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Abstract

Background

Pancreatic pseudocysts (PC) and walled-off necrosis (WON) are common complications of

severe pancreatitis. Endoscopic ultrasound (EUS)-guided drainage has replaced surgery as

the standard treatment for PC/WON. We developed a novel lumen-apposing metal stent

(LAMS) with an anti-reflux valve to prevent infectious complications caused by food reflux

into the cyst cavity. This retrospective study investigated the efficacy and safety of EUS-

guided drainage using this LAMS.

Methods

We investigated and compared the treatment outcomes and complications rates between

EUS-guided drainage using a novel LAMS (n = 10) versus plastic stents (n = 18) from

December 2013 to October 2016. Technical success was defined as successful stent place-

ment without immediate complications. Clinical success was defined as resolution of the

PC/WON and disappearance of symptoms.

Results

Among 10 patients in LAMS group, 4 patients had complicated PC and 6 patients had

WON. In the plastic stent group, 15 and 3 patients had PC and WON, respectively. The

median fluid collection size before treatment was 82.5 (interquartile range [IQR], 60.75–

118.25) mm and 92.0 (IQR, 75.75–130.25) mm in the LAMS and plastic stent groups,

respectively. There were no statistically significant differences in technical success rates

(90% vs. 94.4%; p = 0.999), clinical success rates (80% vs. 77.8%; p = 0.999), and compli-

cation rates (20% vs. 27.8%; p = 0.999) between the two groups.
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Conclusions

Treatment outcomes of EUS-guided drainage using a novel LAMS were feasible despite the

significantly high proportion of WON. The LAMS allowed acceptable treatment outcomes for

EUS-guided drainage.

Introduction

Severe acute pancreatitis and chronic pancreatitis result in local complications in the form of

peripancreatic fluid collections (PFC). According to the revised Atlanta classification, local

complications of pancreatitis are classified as acute PFC, pancreatic pseudocyst (PC), acute

necrotic collection, and walled-off necrosis (WON) [1]. Among these, PC and WON are

encapsulated fluid collections with or without solid necrotic components that usually occur

after more than 4 weeks since the onset of pancreatitis. Most PC and WON cases remain

asymptomatic or resolve spontaneously. However, treatment is required when symptoms and

complications, such as pain, biliary obstruction, or infection occur [2].

Previously, surgical interventions, such as drainage and open necrosectomy, were the only

modalities of treatment, but these invasive procedures are associated with high rates of compli-

cations and mortality [3, 4]. With recent technological advances, endoscopic ultrasound

(EUS)-guided drainage has replaced surgical treatment and has become the standard treat-

ment [5]. The endoscopic approach has shown favorable treatment outcomes for PC and

WON [6]. Studies have reported that success rates of EUS-guided fluid collection drainage and

endoscopic necrosectomy range from 84% to 94% and 68% to 91%, respectively [7–9]. In addi-

tion to success rates, EUS-guided treatment has benefits regarding mortality, cost, hospital

stay, and quality of life [10, 11].

EUS-guided treatment of PC and WON consists of fistula tract formation between the

lesion and stomach (cystogastrostomy) or duodenum (cystoduodenostomy), stent placement

via the fistula tract, and transluminal drainage. Therefore, for successful treatment, it is impor-

tant for stent patency to be maintained without obstruction or migration throughout the treat-

ment period. To date, a plastic stent has been used for EUS-guided drainage procedures.

However, it is susceptible to obstruction and migration, and multiple stents are required to

maintain adequate tract size for treating WON with solid necrotic debris [12]. The practice of

placing multiple plastic stents is a time-consuming and difficult procedure because collapse of

the cyst cavity and change of the tangential axis may occur after deployment of the first stent

[13]. In recent years, metal stents have been developed to overcome the limitations of plastic

stent with small calibers. The fully covered self-expanding metal stent (FCSEMS) and specially

designed lumen-apposing metal stent (LAMS) are examples of these stents [14]. LAMS is a

recently introduced novel “barbell-shaped” stent with larger calibers that allow for longer

patency, reduced rates of occlusion, and decreased probability of secondary infections. Fur-

ther, owing to the presence of bilateral anchor flanges, LAMS has anti-migrating ability and

ability to oppose the PFC wall to the gastric or duodenal wall [15, 16]. However, according to a

recent study, there is not enough current evidence to support the superiority of metal stents

for transmural drainage of PFC compared to plastic stent. Therefore, further investigations of

novel devices are needed [17].

We developed a novel fully covered LAMS with an anti-migration flap and anti-reflux valve

to prevent complications such as stent migration and reflux of bowel contents, thereby

improving stent patency and minimizing the fasting period after the procedure.

