulation extending along left
                     paracolic
                      gutter (represented by the star symbol). B. Coronal plain CT image obtained after insertion of 
                     Malecot's
                      catheter into the necrotic collection (depicted with white arrow).
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            Out of twenty cases, which we intervened, there was an improvement in clinical outcome in fourteen cases with the prevention
               of septic shock and multiorgan failure. Three cases were critically ill at the time of admission and succumbed to MODS (Multiple
               organ dysfunction syndrome). The other three cases required additional surgical intervention-debridement. In which, one case
               developed MODS and expired. 
            

            The mean hospital stay for our patients who were treated by PCD was 34.6 days (range 20 to 54 days), were followed up on OPD
               basis regularly. ICU hospitalisation has been required for 6 of the 20 patients out of which 4 succumbed to death. The Ranson
               score was less than 3 for 9 patients, 3-5 for 8 patients and more than 6 for 3 patients. 14 patients fall under the moderately
               severe category and 6 patients in the severe category as per revised Atlanta classification of acute pancreatitis.
            

            
                  
                  Figure 7

                  
                     Cases and outcome in different categories
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                  Figure 8

                  
                     The Clinical outcome in our study
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            Among all 20 patients with acute necrotizing pancreatitis managed with primary CT-guided percutaneous catheter drainage, 14
               (70%) were treated successfully with drainage alone (Category A). These 14 patients referred for PCD had very early features
               of SIRS with mild renal compromise prior to PCD insertion, which subsequently subsided, and all patients recovered completely.
               The mean hospital stay for these patients is 34.6 days. There were no deaths in this group.
            

            Out of 20 patients, three patients (15%) required surgical intervention after PCD drainage (Category B). All three referred
               for PCD with established clinical features of SIRS and moderately increased serum creatinine levels. The three patients had
               undergone open retroperitoneal debridement of necrotic collection, as there was no improvement in their clinical condition,
               insufficient drainage through drain tube, increasing abdominal pressure, and increasing TLC and creatinine levels. Two out
               of three were improved post surgically. One patient developed MODS and died in spite of the aggressive medical and surgical
               management. These patients underwent surgical intervention with a mean of 40 days after hospital admission and a mean of 27
               days after the first interventional procedure. The mean hospital stay of the two patients was 84 days.
            

            Among 20 patients, 3 patients (15%) underwent PCD drainage alone because they were not considered as surgical candidates (Category
               C). All these patients had the severe disease at the time of presentation with features of sepsis and MODS. These patients
               were intervened with PCD, however, all clinically deteriorated despite the aggressive medical management.
            

            All patients underwent image guided PCD drainage at the earliest possible after admission with a mean duration of 14 days.
               In our hospital, we intervened at the stage of necrotic collections itself and did not hold back to get collections organized.
            

         

         
               Discussion

            Acute pancreatitis is divided into two morphologic subtypes: interstitial edematous pancreatitis and necrotizing pancreatitis.
               Acute necrotizing pancreatitis is a severe form of acute pancreatitis which is characterized by necrosis within the pancreas
               and peripancreatic area. It is seen in 20%–30% of patients with acute pancreatitis and historically is associ¬ated with high
               rates of morbidity (34%–95%) and mortality (2%– 39%). [1,2,3]

            Pathophysiologically, acute pancreatitis is divided into early and late phases. The early phase occurs in the 1st week after
               onset, which is manifesting as a systemic inflammatory response. Clinical severity and treatment in this phase are mainly
               determined on the basis of type and degree of organ failure. The late phase, which generally starts in the 2nd week and can
               last for weeks to months, occurs only in patients with moderately severe or severe pancreatitis, as defined by persistent
               organ failure and by local complications. [4]

            The revised Atlanta classification system subdivides collections associated with necrotizing pancreatitis as per the time
               of disease onset. The collection that develops within 4 weeks of onset and lacks a discrete wall is defined as an acute necrotic
               collection (ANC). A collection that persists after 4 weeks and develops a discrete wall is defined as walled-off necrosis
               (WON). Both an ANC and WON can be sterile or infected. Collections developed in necrotizing pancreatitis consists of fluid
               and also necrotic tissue of both pancreatic and peripancreatic regions. [4]

            The diagnosis of infected Acute necrotizing pancreatitis is based on CECT, clinical and laboratory findings. FNA culture and
               sensitivity has proven positive results in identifying the infections. Intervention is initiated based on imaging findings
               like gas in collections, clinically persistent fever, and elevated leukocyte count, even though culture results were negative. [8]

            Few predictive factors, like Ranson, APACHE II scores and CT scores, can be used to evaluate the condition of a patient and
               help in assessing the clinical success rates or mortality. However, the result of several studies revealed that the CT Severity
               Index score is not having a good correlation with patient outcome. [9,10,11]

            Several studies have proposed that assessing organ failure can be a significant factor in classifying the disease severity
               and is closely associated with mortality. One study reported that mortality was 0% in patients with no organ failure, 13%
               in patients with single organ failure, and increased significantly to 38% in patients with MSOF. [12] Another study reported the mortality was 45% in the patients with MSOF. [13]

