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Abstract
Moderately severe and severe acute pancreatitis is characterized by local and systemic complications. Systemic complications predominate the early phase of acute pancreatitis while local complications are important in the late phase of the disease. Necrotic fluid collections represent the most important local complication. Drainage of these collections is indicated in the setting of infection, persistent or new onset organ failure, compressive or pressure symptoms, and intraabdominal hypertension. Percutaneous, endoscopic, and minimally invasive surgical drainage represents the various methods of drainage with each having its own advantages and disadvantages. These methods are often complementary. In this minireview, we discuss the indications, timing, and techniques of drainage of pancreatic fluid collections with focus on percutaneous catheter drainage. We also discuss the novel methods and techniques to improve the outcomes of percutaneous catheter drainage.
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Core Tip: Percutaneous catheter drainage is an important method for drainage of pancreatic fluid collections. In the early stage of the disease (2-4 wk), it is often the method of choice. It is shown to be effective alone in almost 50% of the patients. It is also an important part of the dual modality treatment that involves endoscopic drainage. It acts as a gateway for percutaneous endoscopic and minimally invasive surgical necrosectomy. There is evolving data regarding the indications and timing of drainage. Additionally, there are several recent studies describing methods to improve the percutaneous catheter drainage outcomes. 

INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory condition of the pancreas and one of the common causes of acute abdomen presenting as a medical emergency. Severity ranges from mild to moderately severe AP (MSAP) and severe AP disease (SAP). Mild AP has an excellent prognosis with conservative treatment[1,2]. In patients having infected necrosis or organ failure (OF), mortality rises to about 30% despite invasive and surgical management[1]. 
According to the revised Atlanta classification (RAC), AP is divided into early (< 1 wk) and late (> 1 wk) phases. The early phase is characterised by systemic inflammatory response and the late phase characterized by persistent OF or systemic complications[1]. Based on imaging findings, AP is divided into interstitial edematous pancreatitis (IEP) and acute necrotising pancreatitis depending on the presence of necrosis (pancreatic, peripancreatic or both)[1,2]. 
Pancreatic fluid collections (PFCs) represent important local complications of AP. Not all PFCs are necrotic and not all necrotic collections are infected. Therefore, RAC provided an important distinction between the collections which contained purely fluid contents and those which also contained necrotic debris. PFCs associated with IEP are called acute peripancreatic fluid collections (APFCs; ≤ 4 wk) and pseudocysts (> 4 wk); and those associated with necrosis are called acute necrotic collections (ANCs ≤ 4 wk) and walled off necrosis (WON; > 4 wk) (Figure 1). Any of the above mentioned collections can get infected and require intervention[1,2]. Recent studies have highlighted that 4 wk threshold for classification of PFCs is imprecise. In fact, many collections have partial/clinically significant encapsulation in the 3rd week of illness[3-5]. 
Management of AP and its complications requires a multidisciplinary approach involving gastroenterologists, interventional radiologists, and surgeons. Conservative management is the rule in the early phase of AP, which includes fluid resuscitation, pain control, prophylactic antibodies, and oxygen and nutritional support. Antibiotic treatment should be initiated only in culture proven infection or when there is strong clinical suspicion of infection. They should not be given prophylactically[6]. Enteral feeding may become necessary to bypass the inflamed region of the bowel adjacent to the pancreas and may be achieved by nasojejunal tube or percutaneous jejunostomy[6,7]. PFCs can be treated conservatively or by percutaneous, endoscopic, or surgical methods depending on their nature[7,8]. 
There has been a paradigm shift in the treatment of necrotizing pancreatitis from open necrosectomy to a minimally invasive step-up approach after the publication of results of a large randomised controlled trial (PANTER trial), in which it was seen that 35% of the patients did not require any further intervention and patients managed with the step-up approach had a significantly lower incidence of new onset organ failure and diabetes[9]. This step-up approach is thus now the standard of care for all pancreatitis patients, with upgradations done if there was no clinical improvement or catheter displacement was seen (Figure 2)[9,10]. 
In this review, we outline the various minimally invasive intervention techniques (predominantly percutaneous with few salient endoscopic techniques), their indications, timing, image guidance, complications, and factors predicting response, so that an interventional radiologist can take an informed decision on when and why to drain a PFC. 

