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ABSTRACT 

Background: EUS-guided drainage of pancreatic fluid collections (PFC’s) is commonly 

performed with oblique-viewing echoendoscopes. However, accessing the PFC under an 

oblique angle can make drainage difficult. These difficulties might be overcome by using 

a forward-viewing echoendoscope. 

Objective: To compare endoscopic PFC drainage with an oblique-, versus a forward-

viewing echoendoscope with emphasis on ease of endoscopic drainage.

Design: Multi-center randomized controlled trial.

Setting: Four tertiary referral centers.

Interventions: Patients with a PFC (>6cm) in whom drainage was indicated, were 

randomized to receive either EUS-guided drainage with a forward-, or oblique-viewing 

echoendoscope. In case of failed drainage, patients were crossed over to the other study-

arm.

Main outcome measurements: Ease of EUS-guided drainage measured by procedural 

time. Secondary endpoints included: Technical success, EUS-scope preference, clinical 

success, and adverse events. 

Results: 58 consecutive patients underwent randomization of which 52 were available 

for primary endpoint analysis. All 26 oblique-viewing, and 24 out of 26 forward-viewing 

EUS-guided procedures were technically successful. Mean procedural time was 24:55 

minutes (SD 9:58) in the forward-viewing, and 27:04 minutes (SD 9:58) in the oblique-

viewing group (p=0.44). Median overall procedural ease was graded equally (easy) in 

both groups. Drainage related adverse events occurred in 2 patients (8%) in the forward-, 

versus none in the oblique-viewing group (p=0.56). Overall clinical success was achieved 

in 82% of patients (95%-CI: 69-91%).

Limitations: Derived main outcome parameter, highly specialized endoscopists in tertiary 

referral centers.

Conclusions: This multicenter randomized controlled trial comparing performance of 

oblique-, and forward-viewing echoendoscopes in draining PFC’s did not show a difference 

in ease of EUS-guided drainage, procedural safety and efficacy between forward-, and 

oblique-viewing echoendoscope. Clinical success was achieved in 82% of patients.
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INTRODUCTION

Transluminal endoscopic drainage has gained widespread acceptance for treatment of 

selected patients with uncomplicated pancreatic fluid collections (PFC’s).1-10 Preferentially, 

drainage is performed by using a therapeutic echoendoscope.6-8 Endoscopic ultrasound 

(EUS) guided drainage enables the endoscopist to avoid intervening vessels and allows 

endoscopic drainage of fluid collections that do not bulge into the lumen of the 

gastrointestinal tract.6-8 Currently, EUS-guided PFC drainage is performed with curvilinear 

echoendoscopes, which provide an oblique access of the lesion (Fig. 1A).2, 4, 6-11 One 

of the most important disadvantages of this approach is that endoscopic accessories 

deployed through the biopsy channel, access the targeted area at 45° angle. This may 

result in technically demanding procedures and may hamper successful completion of the 

procedure because the tip of the echoendoscope must be maintained relatively straight to 

permit easy passage of accessories. Secondly, the force that is applied while introducing 

the instruments is not fully exerted in the direction of the target lesion, but instead pushes 

the endoscope away from the gut wall. Thirdly puncturing under an angle,  lengthen the 

track of the transmural drainage, increasing the necessary force to traverse the different 

layers and at the same time increasing the risk of tunneling between the gastric wall and 

the collection. The latter phenomenon may lead to intraperitoneal leakage of air and 

fluids. Finally a perpendicular approach allows the endoscopist to switch back and forth 

between the ultrasonographic and endoscopic views without the need for extensive 

reorientation of the echoendoscope.

To test the above mentioned assumptions, a prototype forward-viewing echoendoscope 

was developed (Fig 1B). In a small case-series we have earlier shown feasibility of 

transgastric PFC drainage with this prototype forward-viewing echoendoscope.12 To 

further evaluate the potential benefits we conducted a randomized controlled trial. The 

aim was to compare endoscopic transluminal PFC drainage using a standard oblique-

Figure 1: Drawing showing EUS-guided PFC drainage performed with an oblique viewing echoendoscope 
(A) and forward viewing echoendoscope (B).

A B
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viewing echoendoscope versus a forward-viewing echoendoscope with emphasis on 

ease of endoscopic drainage. 

