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                    Abstract
Background and Aims
Endoscopic ultrasound (EUS)-guided transmural drainage has been increasingly utilized as a first-line therapeutic modality for drainage of pancreatic fluid collections (PFC). Recently, lumen-apposing metal stents (LAMS) have been utilized for management of PFCs. We conducted a systematic review and meta-analysis to evaluate the cumulative efficacy and safety of LAMS in the management of PFC (primary outcome). We also compared the efficacy and safety of LAMS with multiple plastic stents (MPS) in the management of PFC (secondary outcome).
Methods
We searched Medline, Embase and Cochrane databases from inception to November 5, 2016, to identify studies (with ≥ 10 patients) reporting technical success, clinical success, and adverse events (AE) of EUS-guided transmural drainage of PFC using LAMS. Weighted pooled rates (WPR) were calculated for technical success, clinical success and AE. Risk ratios (RR) were calculated and pooled to compare LAMS with MPS in terms of technical success, clinical success, and AE. Pooled mean difference (MD) was calculated to compare the number of endoscopic sessions required by each type of stent to achieve clinical success. All analyses were done using random effects model.
Results
Eleven studies with 688 patients were included in this meta-analysis. WPR for technical success of LAMS in PFC management was 98% (96, 99%), (I
                    2 = 15%). WPR for clinical success was 93% (89, 96%) with moderate heterogeneity (I
                    2 = 50%). There was no difference in clinical success for pseudocysts (PP) versus walled-off pancreatic necrosis (WON) (P = 0.51). WPR for AE was 13% (9, 20%), (I
                    2 = 64%). AE were 10% more in WON as compared to PP (P = 0.009). Most common AE requiring intervention was stent migration (4.2%), followed by infection (3.8%), bleeding (2.4%), and stent occlusion (1.9%). Six studies with 504 patients compared the performance of LAMS with MPS. Pooled RR for technical success was 1.71 (0.38, 7.37). Pooled RR for clinical success was 0.37 (0.20, 0.67) in favor of LAMS. Pooled RR for AE was 0.39 (0.18, 0.84), (I
                    2 = 50%). Pooled MD for number of endoscopic sessions was − 0.84 (− 1.69, 0.01).
Conclusions
LAMS seem to have excellent efficacy and safety in the management of PFCs. They may be preferred over plastic stents as they are associated with better clinical success and lesser adverse events.
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                                    Introduction
Pancreatic fluid collections (PFCs) are classified by the revised Atlanta classification [1]. It is estimated that 5–15% of pancreatitis and 20% of necrotizing pancreatitis are complicated by the development of pancreatic pseudocysts (PPs) and walled-off necrosis (WON), respectively [2, 3]. Drainage of these PP and WON is required when they increase in size and become infected or become symptomatic.
Traditionally, percutaneous drainage and surgical drainage were the main treatment modalities for symptomatic PFCs. However, percutaneous drainage despite having clinical efficacy was associated with higher rates of fistula formation, re-intervention, longer length of hospital stay, and median number of follow-up abdominal imaging studies [4, 5]. For pancreatic WON drainage, surgical drainage approach, both open and minimally invasive retroperitoneal necrosectomy, was found to have higher rate of morbidity and mortality [6, 7]. Endoscopic transmural pancreatic drainage was first described in 1996 [8]. Studies have been reporting comparable success rate with traditional modalities, with significant advantages in regard to morbidity and mortality. Further progress has been made with using endoscopic ultrasound (EUS) which allows assessment of the collection and better access with avoidance of major surrounding structures. Currently the EUS-guided transmural drainage (ETMD) has become the standard management for PFCs. Overall, EUS-guided ETMD is associated with superior success rate, morbidity, mortality, and length of hospital stay [7, 9]. Initially, double pigtail plastic stents were used. However, they were limited by smaller caliber and recurrent occlusion that required multiple stent placements in cases of WON. Fully covered self-expandable metal stents (FCSEMS) were then utilized, but they were associated with higher rates of stent migration and potential risk for erosions with bleeding from the opposite wall [10].
Recently, lumen-apposing metal stents (LAMS) have been utilized for the management of PFC. They are characterized by larger diameter, shorter length, and bilateral flanges designed to create an entry point, allowing frequent access to the PFC for direct endoscopic necrosectomy (DEN). We hereby conducted this systematic review and meta-analysis to evaluate the cumulative efficacy and safety of LAMS and their comparison with multiple plastic stents (MPS) in the management of PFCs.


