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Abstract
BACKGROUND
[bookmark: OLE_LINK144][bookmark: OLE_LINK141][bookmark: OLE_LINK147][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK220]Endoscopic retrograde pancreatic drainage (ERPD) and stent implantation has become the major treatment method for pancreatic pseudocysts. However, it is associated with a high recurrence rate and infection.

AIM
[bookmark: OLE_LINK221][bookmark: OLE_LINK222][bookmark: OLE_LINK140][bookmark: OLE_LINK139][bookmark: OLE_LINK124][bookmark: OLE_LINK125]To manage pancreatic pseudocysts by sequential therapy with endoscopic naso-pancreatic drainage (ENPD) combined with ERPD and evaluate the treatment outcome.

METHODS
[bookmark: OLE_LINK223][bookmark: OLE_LINK224]One hundred and sixty-two cases of pancreatic pseudocyst confirmed by endoscopic examination at our hospital between January 2014 and January 2020 were retrospectively analyzed. There were 152 cases of intubation via the duodenal papilla, of which 92 involved pancreatic duct stent implantation and 60 involved sequential therapy with combined ENPD and ERPD (two-step procedure). The success rate of the procedure, incidence of complications (infection, bleeding, etc.), recurrence, and length and cost of hospitalization were compared between the two groups.

RESULTS
[bookmark: OLE_LINK225][bookmark: OLE_LINK226][bookmark: OLE_LINK227]The incidence of infection was significantly higher in the ERPD group (12 cases) than in the two-step procedure group (2 cases). Twelve patients developed infection in the ERPD group, and anti-infection therapy was effective in five cases but not in the remaining seven cases. Infection presented as fever and chills in the two-step procedure group. The reoperation rate was significantly higher in the ERPD group with seven cases compared with zero cases in the two-step procedure group (P < 0.05). Similarly, the recurrence rate was significantly higher in the ERPD group (19 cases) than in the two-step procedure group (0 cases).

CONCLUSION
[bookmark: OLE_LINK228][bookmark: OLE_LINK229]Sequential therapy with combined ENPD and ERPD is safe and effective in patients with pancreatic pseudocysts.

[bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK126][bookmark: OLE_LINK127]Key Words: Endoscopy; Endoscopic retrograde cholangiopancreatography; Endoscopic nasobiliary drainage; Endoscopic retrograde pancreatic drainage; Pancreatic pseudocyst; Endoscopic ultrasonography trans-gastric puncture drainage of the pancreas

[bookmark: OLE_LINK205][bookmark: OLE_LINK206]He YG, Li J, Peng XH, Wu J, Xie MX, Tang YC, Zheng L, Huang XB. Sequential therapy with combined trans-papillary endoscopic naso-pancreatic and endoscopic retrograde pancreatic drainage for pancreatic pseudocysts. World J Clin Cases 2021; In press

[bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK219]Core Tip: In recent years, with the development of endoscopic technology, endoscopic pancreatic pseudocyst drainage has become the major treatment method for pancreatic pseudocyst. We reported 60 cases of pancreatic pseudocyst treated by sequential therapy with endoscopic naso-pancreatic drainage combined with endoscopic retrograde pancreatic drainage, and evaluated the treatment effect. The two-step method can significantly reduce the incidence and recurrence rate of postoperative infection.

