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Introduction
!

Covered self-expanding metal stents (SEMS) are
available in a wide variety of designs, and vary
widely with regard to shape, size, materials, coat-
ings, and placement techniques [1,2]. Although
their use was initially limited to the palliative
care of patients with malignant strictures, SEMS
now have a variety of applications, including the
treatment of benign strictures, and the manage-
ment of fistulas and perforations. Furthermore,
SEMS have been deployed in the treatment of per-
sistent bleeding [3], as well as being used in the
transgastric drainage of pancreatic pseudocysts
[4].
With the exception of biodegradable stents (for
which the evidence remains inconclusive) [5],
SEMS removal should be endoscopically per-
formed because this removal may become neces-
sary when complications occur or if stent treat-
ment is being employed for a benign disorder.
Whereas there are numerous publications on the
indications, techniques, and possible complica-
tions for stent treatment, only a small number of
these are dedicated to exploring the techniques
involved in the removal of SEMS [6–9]. Although
extraction systems with hooks are generally ac-
cepted as the current standard, any endoscopic

tools capable of grasping either the stent or the
nylon thread should be regarded as possible devi-
ces.
Today, more than 90% of SEMS that are used in
the field of gastroenterology are made of nitinol
[1]. The term nitinol refers to a group of highly
elastic metal alloys of nickel and titanium that
can change shape in response to variations in
temperature (the so-called shape memory effect)
[10]. This type of stent is relatively pliable at room
temperature and can therefore be mounted on
delivery systems. The higher internal gastrointes-
tinal tract temperature encourages the stent to
resume its preformed shape. This characteristic
determines the stent’s radial force and conse-
quently its therapeutic effect.
The fact that the stent’s rigidity is dependent
upon temperature can be utilized for an easier
process of mounting the stent on the delivery sys-
tem [11]. The in situ use of icewater for easier im-
plantation has been describedwith regard to vena
cava filters [12]. However, it remains to be deter-
mined whether the physical properties of nitinol
might also allow the uncomplicated removal of
stents.
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Background: It is yet to be determined what ef-
fects temperature has on the properties of nitinol
in order to simplify the process of removing niti-
nol self-expanding metal stents (SEMS).
Materials and methods: We describe the proce-
dure for removal of SEMS in a total of 11 cases
with 9 patients. A study involving cooling of niti-
nol stents in situ with ice water just before their
removal was attempted.
Results: All stents were removed successfully. In
partially covered and in fully covered stents, the
stent rigidity was noticeably reduced following
cooling. Stent removal was performed by inver-

sion, which was achieved by pulling on the stent
from its distal end. No adverse events were ob-
served during this trial.
Conclusion: The higher pliability of the stents
after ice-water cooling facilitates stent removal.
With this method, a mobilization of all stents by
the invagination technique was achieved. The se-
paration of the uncoated stent ends from the
intestinal wall by the invagination technique, as
well as the mucosal vasoconstriction resulting
from the cooling, lead to an easier SEMS removal
and may serve to prevent severe bleeding of the
mucosal wall during this process.
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Materials and methods
!

