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Abstract
Although endoscopic ultrasound (EUS)-guided transmural drainage of pancreatic fluid collections with metal stents is generally |
preferred over plastic stents, its superiority among different types of metal stents has not yet been well studied. We conducted this
study to compare clinical outcomes and complications of a novel self-expanding biflanged metal stent (BFMS) and a traditional-
shaped tubular metal stent (TMS) in treating pancreatic pseudocyst (PPC).

This was a retrospective analysis on consecutive patients with PPC underwent EUS-guided transmural drainage with either TMS or
BFMS in a single tertiary center with expertise in management of complex biliary and pancreatic problems. The technical and
functional success rate, reintervention, complications, and recurrence rate were evaluated.

From September 2013 to January 2018, 125 patients (66.4% male, median age 47 years) underwent EUS-guided transmural
drainage for PPC. Among them, 49 used TMS and 76 used BFMS. All patients met the inclusion criteria that cyst diameter was >6cm
or the distance between cyst and stomach wall was shorter than 1 cm. There was no difference in technical success (98% vs 97.4%,
P=1.0) or functional success rate (87.8% vs 92.1%, P=.54) using 2 types of metal stents. However, more procedure related
complications occurred in TMS than in BFMS group. TMS group had a much higher migration rate than BFMS group (14.6% vs O,
P=.001), even though there was no significant difference in bleeding, infection, or death rate between 2 groups. With similar clinical
outcomes, TMS group required more additional plastic stent placement than BFMS group for better drainage.

TMS and BFMS placement can both be considered as methods of endoscopic transmural PPC drainage with equal efficacy,
whereas BFMS could be preferred for fewer complications or less need of additional plastic stent placement.

Abbreviations: BFMS = biflanged metal stent, CT = computed tomography, DEN = direct endoscopic necrosectomy, EUS =
endoscopic ultrasound, FSR = functional success rate, INR = international normalized ratio, LAMS = lumen apposing metal stent,
PPC = pancreatic pseudocyst, SEMS = self-expanding metal stents, TMS = tubular metal stent, TSR = technical success rate,

WOPN = walled off pancreatic necrosis.
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1. Introduction

Endoscopic transmural drainage is a minimally invasive alterna-
tive to surgery for drainage of pancreatic pseudocyst (PPC).1-!
There are several multicenter studies on stent selection associated
with successful endoscopic ultrasound (EUS)-guided drainage of
PPC.>* Current clinical researches indicated that using self-
expanding metal stents (SEMSs) for EUS-guided drainage may be
able to treat PPC more efficiently, safely, and consequently yield
better treatment outcome than using plastic stents.!>*®! The main
advantage of a SEMS is its larger luminal diameter (>10mm),
which potentially results in longer stent patency, faster, and more
sufficient PPC resolution, a reduced need for endoscopic
reintervention, and a lasting access route for necrosectomy.
The use of different types of SEMSs has been reported in case
reports and small case series recently. Most of these SEMSs were
tubular stents which were initially designed for bile duct
drainage.”™ Even though the technical success rates (TSRs)
were reported as high as 89% to 100%, the clinical treatment
success in PPC with tubular full-covered metal stent was not
always guaranteed (78-95%). High risk (15-44% in large case
series) of complications like infection, perforation, migration,
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and bleeding were reported."%3! It is indicated that quite a
number of patients using tubular metal stent (TMS) required
additional interventions to avoid procedure-related complica-
tions. 13!

In the recent 5 years, several studies reported on the use of self-
expanding biflanged metal stent (BFMS) with high TSRs (91—
100%) and functional success rates (FSRs; 81-100%).110-16:171
Reports on BFMS claimed that EUS-guided drainage using the
stent is feasible and the clinical results obtained are promising
with a low major complication rate. However, 6-17% of
complications were still reported.''>!%1°! In addition, previous
studies on evaluation of metal stent drainage mostly were of small
scale and lack of control or comparison.*®*!! Thus, the
advantages of BEMS over other metal stents for the treatment
of PPC stay unclear and the criteria for PPC that are best treated
with BEMS remain to be determined. To meet requirements for
better drainage efficiency and fewer complications, a novel fully
covered, self-expanding BFMS with anchoring flanges at both
ends, has been developed by Micro-Tech Co Ltd (Nanjing,
China) specifically for EUS-guided transmural drainage of PPC.