INTRODUCTION
[bookmark: OLE_LINK230][bookmark: OLE_LINK231]Pancreatic pseudocyst is often secondary to acute or chronic pancreatitis, pancreatic injury, and pancreatic duct obstruction[1-5]. It is reported that 10%-20% of acute pancreatitis cases are complicated with pancreatic pseudocyst and 20%-40% of chronic pancreatitis cases are complicated with pancreatic pseudocyst[2,4,6-9]. Failure of conservative treatment of pancreatic pseudocyst leads to symptoms such as abdominal pain, abdominal distension, fever and chills, and digestive tract obstruction, and additional treatments, including puncture drainage, surgery, and endoscopic treatment (trans-gastric and trans-duodenal drainage), are required[1-3,9,10]. However, no single treatment is completely effective. Open surgery or laparoscopic pancreatic pseudocyst-stomach anastomosis and pancreatic cysto-jejunostomy are associated with extensive tissue injury and a long recovery period. Moreover, the postoperative recurrence and complication rates are 2.5%-5% and 30%, respectively[2]. No significant differences in the success rate and complication rate between open surgery and laparoscopic pancreatic pseudocyst-stomach anastomosis have been observed[11,12]. Percutaneous pancreatic pseudocyst drainage is typically performed under the guidance of ultrasound and computed tomography. Percutaneous drainage is performed when patients are not eligible for surgery and when the pancreatic pseudocyst is not connected to the main pancreatic duct and not close to the gastrointestinal tract. However, these situations are rare[3,12]. Recovery of the fistula is hampered when the pancreatic pseudocyst and the pancreatic duct form a pancreas–skin fistula after percutaneous drainage. The incidence of pancreas–skin fistula, the recurrence rate of pancreatic pseudocyst, and the long duration of a guide pipe result in a high infection rate[13,14]. With endoscopic ultrasound-guided drainage, there is a possibility of persistent non-healing, bleeding, perforation, stent displacement, or stent blockage. Moreover, there is an increased risk of retrograde infection of the gastrointestinal tract due to foreign matter and recurrence after stent removal[15-17]. After endoscopic trans-papillary pancreatic duct stent drainage, pancreatic juice enters the duodenum, which meets the physiologic requirements. The digestive tract symptoms are mild after the procedure. However, there is a risk of infection following blockage of the pancreatic duct stent[18].
In recent years, with the development of endoscopic technology, endoscopic pancreatic pseudocyst drainage has become the major method for treating pancreatic pseudocyst[2,3,9,19]. In most previously reported studies, the pancreatic duct stent was placed under an endoscope, and endoscopic ultrasound trans-gastric drainage was chosen for the management of pancreatic pseudocyst. A naso-pancreatic duct is not routinely implanted. It is reported that the tube can be dredged if the naso-pancreatic duct is blocked during naso-pancreatic drainage, which may reduce complications, such as infections, when the tube is obstructed[18,20,21]. However, prolonged naso-pancreatic drainage is inconvenient in patients as they may remove the naso-pancreatic duct, resulting in failure of drainage[18,21]. Therefore, there is a need to overcome the limitations of the currently used methods for managing pancreatic pseudocyst.
Herein, we hypothesized that a two-step trans-papillary procedure involving endoscopic naso-pancreatic drainage (ENPD) and endoscopic retrograde pancreatic drainage (ERPD) sequential therapy for pancreatic pseudocyst may reduce the infection-related complications seen with single stent implantation, address concerns related to tube blockage, and reduce patient discomfort due to long-term single naso-pancreatic duct implantation. The aim of this study was to evaluate the effectiveness and safety of the two-step procedure for pancreatic pseudocysts.

MATERIALS AND METHODS
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK234]Patients
Data were retrospectively obtained from patients with pancreatic pseudocyst who were admitted to the Department of Hepatobiliary Surgery of the Second Affiliated Hospital of Army Medical University between January 2014 and January 2020. This experimental study strictly followed the Declaration of Helsinki and the International Theoretical Guidelines for Biomedical Research Involved with Humans and was approved by the Medical Ethics Committee of the Second Affiliated Hospital of Army Medical University. All patients provided informed consent. After successful surgery, the patients received anti-infection, nutrition, supportive, and enzyme suppression treatments.

Inclusion criteria
[bookmark: OLE_LINK137][bookmark: OLE_LINK138]The inclusion criteria were: Age > 16 years; pancreatic pseudocyst confirmed by imaging examinations [B-mode ultrasound, computed tomography (CT), or magnetic resonance cholangiopancreatography (MRCP)]; history of pancreatitis and the formation of a pancreatic pseudocyst (time of cyst formation > 6 wk), with a cyst diameter > 6 cm[1,15]; and significant symptoms: Repeated abdominal pain, abdominal distension, fever, and possible pancreatic pseudocyst compression against surrounding tissues and organs causing jaundice, and digestive symptoms.

Exclusion criteria
The exclusion criteria were: Pancreatic tumor (confirmed by imaging examinations); acute stage of pancreatitis, acute suppurative cholangitis, and other acute inflammation or combination with cyst infection.

ERPD group
The patient was placed in the left prone position to monitor vital signs. After duodenal papilla intubation, with the help of a guide wire, radiography was performed (a small amount of contrast agent was injected to identify the condition of the bile and pancreatic ducts and the relationship between the pancreatic pseudocyst and pancreatic duct). Endoscopic sphincterotomy (EST) and endoscopic pancreatic sphincterotomy (EPS) were adopted to implant the pancreatic duct stent through the guide pipe into the pancreatic duct under the guidance of the guide wire (Figure 1). The following precautions were taken: The system stent was used if it is long enough; a self-made stent was used if the system stent was not used; the length of the pancreatic duct stent implanted was determined by the measurement between the intersection of the cyst wall and the distal pancreatic duct (pancreatic duct rupture point) and papillary orifice, which is the effective length of the self-made stent (not including the pig tail). The stent was placed more than 2 cm inside the cyst to avoid the stent falling out and entering the pancreatic duct later and thus reducing the drainage effect. When the stent was released, the pig tail was located in the intestine on the side of the duodenal papilla to prevent the stent from moving to the pancreatic duct.