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection
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Materials and methods

Patients

We retrospectively reviewed patients who underwent EUS-guided drainage (cystogastrostomy

or cystoduodenostomy) using a novel LAMS to treat PC or WON at Severance Hospital from

December 2013 to October 2016. This study was approved by the local Institutional Review

Board (4-2019-0114) and was conducted in accordance with the principles set forth in the Dec-

laration of Helsinki. Given its retrospective nature, written informed consent was not required

by the board to access the clinical data. Indications for EUS-guided drainage were infected PC

or WON, gastric outlet obstruction, biliary obstruction, and intractable symptoms such as

abdominal pain. The size of the PC or WON itself was not an indication for the procedure

During this period, 10 and 18 patients underwent EUS-guided drainage using the novel LAMS

(LAMS group) and conventional plastic stent (PS group), respectively. All pertinent data

including demographics, lesion site, symptom improvement, duration of stent placement, and

treatment-related adverse events were investigated. Technical success was defined as successful

stent placement without immediate adverse events. Clinical success was defined as resolution

of the PC/WON and the disappearance of symptoms.

Materials

The novel HANARO stent (M.I.Tech, Seoul, South Korea) used in this study is a specially

designed LAMS. This novel LAMS was designed to reduce side effects and improve treatment

results of EUS-guided drainage.

The LAMS has a structure of weaving nitinol mesh with full silicone covering. Stent dimen-

sions of 10 mm diameter and length of 40 mm and 50 mm, were applied in accordance with

the environment between the gastrointestinal lumen and PFC. For anti-migration, both ends

of the stent are flared and additional 3 flaps are located on both sides. The S-type valve is

applied to the internal path of the stent for anti-reflux. The function of the S-type valve is to

drain the fluid and debris in the PFC into the gastrointestinal tract and prevent food reflux.

The proximal end of the stent has a retrieval lasso for smooth stent removal from body (Fig 1A

and 1B). The delivery device of 10.2 Fr uses a braided catheter to maximize flexibility and pre-

vent kinking. Although anti-migration flaps and valves were added to this novel LAMS, con-

ventional 10.2 Fr could be used to deploy the stent instead of a thicker delivery device.

Therefore, additional friction was not required to pass through the accessory channel of the

endoscope (Fig 2A and 2B).

The stent and delivery system used in this study was approved by the Korean government

(Ministry of Food and Drug Safety, Approval No. 04–1242) and commercialized and sterilized

using a standardized manufacturing process.

Procedure

All procedures were performed by skilled endoscopists (M.J.C., J.Y.P., S.B., and S.W.P.).

Patients were administered conscious sedation with midazolam and in case of poor sedation

with midazolam alone, deep sedation was performed using propofol under cardiopulmonary

monitoring. EUS GF-UCT260 (Olympus, Tokyo, Japan) scopes were used in all cases. Color

Doppler imaging was used to identify interposed vessels, and each lesion was punctured under

EUS guidance with a 19-guage EchoTip needle (Cook Medical, Bloomington, IN, USA). After

the puncture, a straight VisiGlide (Olympus, Tokyo, Japan) guidewire was inserted into the

lesion. The puncture site was dilated using a Soehendra dilator (Cook Medical), followed by

balloon dilatation using a Hurricane balloon (Boston Scientific, Marlborough, MA, USA) if

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection

PLOS ONE | https://doi.org/10.1371/journal.pone.0221812 September 4, 2019 3 / 12

https://doi.org/10.1371/journal.pone.0221812


needed. Finally, the HANARO stent (M.I.Tech) was deployed via 10.2Fr delivery system

through the scope (Fig 3). The LAMS was removed endoscopically after resolution of PC and

WON using follow-up computed tomography approximately 6 to 8 weeks after the procedure.

Statistical analysis

All statistical analyses were performed using SPSS for Windows version 23.0 (IBM, Armonk,

NY, USA). Categorical variables were described as patient number and proportions for all

patients. Continuous variables were described as medians and interquartile ranges.

Results

Treatment outcome of LAMS

The demographics, etiology, treatment details, and outcomes of all patients in LAMS group

are summerized in Table 1. Ten patients (4 with PC and 6 with WON) underwent EUS-guided

treatment using LAMS. The median size of fluid collection before treatment was 82.5 mm

(interquartile range [IQR], 60.75–118.25 mm), and the median duration of stent placement

was 47 days (IQR, 25.75–79.50 days).

LAMS were placed successfully in 9 of 10 patients (unsuccessful placement in patient 5;

90% technical success rate). Clinical success was achieved by 8 patients (80%). One patient

who did not achieve clinical success (patient #6) needed additional endoscopic necrosectomy

after removal of the initially deployed LAMS. Adverse events were observed in only 2 patients.

One patient experienced peritonitis due to immediate migration (patient #5). In this patient,

LAMS was immediately removed and the gastric mucosa was sealed by endoscopic clipping.

The patient recovered completely after non-surgical conservative care that included fasting,

nasogastric tube insertion, and administration of broad-spectrum antibiotics. The other

patient (patient #4) had fever for 3 days after the procedure but it improved after using

antibiotics.

Fig 1. The lumen-apposing metal stent with an anti-reflux S-valve and anti-migration flaps (A) and schematic illustration of the anti-reflux S-

valve inside the lumen of the lumen-apposing metal stent (B). This S-valve prevents the reflux of food from the gastrointestinal tract to the pancreatic

pseudocyst/walled-off necrosis.

https://doi.org/10.1371/journal.pone.0221812.g001
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For most patients, oral feeding was resumed within 2 days after the procedure. Only 2

patients required more than a 1-week fasting period: 1 patient with an immediate complication

and 1 with severe necrotizing pancreatitis. Patients who achieved clinical success did not

require additional treatment to treat PC or WON. Removal of all LAMS was performed with-

out adverse events.

