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Abstract: Pancreatic fluid collections (PFCs) are a
common complication associated with pancreatic injury.
Drainage of a PFC is usually indicated if a patient becomes
symptomatic with complications such as bacterial
superinfection, septicaemia, fistulas, biliary obstruction or
gastric outlet obstruction. Endoscopic ultrasound guided
drainage is a well-established minimally invasive procedure
to insert stents into a fluid collection, most prominently
plastic double pigtail stents (DPSs) and lumen-apposing
metal stents (LAMS). Both, DPSs and LAMSs have
advantages and disadvantages that need to be considered
before treatment. However, the main factors leading to
failure of currently available stent systems are the relatively
short patency period and bacterial superinfection.
In this study, we subjected two broadly used pancreatic
stents, a DPS and a LAMS Hot AXIOS stent, which were
retrieved from the same patient, to a systematic
morphological analysis by scanning electron microscopy in
order to identify factors related to stent topography and
geometry and potentially involved in stent failure. Results of
this work will provide essential information for future
innovations regarding the stent design for drainage of PFCs.
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Introduction

Pancreatitis is an inflammatory condition of the pancreas
mainly caused by gallstones or alcohol consumption [1]. Its
severe, acute variety is burdened with a high mortality.
Physiologically the disease arises from a premature activation
of digestive [2] and lysosomal [3, 4] proteases but vascular
factors greatly contribute to its severity [5]. Pancreatic fluid
collections (PFCs) are a common complication of acute
pancreatitis that may result in bacterial superinfection with
septicaemia, fistulas, biliary obstruction or gastric outlet
obstruction. PFCs comprise, not exclusively, pseudocysts and
walled-off necrosis (WON). While a pseudocyst is composed
of fluid enclosed by a wall of fibrous tissue, a WON also
contains solid necrotic debris and has a significantly lower
treatment success [6]. When complications or symptoms,
such as severe abdominal pain or inflammation appear, PFCs
need to be drained. Endoscopic ultrasound (EUS) guided
management is currently the gold standard for the drainage of
PFCs [1]. A large number of different stents were developed
that facilitate EUS-based drainage [7]. Each stent type has its
own advantages and disadvantages that need to be considered
when selecting the treatment. DPS are inexpensive, but stent
patency is very low due to its small diameter. On the other
hand, LAMS create a larger lumen, but are much more
expensive, more prone to migration, may cause late bleeding
complications and do not prevent food reflux [8, 9]. The
variety of different stents available for PFC drainage and
complications associated with stent placement suggests that
there is a strong need for novel stent concepts.
In order to develop new stent concepts for PFCs we aim
to identify the most critical factors leading to stent failure. To
this end, we are currently performing a systematic scanning
electron microscopy (SEM) analysis on the most frequently
used stents in clinical practise for PFC drainage. Here, we
present our findings from a case study of a retrieved Hot
AXIOS stent (Boston Scientific) together with a later placed
DPS across the Hot AXIOS stent from a patient with WON
resulting from necrotizing pancreatitis.
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2.1

Methods
Scanning electron microscopy

Retrieved stents were briefly rinsed with 0.1 M sodium
phosphate buffer (pH 7.4) and fixed with 2.5%
glutaraldehyde/2% formaldehyde over night at 4°C. After
fixation the samples were briefly rinsed with phosphate
buffer before dehydration in an ascending ethanol series
(70% - 80% - 96% - 100%) followed by a chemical drying
procedure with hexamethyldisilazane. SEM was performed
on a Quanta FEG 250 (FEI Company, Germany). The Hot
AXIOS stent was first analysed in total before it was cut
longitudinally revealing the luminal side of the scaffold.
Same strategy was chosen for the DPS with the exception
that the stent had first to be cut transversely in order to fit
into the SEM chamber. Samples were mounted on carriers
and sputter coated with gold prior to measurement. Any
manipulations on stent samples led to release of some
deposits from the sample. Loosely attached debris were
gently removed by compressed air.
Figure 1: SEM micrographs of the retrieved Hot Axis stent. Abluminal
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Results

view.

