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Abstract
Pancreatic pseudocysts (PP) arise from trauma and pancreatitis; endoscopic gastro-cyst drainage (EGCD) under endoscopic ultrasonography (EUS) in symptomatic PP is the treatment of choice. Miniprobe EUS (MEUS) allows EGCD in children. We reported our experience on MEUS-EGCD in PP, reviewing 13 patients (12 children; male:female = 9:3, mean age: 10 years, 4 mo; one 27 years, malnourished male Belardinelli-syndrome; PP: 10 post-pancreatitis, 3 post-traumatic). All patients underwent ultrasonography, computed tomography and magnetic resonance imaging. Conservative treatment was the first option. MEUS EGCD was indicated for retrogastric cysts larger than 5 cm, diameter increase, symptoms or infection. EGCD (stent and/or naso-gastro-cystic tube) was performed after MEUS (20-MHz-miniprobe) identification of place for diathermy puncture and wire insertion. In 8 cases (61.5%): PP-disappearance; one: surgical duodenotomy and marsupialization of retro-duodenal PP. In 4 cases (31%): successful MEUS-EGCD; stent removal after 3 mo. No complications, no PP-relapse in 4 years of mean follow-up. MEUS EGCD represents an option for PP, allowing a safe and effective procedure.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic pseudocysts (PP) in children arise from pancreatic trauma and acute pancreatitis with duct blunt caused by several pancreatic diseases (i.e., Crohn’s disease, cystic fibrosis, pancreas divisum, etc.).

Diagnosis is performed by complete radiological evaluation that includes ultrasonography (US), computed tomography (CT) and magnetic resonance imaging (MRI); serum amylase and imaging as US are considered useful in monitoring the evolution, the occurrence of spontaneous resolution or the need for surgical intervention[1]. Herman et al[2] in a pediatric study of 2011, confirmed that maximal amylase (> 1100 U/L) is highly predictive of the risk of developing a pseudocyst. 

Differential diagnosis is mandatory with neoplastic diseases like mucinous cystic neoplasia and acinar cell cyst adenoma, and also of other malformations such as gastric duplication[3-5].

Generally, conservative treatment is resolutive in most cases. According to D’Edigio et al[6], in 30%-50% of cases after a period of 6 wk, PP can resolve spontaneously. 

Several operative therapies are described for PP: open surgery was the traditional treatment for symptomatic pseudo cysts and abscess, but morbidity and mortality were too high; laparoscopic cyst-gastrostomy has been described also in children as a safe and effective technique which gives good results and a good rate of resolution[7].

Endoscopic transmural drainage, first introduced in the mid 1980s, has already been considered minimally invasive, effective and a safe approach in a series of adults affected by PP and abscesses, with success rates exceeding 90% among adults[8,9] and also among children, despite complications such as bleeding and technical difficulties[10,11,12].

During the last decade, in symptomatic long standing PP with a great increase in volume, endoscopic gastro-cyst drainage (EGCD) under endoscopic ultrasonography (EUS) has become the chosen treatment; the endoscopic approach consists of the placement of a drainage catheter into the cysts, under direct EUS guidance, in order to identify the optimal site for puncture and stent placement, which guarantees greater safety and efficacy in both adults and children[12-14]. Barthet et al[15] proposed an algorithm for PP including EUS-assisted drainage, transpapillary drainage and conventional endoscopic drainage, demonstrating that EUS in half of the cases is required for treatment. In children, few studies have been published on endoscopic marsupialization of PP with the addition of EUS; recent interesting data on ten children come from Jazrawi et al[9] with dedicated echo endoscopes[9]. 

The application of miniprobe endoscopic ultrasonography (MEUS) is not widespread. However, its use in pancreatobiliary disease allows the performance of complex procedures, especially in children and in patients who have complications due to severe diseases[16]. The application of MEUS was never prescribed in the management of PP.

CASE REPORT
In this study we report our experience on EGCD under MEUS guidance in PP. Between 2005-2010, 4 patients with PP were treated with EGCD under MEUS guidance; they were enrolled between 13 consecutive patients with PP, followed in our Unit. Conservative treatment was always the first option for all the patients.
  MEUS EGCD was indicated in retro gastric cysts, with close contact between the cyst and the gastric wall, with cysts larger than 5 cm, or cysts that had increased in diameter, or in persistence of symptoms or infection. 

