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Abstract
BACKGROUND
[bookmark: OLE_LINK4541][bookmark: OLE_LINK4542][bookmark: OLE_LINK4543][bookmark: OLE_LINK4544]Endoscopic ultrasound (EUS)-guided transluminal drainage is an advanced technique used to treat pancreatic fluid collections (PFCs). However, gastric varices and intervening vessels may be associated with a high risk of bleeding and are, therefore, listed as relative contraindications. Herein, we report two patients who underwent interventional embolization before EUS-guided drainage.

CASE SUMMARY
[bookmark: OLE_LINK4545][bookmark: OLE_LINK4546]Two 32-year-old males developed symptomatic PFCs after acute pancreatitis and came to our hospital for further treatment. One patient suffered from intermittent abdominal pain and vomiting, and computed tomography (CT) imaging showed an encapsulated cyst 7.93 cm × 6.13 cm in size. The other patient complained of a mass inside the abdomen, which gradually became enlarged. Gastric varices around the ideal puncture site were detected by EUS when we evaluated the possibility of endoscopic drainage in both patients. Interventional embolization was recommended as the first procedure to decrease the risk of bleeding. After that, EUS-guided transluminal drainage was successfully conducted, without vascular rupture. No postoperative complications occurred during hospitalization, and no recurrence was detected at the last follow-up CT scan performed at 1 mo.

CONCLUSION
Interventional embolization is a safe, preoperative procedure that is performed before EUS-guided drainage in PFC patients with gastric varices or at high risk of bleeding.
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[bookmark: OLE_LINK3724][bookmark: OLE_LINK3725]Core Tip: Endoscopic ultrasound-guided drainage has previously proved to be an excellent method to cure pancreatic fluid collections (PFCs). However, it is not recommended for PFCs with the gastric varices and the abundant surrounding vessels because of the high bleeding risk. Preoperative interventional embolization decreases the possibility of hemorrhage when a transluminal tunnel is established between the stomach and cyst. In our cases, the patients underwent this new preoperative arrangement and transgastric drainage was performed. No bleeding or other intraoperative complications occurred. We recommend this modality as a new strategy for PFCs drainage in patients with high bleeding risk.

INTRODUCTION
Pancreatic fluid collections (PFCs), including walled-off necrosis (WON) and pancreatic pseudocysts (PPCs), are local complications of acute or chronic pancreatitis according to the updated Atlanta classification[1]. European Society of Gastrointestinal Endoscopy (ESEG) recommends endoscopic or percutaneous drainage as a first-line therapy for symptomatic PFCs[2]. A previous study found that endoscopic transmural drainage is more effective than surgery because of its minimal invasiveness[3]. However, the gastric varices and the abundant vessels surrounding PFCs might be ruptured while establishing the tunnel between the stomach and cyst, thus resulting in uncontrollable bleeding that is unresponsive to endoscopic clips or electrocoagulation[4]. In the two patients described here, lumen-metal apposing stents were successfully placed to drain PFCs under endoscopic ultrasound (EUS) guidance during preoperative embolization of potential bleeding vessels. Herein, we share our successful experience in the form of two case reports to help endoscopists prevent bleeding during the endoscopic drainage procedure.

CASE PRESENTATION
Chief complaints
Case 1: A 32-year-old male was admitted to our department with the symptoms of abdominal pain and vomiting.

Case 2: A 32-year-old male with abdominal distension was referred to our hospital for therapeutic management.

History of present illness
Case 1: The patient experienced continuous abdominal pain and vomiting and was sent to the emergency department of our hospital. The symptoms gradually disappeared after fasting and acid suppression. Abdominal ultrasound indicated the presence of cystic lesions in the body of the pancreas. Then, he was transferred to our inpatient area.

Case 2: In December 2020, the patient who was diagnosed with PPC from an outside hospital was admitted to the Department of Hepatobiliary Surgery to undergo open surgery. However, he was unsuitable for the surgical operation because of renal insufficiency. He came to our department for further treatment of PPC until renal function returned to normal in September 2021.

History of past illness
Case 1: Three years ago, he was admitted to a local hospital to receive treatment for severe acute pancreatitis.

Case 2: The patient suffered from acute pancreatitis for the first time five years prior to hospitalization, and recovered after symptomatic treatment. Intermittent pancreatitis occurred frequently between 2017 and 2020. The patient was hospitalized in the intensive care unit, at least once, for severe abdominal pain combined with continuous vomiting and fever.

Personal and family history
Cases 1 and 2: The personal and family histories were unremarkable.

Physical examination
Case 1: Abdominal distension was visible even when the patient lay flat.

Case 2: An obvious mass was palpable in the left upper abdomen, but the size of the mass might not have been evaluated accurately.

Laboratory examinations
Case 1: No pancreatitis-related abnormalities were found by blood biochemical examination.

Case 2: A slight increase in the carbohydrate antigen 125 level was detected by blood biochemical examination, as well as a sharp increase in the carbohydrate antigen 19-9 level. Amylase (501 U/L) and lipase levels (559 U/L) were much higher than normal (normal ranges: 0-150 U/L and 13-60 U/L).

Imaging examinations
Case 1: Contrast-enhanced abdominal computed tomography (CECT) showed a cystic lesion in the body of the pancreas, with a size of 7.93 cm × 6.13 cm (Figure 1A). A cystic lesion of the same size and the presence of blood vessels around the cyst were observed on linear EUS (Figure 2A).

Case 2: A cyst with a maximum diameter of 14 cm was detected by CECT (Figure 1B). Linear EUS showed signs of several vessels around the fundus of the stomach, which may have been a potential puncture site (Figure 2B).