METHODS

Study design

This was a prospective randomized controlled trial conducted at 4 tertiary referral 

endoscopy centers in Europe. The study was investigator-initiated and investigator-

driven and done in accordance with the principles of the Declaration of Helsinki. The 

medical ethics committee at each center approved the protocol. All patients or their 

legal representatives gave written informed consent. The trial was registered at www.

trialregister.nl (NTR1572). Data collection was done by local physicians, who completed 

case record forms.

We recruited patients of 18 years or older who suffered from a PFC larger than 6 cm 

for which drainage was clinically indicated. PFC’s which were more than one centimeter 

away from the gastric wall on CT-scan,and PFC’s that could only be approached via the 

duodenum, were excluded prior to randomization. PFC’s complicating acute pancreatitis 

in which drainage was indicated earlier than 28 days after onset of pancreatitis were 

excluded as well. Patients were randomly assigned to receive EUS-guided drainage using 

either a forward-, or oblique-viewing echoendoscope. Randomization was performed 

using an internet randomization, permuted-block sequence and balanced for participating 

center in blocks of four. If initial drainage failed, patients were crossed over to the other 

study-arm. For follow up analysis PFC’s were categorized into pseudocysts complicating 

chronic (PC-CP), and PFC’s complicating acute pancreatitis (including pseudocysts (PC-AP) 

and walled-off pancreatic necrosis (WOPN)).1, 13, 14 

Echoendoscopes

In the experimental arm, EUS-guided drainage was performed with a novel therapeutic 

echoendoscope (XGIF-UCT160; Olympus Medical Systems Europe, Hamburg, Germany). 

Its main aspects are forward viewing optics and ultrasound, plus a working channel in 

alignment with the endoscope shaft (Fig. 1B). This prototype has no elevator and is a 

modification of the commercially available oblique-viewing therapeutic echoendoscope 

(GF-UCT140; Olympus), which was used as the current standard. Specifications of and 

differences between the conventional and the forward-viewing echoendoscope are 

summarized in table 1.

EUS-guided drainage

After administration of a single dose of intravenous antibiotics, EUS-guided drainage 

was performed with the patient under conscious or deep sedation. All procedures were 
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performed by experienced interventional endoscopists (> 10 EUS-guided PFC drainages 

per year). The procedure was standardized until placement of the first double pigtail 

stent. Drainage of the PFC started by localization of the PFC with EUS, determination of 

the optimal access site, and visualization of the extent of necrosis inside the PFC. The 

optimal drainage site was chosen ensuring a minimal distance and avoidance of vessel 

interposition. The collection was punctured EUS-guided with a 19-gauge needle (Echotip, 

Cook Endoscopy, Winston-Salem, USA). After withdrawal of the stylet, the cyst content 

was aspirated to confirm a correct position of the needle in the cavity and sent for 

bacterial culture and chemical analysis (amylase and CEA). Next an 0.035-inch guidewire 

was introduced into the collection after which the access site was dilated with an 10F 

cystotome (Cook). The tract was additionally dilated with a balloon (CRE-balloon, Boston 

Scientific) up to 8-10 mm. One to three 7F to-10F double-pigtail stents, between 3 and 12 

cm in length were inserted into the collection. In case of presence of significant necrosis 

an 8.5F nasocystic catheter (NCC) was positioned in the fluid collection alongside the 

stents. The NCC was continuously rinsed with 1 liter saline per 24 hours and, in addition, 

manually flushed with 200 ml saline every 4-6 hours.

Follow up

Patients were observed during their hospital stay. In case of extended necrosis 

additional endoscopic transluminal necrosectomy (ETN) was performed as previously 

described.10, 15. Since the primary aim of our study was to compare ease of EUS-

guided drainage between the two types of echoendoscopes, ETN procedures, timing 

of follow up, stent removal, and indication for, and timing of endoscopic retrograde 

pancreatogram (ERP), were left at the local investigators preference. We did record 

all these items in case record forms. Consensus was to leave the stents in situ in case 

of chronic pancreatitis and/ or a proven disrupted duct. An ERP was not routinely 

performed prior to drainage. Only in case of a recurrent PFC after stent removal, or 

Table 1: Novel prototype forward viewing echoendoscope (XGiF-UCT160) in comparison with 
conventional oblique-viewing echoendoscope (GF-UCT140-AL5)