In a small in vitro experimental study, we were able to show that
ice-water cooling leads to nitinol stents becoming less rigid, with
the effect becoming apparent immediately upon irrigation
(●" Fig.1).
Stent removal following cooling with icewater was performed on
a total of 9 patients, and involved 11 cases with nitinol SEMS.Of
these, 3 were esophageal, 5 cardial, 2 pyloric, and 1 rectal (●" Ta-
ble1). In all cases, the decision to perform stent removal was
based on clinical need alone, and was not dependent upon parti-
cipation in this study. All the procedures were performed in our
primary care hospital’s gastroenterology department and were
part of the department’s normal clinical routine.
All patients involved were provided with detailed information
about the study and gave written consent prior to undergoing
stent removal. The local institutional review board approved the
study protocol.
All procedures were performed using intravenous (IV) sedation
with propofol, and involved continuous patient monitoring. All
endoscopic examinations were performed using standard high-
resolution gastroscopes (Olympus, Hamburg, Germany) and in-
cluded an inspection of the stent’s distal end as well as the sec-
tions beyond. A spray catheter (Endo-Flex, Voerde, Germany),
which is normally used in preparing for radiofrequency ablation
(RFA) therapy, was introduced via the endoscope’s instrument
channel just prior to stent mobilization. This was used to spray
the stent in a uniform manner from the luminal side using 100
to 160mL of ice-cooled tapwater (4°C/39.2 °F) (●" Fig.2). Thewa-
ter was manually applied using a standard 10mL syringe.
Standard rat-tooth forceps (Endo-Flex, Voerde, Germany) were
used to grasp either the nylon thread, or the wire mesh on the
distal end of the stent.
Once the stent had been removed, the endoscopewas re-inserted
in order to check for potential complications, in particular acute
mucosal hemorrhage. All patients were closely monitored for at
least 24 hours following stent removal.

Results
!

All stents were successfully removed without complications. In
all cases, forceps were able to capture the nylon thread or the
wire mesh at the distal end. Stent mobilization was preceded by
inversion, whichwas achieved by pulling on the stent’s distal end
(●" Fig.3).
The process of stent cooling with ice water varied according to
stent type:
▶ Uncovered stents (n=2): Most of the stent’s wire mesh was

covered by hyperplastic mucosal overgrowth, and no relevant
cooling effect was detected in relation to the wire mesh.

▶ Partially covered stents (n=7): Stent rigidity was noticeably
reduced following cooling. Stent diameter was noticeably de-
creased inside the coated section, leading to sections of the
stent detaching from the mucosa and a complete loss of the
stent’s radial force.

▶ Fully covered stents (n=2): Stent diameter decreased notice-
ably in response to cooling. This resulted in a reduction of the
stent’s radial force (i. e., its ability to push outward against the
mucosal tissue). The stent’s reduced rigidity resulted in easier
removal, with no significant resistance being observed. Due to
the wire frame being fully covered, the stent ends were affec-

ted by only minor mucosal overgrowth and stent removal did
not result in significant mucosal bleeding.

▶ Grasping hold of their distal ends successfully captured all the
stents. Theywere thenmobilized by inversion, and removed in
a retrograde fashion. Stent inversion resulted in the detach-
ment of uncovered stent ends from the mucosal tissue and
cooling resulted in vasoconstriction within the tissue. This re-
sulted in only moderate and self-limiting bleeding.

Fig.1 An in vitro experiment. Immediately after application of ice water
to the stent, the rigidity of the stent decreases and the pliability increases.

Fig.2 A spray catheter
is used to apply ice wa-
ter to the stent in a uni-
form manner from the
luminal side.

Fig.3 Mobilizing of
the stent using the in-
version technique
achieved by pulling on
the stent from its distal
end.
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Discussion
!