Two-step procedure
The patient was placed in the left prone position to inspect the duodenum and the duodenum papilla. After guide wire insertion, radiography was performed (a small amount of contrast agent was injected to identify the condition of the bile and pancreatic ducts and the relationship between the pancreatic pseudocyst and pancreatic duct. Bile duct disease was treated if it was detected during the operation). EST and EPS were adopted to implant the naso-pancreatic duct (naso-biliary drainage was used as the naso-pancreatic duct). Under the guidance of the guide wire, the duct was passed through the duodenal papilla orifice and into the pancreatic duct. The cyst fluid was seen draining from the naso-biliary duct, which was then pumped back to confirm that the cyst fluid could be extracted. After insertion of the naso-pancreatic duct, changes in abdominal signs and vital signs of the patients were observed, the color and volume of the drainage fluid in the naso-pancreatic duct were observed, and the drainage fluid in the naso-pancreatic duct was sampled for bacteria culture. Abdominal CT was performed after 7 d to observe changes in the pancreatic pseudocyst. Placement of the pancreatic duct stent was performed using the same precautionary measures as followed in the ERPD group. The patients were discharged within 1-3 d if no discomfort was recorded (Figure 2). 
We used our Xin-Qiao classification based on the relationship between the pancreatic pseudocyst and the splenic vein. As pancreatitis with pancreatic pseudocyst is not identified in most pancreatic ducts and the splenic vein is fixed in most cases, we used the splenic vein as the reference plane (Figure 3).

Statistical analysis
SPSS26.0 (SPSS Inc., IBM, Armonk, NY, United States) statistical software package was used for data analyses in this study. Measurement results are presented as the mean ± SD, and the independent sample t-test was used for comparisons between the two groups. Enumeration data are expressed as incidence, and the χ2-test was used for comparisons between the two groups. ANOVA was used to compare the means of multiple samples, and P < 0.05 was considered statistically significant.

RESULTS
[bookmark: OLE_LINK235][bookmark: OLE_LINK236]A total of 162 patients with pancreatic pseudocysts were included in this study, ten of whom were excluded due to duodenal papilla intubation failure (Figure 4). The remaining 152 patients who underwent successful duodenal papilla intubation were divided into an ERPD group (92 cases) and a two-step procedure group (60 cases). Baseline characteristics of the enrolled patients are listed in Table 1. There were no differences in age, sex, or etiology and location of the pancreatic pseudocyst between the two groups (P > 0.05). All patients were followed by telephone calls or at the outpatient clinic after discharge. The follow-up included checking for recurrence of symptoms and repeat imaging examinations (B-mode ultrasound, CT, and MRCP). The follow-up period ranged from 3 mo to 2 years (every 3 mo) after discharge. The pancreatic duct stent was electively changed or removed based on the examination results. 

Surgical complications
Infection occurred in 12 (13.04%) cases in the ERPD group and two (3.33%) cases in the 2-step procedure group, and the difference in the incidence of infection between the two groups was statistically significant (P < 0.05). No postoperative complications, such as intestinal perforation, bleeding, or pancreatic fistula, were observed in either group (Table 2).

Reoperation rate after the onset of infection 
In the ERPD group, anti-infection treatment was effective in five of 12 cases with infection but not in the remaining seven cases, and urgent ultrasound-guided percutaneous drainage was performed in three of these seven cases and open cyst-jejunum anastomosis in four cases. In the two-step procedure group, infection presented as fever and chills in two cases. Symptomatic relief was observed after pumping and irrigation with saline and gentamicin through the naso-pancreatic duct and after intravenous antibiotic treatment. The reoperation rate in the ERPD group was 7.6% (7 cases), and was 0% in the two-step procedure group, and the difference was statistically significant (P < 0.05) (Table 2). 

Recurrence rate
All patients were followed by telephone calls or at the outpatient clinic after discharge for recurrence of symptoms and repeat imaging examinations. The follow-up period ranged from 3 mo to 2 years (every 3 mo) after discharge. The pancreatic duct stent was electively changed or removed based on the examination results. In the ERPD group, recurrence was noted in 19 (20.65%) of 92 cases, but no recurrence was noted in the two-step procedure group (P < 0.05).