Methods
Identification and Retrieval of Primary Studies

To conduct this systematic review and meta-analysis, we followed the guidelines of preferred reporting items for systematic reviews and meta-analyses (PRISMA) [11]. The search strategy and subsequent literature search were developed in consultation with an experienced medical reference librarian (W.M.L). The search strategies were developed in Medline and then replicated using same subject headings and keywords for Cochrane database, EMBASE and Web of Science from inception through November 7, 2016. Search terms included: “pancreatic fluid collections,” “pancreatic pseudocyst,” “walled off necrosis,” “lumen-apposing metal stents,” “LAMS,” “self-expandable stents,” and “AXIOS.” The search accounted for plurals and variations in spelling with the use of appropriate wildcards. Only articles published in English language were included. Full search strategy is available as “Appendix”. Articles were selected for full text review on the basis of their title and abstract. To increase the yield of our search strategy; we manually searched references and related citations (backward snowballing), and then, cross-referencing was performed for identified articles. All results were downloaded into EndNote 8 (Thompson ISI ResearchSoft, Philadelphia, Pennsylvania, USA), a bibliographic database manager; any duplicate citation was identified and removed.
Study Selection, Data Extraction, and Quality Assessment
Eligibility criteria were determined a priori by three study authors (TH, MAK, and MK) and included EUS-guided transmural drainage of symptomatic PFC using LAMS. Studies were included only if they reported technical success, clinical success, and post-procedure adverse events. Only studies with ten or more patients were included in the final analysis to minimize bias inherently associated with individual case reports and small case series. Studies were excluded if data were included in a more recently published study in which case the most recent study was included. Corresponding authors of studies were contacted when required data from studies were not available or there was concern for overlap of patients among studies. Published abstracts or unpublished data were not included because there is a discrepancy between full publications and unpublished data or published abstracts [12]. Two independent reviewers (TH and MAK) reviewed the title and abstract search with inclusion decisions for each study made independently based on the eligibility criteria. Any disagreement between reviewers was discussed with a third reviewer (MK), and agreement was reached by consensus.
Data from included studies were independently extracted by two reviewers (TH and YA). Extracted data included study design, country, year of publication, patient demographics, type of the PFC, etiology of the PFC, site and size of PFC, stent size and type, stent patency rate, stent removal rate, DEN, drainage approach, technical success, clinical success, and adverse events. After complete extraction of data, the data sheets were compared and any disagreement between reviewers was to be discussed with a third reviewer (MKI) with agreement reached by consensus.
Two investigators (MAK and MKI) assessed quality of studies independently using NIH quality assessment scales for cohort studies and studies with no control group [13]. Any discrepancy in quality assessment between reviewers was discussed with a third reviewer (MK) with agreement reached by consensus. In accordance with the recommendations of the Cochrane Collaboration, we used the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) framework to interpret the results of our systematic review and meta-analysis [14].
Data Synthesis and Statistical Analysis
First we evaluated efficacy and safety of EUS-guided transmural drainage of PFC using LAMS. Efficacy was assessed as technical success (defined as successful endoscopic placement of the transmural LAMS) and clinical success (defined as resolution of clinical symptoms and at least 50% decrease in size of PFC after 4 weeks and/or no further need of radiological or surgical interventions during follow-up), whereas safety was determined by post-procedure adverse events. For this meta-analysis, we only included adverse events which required a subsequent intervention/procedure and/or resulted in prolonged hospitalization, we did not include mild adverse events as such events are subjective and not reported uniformly across studies. Weighted pooled rates (WPR) were calculated for the primary outcomes of interest along with 95% confidence intervals (CI). A fixed effect model was used unless there was significant heterogeneity, in which case the DerSimonian–Laird random effects model was used [15]. To assess heterogeneity, we used I
                    2 statistics and Cochran Q test, in which a P value < 0.1 for Cochran Q test indicated the presence of heterogeneity. The I
                    2 values of > 50% were consistent with significant heterogeneity [16]. Subgroup analysis was conducted based on clinical success in PP and WON, and proportionate difference was calculated to compare efficacy of LAMS in PP and WON. We assessed publication bias with funnel plots and Egger’s test if deemed necessary. If publication bias was detected, the effect size was recalculated using Duval and Tweedie’s “trim and fill” test.
Further we also compared the efficacy and safety of LAMs with MPS for management of PFC. Risk ratios (RR) were calculated for technical success, clinical success, and post-procedure adverse events. Mean difference was calculated to compare the number of endoscopic sessions required by each type of stent. These were pooled using random effects model of meta-analysis. Heterogeneity across studies was assessed as described before. All statistical analyses were conducted using Comprehensive Meta-analysis software (version 3.0; Biostat; Englewood, NJ, USA).