INDICATIONS OF DRAINAGE
The standard indication of drainage of a PFC is infected necrosis, preferably at the stage of WON (usually after 3-4 wk)[11,12]. The drainage can be either percutaneous catheter drainage (PCD), endoscopic drainage (ED), or surgical debridement. Infection can be documented by the presence of gas on computed tomography (CT) (Figure 1D) or microbial growth on fine needle aspiration (FNA). The latter is now not commonly utilized as it has a high false negative rate (up to 25%)[13]. Additionally, there is a theoretical risk of introduction of infection into sterile collection[14]. According to a survey, most pancreatologists did not routinely perform FNA and 15% never performed FNA[15]. A strong suspicion of infected necrosis is based on clinical deterioration or fever in the absence of other sources of infection[7,12]. Persistent OF for several weeks in the presence of ANC or WON without evidence of infection is also an accepted indication for intervention[12]. 
However, there are several evolving indications to intervene either early, or in the absence of infection or persistent OF. These include mass effect caused by large collections causing either bowel or biliary obstruction, disconnected pancreatic syndrome, “persistent unwellness” (continued anorexia, intractable pain, and weight loss), or abdominal compartment syndrome (which is an emergency indication) (Figure 3)[12,14,16]. Most of these evolving indications would require a percutaneous intervention as endoscopic interventions generally require a walled off collection and a suitable location adjacent to the gastrointestinal tract, and cannot usually be undertaken in an emergency setting. Collections which do not require drainage include asymptomatic WONs, non-infected pseudocysts or APFCs and collections which drain through spontaneous gastrointestinal fistulas[12,17]. 

TIMING OF DRAINAGE
Standard recommendation
Any intervention of PFC, if performed in an acutely ill patient in the early phase of AP, is associated with high morbidity and mortality due to heightened systemic inflammation response at this time and an increased risk of haemorrhage[7]. Thus, current guidelines suggest delaying interventions (whether percutaneous, endoscopic, or surgical) to more than 3-4 wk after disease onset to decrease this morbidity, as well as to allow encapsulation of the collection[7,12]. This encapsulation allows necrotic parenchyma to be more clearly defined from normal viable parenchyma which leads to better patient outcomes and can avoid future pancreatic insufficiency[7,18]. According to the recent American Gastroenterology Association (AGA) clinical practice guidelines, PCD should be considered in patients with infected or symptomatic necrotic collections in the early, acute period[6]. In patients with abdominal compartment syndrome, emergent surgical or radiological intervention can be a life-saving procedure if medical management fails[12]. Early intervention at the ANC stage may also be required in patients with suspected or confirmed infected necrosis and persistent OF if medical management alone is insufficient[7,12]. 

Postponed or immediate drainage of infected necrotizing pancreatitis (POINTER trial)
This trial was conducted by the Dutch Pancreatitis Study group to compare early vs standard drainage in infected pancreatic necrosis. One-hundred and four patients with necrotizing AP were randomized into two groups-immediate drainage, i.e., within 24 h of diagnosis of infected necrosis, and postponed drainage group (after walled off stage). Necrosectomy, if needed, was postponed to walled-off stage in both arms. The primary outcome was comprehensive complication index (CCI) which included all complications occurring within 6 mo of follow-up, and secondary outcome included mortality, hospital stay, and intensive care unit (ICU) stay, number of interventions, and quality adjusted life-years. No difference was seen in CCI between the early and delayed drainage groups, and no difference was seen in mortality, hospital stay, ICU stay, or complication rates weighted for severity in the two groups. However, the median number of interventions was significantly higher in the immediate group as compared to the postponed group[19]. It is important to note that the indication for drainage in this trial was only infected necrosis and it did not consider other indications as discussed previously. 
Recommendations for delayed intervention predominantly stem from an era of open surgical necrosectomy where early debridement in an acutely ill patient increased the morbidity and mortality by worsening OF and increasing physiological stress. On the contrary, new hypotheses have suggested that early and minimally invasive drainage (MID) of PFCs decreases systemic sepsis and allows maturation of the necrotic collections[7]. Several observational studies have suggested that encapsulation of collections for percutaneous or endoscopic interventions may not be as necessary as for open surgery, that early intervention (percutaneous or endoscopic) does not have a worse outcome than delayed intervention, and that some showed significant improvement in organ failure[3,20]. Complications between early and late interventions were more or less comparable, with late interventions leading to a significantly higher number of external pancreatic fistulae in one study[4].