Endoscope details Forward-viewing 
echoendoscope

Oblique-viewing 
echoendoscope

Insertion tube Distal end outer diameter 14.2 mm 14.6 mm

Insertion tube outer diameter 11.8 mm 12.6 mm

Working length 1250 mm 1250 mm

Instrument Channel inner diameter 3.7 mm 3.7 mm

Elevator - +

Channel bending 
section

Angulation range Up:180°, Down: 100° 
Right: 100°, Left:100°

Up:130°, Down: 90°
Right: 90°, Left: 90°

Ultrasonic functions Possible frequencies of 
ultrasound

5, 6, 7.5 or 10 MHz 5, 6, 7.5 or 10 MHz

Scanning range 90° 180°
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a dilated pancreatic duct (> 5mm) at abdominal imaging, an ERP was performed. If a 

disrupted duct was visualized, stenting of the pancreatic duct was attempted. Patients 

were followed for a period of at least 10 months after initial drainage. Abdominal 

imaging was performed 10-12 months after randomization

Evaluation of outcomes

The primary outcome was ease of endoscopic drainage as measured by the procedural 

time. Procedural time was defined as time between passing the echoendoscope beyond 

GE-junction until placement of the first double pigtail stent into the collection.

Secondary outcomes were technical success, procedural time from puncture to stent 

placement, echoendoscope preference according to a standardized post-procedural 

questionnaire, clinical success (no treatment failure), EUS-guided drainage related adverse 

events, overall adverse events, and additional procedures needed for PFC resolution 

(endoscopic, surgical or percutaneous). Technical success was defined as the ability to 

drain the PFC by placement of at least one transgastric pigtail stent. Treatment failure was 

defined as severe procedure related complications resulting in death or a need for surgery, 

failure of the PFC to resolve, resulting in a need for additional treatment modalities, 

or recurrence of the PFC at follow up imaging (10-12 months after randomization). 

Elective ETN procedures during the same admission as the EUS-guided drainage were 

not considered an additional intervention, but part of the planned treatment. EUS-guided 

drainage related adverse events were defined as death, life threatening situations or any 

event that lead to prolonged hospital stay within 3 days after the EUS-guided procedure. 

Overall adverse events were defined as death, life threatening situations, or any event 

that lead to prolonged hospital stay within 30 days after the last endoscopic procedure. 

Standardized post-procedural questionnaires were filled out by the endoscopist after 

each EUS-guided procedure to assess ease of the procedure. Ease of the procedure was 

graded on a analog 5 point score (1: Very easy, 2: Easy, 3: Adequate, 4: Difficult, 5: 

Very difficult). Physicians were asked to judge ease of each of the following parts of the 

procedure: gaining access, dilation of the tract, stent placement, and overall procedure.

Statistical analysis

The principal analysis consisted of an intention-to-treat comparison of the procedural time 

of the two treatment groups. The goal was to test superiority of EUS-guided drainage 

using the forward-viewing as compared to using the oblique-viewing echoendoscope. 

Patients from our previous feasibility study12 were matched according to size and PFC 

location with patients from our endoscopy database to calculate required sample size. 

Assuming that the procedural time would be reduced from 40 to 32 minutes, we used a 

two-group large-sample normal approximation test of means to test the null hypothesis 

that forward viewing EUS-guided drainage would result in easier transgastric drainage as 

shown by a decrease in procedural time of 8 minutes as compared with oblique-viewing 

EUS. To attain a power of 80%, with a 2-sided significance level of 0.05 and common 
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estimated standard deviation (SD) of 10 minutes, 26 patients were needed in each 

group. Taking a 5% drop out into account 58 patients needed to be randomized in total. 

For continuous variables, differences between groups were tested with Student’s t test 

for normally distributed data and Mann-Whitney U test for non-normally distributed data. 

Fisher’s exact test was used for proportions. Uni-, and, if indicated, multivariate analysis 

was used to determine impact of different potential factors of influence on outcome. A 

2-sided p-value of less than 0.05 was deemed to be statistically significant. All statistical 

analyses were done with SPSS (version 16.0.2).

RESULTS

Patients

58 consecutive patients met inclusion criteria and underwent randomization between 

March 2008 and August 2009 (figure 2). Six patients were excluded from the final 

analysis: the PFC had spontaneously regressed at time of planned EUS-guided drainage 

in 3 cases; a spontaneous fistula into duodenum was discovered at the time of planned 

drainage in 2 cases; in 1 case the transduodenal route was preferred by the treating 

physician during EUS. Study groups were comparable for baseline characteristics (table 2).