            In Acute pancreatitis, SIRS is the main cause of early complications, whereas fluid collections with subsequent infections
               are cause for late complications. Clinical criteria for SIRS are 1) Heart rate >90 beats/min; 2)Body core temperature <360C or >380C; ; 3) Leucocyte count <4,000 or >12,000/mm3; 4)Respiratory rate >20/min or PCO2 <32mmHg. The presence, extent, and duration of organ failure determine the severity of pancreatitis in the early phase (1st
               week). The criteria for diagnosis of organ failure are, systolic blood pressure <90 mmHg, PaO2 ≤60 mmHg, serum creatinine >2 mg/dL, or gastrointestinal bleeding >500 mL/day. [5,16]

            The current management of acute necrotizing pancreatitis, although remains controversial, the initial treatment strategy has
               been shifted from aggressive, early surgical debridement to a more conservative and supportive therapy during the initial
               2 weeks after the onset of symptoms at most centers. [17]

            Gotzinger et al. evaluated the cases of 250 patients with acute necrotizing pancreatitis and they found significantly higher
               mortality among patients operated on within the first 3 weeks after the onset of symptoms than among patients for whom surgery
               was delayed. [5] Rodriguez et al. confirmed those findings in a similar study with 167 patients, finding that delaying surgery at least 28
               days after the onset of symptoms led to a better prognosis. [16] The mortality rate was 5.1% among a group who underwent surgery more than 28 days after symptom onset and 20.3% among the
               group who had been operated on earlier. [16,17]

            The theoretical basis for PCD is that open surgery might not be tolerated by critically ill patients who are complicated by
               SIRS and MODS. Image guided PCD can improve their serious clinical condition and postpone surgical intervention. PCD was considered
               as the first minimally invasive step in the treatment of clinically suspected or diagnosed infective necrotizing pancreatitis
               with resultant lesser complications. [6,7]

            Freeny et al. evaluated 34 patients with acute necrotizing pancreatitis in whom the infected pancreatic necrosis was managed
               with percutaneous catheter drainage the disease resolved without surgery in 47% of the patients. As important, in 74% of patients
               sepsis was controlled, such that the PCD can be considered as a bridge to elective surgery. [18] Wasler et al. proposed in his study that the clinical utility of CT-guided PCD in patients with sterile pancreatic necrosis
               has no benefit in draining sterile collections versus simple aspiration, however, there might be increased risk of bacterial
               colonization. However, it is feasible, that a patient with sterile necrosis whose clinical condition continues to worsen in
               spite of aggressive supportive therapy, might be benefited from percutaneous catheter drainage. [19]

            In a systematic review study, the size of the drains used varied from 6 to 32 F, and not even a single study showed that large
               bore drainages are more effective in preventing complications and outcomes.[6] 

            In one study, among 11 patients with multisystem organ failure, only four (36%) were treated successfully with CT-guided percutaneous
               catheter drainage alone; five patients (45%) died. Among 24 patients without multisystem organ failure, 13 (54%) were treated
               successfully with CT-guided percutaneous catheter drainage alone; one patient died. [17]

            In our study, 14 of 20 patients (70%) with clinically suspected infected pancreatic necrosis were intervened early and treated
               successfully with CT-guided percutaneous catheter drainage alone. Three out of 20 patients (15%) underwent retroperitoneal
               surgical debridement. Among these three, only one patient died, and two patients recovered. The median time between hospital
               admission and surgery was 65 days. Initial catheter drainage resulted in avoiding the potentially complicated early surgical
               intervention, control of sepsis, and decreased mortality, in these patients. Three patients, presented with multi system organ
               failure who required ICU hospitalisation and ventilation succumbed despite image guided PCD.
            

            In a study, the prevalence of organ failure in acute necrotizing pancreatitis has been reported as 54% (range, 29–78%). Patients
               without organ failure have a 0% mortality rate; those with single organ failure have median mortality of 3% (range, 0–8%);
               and those with multisystem organ failure have a median mortality rate of 47% (range, 28– 69%). [20] In our study, 4(20%) patients died; all were complicated by Multi system organ failure.
            

            A review study revealed that 38.5 % percent of patients still needed other surgical interventions in spite of PCD. The most
               common reason was that the necrotic tissue could not be efficiently removed in a seriously ill subset of patients despite
               the prolonged percutaneous drainage and multiple saline irrigations. The main additional intervention is the surgical approach
               which includes either open or other minimal- invasive interventional approaches, like percutaneous necrosectomy, video-assisted
               retroperitoneal debridement (VARD), and retroperitoneal necrosectomy. [6,21,22,23,24] In our study, 3 (15%) patients required retroperitoneal necrosectomy.
            

         

         
               Conclusion

            Image guided Percutaneous catheter drainage is a safe and effective technique to drain pancreatic collections. Adequate knowledge
               regarding the interpretation of imaging findings, appropriate time for intervention, adequate expertise for performing the
               procedure, close follow up with regular clinical assessment is vital in the management of patients in acute pancreatitis.
               Early and aggressive intervention helps reduce the morbidity and mortality by preventing the evolution of MODS. However, more
               extensive studies are required to understand the effect of important confounding prognostic factors in the management and
               clinical outcome of acute pancreatitis.
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