Other indications for early drainage
Several other studies have evaluated the role of early drainage in indications other than infected necrosis, especially OF. Zhang et al[21] conducted a network meta-analysis to compare outcomes of MID (including ED, PCD, and minimally invasive surgery) and open surgical debridement with conservative management. It was found that MID decreased both mortality and multiple organ dysfunction syndrome (MODS) rate compared to conservative management. Early MID (defined as immediate or early intervention on diagnosis) as well as routine delayed MID also both significantly decreased mortality and MODS rate compared to conservative treatment. Another study reported improved outcomes in patients undergoing early PCD of sterile PFC in patients with SAP within 3 d of onset of OF[22]. The patients with MSAP did not exhibit similar benefit. A single arm retrospective study evaluated the role of early PCD (< 21 d), with a mean time of intervention of 14.3 ± 2.4 d, for multiple indications, which showed an overall survival rate of 73.1%. More than 50% of the patients survived on PCD alone, whereas 19.2% required additional necrosectomy[23].
A single centre randomized controlled trial also evaluated the role of early on-demand drainage vs standard drainage in ANC and persistent OF[24]. No significant difference was seen in the mortality, complication rate, length of hospital, or ICU stay between the two groups. However, the authors found a trend towards reduction in mortality and major complications as well as shorter duration of OF in the early drainage group. 
Thus, early intervention is a feasible technique to treat septic or unstable patients if medical management alone is insufficient, with no adverse outcome in terms of morbidity and mortality.

TECHNIQUES AND ROUTES OF DRAINAGE
Due to increasing use of minimally invasive interventions and step-up approach, multiple techniques and routes have been defined for management of PFC. The purpose of intervention could be drainage, lavage, fragmentation, debridement, or excision[16]. A multidisciplinary consensus conference categorized the available interventions into open surgical, minimally invasive surgical (laparoscopy or retroperitoneoscopy), and image-guided percutaneous, endoscopic, or hybrid procedures; and the routes as transperitoneal, retroperitoneal, or oral routes[16]. 
According to the recent AGA Clinical Practice Update 2020, percutaneous and endoscopic transmural interventions are both appropriate first-line management techniques for WON and organised collections. Endoscopic approach may be preferred as it does not lead to the risk of pancreatocutaneous fistula. Percutaneous drainage should be considered in patients with infected or symptomatic acute necrotic collections (< 2 wk) or with WON who are too ill to undergo endoscopic or surgical interventions. Percutaneous drainage can also be used as an adjunct to ED or as a monotherapy in collections with deep extensions[7]. Recent studies have shown that PCD alone can lead to successful treatment in a large number of patients with no further need of additional intervention[11,25].
Endoscopic transmural drainage can be performed either by conventional endoscopic guidance or by using endoscopic ultrasound (EUS) and is accomplished by using stents (Figure 4A-C)[18]. Endoscopic stents can be either plastic or metallic with metallic stents showing a better outcome for drainage as they have larger lumens and permit endoscopic necrosectomy. Newer metallic stents like lumen apposing metal stents (LAMS) and bi-flanged metal stents prevent stent migration and are even better than earlier generation metal stents (Figure 4D and E)[6,18,26]. One meta-analysis showed endoscopic and surgical drainage to be superior to percutaneous catheter drainage in terms of length of hospital stay, recurrence, and clinical success; however, certain important co-variates were not considered in this study[27]. Sites of collection were not given due importance as ED can only be done in collections localised to the lesser sac and not extending to deep locations, where PCD is the initial step in management. The cost of re-interventions in both endoscopic and percutaneous interventions should also have been taken into account to describe the cost-effectiveness of either procedure. Also, the studies included in the meta-analysis only used catheter size between 8-16F, whereas endoscopic stents are far larger. Recent evidence of aggressive PCD upgradation shows higher success rates as an aggressive protocol of catheter upsizing every 4-6 d and drainage of all new collections leads to a significantly reduced hospital and ICU stay as compared to the standard protocol[28]. 
Thus, despite the increasing utilisation of endoscopic and minimally invasive surgical techniques, PCD remains integral to the management of PFC.