Length of hospital stay and treatment costs
The hospital stay in the ERPD group and two-step procedure group was 8.61 ± 3.07 d and 12.15 ± 1.99 d, respectively (P < 0.05). There was no significant difference in treatment costs between the two groups (7875.05 ± 5221.5 USD and 7715.21 ± 3030.57 USD, respectively, P > 0.05).
Classification of pseudocyst type was carried out according to the location of the pancreatic pseudocyst in relation to the splenic vein as pancreatitis with pancreatic pseudocysts cannot be identified in most pancreatic ducts and the splenic vein is relatively fixed in most cases. Therefore, we used the splenic vein as the reference plane. Of 152 patients, 7 had type I, 64 had type II, and 81 had type III. Infection occurred in 14 of 152 patients, including two cases with type II (14.28%) and 12 cases with type III (85.72%). The incidence of infection in type III was significantly higher than that in type I and type II (P < 0.05) (Table 3). The CT cycle threshold between the ERPD group and the two-step procedure group was not significantly different (P > 0.05) (Table 4). The mean CT cycle threshold of 14 patients with infection was 15.60 Hounsfield units (HU), and the mean CT cycle threshold of 138 patients without infection was 11.73 HU. The CT cycle threshold of patients with infection was significantly higher than that of patients without infection (P < 0.05). In addition, the larger the CT cycle threshold, the higher the risk of infection (Table 5).