Until now, no head to head comparative studies on the safety and
efficacy of TMS and BFMS have been reported yet. Which type of
metal stent placement is better during EUS-guided transmural
drainage for PPC? The present study sought to provide some
insight for selection of transmural metal stents during EUS-guided
drainage of PPC by comparing the technical and clinical outcomes
and complications of this novel BEMS with TMS.

2. Materials and methods

2.1. Participants

The study has been approved by the institutional review board of
Shanghai Hospital. From September 2013 to January 2018, all
patients diagnosed with PPC, who underwent EUS-guided trans-
mural metal stent drainage in our hospital, were retrospectively
identified and reviewed in a web-based database. PPCs were
identified based on history of the patients and findings on EUS,
computed tomography (CT), or magnetic resonance imaging, as
defined by the revised 2012 Atlanta classification.”*! Patients whose
maximum diameters of the pseudocysts were <6 cm or the distance
between pseudocyst and stomach wall was >1cm were excluded.
More detailed selection criteria are shown in Table 1. The decision to
place a metal stent and selection of stent type were at the discretion of
experienced advanced endoscopists who performed the transmural
drainage. Written informed consent was obtained from all patients
prior to the procedure of stent placement.

2.2. Stents

Fully covered 10 mm x 60 mm TMS (ST03-003.10.060; Micro-
Tech Co Ltd) and novel fully covered BFMS, 16 mm diameter x
30mm length in body, 20mm diameterx5mm length in the
flanged end (ST33-103.16.30; Micro-Tech Co Ltd) were used in
this study (Fig. 1A, B). The BEMS design, with wide flanges on
both ends, provides anchoring flanges within the PPC and an even
distribution of pressure on the luminal walls. The metal material
of these silicon-dioxide-coated stents is Nitinol memory alloy.

2.3. Procedure

All procedures were performed under linear array echoendoscope
(GF-UCT180; Olympus) guidance at the discretion of endo-
scopist while the patients were under general anesthesia with
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endotracheal intubation. EUS was performed to locate the PPC,
measure and confirm the size, and assess the fluid content.

Under EUS guidance, the collection was punctured from the
stomach with a 19-gauge EUS-guided fine-needle aspiration needle
(ECHO-19; Cook Medical). A 0.035-inch guidewire (Jagwire;
Boston Scientific) was passed through the needle and was coiled in
the PPC. After needle withdrawal, a 10-Fr cystotome needle knife
(G30550; Cook Medical) was placed over the guidewire and
inserted into the cavity. The cystotome was then removed and the
stent (TMS or BFMS) was deployed in the PPC lumen under
fluoroscopic and endoscopic guidance (Fig. 1C, D).

2.4. Management during follow-up evaluation

All patients who underwent procedures were transferred to their
rooms and discharged when their symptoms improved. If patients
had inadequate symptom relief or presented with new-onset
abdominal pain, a CT of the abdomen was performed to assess
treatment response. If there was evidence of inadequate drainage
or stent occlusion, a nasocystic catheter placement and lavage of
the internal cavity by intermittent irrigation with 500 to 1000 mL
of normal saline solution would be performed. If inflammation
continued, additional irrigation or additional plastic stent
placement was conducted. Direct endoscopic necrosectomy
(DEN) was performed the following day. Necrotic tissue was
removed using stone retrieval baskets, biopsy forceps, and snare
forceps with CO, insufflation.