Results
Study Characteristics and Quality Assessment

A total of 452 studies were identified by search strategy, of which 174 were removed as duplicates. Among the remaining 278 studies, 232 were found ineligible after title and abstract review. Bibliographies of 46 studies were hand searched and we found one additional study; therefore, we conducted a full text review of 47 studies, out of which 11 studies [17,18,19,20,21,22,23,24,25,26,27] with 688 patients were included in the meta-analysis for evaluating safety of LAMS. Among them, one study [27] was published as a letter and reported only adverse events. Therefore, efficacy (technical success and clinical success) of LAMS was evaluated by ten studies [17,18,19,20,21,22,23,24,25,26]. The included studies had variable duration of follow-up ranging from 4 months up to 13 months. One study [28] containing overlapping data with Sharaiha et al. [21] was only included in the analysis evaluating the secondary outcomes of interest. The search strategy is summarized in Fig. 1. The study of Siddiqui et al. [29] was excluded as it contained overlapping data with a multicenter study [21]. Likewise, four studies [30,31,32,33] were excluded as their data were later incorporated in larger studies [24,25,26]. Therefore, we included these larger studies only [24,25,26]. Two studies [34, 35] were excluded due to no definition for the outcomes evaluated. Gallstone pancreatitis and alcohol-related pancreatitis constituted 65% of cases of PFC. Seven studies [17, 21, 24,25,26,27,28] evaluated the performance of LAMS in WON exclusively, while the remaining five studies [18,19,20, 22, 23] had a mixture of WON and pancreatic pseudocyst cases. Using the NIH scale for quality assessment, nine studies [17,18,19,20,21,22, 24, 26, 28] were rated to be of good quality, while two studies [23, 25] were of fair quality. The study only published as letter was not evaluated as adequate methods were not reported (Tables 1, 2, 3).
Fig. 1
PRISMA flowchart summarizing study selection process


Full size image


Table 1 Characteristics of included studies (single arm)Full size table


Table 2 Summary of results from included studies (single arm)Full size table


                    Table 3 Characteristics of included studies comparing LAMS versus plastic stentsFull size table


                Meta-Analysis
A total of ten studies with 676 patients evaluated the efficacy of LAMS in the management of PFC. Pooled WPR with 95% confidence interval (CI) for technical success of LAMS was 98% (96, 99%), Cochran Q test P = 0.29, I
                    2 = 15% (Fig. 2). Funnel plot appeared asymmetric, but Egger’s test failed to show publication bias. Pooled WPR with 95% CI for clinical success of LAMS was 93% (89, 96%), Cochran Q test P = 0.03, I
                    2 = 50%  (Fig. 3). Apart from moderate heterogeneity, we also found publication bias for this estimate based on asymmetric funnel plot and Egger’s test (P = 0.04). Adjusted clinical success was 90% (85, 94%). Subgroup analysis was done based on type of PFC, i.e., WON and PP. Clinical success for PP was 95% (81, 99%) with no heterogeneity (I
                    2 = 0%), while that for WON was 92% (87, 95%) with moderate heterogeneity (I
                    2 = 60%). Proportionate difference for clinical success between these two types of PFC was − 2% (− 9, 4%), (P = 0.51). The rate of DEN was 37.5% and was at the discretion of endoscopists not following a particular pattern, and hence, this was not pooled into meta-analysis.
Fig. 2
Forest plot for technical success of LAMS