Fig 2. The 10.2 Fr delivery system for the novel lumen-apposing metal stent. Its gross appearance (A) and name

and function of each part (B).

https://doi.org/10.1371/journal.pone.0221812.g002
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Comparison with plastic stent

Treatment outcomes and complications of EUS-guided drainage using LAMS were compared

with those of EUS-guided drainage using plastic stent (n = 18) during the same period

(Table 2). When patients were classified according to etiology, there was a significantly higher

proportion of WON patients in the LAMS group than in the plastic stent group (60% vs.

16.7%; p = 0.035). There were no statistically significant differences in age, sex, or median size

Fig 3. Endoscopic ultrasound (EUS)-guided pseudocyst drainage using the lumen-apposing metal stent (LAMS).

(A) The lesion was punctured under EUS (Doppler) guidance with a 19-gauge EchoTip needle (B). (C) A guidewire

was inserted in the lesion. (D) The puncture site was dilated using a Soehendra dilator. (E) Balloon dilatation using a

Hurricane balloon. (F) The LAMS was deployed through the scope.

https://doi.org/10.1371/journal.pone.0221812.g003
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Table 1. Data of all patients treated with LAMS.

Age/

Sex

Etiology Reason for

stent

placement

Lesion size

at

diagnosis

(mm)

Duration of

stent

placement

(days)

Lesion

size at

follow-

up

(mm)

Technical

success

Clinical

success

Adverse

event

Duration

of NPO

(days)

Additional

treatment

Hospital

days after

stent

placement

Procedure

time (min.)

1 33/F PC Symptom 61 42 0 Yes Yes No 2 No 14 12

2 35/

M

WON Infection 64 30 0 Yes Yes No 3 No 11 29

3 43/

M

WON Symptom 92 355 22 Yes Yes No 1 No 23 29

4 59/

M

PC Symptom 143 71 21 Yes Yes Fever 1 No 12 36

5 58/

M

PC Infection 48 1 23 No No Peritonitis 11 Clipping &

Nasogastric

tube insertion

27 14

6 69/

M

WON Infection 214 13 220 Yes No No 1 Necrosectomy 108 65

7 42/

M

PC Gastric

outlet

obstruction

110 90 0 Yes Yes No 1 No 4 25

8 55/

M

WON Symptom 60 40 0 Yes Yes No 1 No 3 22

9 55/

M

WON Symptom 73 52 0 Yes Yes No 1 No 8 32

10 50/

M

WON Symptom 93 76 28 Yes Yes No 8 No 29 43

https://doi.org/10.1371/journal.pone.0221812.t001

Table 2. Comparison of treatment data between LAMS and plastic stent.

Treated with LAMS (n = 10) Treated with plastic stents (n = 18) p-value

Age, years 52.50 (40.25–58.25) 48.00 (41.50–62.00) 0.981

Sex 0.375

Male 9 (90%) 13 (72.2%)

Female 1 (10%) 5 (27.8%)

Etiology 0.035

PC 4 (40%) 15 (83.3%)

WON 6 (60%) 3 (16.7%)

Lesion size at diagnosis, mm 82.50 (60.75–118.25) 92.00 (75.75–130.25) 0.524

Duration of stent placement, days 47 (25.75–79.50) 55 (30.75–101.50) 0.621

Technical success, n(%) 9 (90.0%) 17 (94.4%) 0.999

Clinical success, n(%) 8 (80.0%) 14 (77.8%) 0.999

Complication, n(%) 2 (20.0%) 5 (27.8%) 0.999

NPO duration, Days 2 (1–4.25) 2 (1–3) 0.689

HOD after treatment, Days 13 (7–27.5) 4.5 (4–11.25) 0.057

Procedure time, min 29 (20–37.75) 37 (33–48.5) 0.051

Variables are expressed as median (IQR) or n (%).

Abbreviation: NPO, Nulla per os (nothing by mouth); HOD, Hospital days

https://doi.org/10.1371/journal.pone.0221812.t002
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of fluid collection before treatment (82.5 mm vs. 92.0 mm; p = 0.524). There were no statisti-

cally significant differences in the median duration of stent placement (47 days vs. 55 days;

p = 0.621), technical success rates (90% versus 94.4%; p = 0.999), clinical success rates (80% vs.

77.8%; p = 0.999), and adverse event rates (20% vs. 27.8%; p = 0.999). There was a trend toward

shorter procedure times for the LAMS group than for the PS group (29 minutes vs. 37 minutes;

p = 0.051), whereas the fasting periods after treatment (2.0 days vs. 2.0 days; p = 0.689) were

not significantly different between both groups. In the plastic stent group, acute peritonitis

developed in 2 patients, gastrointestinal bleeding developed in 1 patient, and stent self-migra-

tion (after resolution of fluid collection) developed in 2 patients.