The end point of DEN was the relief of symptoms and systemic
inflammatory response syndrome. Transmural stents were
removed if the PPC had resolved for 2 months on CT scan
which was performed routinely in all patients. In patients with
persistent or recurrent symptoms, imaging studies were repeated
when necessary. In patients with persistent or recurrent PPC for
more than 2 months, further treatment was performed by either a
repeat intervention or the patient was crossed over to the
alternate treatment arm.

2.5. Outcome measures and definitions

The primary outcome measures included TSR and FSR. The
secondary outcome measures were complications and median
time to pseudocyst recurrence.

Pseudocyst located near the head or the uncinate region of
pancreas was classified as being in the head. Pseudocyst located
adjacent to the body of the pancreas or extending to the body—tail

Inclusion and exclusion criteria.

Inclusion criteria
18 < Age < 80 years old
Maximum diameter of cyst >6cm
Meet morphologic criteria of pancreatic pseudocyst based on CT
Located adjacent to stomach (<1cm)
One of the indications for Pancreatic pseudocyst drainage: abdominal pain,
obstructive jaundice, gastric outlet obstruction, early satiety, leakage, and
progressive enlargement of fluid collection in asymptomatic patients

Exclusion criteria
Contraindication to endoscopic drainage: gastrostomy with Billroth Il reconstruction,
gastric bypass surgery, prior surgery for pancreas-related complications
Pregnancy
One of bleeding risk factors: portal hypertension, coagulopathy, prothrombin > 1.5
INR, or platelet count <50,000/pL

CT=computed tomography, INR=international normalized ratio.
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Figure 1. Endoscopic ultrasound-guided transmural placement of self-expanding tubular metal stent (A, C) and biflanged metal stent (B, D) for drainage of

pancreatic pseudocyst.

junction (from the body of the pancreas) was classified as being in
the body. PPC localized to the tail of the pancreas or extending to
the body-tail junction (from the tail) was classified as in the
tail.2%!

The TSR was defined as satisfactory access and drainage of the
PPC following placement of the metal stent. FSR was defined as
complete resolution or a decrease in size of the fluid collection to
2 cm or smaller on CT in association with resolution of symptoms
at the 8-week outpatient follow-up evaluation.

Safety was measured by complications (including bleeding,
infection, peritonitis, and perforation). Bleeding was defined as
any hemorrhagic event ring during or after the procedure that
required any intervention or blood transfusion. Suspicion of
infection is usually based on ongoing clinical deterioration
despite maximal medical support, body temperature above
38.0°C for more than 48 hours with white blood cell count rising
above 10" mmol/L and positive blood cultures after the initial
endoscopic drainage. Peritonitis referred to consistent abdominal
pain which is usually caused by ductal leakage. Stent migration
was defined that if an intervention was required to retrieve the
stent either from within the PPC or from the enteral lumen during
follow-up. Recurrence referred to a return of symptoms and
lesions at the same site in pancreas within 6-month treatment.

2.6. Statistical analysis

Statistical analysis was performed using SPSS 17.0 (IBM SPSS
Software) and a 2-tailed P-value of <.05 was considered
statistically significant. Variables for age, size of pseudocysts,

and follow-up in the 2 groups were analyzed using the Student ¢
test or Mann—-Whitney U test, respectively, for continuous data
with normal or nonnormal distributions. Differences in categori-
cal variables for technical success, complications, and treatment
outcome measures were analyzed using the Chi-squared and
Fisher exact test.

3. Results

3.1. Technical and functional success

Between September 2013 and January 2018, a total of 125
patients undergoing EUS-guided drainage for PPC using TMSs
(n=49) or BFMS (n=76) were included in this study. The 2
groups had similar demographic characteristics, symptoms,
locations, and sizes of PPC (Table 2).

There were no statistically significant differences between TMS
and BFMS groups in terms of TSR (48/49, 98 % vs 74/76,97.4%,
P=1.0). One patient from BFMS group and the 1 from TMS
group failed to place metal stents because of interference of
surrounding blood vessels. Another patient from BFMS group
had an accidentally stent falling into the cyst cavity during the
procedure and the patient had immediate surgical removal of the
stent (Table 3).