A Hot AXIOS stent with an electrocautery-enhanced delivery
system was used for transgastric drainage of a PFC resulting
from pancreatic necrosis. The stent remained for 43 days in
the patient in the position it was originally inserted. By the
end of this period a double pig tail plastic stent was placed
inside the Hot AXIOS stent. In total 9 endoscopic
necrosectomies were performed before both stents were
retrieved from the patient.

3.1

Morphological and morphometric
analysis of retrieved stent samples

SEM micrographs of the abluminal side of the Hot
AXIOS stent revealed struts of 80-90 µm in size. The
polymeric coating within stent cells was rough in the centre
with characteristic bubbles probably resulting from the
manufacturing process. Most of the stent area was free of
deposits. However, rough areas of the stent cells seem to be
prone to deposition of cell debris (Fig. 1 A and B). In
addition, some struts were only partially covered by the
polymer coating and these spots were associated with multilayered agglomerates containing cell-like round-shaped
structures (Fig. 1 C and D). Smaller distance between the

Figure 2: SEM micrographs of the retrieved Hot Axis stent. Luminal
view.

struts at the flanged ends resulted in more deposits (Fig. 1 E
and F). The luminal side of the Hot AXIOS stent was
relatively smooth with no struts visible due to uniform
polymeric coverage of the scaffold. A few narrow cracks in
the coating were observed and some irregularly shaped debris
were distributed throughout this side of the stent (Fig. 2 A
and B). In contrast, clearly more deposits were detected at the
luminal side of the flanged ends of the stent (Fig. 2 C and D).
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Figure 3: SEM micrographs of the retrieved DPS. A-D: abluminal
view, E and F: luminal view.

SEM examination of the retrieved DPS revealed a
relatively thin layer of deposits on its surface with large areas
barely covered by debris. In the middle part irregularly
shaped debris, but no adherent cells were detected on the
stent surface (Fig. 3 A and B). Analysis of both coiled ends
revealed several multilayered cell agglomerates partially
reaching into or entirely covering the holes of the DPS (Fig.
3 C and D). The size of the cells in such regions was around
8-10 µm.
At the luminal side of the DPS the same type of cell
agglomerates was observed, in some part loosely packed with
grooves in between, but also including areas entirely
occluded.
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Summary and Conclusion

The variety of currently available metal stents for the
treatment of PFCs and numerous complications resulting in
stent failure show that there is a strong need for the
development of a superior stent system.
SEM analysis of the surface upon retrieval from the patient
will provide valuable insights into stent-tissue interactions
and new impulses for the development of the next generation
stents used for PFCs drainage.

The Hot AXIOS stent and electrocautery-enhanced
system is indicated for use to facilitate transgastric or
transduodenal endoscopic drainage of a pancreatic
pseudocyst or the biliary tract [6]. The stent is composed of a
braided nitinol framework fully covered by silicone with
wide flanges at the ends to ensure accurate anchorage of the
stent within the PFCs area. Its wide diameter provides a
conduit for direct endoscopic necrosectomy which improves
drainage and reduces the need for repeated endoscopies [10].
Plastic DPS have coiled ends usually with additional
side holes that should support stent patency even if the stent
becomes occluded. These stents are extremely cheap, but are
also limited by the small diameter leading to rapid stent
occlusion.
Recent reports suggest that placement of plastic DPSs
across LAMSs reduces the incidence of cavity infections due
to better stent patency and is meanwhile a well-established
treatment for PFCs [11]. In this study we have subjected
such a stent pair retrieved from the same patient, after
repeated necrosectomies to a systematic SEM analysis.
Although materials chosen for stents usually prevent any
deposits of biological origin, we have observed various
agglomerates of cell-like objects on the stent surface. Our
data provide a profound basis for the identification of stent
hot spots that promote deposition of cells or debris
responsible for stent failure and will contribute to a better
treatment and outcome of patients with PFCs.
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