PERCUTANEOUS CATHETER DRAINAGE
PCD can be used as a monotherapy or as an adjunct to ED or as a bridge to surgical necrosectomy. PCD can be performed under ultrasound (US) or CT guidance. CT guidance is preferred for lesser sac collections as the bowel is avoided and retroperitoneal insertion is relatively easy. US guidance can be used in large and superficial collections or when a patient is in sepsis and requires emergent drainage. Due to its portable nature, it is also very useful in an ICU setting[7,28]. 
Access routes to the pancreatic collections are chosen to avoid the intestine (to prevent enteric leaks or contamination of potentially sterile collections) and vessels. Retroperitoneal route through the flank is the ideal route as it avoids the intestine, prevents disseminated spread of infection through the peritoneal cavity, and provides access for future minimally invasive surgeries (MIS) (Figure 5A)[8,12]. Transperitoneal route is the second preference in cases where retroperitoneal approach is not possible, and collections arising from pancreatic head and proximal body are located anteriorly (Figure 5B). Care should be taken to avoid vessels and other bowel loops when this approach is selected. Transgastric approach may be used when there is no bowel free approach to the lesser sac collection, and it is considered relatively safe due to bacteria free acidic gastric contents (Figure 5C)[8]. Very rarely trans-hepatic route may have to be used when there is no other feasible route, but it should generally be avoided (Figure 5D). 
PCD can be performed via the Seldinger or the trocar technique. Seldinger technique employs initial access of the collection by an 18G needle followed by insertion of a 0.035 inch stiff guidewire and serial dilatation of the tract thereafter. Drainage catheter is then inserted along the guidewire after adequate dilatation of the tract. Trocar technique employs advancing a co-axial combination of a sharp stylet, stiffening cannula, and the draining catheter[29]. Seldinger technique is more useful for deep collections but is more time-consuming as it involves multiple steps. Trocar technique is useful in large and superficial collections but is more painful[29]. 
Initial catheter size is an important factor that may determine the success of PCD as well as other outcomes but has been inadequately addressed in the literature. It is generally believed that liquefied collections with a small amount of solid debris may be treated initially with small bore catheters ranging from 8-12 F, and organised, solid looking collections be treated with larger bore catheters but high level evidence is lacking[29,30]. Few retrospective studies and meta-analyses showed no significant difference in outcome with respect to mean catheter size[30,31]. However, a recent study has reported a significant reduction in ICU stay and number of re-admissions when patients were treated with an initial catheter size of > 12 and overall mortality was not significantly lower in patients undergoing initial large bore catheter drainage[11].

TECHNICAL INNOVATIONS
Kissing catheter technique
This technique involves placement of two catheters side by side through the same puncture site into the collection after serial dilatation of the tract[32]. The kissing catheters were deployed only when patients failed to respond to serial upgradations of a single catheter or mean CT density of the collection was > 30 HU, and the purpose of the kissing catheters was to provide one catheter for flushing and another for aspiration. Flushing, aspiration, and/or upsizing were done till there was no residual collection left. With this technique, eight out of ten treated patients did not require a surgical necrosectomy[32]. 