Full size image


Fig. 3
Forest plot for clinical success of LAMS


Full size image


Eleven studies with 688 patients evaluated the safety (adverse events) of LAMS in the management of PFC. Pooled WPR for adverse events was 13% (9, 20%), Cochran Q test P = 0.001, I
                    2 = 64% (Fig. 4). No publication bias was detected based on funnel plot and Egger’s test (P = 0.40). On subgroup analysis, WPR for adverse events in PP was 5% (1, 17%), with no heterogeneity (I
                    2 = 0%), while WPR for adverse events in WON was 15% (9, 25%), with considerable heterogeneity (I
                    2 = 77%). Proportionate difference for adverse events between PP and WON was 10% (2.4, 17%), (P = 0.009). Therefore, far lesser adverse events encountered in PP as compared to WON. Most common adverse event was occlusion requiring endoscopic intervention which occurred in 4% patients, followed by symptomatic migration 2.5%, major bleeding requiring intervention 1% and perforation 0.7% patients. All the analyses, regarding technical success, clinical success, and adverse events, constitute as low-quality evidence on the GRADE framework as all included studies in this meta-analysis are observational in nature.
Fig. 4
Forest plot for adverse events associated with LAMS


Full size image


                Five studies with 483 patients compared the efficacy (technical success and clinical success) between LAMS and MPS for management of PFC. Pooled RR with 95% CI for technical success was 1.71 (0.38, 7.37), Cochran Q test P = 0.96, I
                    2 = 0% (Fig. 5). Egger’s test failed to detect any publication bias (P = 0.36). For clinical success, pooled RR was 0.37 (0.20, 0.67), Cochran Q test P = 0.67, I
                    2 = 0% in favor of LAMS (Fig. 6). Once again, there was no publication bias based on Egger’s test (P = 0.57). Although we did not find any difference in technical success, LAMS was associated with better clinical success as compared to MPS. Six studies with 504 patients compared the safety of LAMS with MPS for management of PFC. Pooled RR was 0.39 (0.18, 0.84), Cochran Q test P = 0.06, I
                    2 = 50% (Fig. 7). No publication bias was detected by Egger’s test (P = 0.74). On sensitivity analysis, after removing the study with interim results, pooled RR was 0.33 (0.20, 0.55), Cochran Q test P = 0.16, I
                    2 = 16%. Therefore, management with LAMS was associated with lesser adverse events as compared to MPS. Finally we also compared the two types of stents in terms of the number of sessions required to achieve resolution of PFC, pooled mean difference was − 0.84 (− 1.69, 0.01), Cochran Q test P = 0.05, I
                    2 = 56% (Fig. 8). Therefore, we found only a trend of decreased sessions with LAMS as compared to MPS. Once again, this evidence of comparing MPS with LAMS in terms of technical success, clinical success, adverse events, and number of sessions required for resolution qualifies as low-quality evidence on the GRADE framework.
Fig. 5
Forest plot to compare technical success