The FSR between TMS and BEMS groups were 43/49 (87.8%)
and 70/76 (92.1%, P=.54). Six patients of TMS group did not
achieve functional success within 8 weeks follow-up. Three of
them developed cavity enlargement and pancreatic abscess. The
other 3 patients developed severe intrapseudocyst hemorrhage.
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Demographic and clinical data.
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Comparison of procedure related complications between 2 groups.

TMS, BFMS,
n=49 n=76 P-value
Age, median (range), yrs 48 (26-69) 47 (20-79) -
Sex (male:female) 28:21 55:21 .09
Size of PPC,* median (IQR"), cm 9.7 (7-15) 9.2 (7-15) -
Indication for drainage, n (%)
Abdominal pain 20 (40.8) 26 (34.2) .57
Nausea/vomiting 3(6.1) 709.2) 74
Satiety 12 (24.5) 29 (38.2) 12
Infection 7 (14.3) 8 (10.5) .58
Progressive enlargement 7 (14.3) 6 (7.9) 37
Location, n (%)
Head 7 (14.3) 11 (14.5) 1.00
Body 29 (59.2) 38 (50.0) .36
Tail 13 (26.5) 27 (35.5) .33
Follow-up, media (range), mo 26 (15-58) 23 (7-33) -

gFMS:bifIanged metal stent, PPC=pancreatic pseudocyst, TMS =tubular metal stent.
Long axis of the cavity.
TIQR= nterquartile range (25th—75th percentile).

There were also 6 patients of BEMS group who failed to achieve
functional success. Three of them developed pancreatic abscess, 2
developed intrapseudocyst hemorrhage, and 1 patient did not
gain symptoms relief (Table 3).

There are more patients in TMS group who need additional
plastic stent placement for better drainage than BEMS group (8/
49, 18.6% vs 3/76, 4.3%, P=.02). More than 50% of patients
achieved complete resolution within 2 weeks after procedure.
There was no significant difference between TMS and BFMS
groups in procedure time (27.4+2.4 vs 26.3+ 1.3 minutes,
P=.70) (Table 3).

3.2. Complications

There were 1 patient in TMS group and 1 in BFMS group who
developed peritonitis, which was presumably due to pancreatic
juice leakage (Table 4). Both patients recovered completely with
supportive medical therapy.

The patients who had infection caused by stent occlusion
received antibiotic therapy and either nasocystic catheter or
additional plastic stent drainage, and finally recovered. Repeated
DENSs were also performed to unblock the drainage channel of
the stent.

Bleeding occurred in 3 patients in TMS group and 2 patients in
BFMS group. Attempts of endoscopic hemostasis were not
successful, emergency interventional radiologic embolization was
performed, and 1 patient of TMS group achieved temporary

Comparison of clinical outcomes between 2 groups.

T™S, BFMS,

n=49 n=76 P-value
Technical success, n (%) 48 (98.0) 74 (97.4) 1.0
Functional success, n (%) 43 (87.8) 70 (92.1) 54
Additional plastic stent placement, n (%) 8 (18.6) 343 02"
Mean procedure time +SEM, min 27.4+24 26.3+1.3 .70
Mean time for stent retention + SEM, d 49.8+4.9 55.3+4.6 43
Recurrence after stent removal, n (%) 2 (4.9) 1(1.3 .56

BFMS =hiflanged metal stent, SEM =standard error of mean, TMS =tubular metal stent.
Significant difference between 2 groups exists.