Double lumen catheters
Liu et al[33] described a double catheter technique in which an inlet catheter for flushing and an aspirator catheter for drainage were inserted inside a large aperture tube with multiple side holes. One group of 15 patients underwent this double catheter placement followed by 1-2 wk of lavage, after which patients underwent percutaneous flexible endoscopic debridement. The other group of 12 patients underwent standard PCD placement with open necrosectomy thereafter. It was found that the occurrence of major complications and/or death was significantly lower in the double catheter group than in the standard PCD group. There was a lower rate of occurrence of new onset OF and reduced length of ICU stay in the double catheter group. 
Another group evaluated the role of a novel dual-lumen flushable drainage catheter in evacuation of complex fluid collections[34]. Two prototype catheters of 20 and 28 F size were created by incorporating a customised infusion lumen within the wall of a large bore standard catheter and these were compared with standard 20 and 28 F catheters in in vitro models. Drainage rate of double lumen catheters was significantly superior to standard catheters in purulent, particulate, and haematoma models and complete drainage was achieved with double lumen catheters in the purulent model. Based on the promising results, these catheters may also improve outcomes in patients with necrotizing AP. 

LAVAGE OF CATHETERS
Large volume lavage with normal saline
A randomized controlled trial compared patients undergoing lavage treatment (LT group) with dependent drainage (DD group) with primary end points being reversal of pre-existing OF, development of new onset OF, need for surgery, mortality, and hospital stay[35]. Lavage was initiated within 24 h of PCD insertion in the LT group and it was done with warmed isotonic saline solution. Initially, 250 mL was instilled through the catheter over 1-2 h and the catheter left on dependent drainage for the rest of the day. In patients with lavage return ≥ 70% of infused volume, lavage volume was gradually increased over 3-4 d and this fluid was infused slowly. Lavage was done for a period of 2 wk. The DD group did not undergo any lavage treatment and was left for standard drainage. It was shown that lavage treatment resulted in a significant reversal of OF and reduction in acute physiology and chronic health evaluation II scores as compared to the DD group. No difference was reported in the development of new onset OF, catheter related complications, or number of catheters between the two groups.

Local antibiotic instillation
Werge et al[36] retrospectively evaluated patients treated with endoscopic transmural drainage and necrosectomy who underwent local instillation of antibiotics depending on microbial findings. Both intravenous and local antibiotics did not show eradication of bacteria between the first and second culture; however, local antibiotics were associated with eradication of microbes between the second and third culture which was not seen with intravenous antibiotics[36]. Thus, local instillation of antibiotics depending on microbial culture report can lead to early eradication of infection in MID. Although there are no published studies reporting the use of local antibiotics through the percutaneous catheters, there seems to be a potential role for local antibiotics to improve outcomes in patients undergoing PCD.

Instillation of necrolytic agents
Streptokinase: Streptokinase acts on the surface of the necrosum and causes fibrinolysis which leads to its dissolution. This leads to better drainage of solid contents of the PFCs[37]. A retrospective study demonstrated that streptokinase irrigation of the PFC through percutaneous catheters resulted in a significantly higher sepsis reversal and reduced need for surgery in the streptokinase group as compared to saline irrigation[37]. Two doses of streptokinase were used (50000 IU/150000IU diluted in 100 mL saline infused over 60 min) and higher dose resulted in lower rates of necrosectomy, bleeding, and mortality. 

 Streptokinase vs hydrogen peroxide: Another study by the same group compared streptokinase irrigation (50000 IU in 100 mL saline) with hydrogen peroxide irrigation (3% diluted in 100 mL saline)[38]. Bleeding complications, need for surgery, mortality, and post-irrigation hospital stay were higher in the hydrogen peroxide group than in the streptokinase group; however, the difference was not statistically significant. Streptokinase, thus, appears to be safer compared with hydrogen peroxide. 