DISCUSSION
[bookmark: OLE_LINK237][bookmark: OLE_LINK238]Surgery was the standard procedure for the treatment of pancreatic pseudocysts[3,5,10]. However, this has gradually been replaced by minimally invasive, non-surgical methods due to the significant trauma, longer hospital stay, high costs, etc. associated with conventional surgery[22]. With the rapid development of endoscopic techniques, endoscopic drainage of pancreatic pseudocysts has become the main treatment for pancreatic pseudocysts[2,3,19]. Endoscopic drainage of pancreatic pseudocysts[1-3] includes endoscopic trans-gastric ultrasonography-guided puncture drainage for the treatment of pancreatic pseudocysts, ERPD, and ENPD.
Endoscopic trans-gastric ultrasonography-guided puncture drainage for the treatment of pancreatic pseudocysts may carry the risk of bleeding (27.8%)[23], perforation, and peritonitis (11%)[15], etc., and may increase the risk of intra-cystic or intra-abdominal infection due to inadequate stent drainage or infection after prolonged stent placement[16,17] and the rate of recurrence due to stent displacement or removal (12%)[15]. In addition, treatment costs are high and there is a lack of qualified endoscopic ultrasonography technicians and good-quality devices, especially in underdeveloped areas. Beckingham et al[24] reported that the pancreatic duct stent prevented the occurrence of infection, sepsis, and other complications[25]. Our study also confirmed that there was a high incidence of infection and a higher rate of reoperation after ERPD. Bhasin et al[18] reported 11 cases of pancreatic pseudocysts treated by ENPD, of which naso-pancreatic ducts were successfully placed in ten cases (90.9%), with good outcome and a low incidence of infection complications. When the naso-pancreatic duct is blocked, the drainage fluid can be sampled through the naso-pancreatic duct and submitted for bacterial culture, and antibiotics can be selected according to culture test results[25]. In addition, the naso-pancreatic duct is used for suctioning and flushing to solve the problem of infection due to the inadequate drainage of pancreatic fluid. However, prolonged placement of the naso-pancreatic duct is inconvenient in patients and reduces their quality of life; moreover, there is a chance that the naso-pancreatic duct may fall out, resulting in drainage failure and the need for reoperation[18,21].
Inadequate trans-gastric-pancreatic drainage, especially pancreatic drainage from the tail of the pancreas, is the trigger factor for pancreatic pseudocysts, and the establishment of normal physiological channels in the pancreatic duct is the main factor affecting the treatment outcome and prognosis of patients with pancreatic pseudocysts[5,26-28]. Moreover, trans-gastric puncture drainage in the treatment of pancreatic pseudocysts increases the risk of bleeding, intestinal fistula, gastric fistula, extravasation of pancreatic fluid, and infection due to foreign body reflux in the digestive tract[15-17,23]. Lin et al[29] reported that the trans-papillary treatment of pancreatic pseudocysts can offer good results. However, simple pancreatic duct stenting is not suitable for pancreatic pseudocysts with thick cystic fluid, massive necrotic tissues, and infection. As it is challenging to carry out complete drainage, inadequate drainage of pancreatic fluid can result in pancreatic pseudocyst infection and pancreatic abscess due to pancreatic duct obstruction. Therefore, ultrasound-guided percutaneous drainage of pancreatic pseudocysts or internal drainage of pancreatic pseudocysts by open surgery is required. Although a naso-pancreatic duct can be placed in the pancreatic duct through the duodenal papilla alone, the blocked drainage channel can be unblocked by flushing. However, a relatively long period of naso-pancreatic drainage will cause extreme inconvenience to the patient, and the patient may accidentally remove the naso-pancreatic duct and thus cause drainage failure[18,21]. Therefore, our strategy of treating pancreatic pseudocysts using a sequential procedure can lead to cyst collapse in the early phase due to rapid naso-pancreatic drainage, thus avoiding repeated stent replacement due to infection caused by blocked pancreatic duct stent drainage in the treatment of pancreatic pseudocysts. After about a week of drainage, the cyst is basically occluded. At this time, replacement of the pancreatic duct stent can further promote the healing and adhesion of the cyst, which can reduce the discomfort caused to the patient by prolonged placement of the naso-pancreatic duct and establish a normal and adequate pancreatic drainage channel. This preliminary clinical study showed that the patients recovered well after surgery without extra complications, and this technique is expected to be a novel and effective treatment strategy.
In this study, the incidence of infection in the ERPD group was 13.04%, the postoperative recurrence rate was 20.65%, and the rate of reoperation in infected patients after anti-infective treatment was 7.6%. The incidence of infection in the two-step procedure group was 3.3%. In this group, infection could be avoided by naso-pancreatic duct aspiration and dilution of the fluid in the cyst by rinsing with sterile normal saline. The pancreatic pseudocysts were observed to be significantly reduced following a repeat CT examination (reduced to within 20% of the original volume), and pancreatic duct stenting could be performed on the designated date. No reoperations were performed in this group, and follow-up revealed no recurrence in any of the patients after treatment. It is critical that rinsing with normal saline be carried out slowly and gently through the naso-pancreatic duct to avoid excessive force and pressure, which may lead to nosocomial infection and cyst rupture. In patients who developed infection after ENPD, gentamicin or metronidazole was used for rinsing. In addition, a negative pressure aspirator can be used to maintain vacuum aspiration when naso-pancreatic drainage is adequate. In patients with suspected duct obstruction whose naso-pancreatic ducts are rinsed with normal saline, a guide wire can be used to unblock the duct under fluoroscopy or the naso-pancreatic duct can be replaced. In this study, drainage (color and amount of drainage fluid) can be observed by means of ENPD to facilitate rinsing and unblocking after drainage blockage and to avoid infection caused by drainage blockage due to inadequate drainage. After ENPD, a repeat abdominal CT examination allows us to understand the degree of pancreatic pseudocyst shrinkage before ERPD is re-performed. In this way, infection and other complications will be reduced, and pancreatic pseudocysts will be treated completely with a low recurrence rate. 
Pancreatic pseudocysts located in the head of the pancreas have a lower success rate of intubation than those located in the tail of the pancreas[15]. Our study also confirmed that intubation in the tail of the pancreas had a high success rate, as pseudocysts located in the head of the pancreas compress the duodenum and narrow the enteric cavity, thus making intubation difficult. 
Appropriate cyst classification is also important for the selection of treatment. In this study, we found that postoperative infection due to the treatment of pancreatic pseudocysts using ENPD or ERPD was closely related to the location, size, and CT cycle threshold of the pancreatic pseudocysts, and the Xin-Qiao classification was then proposed. In the 24 cases of infection, we analyzed the following possible reasons for infection due to pancreatic pseudocysts with pancreatic duct stents inserted. First, type I cystic fluid can easily drain into the duodenum via ENPD or ERPD under the influence of gravity. Type II cystic fluid flows out via ENPD or ERPD under the influence of gravity, but there is still some cystic fluid below the stent plane, and the cystic fluid accumulating in the cyst cannot be easily drained. After invasive surgery, stenting can easily carry bacteria into the cyst and cause infection or retrograde intestinal bacterial growth can cause infection in the cyst, which was observed in two (14.28%) of 14 cases of infection. In terms of type III, because most of the cystic fluid is lower than the stent drainage plane, it is not easy to drain via ENPD or ERPD, so bacteria in the cystic fluid grow, and the cystic fluid accumulates in the cyst for a long time and causes infection. This vicious circle continues with inadequate stent drainage, which was found in 12 (85.72%) of 14 cases of infection. 
Second, among the 14 patients with infection, the mean CT cycle threshold was 15.6 HU, while the mean CT cycle threshold of patients without infection was 11.73 HU. A larger CT cycle threshold of pancreatic pseudocysts indicate that the fluid in the cyst has more necrotic liquefied tissues, and the fluid is more turbid and viscous. Therefore, the stent or the drainage duct can be more easily blocked, and the risk of infection after stent placement is higher. However, as for the comparison between the ERPD group and the two-step procedure group, the CT cycle threshold in the combination group was higher than that in the ERPD group, but the proportion of infection was smaller, which may be related to the fact that we first used ENPD for active suction of the cystic fluid or rinsed and diluted the fluid to reduce its density in the cyst, thus avoiding blockage of the naso-pancreatic duct. The following suggestions are made based on this retrospective analysis: For type I cysts, pancreatic duct stenting is an option. For type II and type III cysts, we recommend two-step sequential therapy, which can avoid the occurrence of infection, reduce cysts in a shorter time, and shorten the length of hospital stay. In terms of the treatment of pancreatic pseudocysts with the two-step sequential therapy, we recommend 7 d of naso-pancreatic duct placement, depending on the appearance of the drainage fluid (clear) in the naso-pancreatic duct and reduction in the amount of drainage fluid. In addition to that described earlier, a repeat CT examination also allows observation of the patient's abdomen, such as smaller abdominal bulge, disappeared or significantly reduced abdominal mass, and relief of abdominal pain. The active and low drainage in the sequential method will shrink the cyst faster than the pancreatic duct stent alone. For cysts with a CT cycle threshold above 13 HU, active aspiration and dilution with normal saline via the naso-biliary duct are recommended.
The advantages of sequential therapy with trans-papillary ENPD combined with ERPD for pancreatic pseudocysts can be summarized as follows: (1) Compared with trans-gastric drainage, it meets the physiological requirements and avoids complications, such as infection and bleeding of the cyst, due to the connection between the stomach and the cyst; (2) compared with pancreatic duct stenting, it facilitates postoperative observation and makes rinsing and unblocking easy after duct blockage, which greatly reduces the risk of infection and shortens the treatment time of pancreatic pseudocysts with a low recurrence rate, effectively reducing the total treatment costs; and (3) in recent years, good results have been reported in the literature with the use of fully covered self-expanding metal stents for the treatment of pancreatic pseudocysts through endoscopic trans-gastric ultrasonography-guided puncture drainage. If the diameter of the stent is large, the drainage effect is good and infection due to the use of plastic stents which are susceptible to blockage and need frequent replacement is avoided[15-17,23]. However, the treatment costs are high, and treatment is challenging especially in underdeveloped areas where endoscopic ultrasonography technicians are not qualified and devices are not of good quality. Our clinical results showed that a large proportion of such patients had co-infection or co-bleeding (data not shown). The two-step procedure can be widely used in clinical practice with low requirements for devices; thus, sequential therapy is particularly suitable for hospitals at all levels.
Based on our current experience, the application of this approach still has the following drawbacks: (1) This study was retrospective and has inherent limitations; (2) the sample size was small; (3) it was impossible to accurately determine whether the pancreatic pseudocyst was connected to the pancreatic duct before surgery; and (4) some patients may be at risk of infection or fever.