The steps of EUS guided drainage were the following: (1) endoscopy (GIF Q165-Q160 Olympus America Corp. Melville, NY) and EUS (20 MHz radial miniprobes Olympus UM-BS 20-26R, balloon sheath Olympus MAJ-643-R inserted through the 2.8 mm biopsy channel of an Olympus GIF Q165-Q160) confirmation of the best contact between the pseudocyst and the gastric wall and identification of the correct place for diathermy needle puncture; (2) according to the patient’s age and weight, exchange of the endoscope with a side view duodenoscope was opted for (Olympus TJF 160 VR), diathermy needle puncture (Cook Zimmon needle knife papillotome PTW-1 Wilson Cook Medical Ireland 5 Fr) of the gastric wall in the previously identified correct place, up to enter the cyst; (3) guide wire (0.035 IN) placement  under X-ray control; (4) extraction of the needle with the guide in place and opacification of the cystic cavity; (5) hydrostatic balloon dilation of the cystic opening, if necessary; (6) washing of the cyst and the removal of necrotic tissue; and (7) insertion of a  biliary drainage pigtail stent (Boston Scientific S.A. France) 7 or a 10 Fr stent gastro-cystic and/or nasal-gastro-cystic 7 Fr drainage. Nasal-gastro-cystic drainage was in place for one week; the stent was planned for three months.

ERCP (TJF 160 VR; Olympus America Corp. Melville, NY) and double sphinterotomy with stent placement and nasopancreatic tube were performed in communicating PP with the main pancreatic duct. 

These procedures were always performed under general anesthesia with orotracheal intubation and in supine position. During all the procedures X-ray was used. Antibiotic prophylaxis with cefazolin administered intravenously was given to all patients prior to endoscopy.

Surgery was preferred when the endoscopic approach was not suitable because there was no evidence of safe contact between the gastric or duodenal posterior wall and the PP, after evaluation by either endoscopy or MEUS.

Informed consent from patients and parents was asked for to enable us to collect and analyze retrospectively data in a confidential manner.

The Ethic board of Bambino Gesù Children’s Hospital approved our study. Our series consisted of 12 children (male : female = 9:3) with mean age of 124 mo. (range 30 mo-16 years) and one adult (27 year old, male, Belardinelli syndrome, severe esophageal stricture and malnutrition, body mass index: 14 kg/m2) with PP (all chronic abdominal pain, 5 also had fever, one enzymes elevation) due to pancreatitis (n = 10: biliary pancreatitis 1, idiopathic pancreatitis 6, mild cystic fibrosis 2, pancreas divisum 1) and trauma (n = 3). 

All patients underwent pancreatobiliary examinations, ultrasound, CT, cholangio-pancreatic MRI. The outcome of patients was reported in Figure 1.

In 8 cases (61.5%), we observed a progressive PP disappearance; one patient (7.5%), with pancreas divisum and relapsed acute pancreatitis, required surgical duodenotomy and marsupialization of retro-duodenal PP due to incomplete MEUS contact between the PP and the duodenal wall. 

In Table 1, results of MEUS EGCD were resumed; in 4 patients, 31% (males, 7, 10, 11 and 27 years; one trauma, 3 pancreatitis), successful MEUS EGCD (Figure 2) was performed with stent placement (in the entire patients one 7 Fr stent, in one patient also a 10 Fr stent). In all these patients we observed a bulge of the gastric wall corresponding to the pseudocyst below.
The patient with post traumatic PP was treated either with naso-Wirsung drainage and a gastro-cystic pig tail stent (Figure 3), while those patients affected by cystic fibrosis and chronic pancreatitis even underwent sphincterotomy. Stent removal was performed after 3 mo in all patients. No immediate or late complications occurred, no relapse of PP in 4 years of mean follow up (range: 6 mo-6 years).

DISCUSSION
PP could be suspected in abdominal epigastric pain with an increase in pancreatic enzymes, or biliary tree compression, after an acute pancreatitis or trauma (3-4 wk later). Non invasive radiological methods such as CT and MRI help to classify pancreatic trauma, contributing to plan the best and most adequate treatment. It is important to make a correct differential diagnosis for PP even in pediatric age.

Transient or persistent pancreatic duct disruption is the most common cause, but pancreatitis represents a spread factor on the basis of PP.