Discussion

To date, double-pigtail plastic stent have been used for EUS-guided drainage for PC and

WON. EUS-guided drainage using the plastic stent remains the standard treatment for PC

because evidence indicating the superiority of metal stents for treating PC is not yet sufficient.

The overall efficacy of the plastic stent for treating PC exceeds 90% [10, 18] the thin PC wall

may be damaged by the tip of the metal stent owing to rapid collapse of the PC when it is

treated with large-caliber metal stents. However, the efficacy of the plastic stent for WON

treatment is significantly lower [19]. Because the plastic stent has a relatively small caliber (7 Fr

or 10 Fr), the presence of solid debris in WON decreases drainage and increases the risk of sec-

ondary infection due to insufficient drainage of solid debris [19, 20].

Biliary or esophageal metal stents with large calibers were used to overcome the disadvan-

tages of PS, but longer protrusions on both sides of the stents can cause contact ulceration in

the bowel and late-phase bleeding [21]. There is also a risk of migration because the conven-

tional straight esophageal and biliary metal stents have no anti-migration system such as flare

ends and anti-migration flaps [22]. Moreover, although under-reported in the current litera-

tures, there is a risk of stent obstruction or secondary infection due to retrograde reflux of food

contents [23, 24]. Therefore, the specially designed LAMS was introduced for safer and more

effective treatment of WON. Although controversies exist regarding the choice of stent for

WON, recent studies have verified the superiority of the LAMS compared with the plastic

stent for the treatment of WON. The use of LAMS was associated with fewer endoscopic ses-

sions, fewer adverse events, shorter hospital stay, and a reduced need for salvage surgery [20,

25].

In this study population, both plastic stent and LAMS were used to treat PC/WON. When

selecting a stent, LAMS was considered if patients had a large PFC requiring repeated drainage

or showed walled-off necrosis in radiologic findings. In accordance with the previous studies,

PC patients in the plastic stent group showed treatment success rate of 80% (12 in 15). How-

ever, 2 cases of stent migration and 3 cases of major adverse events (peritonitis, bleeding) were

seen in the plastic stent group; however, stent migration after successful deployment was not

observed in the LAMS group. Although this is a small pilot study, it is noteworthy that the

newly designed LAMS did not differ in safety and efficacy when compared to plastic stent. The

technical improvement applied to this LAMS prevented unwanted stent migration and cystic

wall injury caused by metal stent tip, and there were no adverse events during the early

resumption of oral feeding. Large scale studies are warranted to ensure that the technical

improvements in stent structure and delivery system can minimize the chances of complica-

tions (i.e. migration, bleeding, etc.) and shorten the procedure time of EUS-guided drainage.

Previous clinical trials that verified the efficacy and safety of metal stents for PFC drainage

are described by Ang et al [26]. When PFC was treated using a fully covered self-expandable

metallic stent designed for drainage of PFC, technical success rates of 91% to 100%, clinical

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection
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success rates of 76% to 100% were reported; however, the incidence of complications, such as

bleeding (1% to 7%), perforation (1% to 2%), stent migration (1% to 6%), and infection (1% to

11%) was quite low [15, 16, 21, 22, 27–30]. Specially designed metal stents showed better out-

comes than plastic stents in several studies, especially in the treatment of WON [20, 25, 31]. In

our study using a novel LAMS, a high technical success rate (90%) and high clinical success

rate (80%) were achieved, as in previous studies. The complication rate was also low; 1 case of

fever and 1 case of immediate stent migration occurred. Therefore, this study outcome can

support the clinical utility and safety of the use of LAMS in the treatment of WON and PC,

which is specially designed for PFC drainage.

The presence of the anti-reflux valve inside the lumen and anti-migration flaps on each side

are the distinguishing features of this novel LAMS. Several studies demonstrate the effect of

preventing reflux when anti-reflux S-valve is applied to the metal stent [32–34]. Gastroesopha-

geal reflux could be prevented by the esophageal metal stent with S-valve and longer duration

of biliary metal stent could be achieved by preventing food reflux through the S-valve. Based

on these studies, we conducted this pilot study and found a possibility of clinical improvement.

In a previous study by Yamamoto et al. using a modified fully covered self-expanding metal

stent, most patients fasted for a period of at least 3 days; however, in our study, most patients

resumed oral feeding within 2 days, and there were no side effects related to food reflux [27]. A

shorter duration of parenteral nutrition can reduce side effects and improve general patient

conditions and compliance [35]. In addition, the presence of the anti-migration flap prevents

stent migration and more accurately confirms the location and deployment of the distal flap

on EUS or fluoroscopy during stent deployment.

This study had several limitations. First, it was a retrospective study with a small number of

patients. Moreover, there was no precise planning for the long-term follow-up. Therefore,

most patients were not evaluated after fluid collections resolved. As such, recurrence and late-

phase complications might have been underestimated. Second, the patients were not randomly

assigned to each group, and 10 patients cannot represent all the PC/WON patients. Thus,

selection bias and sampling bias could have occurred. Further well-designed prospective stud-

ies are needed to validate these findings.