CONCLUSION
[bookmark: OLE_LINK239][bookmark: OLE_LINK240]Sequential therapy with trans-papillary ENPD combined with ERPD is safe and effective for pancreatic pseudocysts and can be carried out by experienced endoscopists. Future prospective and randomized clinical trials are needed to validate the present findings.

ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde pancreatic drainage (ERPD) and stent implantation is associated with a high recurrence rate and infection rate.

Research motivation
A two-step trans-papillary procedure involving endoscopic naso-pancreatic drainage (ENPD) and ERPD sequential therapy for pancreatic pseudocysts may reduce the infection-related complications seen with single stent implantation, address concerns related to tube blockage, and reduce patient discomfort due to long-term single naso-pancreatic duct implantation.

Research objectives
To manage pancreatic pseudocysts by sequential therapy with ENPD combined with ERPD and evaluate the treatment outcome.

Research methods
One hundred and fifty-two cases of pancreatic pseudocysts were intubated via the duodenal papilla, and 92 cases involved pancreatic duct stent implantation and 60 cases involved sequential therapy with ENPD combined with ERPD. The success rate of the procedure, incidence of complications (infection, bleeding, etc.), recurrence, and length and cost of hospitalization were compared between the two groups.

Research results
The incidence of infection was significantly higher in the ERPD group (12 cases) than in the two-step procedure group (2 cases). The reoperation rate was also significantly higher in the ERPD group (7 cases) than in the two-step procedure group (0 cases). Similarly, the recurrence rate was significantly higher in the ERPD group (19 cases) than in the two-step procedure group (0 cases).

