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INTRODUCTION

Abstract

Background: Benign stenoses, digestive tract ruptures and fistulas are conditions that endanger life and
are often treated surgically. Recently, the placement of partially or fully covered metal stents has emerged
as a minimally invasive treatment option. This article looks at a new design for stents to determine its clinical
effectiveness. The new stent is a completely covered nitinol stent for treatment of gastrointestinal perforations
and anastomotic leaks. This article places special emphasis on evaluating reactive hyperplasia.

Methods: Fifteen had the new completely covered self-expanding nitinol stent placed for treatment of
benign esophageal perforations, anastomotic leaks, and stenoses following upper or lower gastrointestinal
surgery during 2012 and 2013. The stents are 20 mm in diameter in the middle and 28 mm in diameter at the
proximal end. Information about patient demographics, type of lesion, lesion locations, stent removal, clinical
success and complications was collected.

Results: A total of 15 stents were placed in 15 patients to treat anastomotic leaks (n = 8), esophageal
stenoses (n = 2), colorectal stenoses (n = 2), a gastrojejunostomy stenosis (n = 1), an esophageal iatrogenic
rupture (n = 1), and a pyloric stenosis (n = 1). Endoscopic removal of the stent was successful in all patients.
Although it was particularly difficult in one case because of reactive hyperplasia. Clinical success was achie-
ved in nine patients (73%). Average duration of time between stent placement and removal was 10 weeks with
arange of 7 to 12 weeks. In total, seven complications occurred in 15 patients (47%): reactive hyperplasia (n
= 1), migration (n = 3) severe pain (n = 2) esophageal ulceration (n = 1) only one patient required surgery after
stent failure. No patients died as the result of stenting.

Conclusions: A redesigned completely covered stent kept in place for 10 weeks may be an alternative to
surgery for treating gastrointestinal perforations, anastomotic stenoses and fistulas. The efficacy of the new
stent differs from that of conventional stents. The choice depends on the expected risks of stent migration and
reactive hyperplasia.
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risks inherent in the use of rigid plastic stents in the GI and
biliary tracts (1,2).

Stents have been used for many decades for palliation of
obstruction in different segments of the biliary tract and
gastrointestinal (GI) tract. Their usage has boomed since
the recent introduction of self-expanding metal stents
(SEMS) which have largely eliminated the discomforts and

Today, there is no doubt about the benefits of stents for
palliative treatment of malignant strictures of the GI tract
including in critical situations with high risks of morbidity
and mortality such as esophageal-respiratory fistulas (3-5).
Self-expanding metal stents have even replaced various
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surgical procedures that had been regarded as standard
palliation for these patients (6, 7). In addition, their use
now extends to other benign diseases both in the biliary
tree and in the GI tract (8-11). Surgical interventions had
been considered the “gold standard” of treatment of these
lesions (12-14), but while surgery improves survival rates,
it is still associated with high mortality rates (30%) mainly
related to late diagnosis (15).

Metal stents have not been widely used to treat benign
strictures of the GI tract for several reasons. First, most
metallic stents cannot be removed without surgery and the-
refore cannot be used temporarily. Second, the long-term
implications of a permanent metallic stent in the GI tract is
unknown. Third, experiences in animal models and in some
of our patients with benign obstructions have shown that in
some cases mucosal hyperplasia may eventually occlude the
stent. Fourth, for patients who are in good general condition,
surgery is justified (16). Finally, there is no design or model
of stent proposed for the management of benign situations.

To date, there have been few reports about the use of
metallic stents for treatment of benign conditions, and most
of those have described significant rates of complications
resulting from the stent itself and from removal of the stent.
The most frequent complication is migration, next frequent
is formation of a new stenosis, followed by pain at the site of
stent placement and then by specific situations such as faci-
litation of GERD. Proximal and distal migrations are more
common with fully covered stents while stenoses are most
frequently observed stents that are uncovered either at the
ends or in the center to allow for tissue growth between the
interstices of the fabric of stent (17).

Nevertheless, various reports suggest that the temporary
use of self-expanding metal stents may be a reasonable
option for patients with benign GI tract stenoses, fistulas
or perforations (18-20). Song has found that esophageal
stenoses recurred in three of four patients in whom stents
migrated within the first two months after placement, but
that there were no recurrences of stenoses among patients
whose stents migrated or were removed more than two
months after placement (21). For this reason, and because
formation of a distal or proximal stenosis is rare during this
period, Song has proposed that stents be kept in place for
no less than eight weeks for management of benign strictu-
res in not less than eight weeks esophagus.