In conclusion, EUS-guided drainage using this novel LAMS demonstrated clinical utility to

treat PFC with lower complication rates and acceptable treatment outcomes.

Acknowledgments

The authors are grateful to Dong-Su Jang (Medical Illustrator, Medical Research Support Sec-

tion, Yonsei University College of Medicine, Seoul, Korea) for his help with the figures.

Author Contributions

Conceptualization: Moon Jae Chung.

Data curation: Jung Hyun Jo, Jeong Youp Park.

Investigation: In Rae Cho, Moon Jae Chung, Jung Hyun Jo, Jeong Youp Park.

Methodology: Moon Jae Chung, Hee Seung Lee.

Supervision: Moon Jae Chung, Seungmin Bang, Seung Woo Park, Si Young Song.

Validation: Hee Seung Lee, Seungmin Bang, Seung Woo Park.

Writing – original draft: In Rae Cho.

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection

PLOS ONE | https://doi.org/10.1371/journal.pone.0221812 September 4, 2019 9 / 12

https://doi.org/10.1371/journal.pone.0221812


References
1. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, et al. Classification of acute

pancreatitis—2012: revision of the Atlanta classification and definitions by international consensus.

Gut. 2013; 62(1):102–11. https://doi.org/10.1136/gutjnl-2012-302779 PMID: 23100216.

2. Brun A, Agarwal N, Pitchumoni CS. Fluid collections in and around the pancreas in acute pancreatitis. J

Clin Gastroenterol. 2011; 45(7):614–25. Epub 2011/07/14. https://doi.org/10.1097/MCG.

0b013e318213ef3e PMID: 21750432.

3. van Santvoort HC, Besselink MG, Bakker OJ, Hofker HS, Boermeester MA, Dejong CH, et al. A step-up

approach or open necrosectomy for necrotizing pancreatitis. The New England journal of medicine.

2010; 362(16):1491–502. https://doi.org/10.1056/NEJMoa0908821 PMID: 20410514.

4. Gomatos IP, Halloran CM, Ghaneh P, Raraty MG, Polydoros F, Evans JC, et al. Outcomes From Mini-

mal Access Retroperitoneal and Open Pancreatic Necrosectomy in 394 Patients With Necrotizing Pan-

creatitis. Annals of surgery. 2016; 263(5):992–1001. https://doi.org/10.1097/SLA.0000000000001407

PMID: 26501713.

5. Committee ASoP Muthusamy VR, Chandrasekhara V Acosta RD, Bruining DH Chathadi KV, et al. The

role of endoscopy in the diagnosis and treatment of inflammatory pancreatic fluid collections. Gastroin-

testinal endoscopy. 2016; 83(3):481–8. https://doi.org/10.1016/j.gie.2015.11.027 PMID: 26796695.

6. Alvarez-Sanchez MV, Jenssen C, Faiss S, Napoleon B. Interventional endoscopic ultrasonography: an

overview of safety and complications. Surgical endoscopy. 2014; 28(3):712–34. https://doi.org/10.

1007/s00464-013-3260-5 PMID: 24196551.

7. Park DH, Lee SS, Moon SH, Choi SY, Jung SW, Seo DW, et al. Endoscopic ultrasound-guided versus

conventional transmural drainage for pancreatic pseudocysts: a prospective randomized trial. Endos-

copy. 2009; 41(10):842–8. https://doi.org/10.1055/s-0029-1215133 PMID: 19798610.

8. Seifert H, Biermer M, Schmitt W, Jurgensen C, Will U, Gerlach R, et al. Transluminal endoscopic necro-

sectomy after acute pancreatitis: a multicentre study with long-term follow-up (the GEPARD Study).

Gut. 2009; 58(9):1260–6. https://doi.org/10.1136/gut.2008.163733 PMID: 19282306.

9. Kahaleh M, Shami VM, Conaway MR, Tokar J, Rockoff T, De La Rue SA, et al. Endoscopic ultrasound

drainage of pancreatic pseudocyst: a prospective comparison with conventional endoscopic drainage.

Endoscopy. 2006; 38(4):355–9. https://doi.org/10.1055/s-2006-925249 PMID: 16680634.

10. Varadarajulu S, Bang JY, Sutton BS, Trevino JM, Christein JD, Wilcox CM. Equal efficacy of endo-

scopic and surgical cystogastrostomy for pancreatic pseudocyst drainage in a randomized trial. Gastro-

enterology. 2013; 145(3):583–90 e1. https://doi.org/10.1053/j.gastro.2013.05.046 PMID: 23732774.

11. Saul A, Ramirez Luna MA, Chan C, Uscanga L, Valdovinos Andraca F, Hernandez Calleros J, et al.

EUS-guided drainage of pancreatic pseudocysts offers similar success and complications compared to

surgical treatment but with a lower cost. Surgical endoscopy. 2016; 30(4):1459–65. https://doi.org/10.

1007/s00464-015-4351-2 PMID: 26139498.