ABDOMINAL PARACENTESIS DRAINAGE AS AN ADJUNCT TO PCD
Abdominal paracentesis drainage (APD) prior to PCD as part of the modified step-up approach or to relieve increased intra-abdominal pressure has shown encouraging results in a few studies. One study compared outcomes in patients managed with APD preceding PCD and with PCD alone and demonstrated that the reduction of peripancreatic fluid collection by < 50% after APD alone was an independent predictor of the subsequent need for PCD[33]. A similar study showed that the mortality in the APD plus PCD group was significantly lower than that with PCD alone, and mean interval between onset of disease to further intervention was also decreased in the first group[39]. Another prospective cohort study demonstrated a significant reduction in the severity scores and laboratory variables in the APD-PCD group. However, no relevant factors could be identified to predict the need of APD[40]. 
A prospective study evaluated the role of APD in infectious complications in MSAP and SAP and it was seen that patients who underwent APD had significantly lesser infectious complications as well as need for further PCD than patients with PCD alone[41]. No significant difference was seen in microbial spectrum or mortality between the two groups. Wang et al[42] evaluated the role of APD in decreasing the intra-abdominal pressure in patients with severe AP with sterile fluid collections. Patients were divided into a sterile collection group, a secondary infection group, and a primary infection group and it was seen that intra-abdominal hypertension was an independent risk factor for secondary infection, and a significant reduction in intra-abdominal pressure following APD (> 6.5 mmHg) led to a lower incidence of infection and better alleviation of OF[43]. A systematic review and meta-analysis evaluated the efficacy and safety of APD in patients with AP, and the pooled results suggested that APD significantly reduced the length of hospital stay and mortality of all causes during hospitalisation. There was no increase in infectious complications following APD[44]. Thus, early application of APD prior to PCD can improve outcomes, reduce infective complications, and reduce intra-abdominal pressure in patients with MSAP and SAP. 

DUAL-MODALITY DRAINAGE
ED alone may not be adequate in treating deep collections and may not be feasible in extremely ill patients. Similarly, PCD alone leads to patient discomfort and risk of external pancreatic fistula. Thus, a combined drainage, called dual modality drainage (DMD), can be used to combine the advantages of both these modalities (internal drainage of ED and drainage of deep collections by PCD) (Figure 6). Irrigation of the collection with PCD as the ingress and internal drainage through the ED stent can result in debridement of the majority of the solid necrosum[16]. The newer LAMS have a large bore which is advantageous in draining solid component if irrigation and flushing are done using this technique. This can result in early removal of PCD, which may prevent formation of cutaneous fistula[16,45]. Improved outcomes were seen with addition of ED to PCD in a few studies[44,45]. One of these studies compared DMD to standard PCD and it was seen that the DMD cohort had a shorter hospital stay, shorter time to removal of PCD, fewer CT scans, and fewer endoscopic retrograde cholangiopancreatography procedures as compared to standard PCD. Additionally, none of the patients required surgery in the DMD group[45]. Another study comprising patients undergoing DMD demonstrated that none of the patients required surgical necrosectomy, and all patients who had completed treatment had their catheters removed, without any formation of pancreatocutaneous fistula[45]. 

FACTORS PREDICTING RESPONSE TO PCD
Success of PCD is defined as recovery of patients without need for surgery and resolution of OF[11,32,46]. Multiple factors affect the success of PCD. These can be grouped into pre-PCD or post-PCD. 

Pre-PCD predictors 
[bookmark: _Hlk100566793]One study reported a significant difference in the baseline values of C-reactive protein (CRP) and interleukin (IL)-6 between the PCD success and PCD failure groups, where resolution of OF, sepsis, and pressure symptoms was defined as success of PCD[46]. The mean baseline CRP values in the PCD success and failure groups were 146.48 ± 111.6 mg/L vs 189.10 ± 55.5 mg/L, respectively, and for IL-6, they were 166.09 ± 51.21 pg/mL vs 215.81 ± 52.40 pg/mL. Another study showed that pre-PCD CT density of the necrotic collection was significantly lower in the PCD success group compared to the PCD failure group[47]. Male sex, multiple OF, higher percentage of parenchymal necrosis, and heterogeneous attenuation of the collection were associated with a poorer outcome in another study[48]. 