Complications, n (%) TMS, n=48 BFMS, n=74 P-value
Infection
Peritonitis 1(2.1) 1(1.4) 1.0
Stent occlusion 5(10.4) 5 (6.8) 513
Bleeding 3(6.3) 2 (2.7) .381
Migration 7 (14.6) 0 001"
Death 1(2.1) 1(1.4) 1.0

BFMS =biflanged metal stent, TMS =tubular metal stent.
Significant difference between 2 groups exists.

hemostasis. The other 2 patients in TMS group had surgeries
after coil embolization failed to achieve hemostasis. However, 1
patient died. One in BFMS group achieved hemostasis by surgery
but the other 1 died of severe hemorrhage despite maximum
rescue including interventional embolization and surgery (Ta-
ble 4).

Intraluminal stent migrations were identified by follow-up
abdominal radiograph. Endoscopic stent removal was not
performed due to spontaneous stent passage. On further imaging
(abdominal radiograph, abdominal ultrasound, or upper gastro-
intestinal endoscopy), these stents were no longer visualized.
None of these patients experienced symptoms due to intraluminal
stent migration.

In BEMS group, hyperplastic tissue ingrowth of the stent
occurred in 2 patients, but stent removal was uneventful with the
discretion of the endoscopists.

By comparison, there was no significant difference in infection
(6/48, 12.5% vs 6/74, 8.2%, P>.05) and bleeding rate (3/48,
6.3% vs 2/74, 2.7%, P> .05) between TMS and BFMS groups.
However, we found that stent migration (14.6% vs 0%, P=.001)
occurred more frequently in TMS than BFMS group (Table 4).

3.3. Follow-up and recurrence rate

The average time for stent retention is 49.8 +4.9 days for TMS
group and 55.3 +4.6 days for BEMS group. Patients in TMS and
BFMS groups were followed up after stent retrieval for a median
time of 26 months (range 15-58 months) and 23 months (range
7-33 months), respectively (Table 2). Two patients in TMS group
had pseudocyst recurrence in 4th and 11th month after stent
removal, respectively, with suspected disrupted pancreatic duct.
Both of them were treated with endoscopic retrograde chol-
angiopancreatography (ERCP) and nasocystic catheter drainage
successfully. One patient of BEMS group had recurrence in 9th
month after stent placement. He was treated with another EUS-
guided transmural BFMS placement for drainage (Table 3).

4. Discussion

Traditional tubular biliary metal stent and BFMS have been
widely used for EUS-guided drainage of PPC in recent years, but
most of these studies were usually restricted to small case series
and observation reports.'*?%24 To the best of our knowledge,
there has been only 1 comparative study showing distinctions
among different types of metal and plastic stents for PPC
drainage./*!

Successful insertion of metal stents in both groups turned out to
be higher than 97%, which is consistent with the available
medical literature.™ %2426 This mainly attributed to verifying the
presence of a collection as seen on CT or EUS guidance before
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drainage, which showed the optimal site for drainage, ensuring a
minimal distance and avoiding vessel interposition. In terms of
FSR, TMS and BEMS for PPC drainage were 87.8% and 92.1%,
respectively, in present study, which was in accordance with the
existing medical literature: 77.8% to 100%.1>4>7~2°!

Several studies on the use of SEMSs for EUS-guided drainage
showed that PPC infections were usually caused by recurrent
stent occlusion by necrotic debris.?*3% DEN or nasocystic
catheter drainage can help drain necrosis from the cavity and
prevent obstruction of the stent outlet in stomach.**" In our
study, we found no significant difference in transient infection
rate between TMS and BFMS groups. DEN and nasocystic
catheter drainage were performed successfully to deal with stent
occlusion. It is mentioned that we used necrosectomy to remove
necrotic tissues which may have caused procedure-related
inflammation. But we do not think these cases can be diagnosed
as walled off pancreatic necrosis (WOPN) at the beginning. The
necrotic tissues may be related to complications. There were 5
cases of bleeding occurred in this study, including 3 in TMS group
and 2 in BFMS group. As a previous study suggested, this may be
explained by sharp ends of TMS with eroding into the gastric
mucosa or retroperitoneum causing ulceration and bleeding.
Bapaye et al reported one case of hemorrhage and explained that
partial erosion of the inner end of the stent into the wall of the
splenic artery causing a pseudo-aneurysm and extravasation of
contrast from the cavity into the stomach.”*®! Rinninella et al
claimed massive bleeding was caused by nasocystic drainage
catheter."”! However, Siddiqui et al reported that lumen-
apposing metal stent (LAMS) with wide flanged at both ends
was more likely to have bleeding, which was explained by stent
erosion into a vessel as the cavity wall collapses.**! But in this
study, less bleeding was observed in BFMS group, may be partly
because of the BEMS we used have much smaller diameter and
shorter length.