12. Varadarajulu S, Phadnis MA, Christein JD, Wilcox CM. Multiple transluminal gateway technique for

EUS-guided drainage of symptomatic walled-off pancreatic necrosis. Gastrointestinal endoscopy.

2011; 74(1):74–80. Epub 2011/05/27. https://doi.org/10.1016/j.gie.2011.03.1122 PMID: 21612778.

13. Fabbri C, Luigiano C, Cennamo V, Polifemo AM, Barresi L, Jovine E, et al. Endoscopic ultrasound-

guided transmural drainage of infected pancreatic fluid collections with placement of covered self-

expanding metal stents: a case series. Endoscopy. 2012; 44(4):429–33. https://doi.org/10.1055/s-

0031-1291624 PMID: 22382852.

14. Lee HS, Chung MJ. Past, Present, and Future of Gastrointestinal Stents: New Endoscopic Ultrasonog-

raphy-Guided Metal Stents and Future Developments. Clinical endoscopy. 2016; 49(2):131–8. https://

doi.org/10.5946/ce.2016.044 PMID: 27000424.

15. Itoi T, Nageshwar Reddy D, Yasuda I. New fully-covered self-expandable metal stent for endoscopic

ultrasonography-guided intervention in infectious walled-off pancreatic necrosis (with video). Journal of

hepato-biliary-pancreatic sciences. 2013; 20(3):403–6. https://doi.org/10.1007/s00534-012-0551-5

PMID: 22926337.

16. Shah RJ, Shah JN, Waxman I, Kowalski TE, Sanchez-Yague A, Nieto J, et al. Safety and efficacy of

endoscopic ultrasound-guided drainage of pancreatic fluid collections with lumen-apposing covered

self-expanding metal stents. Clinical gastroenterology and hepatology: the official clinical practice jour-

nal of the American Gastroenterological Association. 2015; 13(4):747–52. https://doi.org/10.1016/j.cgh.

2014.09.047 PMID: 25290534.

17. Bang JY, Hawes R, Bartolucci A, Varadarajulu S. Efficacy of metal and plastic stents for transmural

drainage of pancreatic fluid collections: a systematic review. Digestive endoscopy: official journal of the

Japan Gastroenterological Endoscopy Society. 2015; 27(4):486–98. https://doi.org/10.1111/den.12418

PMID: 25515976.

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection

PLOS ONE | https://doi.org/10.1371/journal.pone.0221812 September 4, 2019 10 / 12

https://doi.org/10.1136/gutjnl-2012-302779
http://www.ncbi.nlm.nih.gov/pubmed/23100216
https://doi.org/10.1097/MCG.0b013e318213ef3e
https://doi.org/10.1097/MCG.0b013e318213ef3e
http://www.ncbi.nlm.nih.gov/pubmed/21750432
https://doi.org/10.1056/NEJMoa0908821
http://www.ncbi.nlm.nih.gov/pubmed/20410514
https://doi.org/10.1097/SLA.0000000000001407
http://www.ncbi.nlm.nih.gov/pubmed/26501713
https://doi.org/10.1016/j.gie.2015.11.027
http://www.ncbi.nlm.nih.gov/pubmed/26796695
https://doi.org/10.1007/s00464-013-3260-5
https://doi.org/10.1007/s00464-013-3260-5
http://www.ncbi.nlm.nih.gov/pubmed/24196551
https://doi.org/10.1055/s-0029-1215133
http://www.ncbi.nlm.nih.gov/pubmed/19798610
https://doi.org/10.1136/gut.2008.163733
http://www.ncbi.nlm.nih.gov/pubmed/19282306
https://doi.org/10.1055/s-2006-925249
http://www.ncbi.nlm.nih.gov/pubmed/16680634
https://doi.org/10.1053/j.gastro.2013.05.046
http://www.ncbi.nlm.nih.gov/pubmed/23732774
https://doi.org/10.1007/s00464-015-4351-2
https://doi.org/10.1007/s00464-015-4351-2
http://www.ncbi.nlm.nih.gov/pubmed/26139498
https://doi.org/10.1016/j.gie.2011.03.1122
http://www.ncbi.nlm.nih.gov/pubmed/21612778
https://doi.org/10.1055/s-0031-1291624
https://doi.org/10.1055/s-0031-1291624
http://www.ncbi.nlm.nih.gov/pubmed/22382852
https://doi.org/10.5946/ce.2016.044
https://doi.org/10.5946/ce.2016.044
http://www.ncbi.nlm.nih.gov/pubmed/27000424
https://doi.org/10.1007/s00534-012-0551-5
http://www.ncbi.nlm.nih.gov/pubmed/22926337
https://doi.org/10.1016/j.cgh.2014.09.047
https://doi.org/10.1016/j.cgh.2014.09.047
http://www.ncbi.nlm.nih.gov/pubmed/25290534
https://doi.org/10.1111/den.12418
http://www.ncbi.nlm.nih.gov/pubmed/25515976
https://doi.org/10.1371/journal.pone.0221812


18. Zheng M, Qin M. Endoscopic ultrasound guided transgastric stenting for the treatment of traumatic pan-

creatic pseudocyst. Hepato-gastroenterology. 2011; 58(109):1106–9. https://doi.org/10.5754/

hge11059 PMID: 21937358.