Post-PCD predictors
CRP, IL-6, and IL-10 were seen to significantly decrease 7 d after PCD insertion in the PCD success group compared to the PCD failure group, and the percentage of decrease of IL-6 on day 3 and CRP on day 7 correlated with the outcomes[46]. 

COMPLICATIONS OF PCD
Secondary infection of sterile necrosis or pseudocyst is a frequent complication and occurs in about 8% of the patients[29]. Conversely, peritoneal spill of infected pancreatic necrosis can occur in transperitoneal PCD or through intestinal leakage[29]. Haemorrhage is usually self-limited and venous in origin. Haemorrhage can occur within the pancreatic parenchyma, or inside the PFC or the gastrointestinal tract depending on the site of involvement[7]. Haemorrhage into the GI tract may present with upper or lower GI bleeding depending on etiology and the rate of haemorrhage. Bleeding into the peritoneal cavity may lead to abdominal distension and haemodynamic instability, whereas haemorrhage into the collection may not present with any outward signs except for haemodynamic instability. Sometimes, it can be due to rupture of an arterial branch during access, or formation of pseudoaneurysm during PCD insertion or LAMS placement[8,30,31]. These are usually managed by endovascular embolization. Formation of external pancreato-cutaneous fistula is common and is defined as persistent measurable drainage of clear pancreatic fluid (usually > 100 mL) through the percutaneous drain or the PCD tract more than 3 wk after PCD insertion[12]. Incidence can vary between 5 to 35% according to different studies[49-51]. In one study, these fistulae closed after a median period of 70 d[52]. In case of non-resolution, pancreatic duct stenting is indicated[12]. Internal gastrointestinal fistulae can also develop post PCD and they may be spontaneous, or caused by erosion of catheter into bowel wall or by iatrogenic injury of the wall during catheter placement (Figure 7). The most common site of these fistulae is the splenic flexure of the colon[17,53]. Management of GI fistulae depends on their location. Upper GI fistulae close spontaneously over time, whereas colonic fistula may be treated conservatively with continuous PCD drainage in stable patients. However, if GI fistulisation is associated with frank haemorrhage or sepsis, surgical management may be required. 
Catheter displacement, blockage, and peri-catheter leak are common but under-reported. Depending on the patients’ clinical status and presence of residual collection, these complications are managed by removal, re-insertion, or upgradation of the catheter. Peri-catheter leak and sutures and dressing can lead to skin erosion and bleeding (Figure 8 A and B). Skin care thus becomes necessary in these patients. Very rarely, the catheter tip may get fractured and remain within the necrotic cavity (Figure 8C and D). 

OVERVIEW OF NECROSECTOMY
Necrosectomy can be endoscopic, MIS, laparoscopic, or open surgical. Step-up approach is used in both endoscopic and percutaneous MIS techniques with a randomised controlled trial showing no difference in mortality or complication rate between the two[10]. Endoscopic debridement consists of direct endoscopic necrosectomy (DEN) or transpapillary drainage (TPD)[18]. DEN involves debridement of necrotic tissue by passing an endoscope into the cavity, which can be done with fluid irrigation, or by snares and baskets (Figure 9)[6,16,18]. TPD involves placement of pancreatic ductal stents in cases with small collections (< 6 cm) communicating with the pancreatic duct[18].
Percutaneous minimally invasive techniques include percutaneous EN (PEN) which involves insertion of endoscope along the PCD tract and debridement by snares and baskets; and video assisted retroperitoneal debridement (VARD) which involves insertion of a zero degree videoscope and debridement. Both these techniques require PCD insertion through the left lateral position via the retroperitoneal access route. Complete debridement is not the aim, and only loose necrosum is removed[6,16,54]. However, VARD is associated with formation of a significant number of pancreatic fistulae. Laparoscopic debridement can also be done which allows access to all abdominal compartments and successful single session debridement is feasible in most patients[16]. 
Open surgical necrosectomy was the standard of care before the advent of MIS techniques. However, due to its high morbidity, mortality, and complication rate, it has been superseded by minimally invasive techniques[16]. These days, open surgical necrosectomy is reserved for patients who do not respond to MIS or those who have an emergency indication for open surgery, which includes abdominal compartment syndrome, perforation of hollow viscus, ischemic bowel infarction, or uncontrolled haemorrhage which is not amenable for endovascular embolization[12]. 