Theoretically, the stent migration rate of BFMS group was
lower than TMS group because the anchoring flanges at both
ends of BFMS can keep the stent from moving. And it was
demonstrated that tissue ingrowth/overgrowth at both stent ends
also helped reduce migration.”**! Despite the anchoring design
on BFMS, stent migration rate has been reported from 5% to 7%
in several studies. Previous observations reported that rapid cyst
decompression with SEMS may be a key factor in the etiology of
spontaneous migration that overcomes the flared ends.[*1%-3%:33!

Stents falling into cyst cavity during the procedure occurred in
3 cases, which was primarily due to lack of experience with the
new BFMS system. The stents were pulled out of the cysts and
relocated immediately.

Hyperplastic tissue ingrowth of the stent was observed in 2
cases in BFMS group, which brought difficulties in the removing
process. We agree with a previous study that the duration of the
stent placement resulted in loss of the stent coating because these
stents were in situ for 4 to 5 months.'**! Barresi et al reported that
1 patient received surgery to remove a stent that became fully
embedded in the stomach wall.l®¥ The occurrence of tissue
ingrowth across our study indicated that BFMS may not be
suitable for management of PPC which require long-time stent
retention.

Few studies reported recurrence rate for small number of cases
or lack of long-term follow-up data. Three cases of recurrence in
TMS group were probably related to pancreatic duct disruption,
which was in accordance with a prospective study.*!

One potential advantage of this new BFMS system is its large
diameter (16 mm). It would allow therapeutic endoscopic
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maneuvers such as necrosectomy, gastrojejunostomy stenting,
BFMS-assisted ERCP in gastric bypass patients, etc.

There are some strengths and limitations to this study. Firstly,
this is the 1st retrospective cohort study on comparison of 2 types
of metal stents for EUS-guided drainage of PPC published to date.
Secondly, 7 to 58 months follow-up was carried out and
recurrence rate was evaluated in our report, which was absent in
majority of previous studies.

However, the study design was retrospective with its inherent
limitations. Cost analysis was not included in our study, either.
Furthermore, selection bias may exist because stent selection was
up to the decisions of experienced endoscopists. Now some
authors prefer application of 2 double pig tail plastic stents while
metal stents were left for WOPN as metal stent has more
incidence of serious cyst bleeding. It is true that we compared
complications between 2 kinds of metal stents without additional
plastic stents, which appears to be the limitation of this study.
Maybe in the future we can put more groups into this study.

We also think it will be very beneficial to compare this novel
BFMS with the LAMS as Nagi stents and hot axios stents. LAMSs
were also used in several patients at our hospital recently. The
number of patients is too small and follow-up is not long enough.
We will keep following and enlarge patients number so that we
may make another compare in the future.

5. Conclusion

This single center retrospective cohort study made a comparison of
2 types of SEMSs for EUS-guided drainage of PPC. We
demonstrated that both TMS and BEMS drainage were feasible,
with high technical and FSR for PPC. Due to the anchoring flanges
at both ends of BFMS which can help keep the stent from moving,
the clinical outcomes of BFMS obtained are more promising with a
lower migration rate than TMS. And larger diameter of BEMS may
result in less need of additional plastic stent placement for better
drainage. However, due to the limitations of our study, future
larger randomized, and prospective trials evaluating the role of
metal stents placement in transmural PPC drainage are needed.
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