Research conclusions
Two-step sequential therapy with ENPD combined with ERPD is safe and effective in patients with pancreatic pseudocysts.

Research perspectives
The sequential therapywith trans-papillary ENPD combined with ERPD for pancreatic pseudocysts meets the physiological requirements and avoids complications, such as infection and bleeding of the cyst. Compared with pancreatic duct stenting, it facilitates postoperative observation and makes rinsing and unblocking easier after duct blockage, which greatly reduces the risk of infection and shortens the treatment time of pancreatic pseudocysts with a low recurrence rate, effectively reducing the total treatment costs. The two-step procedure can be widely used in clinical practice with low requirements for devices; thus, this sequential therapy is particularly suitable for hospitals at all levels.
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Figure Legends
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[bookmark: OLE_LINK248][bookmark: OLE_LINK249]Figure 1 Process of pancreatic duct stenting for pancreatic pseudocysts. A: Location of the pancreatic pseudocyst shown by computed tomography; B and C: Location of the pancreatic pseudocyst shown by magnetic resonance cholangiopancreatography (red arrow) using the T2 weighted image sequence (B) and balanced turbo field echo sequence (C); D: Successful duodenal intubation followed by a guide wire inserted into the pancreatic duct (white arrow); E: Pancreatic duct and cyst shown by imaging (red arrow); F: Pancreatic duct stenting (yellow arrow). 
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[bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK142][bookmark: OLE_LINK143]Figure 2 Sequential therapy of pancreatic pseudocysts using the two-step procedure (endoscopic naso-pancreatic drainage combined with endoscopic retrograde pancreatic drainage sequential therapy). A and B: Location of the pancreatic pseudocyst shown by computed tomography (CT) (red arrow); C and D: Location of the pancreatic pseudocyst shown by magnetic resonance cholangiopancreatography (red arrow) using the T2 weighted image sequence (C) and balanced turbo field echo sequence (D); E: Successful duodenal papilla intubation followed by a guide wire into the pancreatic duct (white arrow); F: Pancreatic pseudocyst shown by imaging of the guide wire into the pancreatic duct (red arrow); G: Naso-pancreatic duct placed in the pancreatic pseudocyst (yellow arrow is the naso-pancreatic duct, and green arrow is the biliary stent); H: Abdomen of the patient before naso-pancreatic duct placement (blue arrow); I: Changes in the abdomen 3 h after naso-pancreatic duct placement (blue arrow); J: Pancreatic pseudocyst shown by CT 1 wk after naso-pancreatic duct placement (red arrow); K: Pancreatic pseudocyst shown by guide wire and radiography after removal of the naso-pancreatic duct via endoscopic retrograde cholangiopancreatography (red arrow); L: Placement of the pancreatic duct stent after removal of the naso-pancreatic duct (purple arrow). 
[bookmark: OLE_LINK146][bookmark: OLE_LINK145]
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[bookmark: OLE_LINK252][bookmark: OLE_LINK253]Figure 3 Three cyst types (Xinqiao classification) based on the relationship between the pancreatic pseudocyst and the splenic vein (the red line on the horizontal axis is the splenic vein plane, and the green line on the vertical axis indicates the distance between the cyst and the splenic vein plane). Type I: Pancreatic pseudocyst above the splenic vein plane; Type II: Pancreatic pseudocyst located partially above the splenic vein and partially within 3 cm below the splenic vein; Type III: Pancreatic pseudocyst located below the splenic vein (greater than 3 cm or the entire cyst is below the splenic vein).
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[bookmark: OLE_LINK254][bookmark: OLE_LINK255]Figure 4 Flow diagram of patient enrollment. ERPD: Endoscopic retrograde pancreatic drainage.

Table 1 Patient demographics
	[bookmark: _GoBack]Variable 
	
	Grouping by surgery 
	χ2/t
	P value

	
	
	ERPD
	Two-step procedure 
	
	

	Gender 
	Male 
	58
	35
	0.339
	0.560

	
	Female 
	34
	25
	
	

	Age (yr) mean ± SD
	-
	47.7 ± 16.21
	47.42 ± 15.34
	0.066
	0.947

	Source/Location 
	Biliary 
	39
	35
	9.249
	0.100

	
	High fat 
	28
	16
	
	

	
	Alcoholic 
	14
	9
	
	

	
	Post-operation 
	3
	0
	
	

	
	Trauma 
	6
	0
	
	

	
	Pancreatic fistula 
	2
	0
	
	

	Part
	Body of the pancreas
	30
	15
	1.705
	0.426

	
	Head of the pancreas 
	20
	18
	
	

	
	Tail of the pancreas 
	42
	27
	
	


[bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK148][bookmark: OLE_LINK149]Two-step procedure: Endoscopic naso-pancreatic drainage combined with endoscopic retrograde pancreatic drainage sequential therapy. P < 0.05 was considered statistically significant. Data shown are the mean ± SD. ERPD: Endoscopic retrograde pancreatic drainage; ENPD: Endoscopic naso-pancreatic drainage; SD: Standard deviation.