Pseudocysts frequently resolve spontaneously, and so conservative treatment is the best option in children with PP. If the cyst is large, with a persistency that goes beyond 6 wk, symptomatic and complicated by infection, it is correct to indicate the most appropriate treatment. Delgado Alvira et al[17] in an interesting study on the best management strategies in PP, reported two children with post-traumatic PP and a large series reviewed by literature between 1990 and 2007. They underlined that asymptomatic PP in children does not require any specific intervention other than expectant management, while children with persistent clinical symptoms or those who develop complications may need further interventions such as external percutaneous drainage, cystogastrostomy, cystojejunostomy or pancreaticojejunostomy, endoscopic drainage or distal pancreatectomy[17].

Surgical treatment has been proposed by several authors: Briem-Richter et al[18] reported a rare case of pediatric Crohn’s disease with the development of huge pseudo cysts that required surgery; Yoder et al[7] described laparoscopic treatment that realized cystgastrostomy in 13 children, with a high rate of complete resolution with minimal morbidity and rapid recovery. 

During the last decade, it was gradually recognized that endoscopic treatment could be the preferred line of approach to manage PP[15]. Al-Shanafey S et al[19] in 2004 had successfully treated two children with transpapillary drainage and one child with an endoscopic cystduodenostomy.

The endoscopic therapeutic approach consists in transduct (transpapillar in recent Wirsung disruption), or transmural passage of a guide wire with stent placement to the drainage of the pseudo cyst content[20], under EUS evaluation or through linear echo-endoscope (duodenal-cyst drainage or gastro-cyst drainage), almost 6 wk from evidence of  a pseudo cyst[21]. A 15% recurrence rate has been reported. If pseudo cysts persist lifelong, surgery is recommended.

Major ductal injuries caused by blunt abdominal trauma, are rare and treated by surgery. ERCP with stent placement is useful to manage post-traumatic pseudo cysts, with rapid clinical improvement and complete resolution of clinical and biochemical pancreatitis.

Barthert et al[15] in 2008 in a prospective study based on a systematic treatment algorithm concluded that endoscopic drainage is the first-line method of managing PP and EUS is required in half of the cases to obtain a definitive therapy. 

EUS is already widespread during pediatric age, but experience in pancreatobiliary disease is poor[11]; pediatric experiences of EUS guided endoscopic treatment are very much limited due to several technical difficulties, few experienced centers and  few case studies.

According to a study of Varadarajulu et al[13] of 2005, EUS could give a diagnostic contribution to chronic pancreatitis, in pancreatic pseudo-cysts, in coledocho-litiasis, in pancreas divisum and in duodenal duplications, because EUS can be successfully performed also in children aging 5 years and over using adult echo endoscope. Cohen et al[22] in 2008 verified the diagnostic impact of EUS, with a demonstration of a radical change of diagnostic and therapeutic strategies when this procedure was used. 

In pediatric age, EUS improved diagnostic and therapeutic possibility of ERCP in chronic and recurrent pancreatitis, in treatment of pancreatic pseudo-cysts (gastro-cysto-stomy EUS guided) and duodenal duplication (endoscopic therapy). 

Even if endoscopic drainage of PP is successfully reported in children, EUS could add safety to procedure. Theodoros et al[23] published in 2010 the case of a child with post-traumatic PP who was successfully treated with a guided EUS transgastric approach. Jazrawi et al[9] reported the largest series of pediatric patients with symptomatic PP due to pancreatitis and trauma; in all ten cases, successful EUS guided transgastric endoscopic drainage was achieved, with placement of double pig tail stents in eight patients and complete cyst aspiration and collapse by EUS fine-needle aspiration in two cases. 

Miniprobe was never described in PP management; this technique is useful in small children and in particular situations such as esophageal stricture that doesn’t allow a dedicated echo endoscope passage. This technique is safe and simple, even with a common endoscope.

The advantages of miniprobe EUS are numerous. We have the possibility to perform therapeutic procedures even when dedicated radial and linear echo endoscope are not available; the MEUS equipment is less expensive than instruments and the ultrasound generator for linear EUS. MEUS also represents a useful instrument, in pediatric surgery and pediatric endoscopy, for many other different clinical situations such as duodenal duplications[16], esophageal congenital strictures[24], and duodenal diaphragms[25]. Generally, we perform EUS with standard front view endoscope to avoid miniprobes damage by the cannula elevator of side view duodenoscope; besides, we can use a small caliber endoscope (operative channel of 2.2 to allow miniprobe passage) with a “frontal vision” commonly used in the clinical practice, to complete the endoscopic therapy. 