Full size image


Fig. 6
Forest plot to compare clinical success


Full size image


                    Fig. 7
Forest plot to compare adverse events


Full size image


Fig. 8
Forest plot to compare number of sessions required


Full size image




Discussion
LAMS were developed for management of PFCs and have several advantages over their predecessors, i.e., double pigtail plastic stents and FCSEMS. They are characterized with bilateral flanges which appose the newly formed anastomosis and prevent against migrations, further they have a larger luminal diameter (10–16 mm), and this allows for subsequent DEN in cases of WON. Despite these theoretical advantages, studies have shown conflicting results regarding the use of LAMS in management of PFCs, especially comparative studies with double pigtail plastic stents, thereby justifying the need for this systematic review and meta-analysis to not only evaluate the cumulative efficacy and safety but also compare with double pigtail plastic stents.
We found that LAMS had excellent clinical efficacy for management of PFCs with a technical success 98% with low heterogeneity and clinical success rate of 93% with moderate heterogeneity. To further refine our results, we conducted a subgroup analysis to evaluate the clinical success in both PP and WON. We did not find any significant difference in clinical success for management of PP and WON. This is contrary to the previous studies on endoscopic drainage with plastic stents and FCSEMS which reported around 90% clinical success for PP while only 50–65% for WON [36, 37]. We believe that this is due to multitude of reasons. First of all larger diameter allows both PP and WON to empty promptly in the gastric or duodenal lumen, thereby increasing success rate. Further, this larger luminal diameter allows DEN and/or irrigation via nasocystic catheter which probably explain the same clinical success in WON when compared to PP. A multicenter study [21] reported that clinical success was six times more likely with larger diameter LAMS. Lakhtakia et al. [17] suggested a step-up approach in which the index procedure of placing LAMS resulted in 75% clinical success, which was further improved to 79% with declogging of LAMS, to 87% with nasocystic tube irrigation and finally to 96% with DEN.