The same stents that have traditionally been used for
management of malignant strictures have been used for
benign strictures even though they do not necessarily offer
the tightest fit or the least likelihood of migration. They are
also used for less common situations which have low rates
of morbidity and mortality and which are not necessarily
stenoses. These include situations such as gastrointestinal
fistulas, endoscopic perforations and spontaneous perfora-

tions (22,23). The mechanism of action of these stents is to
seal and thereby close the fistula, but some studies and the
guidelines of the American College of Gastroenterologists
have concluded that the quality of evidence for the use of
metallic stents for perforations and leakage is low and that
the level of evidence for recommendation is weak (24, 25).
The purpose of this study is to show the development
and clinical implementation of a new nitinol stent design.
This new design is based on the original model of esopha-
geal stent designed by Song but rather than being designed
for conventional situations such as palliation of tumors, it
is designed for benign pathologies such as cases of stenoses,
leakage and perforations. The intention is to offer non-sur-
gical management of these disorders since surgery in these
cases may result in high risks of morbidity and mortality.

NEW CONCEPTS FOR BIOMECHANICAL NITINOL
STENTS

The History of Nitinol

In 1959, William Beuhler discovered a 55% nickel (Ni)
and 45% titanium (Ti) alloy while working in the laborato-
ries of the US Naval Ordnance Laboratory. The new alloy
was given the name Nitinol which is an acronym for its
ingredients and the place where it was discovered (Nickel
Titanium Naval Ordnance Laboratory) (26). This mate-
rial is now known as the memory metal because two of its
important properties are shape memory and superelasti-
city (27). Both of these properties are important for both
gastrointestinal stents.

Fluoroscopic Features

Nitinol has come to displace other metals such as steel and
elgiloy that had been used in the manufacture of stents in
part because it offers better contrast in fluoroscopic evalua-
tions than do other materials. In tests run with the newly
designed stent, it demonstrated contrast levels comparable
to those of other stents (Figure 1).

Biomedical Properties

Like other metals, nitinol, undergoes phase transitions
between the face-centered cubic (FCC) configuration of
gamma iron crystal structures (Austenite, the most common
form of stainless steel) and a body-centered tetragonal form
(Martensite, alloys which have austenitic structure at high
temperatures). At room temperature the nitinol is in its mar-
tensite phase which is soft and easily deformed. It has shape
memory which is the effect of something that is plastically
deformed returning to its original shape (Figure 2).
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Figure 1. Stents of various metals for fluoroscopic evaluation. A. Appearance stents of various sizes and alloys in water. B. Fluoroscopic view of stents
of various sizes and alloys in water. C. Fluoroscopic view of different stents with various alloys in the body.

Austenitic

Martensitic

Figure 2. Molecular view of nitinol in its natural state (martensitic), and
molecular view of nitinol subjected to heat (austenitic).

Conventional materials such as stainless steel and cobalt
alloys exhibit very different elastic deformation behaviors
from those of the structural elements of the human body.
Elastic deformation occurs when there is no permanent
or plastic deformation. In conventional materials, elastic
deformation is limited to approximately 1% and elonga-
tion increases or decreases proportionally (linearly) to the
stress applied. In contrast, natural structural materials such
as hair, tendons and bones may deform elastically by as
much as 10% (Figure 3). The graph of stress against strain
shows nonlinear behavior and a charge/discharge cycle
with significant hysteresis (28).
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Figure 3. Biomechanical Compatibility of Nitinol: deformation
characteristics of Nitinol and live tissues (27).

The similarity between the stress-strain behavior of
nitinol and structural tissues is very important to note for
biomechanical considerations. Figure 4 shows characteris-
tic stress/strain behaviors of nitinol and steel at body tem-
perature. Steel’s elastic deformation has a nearly vertical
slope (approximately 1% deformation), but nitinol’s elastic
deformation is about 10 times higher. In other words, niti-
nol recovers its shape. Nitinol has curve plateaus that can
be observed for both loading and unloading of stress. These

Original articles



plateaus (horizontal areas of the curve) allow large deflec-
tions without increasing stress. A more than 10% ability to
recover shape is called superelasticity.

Nitinol

Stress

Strain

Figure 4. Diagram of the stress/strain relationship for Nitinol and
stainless steel.

In summary, the properties that make nitinol a suitable
material for gastrointestinal stents are shape memory and
superelasticity. Nitinol’s shape memory means that at body
temperature the stent’s radial force is reduced which faci-
litates insertion into the guide catheter. Its superelasticity
allows almost constant radial force to be exerted while
the diameter changes from a small diameter to the stent’s
maximum diameter. This behavior is natural and contrasts
with that of stainless steel in which radial force is inversely
proportional to the diameter of the stenosis.

A new model of stent

Bearing in mind that acceptance of the use of metallic stents
invarious situations for palliation of malignant biliary diges-
tive tract stenoses is increasing, it is understandable that a
single model of stent may not be the solution for every type
of benign and malignant gastrointestinal disease. Therefore,
it is necessary to develop and implement a new model of
stent that conforms to new needs such as the management
of gastrointestinal fistulas and benign strictures.