Miniprobe EUS has an indication in malnourished, small weight patients, syndromic or sick patients in general bad condition (i.e., cystic fibrosis) and in esophageal stenosis with consequent difficulty of the passage of the echo endoscope. The limitations of this procedure are the lack of a Doppler and difficulty to rule out with certainty the presence of vessels in the common wall with confirmation of blood flow; daily experience allows to evidence suspected vascular structures inside the wall.

In our small series of four patients, we have applied this innovative technique in special patients, two syndromic cases (one with neurological retardation, Filippi’s syndrome and the other with an esophageal stricture and Belardinelli’s syndrome), one cystic fibrosis child and a complex post-traumatic patient. Their clinical conditions and their associated diseases contributed to determine a complex approach. Our experience with EUS miniprobe commonly used in our tertiary center for other diseases (i.e., congenital esophageal stenosis, duodenal duplications, duodenal diaphragms, etc.) and with pediatric operative endoscopy allowed us to choose this original procedure in our cases and in one case in particular. The daily availability of digestive surgery gives us the possibility to choose the best treatment depending on specific situations, achieving an outcome of patients similar to literature. While the unavailability of echo endoscope limits our decision making, while on the other hand, we need a simple, rapid, safe technique, easy to reproduce, that could be taught during training.

Small series size doesn’t allow a deep analysis that larger cases need to be able to confirm our preliminary data. The choice of the typology of endoscope to perform the puncture of the cyst depends on the availability of a side view adult duodenoscope, the age and weight of the patient, and the possible presence of esophageal stricture. We prefer to use the duodenoscope because it provides the best position in front of the gastric wall and the opportunity to insert large diameter stents. 

The choice of the best treatment for PP depends on the medical-surgical team’s experience and the management of the endoscopic technique, as well as the availability of interventionist radiology and dedicated pediatric accessories[17]. Despite several techniques, therapy of PP remains a challenge for both pediatric surgeons and pediatric endoscopists[23].  A novel hybrid natural orifice transluminal endoscopic surgery has already been reported by Rossini et al[26]; probably, in the future, the model of a transgastric approach used to treat PP could be applied in several diseases even in pediatric age.

We can conclude that when conservative therapy is ineffective, EGCD represents a viable option to resolve PP permanently. MEUS provides a valuable contribution to help endoscopic cyst-gastrostomy in children and also in difficult situations, allowing a safe and effective endoscopic procedure. 
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Figure 1 Outcome of patients. PP: Pancreatic pseudocysts; MEUS: Miniprobe endoscopic ultrasonography; EGCD: Endoscopic gastro-cyst drainage.
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Figure 2A 
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Figure 2B 
Figure 2 MEUS EGCD. A: Miniprobe endoscopic ultrasonography of pancreatic pseudocyst: the common wall between stomach and pseudocyst. B: Endoscopic view: gastrocystic stent.

[image: image4.jpg]



Figure 3 X ray: The naso-pancreatic drainage and the stent in the correct position.
	Sex
	Age
Body weight
	Associated
disease
	Etiology
	PP size
(cm)
	PP site
	EUS Common wall thickness (mm)
	Endoscopic
treatment
	FU
yr

	M
	7yr 
7 m
20 kg
	Filippi’s syndrome
	Pancreatitis
	8x7
	Retrogastric
	4.5
	GIF Q165 pre-cut needle 
7Fr stent
	0.5

	M
	27 yr

43 kg
	Belardinelli’s syndrome-SEIP
	Iatrogenic Biliary pancreatitis
	8x6x5
	Retrogastric 
	3.5
	GIFQ165 pre-cut needle, hydrostatic dilation 7 and 10 Fr stent 
	3

	M
	11 yr

31 kg
	No
	Trauma
	7x5x9
10x5x11
	Retrogastric and retroduodenal
Pancreatic

Body and tail
	3.5
	Transduodenal drainage (TJF)
GIFQ165, precut needle 7Fr and nasopancreatic tube
	6

	M
	10 yr
5 m
25 kg
	Cystic fibrosis
	Pancreatitis
	8x5x9
9x6x10
	Retrogastric
Pancreatic body and tail
	3.8
	TJF double sphincterotomy GIFQ165 precut needle 7Fr stent and naso-pancreatic tube
	6


Table 1 Results of patients treated by miniprobe endoscopic ultrasonography endoscopic gastro-cyst drainage
M: Male; F: Female; PP: Pancreatic pseudocysts; EUS: Endoscopic ultrasonography.