19. Varadarajulu S, Bang JY, Phadnis MA, Christein JD, Wilcox CM. Endoscopic transmural drainage of

peripancreatic fluid collections: outcomes and predictors of treatment success in 211 consecutive

patients. Journal of gastrointestinal surgery: official journal of the Society for Surgery of the Alimentary

Tract. 2011; 15(11):2080–8. https://doi.org/10.1007/s11605-011-1621-8 PMID: 21786063.

20. Siddiqui AA, Kowalski TE, Loren DE, Khalid A, Soomro A, Mazhar SM, et al. Fully covered self-expand-

ing metal stents versus lumen-apposing fully covered self-expanding metal stent versus plastic stents

for endoscopic drainage of pancreatic walled-off necrosis: clinical outcomes and success. Gastrointesti-

nal endoscopy. 2017; 85(4):758–65. https://doi.org/10.1016/j.gie.2016.08.014 PMID: 27566053.

21. Chandran S, Efthymiou M, Kaffes A, Chen JW, Kwan V, Murray M, et al. Management of pancreatic col-

lections with a novel endoscopically placed fully covered self-expandable metal stent: a national experi-

ence (with videos). Gastrointestinal endoscopy. 2015; 81(1):127–35. https://doi.org/10.1016/j.gie.2014.

06.025 PMID: 25092104.

22. Moon JH, Choi HJ, Kim DC, Lee YN, Kim HK, Jeong SA, et al. A newly designed fully covered metal

stent for lumen apposition in EUS-guided drainage and access: a feasibility study (with videos). Gastro-

intestinal endoscopy. 2014; 79(6):990–5. https://doi.org/10.1016/j.gie.2014.02.015 PMID: 24721518

23. Kim JJ, Hiotis SP, Sur MD. Gastric Reflux Into the Gallbladder After EUS-guided Stenting-Letter to the

Editor Regarding "EUS-guided Versus Percutaneous Gallbladder Drainage: Isn’t It Time to Convert?". J

Clin Gastroenterol. 2017. https://doi.org/10.1097/MCG.0000000000000890 PMID: 28697146.

24. Tsuchiya T, Bun Teoh AY, Itoi T, Yamao K, Hara K, Nakai Y, et al. Long-term outcomes of EUS-guided

choledochoduodenostomy using a lumen-apposing metal stent for malignant distal biliary obstruction: a

prospective multicenter study. Gastrointestinal endoscopy. 2017. https://doi.org/10.1016/j.gie.2017.08.

017 PMID: 28843583.

25. Bapaye A, Dubale NA, Sheth KA, Bapaye J, Ramesh J, Gadhikar H, et al. Endoscopic ultrasonography-

guided transmural drainage of walled-off pancreatic necrosis: Comparison between a specially

designed fully covered bi-flanged metal stent and multiple plastic stents. Digestive endoscopy: official

journal of the Japan Gastroenterological Endoscopy Society. 2017; 29(1):104–10. https://doi.org/10.

1111/den.12704 PMID: 27463528.

26. Ang TL, Teoh AYB. Endoscopic ultrasonography-guided drainage of pancreatic fluid collections. Diges-

tive endoscopy: official journal of the Japan Gastroenterological Endoscopy Society. 2017; 29(4):463–

71. https://doi.org/10.1111/den.12797 PMID: 28032656.

27. Yamamoto N, Isayama H, Kawakami H, Sasahira N, Hamada T, Ito Y, et al. Preliminary report on a

new, fully covered, metal stent designed for the treatment of pancreatic fluid collections. Gastrointesti-

nal endoscopy. 2013; 77(5):809–14. https://doi.org/10.1016/j.gie.2013.01.009 PMID: 23453183.

28. Walter D, Will U, Sanchez-Yague A, Brenke D, Hampe J, Wollny H, et al. A novel lumen-apposing metal

stent for endoscopic ultrasound-guided drainage of pancreatic fluid collections: a prospective cohort

study. Endoscopy. 2015; 47(1):63–7. https://doi.org/10.1055/s-0034-1378113 PMID: 25268308.

29. Dhir V, Teoh AY, Bapat M, Bhandari S, Joshi N, Maydeo A. EUS-guided pseudocyst drainage: prospec-

tive evaluation of early removal of fully covered self-expandable metal stents with pancreatic ductal

stenting in selected patients. Gastrointestinal endoscopy. 2015; 82(4):650–7; quiz 718 e1-5. https://doi.

org/10.1016/j.gie.2015.01.061 PMID: 25910662.

30. Rinninella E, Kunda R, Dollhopf M, Sanchez-Yague A, Will U, Tarantino I, et al. EUS-guided drainage of

pancreatic fluid collections using a novel lumen-apposing metal stent on an electrocautery-enhanced

delivery system: a large retrospective study (with video). Gastrointestinal endoscopy. 2015; 82

(6):1039–46. https://doi.org/10.1016/j.gie.2015.04.006 PMID: 26014960.