Table 2 Comparison of relevant indices after treatment of pancreatic pseudocysts via endoscopic retrograde pancreatic drainage and the two-step procedure
	Variable
	Classification 
	Grouping by surgery 
	χ2/t
	P value

	
	
	ERPD
	Two-step procedure
	
	

	Complications 
	Infection
	12
	2
	4.095
	0.043

	
	None
	80
	58
	
	

	Rate of reoperation 
	Reoperation method (puncture/open surgery)
	7 (4/3)
	0
	4.786
	0.029

	
	None
	85
	60
	
	

	Recurrence rate 
	Recurrence
	19
	0
	14.161
	0.000

	
	None
	73
	60
	
	

	Size of pancreatic pseudocyst (cm), mean ± SD
	-
	8.73 ± 3.71
	13.25 ± 4.11
	-4.483
	0.000

	Length of stay (d) 
	- 
	8.61 ± 3.07
	12.15 ± 1.99
	-19.157
	0.000

	Treatment cost (USD), mean ± SD
	- 
	7875.05 ± 5221.5
	7715.21 ± 3030.57
	0.126
	0.900


[bookmark: OLE_LINK155][bookmark: OLE_LINK154]Two-step procedure: Endoscopic naso-pancreatic drainage combined with endoscopic retrograde pancreatic drainage sequential therapy. P < 0.05 was considered statistically significant. Data shown are the mean ± SD. ERPD: Endoscopic retrograde pancreatic drainage; ENPD: Endoscopic naso-pancreatic drainage; SD: Standard deviation.

Table 3 Comparison of cyst classification and infection in 152 patients 
	Group 
	Complications 
	Total 
	χ2
	P value

	
	Infection 
	None 
	
	
	

	ERPD group 
	Classification 
	I
	0
	7
	7
	6.271
	0.043

	
	
	II
	2
	37
	39
	
	

	
	
	III
	10
	36
	46
	
	

	
	Total 
	12
	80
	92
	
	

	Two-step procedure 
	Classification 
	I
	0
	0
	0
	1.379
	0.240

	
	
	II
	0
	24
	24
	
	

	
	
	III
	2
	34
	36
	
	

	
	Total 
	2
	58
	60
	
	

	Total 
	Classification 
	I
	0
	7
	7
	6.339
	0.042

	
	
	II
	2
	61
	64
	
	

	
	
	III
	12
	70
	81
	
	

	
	Total 
	14
	138
	152
	
	


Two-step procedure: Endoscopic naso-pancreatic drainage combined with endoscopic retrograde pancreatic drainage sequential therapy. P < 0.05 was considered statistically significant. ERPD: Endoscopic retrograde pancreatic drainage; ENPD: Endoscopic naso-pancreatic drainage.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]
Table 4 Comparison of computed tomography cycle threshold between the endoscopic retrograde pancreatic drainage group and two-step procedure group
	Group 
	Number of cases 
	Average value (HU) 
	Standard deviation 
	Mean square 
	F
	P value

	[bookmark: _Hlk61564503]ERPD group 
	92
	12.796
	6.4624
	36.857
	0.755
	0.388

	Two-step procedure group 
	60
	14.636
	8.6450
	48.789
	
	

	Total 
	152
	13.205
	6.9711
	
	
	


[bookmark: OLE_LINK32][bookmark: OLE_LINK33]P < 0.05 was considered statistically significant. ERPD: Endoscopic retrograde pancreatic drainage; HU: Hounsfield units.

Table 5 Comparison of computed tomography cycle threshold between 14 infected patients and 138 non-infected patients 
	Group 
	Number of cases 
	Average value (HU) 
	Standard deviation 
	Mean square 
	F
	P value

	[bookmark: _Hlk61564558]Infection 
	14
	15.600
	8.3953
	222.425
	4.862
	0.031

	No infection 
	138
	11.731
	5.5476
	45.747
	
	

	Total 
	152
	13.205
	6.9711
	
	
	


P < 0.05 was considered statistically significant. HU: Hounsfield units.
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