Figure 2:  Enrollment and outcomes
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EUS-guided drainage

All 26 oblique-viewing procedures and 24 of 26 (92%) forward-viewing procedures were 

technically successful. In two bulging PFC’s , located at the level of the distal antrum, 

it was not possible to achieve a perpendicular position to puncture the PFC wall by 

using forward-viewing EUS. Both cases were successfully drained by using  the standard 

oblique-viewing echoendoscope. Mean procedural time was 24:55 minutes (SD 9:58) in 

the forward-viewing, and 27:04 minutes (SD 9:58) in the oblique-viewing group (p=0.44). 

Mean procedural time from puncture to stent placement was16:08 (SD 6:29) and 20:59 

(SD 8:31) minutes, respectively (p=0.04). Outcome of EUS-guided drainage is summarized 

in table 3. Median graded overall procedural ease, as well as ease of puncture, dilatation 

and stent placement was 2 (easy) for both groups. Drainage related adverse events 

occurred in 2 patients (8%) in the forward-viewing  versus none in the oblique-viewing 

Table 2: Demographic and clinical characteristics at baseline

Characteristic Forward-viewing 
echoendoscope (n=26)

Oblique-viewing 
echoendoscope (n=26)

Age – years (SD) 56 (13) 55 (14)

Sex – male (%) 17 (65) 16 (62)

Etiology PFC (%)

Pancreatitis 25 (96) 25 (96)

Acute 21 (84) 20 (80)

Chronic 4 (16) 5 (20)

Traumatic 1 (4) 0 (0)

Other 0 (0) 1 (4)

Etiology pancreatitis (%)

Biliary 7 (28) 10 (40)

Alcohol 10 (40) 8 (32)

Other/ idiopathic 8 (32) 7 (28)

Predominant location PFC

Head 9 (34) 7 (27)

Body 11 (42) 14 (54)

Tail 6 (23) 5 (19)

Size - long axis, cm (SD) 11.4 (3.49) 10.2 (3.43)

Predominant indication

Infection 6 (23) 5 (19)

Persistent pain 12 (46) 8 (31)

Persistent GOOS 6 (23) 9 (35)

Persistent biliary obstruction 2 (8) 4 (15)

Timing of intervention – days (IQR)* 97 (267) 133 (196)

*Median timing from onset symptoms until EUS-guided drainage in case of acute pancreatitis; PFC: 
Pancreatic fluid collection; GOOS: gastric outlet obstruction
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group (p=0.56). One patient suffered from a severe bleeding after balloon dilatation, 

which was successfully treated with angiographic coil embolization; another patient had 

post-drainage mediastinal emphysema which was successfully treated conservatively. 

Follow up

Forty-five of the 52 patients were available for long term follow up (Fig 2). Seven 

patients were excluded from follow up analysis: in 1 case  a mucinous cystadenoma 

was misdiagnosed as a pseudocyst after cyst fluid analysis; 2 patients died within 8 

months after initial drainage of unrelated cause; 1 patient with chronic pancreatitis 

suffered form persistent pain (despite successful pseudocyst resolution) and underwent 

a pancreaticojejunostomy 8 months after initial drainage; 1 traumatic pseudocyst was 

excluded from follow up analysis because of different etiology; 2 patients were lost to 

follow up. 

Outcome of follow up is summarized in table 4. Eight pseudocysts complicating chronic, 

and 37 PFC’s complicating acute pancreatitis were available for follow up. A median 

number of 2 transgastric double pigtail stents (IQR 2) were placed. In 8 cases (18%) 

one stent was placed of which 6 spontaneously migrated prior to planned stent removal 

(75%) versus 6 of 37 with multiple stents (16%; p= 0.001). 

Twenty-five of 37 PFC’s (68%) following acute pancreatitis, contained necrosis and 

were diagnosed as WOPN. In 12 of 25 patients (48%) with WOPN a median number 

of 2 (IQR 2) ETN procedures were performed. In 4 cases an additional intervention 

Table 3: Outcome EUS-guided drainage

Characteristic Forward-viewing 
echoendoscope

 (n=26)

Oblique-viewing 
echoendoscope 

(n=26)

p Value

Procedural time – minutes 24:55 ±9:58 27:04 ±9:58 0.439

Procedural time minus searching PFC – minutes 16:08 ±6:29 20:59 ±8:31 0.04*

Technical success (%) 24 (92) 26 (100) 0.153

After cross over 26 (100) 26 (100) NA

Number of stents (IQR) 3(2) 2 (1) 0.882

Nasocystic catheter drainage (%) 7 (27) 8 (31) 0.380

Median procedural ease (IQR)