Due to the sheer variety of available stent designs, differences
were expected regarding the outcomes of stent removal. Uncov-
ered stents, for instance, are known to show significant levels of
mucosal overgrowth between stent struts. Although this tissue
overgrowth helped to secure the stent [9], it can lead to difficul-
ties should the stent need to be removed at a later date. In con-
trast, it is rare for undamaged, fully covered stents to be affected
by significant levels of mucosal overgrowth [9]. This makes endo-
scopic removal of the stent comparatively easy, but also increases
the rate of stent dislocation [7]. Our clinic predominantly uses
what constitutes a compromise between uncovered and fully
covered stents―that is, stents that have a covered shaft but
whose flared ends remain uncovered. In 3 of the 11 cases de-
scribed in this report, stent dislocation was the primary reason
for stent removal.
Most SEMS have no explicit approval for stent removal. There-
fore, their removal has had to be performed in an unconventional
fashion that may be associated with uncertain risk and possible
complications. In Europe, only a few of the fully covered stents
have approval for retrieval. In our case series, fully covered stents,
which are approved for stent removal, have been used only in
two patients (see●" Table1, patients 7 and 8; cases 9 and 10). In
all other cases, the stent retrieval had to be performed due to
complications, or the fact that the stent had not been available
in the desired size (patient 1, case 1).
Only a small number of case series are available that have dealt
with either the techniques involved in the removal of SEMS or
the safety of removal procedures [13–17]. In the largest case se-
ries to date, van Halsema et al. reported about the safety of endo-
scopic removal of SEMS in the treatment of benign esophageal
diseases in a total of 329 multicenter stent removals. The overall
success rate for endoscopic stent removal was very high, with a
rate of 8.5% minor adverse events and 2.1% major adverse events
[18].
The temperature-dependent characteristics of nitinol indicate
that the material is ideally suited for use in stenting [10].
Whereas numerous in vitro studies have attested to the fact that
an increase in temperature leads to an increase in the material’s
rigidity, only a small number of articles have described the re-
verse effect. Song et al. reported on the process of cooling SEMS
prior to mounting on a delivery system [6]; and there has been
reporting on some of the potential clinical uses of this technique
in the field of vascular medicine [12]. The cooling of nitinol stents
before retrieval has been previously documented in a clinical case
report of patients with benign prostatic hyperplasia [19] and tra-
cheal stenting in animals [20]. No studies have been published
regarding how the material’s temperature-dependent character-
istics might be utilized for the process of stent removal in the gas-
trointestinal tract.
Although it is possible to remove a stent by grasping its proximal
end (either by capturing the removal thread or the stent’s wire
mesh), our experience suggests that removal by inversion―turn-
ing the stent inside out by pulling on it from its distal end―is
associated with greater benefits. This process allows the stent to
be lifted away at a 90° angle rather than by being pulled along the
tissue layer, minimizing shearing forces and reducing the amount
of tissue damage caused by the removal of stent sections over-
grown with mucosal tissue. Once the process of inversion has
started, and the stent’s distal end has been folded inward, the
process of mobilization is gradual, with the stent being pulledTa
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away from the surrounding tissue section by section rather than
all at once. This requires only a marginally increased level of trac-
tion to be applied via the endoscope. Whereas our experience
shows that this process is gentler on the patient, the nature of
the procedure means that the stent blocks the scope’s view
throughout the procedure (similar to stent removal from the
proximal end), making it impossible to inspect the damage
caused to the mucosal tissue. This results in re-insertion of the
endoscope in order to assess the extent of any acute complica-
tions.
In fully covered and partially covered stents, the process of spray-
ing the inside of the stent with ice water led to the desired re-
sults, with all stents exhibiting an immediate and marked de-
crease in rigidity. The diameter of the stents decreased and the
covering membrane showed folds (●" Fig.4 and●" Fig.5). A gap
between the stent and the esophagus wall was also visible
(●" Fig.6).
In uncovered stents, there is normally tissue growth between the
stent meshes. Thus the cooling process was not sufficient to sep-
arate the uncovered sections of the stent from the mucosa.
Therefore, we see no convincing advantages to cooling uncovered
SEMS before removal.
For partially covered stents, a combination of the processes de-
scribed above was observed. The wire meshes of the uncovered
section were often not overgrown with mucosa over the entire
circumference. We observed that the remaining visible portion
of the mesh, after cooling, was elevated from the mucosa and
therefore could be easily gripped by the forceps. Once this was
achieved, the stent could be withdrawn.
It is generally accepted that the use of iced saline has no advanta-
ges in the treatment of gastric ulcer bleeding. However, ulcer
bleeding is due to a different mechanism than that of mechanical
tissue damage due to stent removal. Because the process of cool-
ing causes temporary vasoconstriction in the mucosal tissue, it is
possible that any bleeding caused by the removal of impacted
stent sections might have been less severe than without cooling.
However, none of our patients required endoscopic therapy to
stop bleeding immediately after stent removal; nor did any of
our patients go on to develop significant bleeding complications
requiring interventions. Because this was only a small case series,
the conclusion cannot be drawn that ice-water cooling signifi-
cantly reduced the risk of bleeding. Further studies of this nature
with a larger patient sample size are required to verify these find-
ings.
The longer a stent is in situ, the harder it will be to remove. Gou-
veris et al. reported on a case involving a partially covered esoph-
ageal stent that was removed 11 months after initial implanta-
tion using a rigid endoscope [21]. Our case series included one
patient with a partially covered esophageal stent that had been
in situ even longer (12 months), and which we were able to re-
move using a flexible endoscope and the technique of stent inver-
sion described above. The stents included in our case series had
been in situ for an average duration of 11 weeks (minimum 1
week, maximum 12 months).
Given that drinking copious amounts of ice water achieves the
same effect as cooling with ice water, it would appear obvious
that the use of ice water to cool the upper gastrointestinal tract
must be relatively well tolerated, at least in the proximal esopha-
gus. There is of course no denying the fact that the application of
ice water can lead to a vagal response. Despite continuous moni-
toring, we observed no such response in any of our patients; nor
didwe observe esophageal spasms or any other adverse reactions