Interestingly, our analysis showed LAMS were associated with 13% adverse events requiring intervention. This is far less than adverse events reported with surgical management [38]. However, our analysis was limited by moderate heterogeneity, for which we conducted a subgroup analysis to separate out the adverse events in PP and WON. We found that WON management with LAMS was associated with 10% more adverse events as compared to PP. This may be explained by the fact that WON is associated with more severe disease for which management requires subsequent procedures for DEN, thereby increasing the rate of adverse events. Despite this increase in adverse events, clinical success was similar in both types of PFCs. Moreover, adverse events were not defined uniformly in all the studies, the timing and performance of DEN and/or nasocystic drainage was at the discretion of endoscopists and did not follow a particular guideline. All these factors could have contributed to heterogeneity in our estimate.
As our secondary analysis, we compared the efficacy and safety of LAMS with double pigtail plastic stents. Both types of stents were equal in terms of technical success but LAMS translated into significantly better clinical success than double pigtail plastic stents. There was no heterogeneity in our estimate. Further, we found that LAMS usage was associated with significantly fewer adverse events as compared to plastic stents and a trend of lower rate of re-intervention. Once again these results can be explained by the unique characteristics of LAMS which include larger luminal diameter as compared to plastic stents resulting in better clinical success. Moreover, this allows for more aggressive DEN and nasocystic drainage readily when needed in WON. Unfortunately, plastic stents are limited by smaller caliber and require multiple exchanges due to obstruction and repeated access and tract dilation for DEN. Although the cumulative safety from out meta-analysis was in favor of LAMS, it must be emphasized that interim results from the only randomized study [27] showed that LAMS use was associated with more adverse events. The authors emphasized the need for early follow-up in patients with LAMS patients, as due to a larger caliber, PFCs drain quicker as compared to the plastic stents. They hypothesized that unlike plastic stents which gravitate toward the gastric lumen with resolution of PFC, LAMS remain in place and may result in friction with surrounding vasculature and necrotic cavity precipitating delayed bleeding seen in three of their patients. They modified their approach for LAMS use in this trial by imaging at 3 weeks after LAMS placement. It would be interesting to see the complete results from their randomized trial.
This meta-analysis supports the use of LAMS for management of PFCs in comparison with double pigtail plastic stents. We conducted a comprehensive literature search and included a large number of relevant studies. Our analyses may be weakened by inherent limitations of meta-analyses and of the included studies. Although we found moderate heterogeneity, in our estimates of cumulative clinical success and adverse event rate, we did a subgroup analysis based on type of PFC, i.e., PP and WON to explore heterogeneity. We could not determine the best size or duration of LAMS treatment as such data were not available. The included studies had varied duration of follow-up which may have accounted for some heterogeneity in our estimate. DEN has a significant contribution in the clinical success of LAMS in management of WON. However, among the single-arm studies, DEN was done at the discretion of the endoscopist and did not follow or describe a particular protocol. Hence, we were unable to pool it in meta-analysis. Among the comparative studies, most of the data are based on WON management and enough data to compare management in PP were not available. Likewise, among comparative studies, only two described the use of DEN in both arms, due to paucity of data provided, a good comparison for the use of DEN was not performed. Finally, we were unable to do cost-effective analysis in this study as such data were not uniformly reported. However, we are confident in our results to support the use of LAMS in PFCs because of better clinical success, lesser adverse events and trend for lower rate of re-intervention. This is also supported by individual cost analysis done by two studies [22, 24].
In conclusion, LAMS seem to have excellent efficacy and safety in the management of PFCs. They should be preferred over plastic stents as they are associated with better clinical success and lesser adverse events. However, the evidence presented in this systematic review and meta-analysis is derived from observational studies. Comparative randomized trials are underway to compare these two types of stents for the management of PFCs, and their results are eagerly awaited.
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Appendix
Appendix
Pancreatic-fluid-collection* OR walled-off-pancreatic-necros* OR WOPN OR pancreatic-abscess* OR peripancreatic-fluid-collection*
OR
((Pancreas OR pancreatic OR intrapancreatic OR peripancreatic) AND (pseudocyst* OR walled-off-necros* OR WON OR necrotic-collection* OR cystic-collection*))
AND
Lumen-apposing-metal-stent* OR lumen-apposing-metallic-stent* OR lumen-apposing-stent* OR LAMS OR lumen-apposing-self-expandable-metallic-stent* OR lumen-apposing-self-expandable-metal-stent* OR LASEMS OR self-expandable-metal-stent* OR self-expandable-metallic-stent* OR self-expanding-metal-stent* OR self-expanding-metallic-stent* OR Supremo OR WallFlex OR WallStent OR AXIOS
Pubmed
Pancreatic-fluid-collection* OR walled-off-pancreatic-necros* OR WOPN OR pancreatic-abscess* OR peripancreatic-fluid-collection*
OR
((Pancreas OR pancreatic OR intrapancreatic OR peripancreatic) AND (pseudocyst* OR walled-off-necros* OR WON OR necrotic-collection* OR cystic-collection*))
OR “pancreatic pseudocyst”[Mesh]
AND
Lumen-apposing-metal-stent* OR lumen-apposing-metallic-stent* OR lumen-apposing-stent* OR LAMS OR lumen-apposing-self-expandable-metallic-stent* OR lumen-apposing-self-expandable-metal-stent* OR LASEMS OR self-expandable-metal-stent* OR self-expandable-metallic-stent* OR self-expanding-metal-stent* OR self-expanding-metallic-stent* OR Supremo OR WallFlex OR WallStent OR AXIOS
Embase
‘pancreas pseudocyst’/exp OR ‘pancreas abscess’/exp OR Pancreatic-fluid-collection* OR walled-off-pancreatic-necros* OR WOPN OR pancreatic-abscess* OR peripancreatic-fluid-collection*
OR
((Pancreas OR pancreatic OR intrapancreatic OR peripancreatic) AND (pseudocyst* OR walled-off-necros* OR WON OR necrotic-collection* OR cystic-collection*))
AND
‘self expandable metallic stent’/exp OR Lumen-apposing-metal-stent* OR lumen-apposing-metallic-stent* OR lumen-apposing-stent* OR LAMS OR lumen-apposing-self-expandable-metallic-stent* OR lumen-apposing-self-expandable-metal-stent* OR LASEMS OR self-expandable-metal-stent* OR self-expandable-metallic-stent* OR self-expanding-metal-stent* OR self-expanding-metallic-stent* OR Supremo OR WallFlex OR WallStent OR AXIOS
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