Puncture 2 (1) 2 (0) 0.438

Dilatation 2 (1) 2 (2) 0.176

Stent placement 2 (0) 2 (1) 0.513

Overall 2 (0) 2 (1) 0.466

Adverse events (%)* 2 (8) 0 0.556

Bleeding 1 (4) 0 0.317

Suspected perforation 1 (4) 0 0.317

*EUS-guided drainage related adverse events; PFC: Pancreatic fluid collection
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was necessary to achieve resolution: 2 surgical necrosectomies (after failure of ETN), 

1 percutaneous drainage of a psoas abscess, and 1 endoscopic re-drainage after 7 

months. Because of visualization of a dilated pancreatic duct at follow up imaging, an 

ERP was performed in 6 cases. A disrupted pancreatic duct was visualized in all 6 cases, 

a pancreatic duct stent was placed in 4 of 6 cases and the transgastric stents were left 

in situ in all 6 PFC’s. In 4 patients imaging after 10-12 months showed an asymptomatic 

recurrent pseudocyst with a median size of 7 cm (IQR 4.5), which were all treated 

conservatively. Overall clinical success (successful resolution without additional surgical 

or endoscopic interventios) was achieved in 37 of 45 patients (82%; 95%-CI: 69-91%). 

Placement of multiple stents (>2) was associated with higher chance on clinical success 

(table 5). In 3 patients an adverse event occurred during follow up. One patient suffered 

from a delayed bleeding from the cyst-gastrostomy after an ETN procedure and was 

treated by a repeated endoscopy. A second patient suffered from a severe bleeding 

during ETN, which was successfully treated with angiographic coil embolization and 

one patient developed a pulmonary air embolism after an ETN procedure, which was 

successfully treated conservatively. 

Table 4: Outcome follow up

Characteristic PC-CP
(n= 8)

PFC-AP 
(n= 37)

Total
(n=45)

Proven necrosis during EUS (%) NA 25 (68) 25 (56)

ETN (%) NA 12 (32) 12 (27)

Number procedures (IQR)* NA          2 (2) 2 (2)

Number of stents (IQR) 3 (2) 2 (2) 2 (2)

Nasocystic catheter drainage (%) 0 15 (41) 15 (33)

Additional interventions (%) 0 4 (11) 4 (9)

Surgical necrosectomy NA 2 (5) 2 (5)

Percutaneous drainage 0 1 (3) 1 (2)

Endoscopic drainage 0 1 (3) 1 (2)

PFC resolution (%) 7 (88) 34 (92) 41 (91)

Clinical success (%) 7 (88) 30 (81) 37 (82)

Overall adverse events (%)† 0 5 (14) 5 (11)

Bleeding 0 3 (8) 3 (7)

Perforation 0 1 (3) 1 (2)

Pulmonary embolism 0 1 (3) 1 (2)

*If ETN was performed; †Including adverse events related to the EUS-guided drainage procedures. PFC: 
Pancreatic fluid collection; PC-CP: Pseudocyst complicating chronic pancreatitis; PFC-AP: Pancreatic fluid 
collection complicating acute pancreatitis.
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DISCUSSION

This multicenter randomized controlled trial  showed no benefit in overall procedural 

time of EUS-guided PFC drainage when using the novel forward-viewing echoendoscope. 

Determination of the optimal access site appeared to be more time consuming using 

forward-viewing EUS, which may be explained by the smaller scanning range (90° versus 

180°) and the unusual orientation of the scanning plane. Time from puncture to stent 

placement ,however, was shortened when using the forward-viewing echoendoscope. 

in spite of the absence of an elevator which precludes locking of a guidewire exiting the 

instrumentation channel. This is in support of the theoretical advantages of the forward-

viewing echoendoscope described in the introduction, which are mainly achieved when 

using accessories. However, the benefits seem to be too small to be of clinical relevance. 