affecting the esophagus. Effective sedation of patients prevented
us from ascertaining any potential pain response.
Using a spray catheter to apply ice water is a simple and straight-
forward procedure that can easily be performed by auxiliary staff.
In our case series, a minimum of 100mL of ice water had to be
applied in order to achieve a discernible effect. A maximum limit
was imposed because the risk of aspiration increases with the
amount of water applied. An additional risk of aspiration can be
assumed if the stent therapy takes place in the upper half of the
esophagus. In our case series we had two such cases (patients 5
and 9; cases 7 and 11), in which no visible aspiration occurred.
Nevertheless, the risk of aspiration should not be underestima-
ted.
This procedure also requires a certain level of dexterity because
the removal of the spray catheter from the instrument channel
and the insertion of a suitable tool for grasping the removal
thread must be accomplished before the effects of the cooling
process wear off.
Only a few SEMS are designed with a thread on the distal end.
Such a thread facilitates the correct positioning immediately fol-
lowing stent implantation. We are not aware of any stents that
have a thread attached to the distal end that explicitly allows
stent retrieval in the inversion technique.

Fig.4 Immediately
after ice-water cooling,
the covering mem-
brane shows creases
(arrows) as a result of
decreasing the diame-
ter of the stent (patient
2, case 3; 1 week after
stent placement).

Fig.5 The same effect
as shown in Fig.4
occurred in patient 9,
case 11 (arrows). The
stent was removed 16
weeks after placement.

Fig.6 Sometimes a
gap (arrows) between
the stent and the
esophagus wall shows
the decreased diameter
of the stent after ice-
water cooling (patient
5, case 7).
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With regard to the limitations of this study, a number of factors
must be noted that affect the applicability of results: limited
number of cases, single-center study, and lack of randomization.
The main limitation, however, is the fact that we only included
patients with strictures wide enough to be passed by an endo-
scope. Stents with a smaller diameter (e.g., biliary stents) and
stents used for the treatment of severe strictures are sometimes
more difficult to remove. They are usually not removed via the
invagination technique, although ice-water cooling seems to be
feasible when the spray catheter can pass through the stenosis
or there is a small stent diameter, respectively.

Summary
!

In situ cooling with ice water results in a marked reduction in the
rigidity of the nitinol stent. As expected, this effect was particu-
larly pronounced in fully covered and partially covered stents.
The resulting increased pliability of the stents made it possible to
remove the stents by capture and inversion of the distal end.
Using this process, only minimal and self-limiting mucosal wall
bleeding after the stent removal was observed.
In our experience, the ice-water cooling of nitinol stents facili-
tates the uncomplicated process of stent retrieval.
This is the very first description of in situ cooling with ice water
to ease the removal of self-expanding nitinol stents. There were
no significant complications in this series of cases. However, it is
not possible to make a definitive statement on the safety of this
method due to the small number of cases in this study.

Competing interests: None
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