FINAL DIAGNOSIS
Case 1
Based on the patient’s history of illness and the direct endoscopic visualization of the cystic cavity contents, his diagnosis ultimately concluded as being WON.

Case 2
According to the characterization of the cystic cavity contents, he was diagnosed with PPC.

TREATMENT
Case 1
[bookmark: OLE_LINK4547][bookmark: OLE_LINK4548]Coil embolization was performed before the endoscopic drainage (Figure 3A and B). Then the patient was prepared to undergo EUS-guided cystogastrostomy and a lumen-metal apposing stent (LAMS: 16 mm × 26 mm, Micro-Tech Co., Ltd., Nanjing, Jiangsu Province, China) placement.

Case 2
[bookmark: OLE_LINK4299][bookmark: OLE_LINK4300]Under fluoroscopy guidance, endovascular embolization was conducted first (Figure 3C and D). Four days later, EUS-guided cystogastrostomy and placement of a LAMS were successively performed.

OUTCOME AND FOLLOW-UP
Case 1
Subsequent monitoring showed that the patient’s temperature was maintained within the normal range. However, he experienced unexplained nausea and vomiting during hospitalization after the LAMS was placed. Four days after stent placement, postoperative endoscopic observation showed that the contents were almost fully discharged to the stomach cavity. Thus, after irrigation of the cystic cavity with sterile water only, the stent was retrieved, and thereby eliminated all discomforting symptoms. One month after endoscopic drainage, CECT of the abdomen revealed that WON in the patient has resolved.

Case 2
The patient’s vital signs were stable during hospitalization. Postoperative endoscopy was used to perform direct endoscopic necrosectomy. Sterile water was used to rinse the small amount of liquid content that remained in the cystic cavity followed by withdrawal of the stent. CECT obtained one month after the procedure showed shrinkage of the PPC. No abdominal symptoms or postoperative complications were observed.

DISCUSSION
PFCs are local complications of acute pancreatitis that frequently occur more than 4 wk after the onset of pancreatitis[5]. Some PFCs patients might suffer from symptoms of abdominal pain, vomiting, and other digestive-related discomfort, but the majority of patients are asymptomatic and their symptoms resolve spontaneously[6]. For symptomatic PFCs, especially those that seriously affect normal life, drainage of the collections is vital for effective treatment[7,8]. Although there are other drainage methods, endoscopic drainage is minimally invasive and has improved safety and efficacy when compared to open surgery or percutaneous drainage, so endoscopic drainage is recommended as the first-line treatment.
Endoscopic drainage is a well-established therapy for PFCs; however, bleeding complications still haunt endoscopists[9,10]. In the past, PFCs associated with gastric varices or abundant surrounding vessels were referred to the surgical department for further treatment[11]. Previous studies have reported attempts to treat PFC-associated diseases with high bleeding risks, such as arterial pseudoaneurysms, with a combination of minimally invasive endoscopic and radiological interventions[12,13]. However, this combined treatment is rare because of its association with the gastric varices or the surrounding vessels, thus limiting is applicability due to the demand for expertise in interventional radiology and therapeutic endoscopy.
Endovascular embolization, an advanced technique, is the preferred treatment of choice for esophageal or gastric varices and has been widely used to stop and prevent bleeding[14,15]. However, clinicians have limited experience in the clinical management of PFCs that present with gastric varices. Moreover, ideal management depends on the patient’s hemodynamic stability[16]. The development of interventional radiological techniques has led to better outcomes of hemostasis with angioembolization. One report indicated that angioembolization alone is an effective treatment for a pseudocyst associated with pseudoaneurysms[17].
In the presence of gastric varices or pseudoaneurysms, EUS-guided endoscopic drainage is contraindicated because of the increased risk of vessel rupture[18]. In our study, we show that endoscopic drainage combined with coil embolization is an effective treatment for varices. These two patients underwent EUS-guided puncture and a small incision was made in the wall of the stomach and PFC cysts after interventional radiology. No intraoperative complications, such as bleeding or infection, occurred. We did not encounter any complications while removing the necrotic solid debris or the metal stent. However, we did not determine the cause of intermittent nausea and vomiting that occurred in one patient. All symptoms disappeared after the stent was removed.
One limitation is associated with this combined treatment method. For patients with PFCs less than 6 cm, a LAMS cannot be used to establish a tunnel between the two lumens[19]. Therefore, EUS-guided endoscopic drainage combined with interventional radiology would not be feasible.

CONCLUSION
The application of endovascular embolization before EUS-guided endoscopic drainage prevents vessel rupture. This combined treatment has the potential to be a solution for PFC patients with high bleeding risks and warrants further investigation to substantiate its use.
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Figure Legends
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[bookmark: OLE_LINK4551][bookmark: OLE_LINK4552]Figure 1 Preoperative images of contrast-enhanced computed tomography. A: Preoperative contrast-enhanced computed tomography (CECT) image of the first patient showed a cystic lesion in the body of the pancreas, with a size of 7.93 cm × 6.13 cm; B: Preoperative CECT image of the second patient showed a cystic lesion with a maximum diameter of 14 cm.
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[bookmark: OLE_LINK4553][bookmark: OLE_LINK4554]Figure 2 Multiple vasculature (white arrow) detected by Doppler endoscopic ultrasound. A: Endoscopic ultrasound (EUS) imaging of the first patient; B: EUS imaging of the second patient.
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Figure 3 Typical imaging of interventional radiology. A: Angiogram of the first patient prior to coil embolization; B: Angiogram of the first patient after coil embolization; C: Angiogram of the second patient prior to coil embolization; D: Angiogram of the second patient after coil embolization.
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