Despite the absence of a difference in procedural time, we showed that PFC drainage 

using forward-viewing EUS was feasible, safe and effective in a relatively large multi-

center  cohort of patients. The current study is to our knowledge the first prospective 

multi-center trial of EUS-guided drainage of symptomatic PFC’s. Since our primary 

outcome parameter was measured during initial EUS-guided drainage, we included all 

consecutive patients with symptomatic PFC’s in which drainage was indicated, including 

patients with PFC’s complicating acute as well as chronic pancreatitis. Overall clinical 

success (82%) was in concordance with current literature (ranging from 64-100%).1-11, 

16, 17 However, in addition to lack of randomized studies, heterogeneity of included PFC’s 

(including the current trial)2, 6, 11, differences in the definition of clinical success, lack of 

long term follow up7, 8, 17, or retrospective nature1, 3-5, 8, 10, 15, make extrapolation of 

current literature to daily clinical practice difficult. Only in case of uncomplicated, solitary 

pseudocyst (so without debris), endoscopic drainage has been proven to be superior to 

open surgery in a recent randomized controlled trial.18 Future (comparative) prospective 

studies should focus on long term outcome of endoscopic drainage of a homogenous 

population.

Table 5: Univariate logistic regression analysis of clinical success

Characteristic Odds ratio  (95%CI) p

Sex 0.542 (0.095-3.076) 0.489

Age 1.021 (0.955-1.0920 0.549

Acute vs. chronic pancreatitis 1.167 (0.117-11.628) 0.895

Diameter 1.034 (0.802-1.334) 0.794

Debris (WOPN vs PC) 1.167 (0.209-6.609) 0.854

Multiple stents (1 vs. >2) 10.333 (1.531- 69.730) 0.017*

WOPN: Walled-off pancreatic necrosis; PC: Pseudocyst
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The primary endpoint was reached after placement of the first stent and insertion of 

additional stents was left at the discretion of the local physician. Consequently, multiple 

stent (>2) placement was not attempted in all cases. Univariate analysis showed that 

insertion of multiple stents  is a predictor of successful outcome. Placement of more than 

one stent ensures a wider drainage opening and less risk of stent migration, and this 

appears to result in better outcome.3 Consensus was to leave the stents in situ in case 

of chronic pancreatitis and/or proven disrupted duct.11 However, included population 

was too heterogeneous and follow up was not standardized enough to state hard 

conclusions regarding number of stent placement, stent removal and their influence on 

PFC resolution and recurrence. . 

Surprisingly there is still no consensus whether the use of EUS is mandatory for endoscopic 

drainage of PFC’s.19 Although the blind approach may be successful when draining large 

bulging PFC’s, recent prospective cohort studies and randomized controlled trials have 

shown that the technical failure rate is  higher when a PFC is punctured blindly.6-8, 17 

Moreover the chance on bleeding, perforation and misdiagnosis, tend to be minimized if 

the drainage is performed under EUS-guidance.6-8, 17 Therefore EUS should be considered 

as the first-line treatment modality for endoscopic PFC drainage. 

Although participating endoscopists were highly experienced in EUS-guided drainage of 

PFC’s, their experience with the forward-viewing echoendoscope was limited. Therefore, 

a learning curve effect could have occurred, which may explain the relatively long time 

needed to find the collection and identify the optimal puncture site. However, in the 

relative small per center-subgroups, r no learning curve effect was identified(data not 

shown). Secondly, because we compared two different types of echoendoscopes, it was 

not possible to perform a blinded comparative study, which could have lead to a bias 

in favor of either one of the echoendoscopes. Furthermore, all participating endoscopic 

centers were highly specialized tertiary referral centers, benefits of the forward-viewing 

echoendoscope may be more present in less experienced hands. 

To show superiority of the forward-viewing echoendoscope in draining PFC’s, we chose 

procedural time as primary outcome parameter. Ideally, primary outcome would have 

been technical success, however, the number of potentially eligible patients is too small 

to acquire a sample size large enough to show a difference in technical success. Secondly, 

the study may have been underpowered to detect a difference in procedural time. A 

larger study indeed might have shown a significant reduction. It is, however, debatable 

if a reduction in procedural time smaller than 8 minutes, used for current sample size 

calculation, would be clinically relevant. 

Finally, we excluded the transduodenal route prior to randomization, because the 

endoscope position in the duodenum is more fixed in comparison with transgastric 

procedures, which theoretically makes achieving a perpendicular approach more 
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challenging using the forward-viewing instead of the standard oblique-viewing 

echoendoscope.  

In conclusion, this multicenter randomized controlled trial comparing performance of the 

oblique-, and forward-viewing echoendoscope in draining PFC’s, showed clinical success 

in 82% of patients. There was no difference in ease of EUS-guided drainage, procedural 

safety and efficacy between forward- and oblique-viewing echoendoscope.
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