31. Mukai S, Itoi T, Baron TH, Sofuni A, Itokawa F, Kurihara T, et al. Endoscopic ultrasound-guided place-

ment of plastic vs. biflanged metal stents for therapy of walled-off necrosis: a retrospective single-center

series. Endoscopy. 2015; 47(1):47–55. Epub 2014/09/30. https://doi.org/10.1055/s-0034-1377966

PMID: 25264765.

32. Lee KJ, Chung MJ, Park JY, Lee DH, Jung S, Bang BW, et al. Clinical advantages of a metal stent with

an S-shaped anti-reflux valve in malignant biliary obstruction. Digestive endoscopy: official journal of

the Japan Gastroenterological Endoscopy Society. 2013; 25(3):308–12. Epub 2013/02/02. https://doi.

org/10.1111/j.1443-1661.2012.01382.x PMID: 23369050.

33. Power C, Byrne PJ, Lim K, Ravi N, Moore J, Fitzgerald T, et al. Superiority of anti-reflux stent compared

with conventional stents in the palliative management of patients with cancer of the lower esophagus

and esophago-gastric junction: results of a randomized clinical trial. Dis Esophagus. 2007; 20(6):466–

70. Epub 2007/10/26. https://doi.org/10.1111/j.1442-2050.2007.00696.x PMID: 17958720.

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection

PLOS ONE | https://doi.org/10.1371/journal.pone.0221812 September 4, 2019 11 / 12

https://doi.org/10.5754/hge11059
https://doi.org/10.5754/hge11059
http://www.ncbi.nlm.nih.gov/pubmed/21937358
https://doi.org/10.1007/s11605-011-1621-8
http://www.ncbi.nlm.nih.gov/pubmed/21786063
https://doi.org/10.1016/j.gie.2016.08.014
http://www.ncbi.nlm.nih.gov/pubmed/27566053
https://doi.org/10.1016/j.gie.2014.06.025
https://doi.org/10.1016/j.gie.2014.06.025
http://www.ncbi.nlm.nih.gov/pubmed/25092104
https://doi.org/10.1016/j.gie.2014.02.015
http://www.ncbi.nlm.nih.gov/pubmed/24721518
https://doi.org/10.1097/MCG.0000000000000890
http://www.ncbi.nlm.nih.gov/pubmed/28697146
https://doi.org/10.1016/j.gie.2017.08.017
https://doi.org/10.1016/j.gie.2017.08.017
http://www.ncbi.nlm.nih.gov/pubmed/28843583
https://doi.org/10.1111/den.12704
https://doi.org/10.1111/den.12704
http://www.ncbi.nlm.nih.gov/pubmed/27463528
https://doi.org/10.1111/den.12797
http://www.ncbi.nlm.nih.gov/pubmed/28032656
https://doi.org/10.1016/j.gie.2013.01.009
http://www.ncbi.nlm.nih.gov/pubmed/23453183
https://doi.org/10.1055/s-0034-1378113
http://www.ncbi.nlm.nih.gov/pubmed/25268308
https://doi.org/10.1016/j.gie.2015.01.061
https://doi.org/10.1016/j.gie.2015.01.061
http://www.ncbi.nlm.nih.gov/pubmed/25910662
https://doi.org/10.1016/j.gie.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/26014960
https://doi.org/10.1055/s-0034-1377966
http://www.ncbi.nlm.nih.gov/pubmed/25264765
https://doi.org/10.1111/j.1443-1661.2012.01382.x
https://doi.org/10.1111/j.1443-1661.2012.01382.x
http://www.ncbi.nlm.nih.gov/pubmed/23369050
https://doi.org/10.1111/j.1442-2050.2007.00696.x
http://www.ncbi.nlm.nih.gov/pubmed/17958720
https://doi.org/10.1371/journal.pone.0221812


34. Shim CS, Jung IS, Cheon YK, Ryu CB, Hong SJ, Kim JO, et al. Management of malignant stricture of

the esophagogastric junction with a newly designed self-expanding metal stent with an antireflux mech-

anism. Endoscopy. 2005; 37(4):335–9. Epub 2005/04/13. https://doi.org/10.1055/s-2005-861113

PMID: 15824943.

35. Windsor AC, Kanwar S, Li AG, Barnes E, Guthrie JA, Spark JI, et al. Compared with parenteral nutrition,

enteral feeding attenuates the acute phase response and improves disease severity in acute pancreati-

tis. Gut. 1998; 42(3):431–5. https://doi.org/10.1136/gut.42.3.431 PMID: 9577354.

A novel LAMS with an anti-reflux valve for EUS-guided drainage of peripancreatic fluid collection

PLOS ONE | https://doi.org/10.1371/journal.pone.0221812 September 4, 2019 12 / 12

https://doi.org/10.1055/s-2005-861113
http://www.ncbi.nlm.nih.gov/pubmed/15824943
https://doi.org/10.1136/gut.42.3.431
http://www.ncbi.nlm.nih.gov/pubmed/9577354
https://doi.org/10.1371/journal.pone.0221812