CONCLUSION
PFC represent important complications of AP. Despite the increasing utilisation of endoscopic and minimally invasive surgical techniques, interventional radiologists and PCD remain integral to the management of patients with PFC. They must be aware of the evolving indications and complementary role of PCD, ED, and MIS and factors influencing success of PCD (Figure 10). 
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Figure Legends
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Figure 1 Various types of pancreatic fluid collections according to revised Atlanta classification. A: Acute peripancreatic fluid collection (arrow); B: Acute necrotic collection; C: Pseudocyst; D: Walled off necrosis with air foci (arrow) in the collection. 
[image: ]
Figure 2 Step-up approach to management of pancreatic fluid collections. A: Lesser sac collection with 14 F pigtail in-situ which was upgraded to 18 F; B: The patients later underwent endoscopic cystogastrostomy and necrosectomy (not shown). 
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Figure 3 Evolving indications of drainage. A: Large peripancreatic collection compressing the ampulla (black arrow) causing biliary dilatation (white arrow); B: Disconnected pancreatic duct syndrome with dilated pancreatic duct communicating with the collections (arrowheads).
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Figure 4 Endoscopic transmural drainage. A: Endoscopic ultrasound guided transmural puncture of the lesser sac collection with needle tip in situ (arrow); B: Guidewire (arrow) passed through the needle into the collection; C: Double pigtail cystogastrostomy catheters (arrow) in the partially drained lesser sac collection; D: Axial; E: Sagittal computed tomography images showing lumen apposing metal stents (arrows).
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Figure 5 Routes of percutaneous catheter drainage. A: Retroperitoneal; B: Transperitoneal; C: Transgastric; D: Transhepatic.
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Figure 6 Dual modality drainage in different patients. A: Sagittal sections showing presence of both a lumen apposing metal stent (LAMS-curved arrow) and a transperitoneal percutaneous catheter (PCD-straight arrow) in the same collection; B: Sagittal section; C: Coronal sections of a patient showing LAMS (curved arrow) in the lesser sac component and PCD (straight arrow) in the paracolic component of the same collection utilizing advantages of both types of drainages.
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Figure 7 Gastrointestinal fistula formation after percutaneous catheter placement. A: Pre percutaneous catheter (PCD) computed tomography (CT) showing walled off necrosis in left paracolic gutter (PCG) and subhepatic space; B: Axial CT showing pigtail in situ in the PCG collection (arrow); C: CT-PCD gram (coronal section) showing communication of the collection with descending colon with contrast in the lumen (arrow); D: Colonoscopic image showing pigtail tip in the colon lumen. 
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Figure 8 Rare and overlooked complications of percutaneous catheter placement. A: Clinical photograph of a patient with percutaneous catheter drainage showing skin changes; B: Skin changes and erosions due to percutaneous catheter percutaneous catheter placement and pericatheter leak in another patient; C: Abdominal Radiograph shows broken catheter (straight arrow) in right iliac fossa. Also note the other part of the same catheter (curved arrow); D: Catheter tip fracture with shaft of catheter (curved arrow) and tip (straight arrow) seen separately on X-Ray and computed tomography.
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Figure 9 Direct endoscopic necrosectomy. A: Endoscopic images showing large amount of necrotic debris within the collection; B: Snare placed into the necrotic collection using the endoscopic route; C: Partial removal of necrotic debris using snare; D: Dark necrotic residual collection seen with snare in situ.
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Figure 10 Factors influencing success of percutaneous catheter. PCD: Percutaneous catheter drainage; APD: Abdominal paracentesis drainage; NS: Normal saline; STK: Streptokinase.
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