Based on these requirements, it is necessary to create a
stent that can remain in position in situations such as the
fistulas of gastric bypass when there is no stenosis. Together
with this feature, the new stent should be able to seal the
fistula, keep it sealed, while correcting local stenosis. While

stent diameter must be increased, it cannot be increased
too much because it could induce necrosis of the anasto-
mosis or the suture line of a gastric bypass or gastric sleeve.
Also, a large diameter stent used to treat a benign disease
could eventually induce a complication inherent in the use
of stents such as the appearance of reactive hyperplasia in
the surrounding tissue. This occurs most often with the use
of completely covered or partially covered stents (29, 30).
This hyperplastic reaction can occur even in reaction to a
short period of stenting and may even occlude the ends the
stent making removal very difficult (24).

The probability that a conventional fully covered stent will
migrate is between 31% and 37% according to recent reports
(31, 32), and no reduction in these rates has been achieved
with the development of internally covered stents (33). In
response to this problem, the new stent and its implemen-
tation were modified. The conventional stent diameter of 18
mm to 20 mm has been maintained in the central portion
of the new stent, but the diameter of the proximal end has
been increased to 28 mm to impede migration. In addition,
the stent has been coated with silicone to reduce the risk of
hyperplasia at the ends of the stent.

This means that not only the size of the stent has chan-
ged, but its appearance has changed as well. Rather than the
appearance of a “dog bone” with larger diameters at both
ends, the new stent has a single-shoulder look with a large
diameter at the proximal end, but the diameter of the body
at the distal end (Figure S).

Figure S. Appearance of new stent (upper) compared to conventional
esophageal stent.

Implementation in Clinical Practice

The conditions required to release the stent and procedure

for stent placement are as follows:

« A placement device to move the stent to the site of the
lesion and introduce it into place is required.

« The diameter of the self-expanding stent must be redu-
cible that it can be accommodated within the place-
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ment device. After being released, the stent must have
suficient radial force to dilate the area of the stricture.
This requirement implies that the stent material and
structure allow compression to 3mm or less (to accom-
modate the placement device) and must expand to a
diameter up to 22mm once released while maintaining
adequate radial strength.

« The placement device must be low profile so that it can
be guided through the digestive tract to the site of the
lesion. Generally, it should not exceed 10 Fr (3.3mm) in
order to be introduced through the endoscope channel.

o The stent must be biocompatible with the area in which
it will be placed.

« The stent has nylon threads at both ends (proximal and
distal) for traction and removal.

« Nitinol has a combination of properties which makes
it suitable for the manufacture of self-expanding stents.

METHODS

Between June 2012 and June 2013, all patients who were
treated with the new model of stent for stenoses or benign
fistulas were included in a prospective, nonrandomized,
open-label study performed in various hospitals in Medellin.

We selected patients with benign strictures, fistulas
secondary to gastric bypass or gastric sleeve surgery for
obesity, patients with leaking anastomoses following
esophageal-enteric gastrectomies (whether or not they had
iatrogenic esophageal perforations). We excluded patients
with an activity index of less than 40, patients with steno-
ses that were very close to the cricopharyngeal muscle, and
patients whose conditions prevented them from tolerating
endoscopy or sedation. All patients provided signed infor-
med consent for both placement and removal of the new
type of stent. All procedures were done under conscious

sedation with midazolam, meperidine and ketamine. There
were no adverse reactions to sedation.

The New Nitinol Stent

The new nitinol stent is constructed of multiple strands of
interwoven nitinol and an outer coating of silicone. The
diameter of the central portion of the stent is 20 mm with a
28 mm in diameter anchoring end. It comes in three leng-
ths: 8 cm, 10 cm and 12 cm (Figure 6).

In all cases of benign strictures, the stent passed beyond
the proximal and distal margins of the stricture by at least
two centimeters. We did not dilate the areas of stent pla-
cement prior to the procedure in any of the patients. In all
cases the procedure was done under conscious sedation,
and there were no complications with sedation.

Objectives of the Study

The main objectives of the study were to seal fistulas and
alleviate refractory benign strictures. In addition, the study
measured rates of migration and occlusion of the new
model stent. As secondary objectives, technical success and
complications were considered. Technical success was defi-
ned as verification by fluoroscopy and/or endoscopy of the
release and proper placement of the stent in the stricture or
fistula to be treated. Major complications that merited hos-
pitalization or the realization of a second endoscopy were
considered. Minor complications were defined as those
that could be managed conservatively without hospitali-
zation. Evaluation of the treatment of benign lesions took
into account the severity of local reactions (hyperplasia),
the ease of stent removal, and either whether or not the fis-
tula was successfully closed or whether or not the stenosis
was successfully corrected.

Figure 6. Appearance of new stent partially expanded into the guide catheter and totally released
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Follow-up

During the week of stenting patients were followed up
prospectively in person. After that they were monitored
by telephone every two weeks until the removal of the
stent. Activity The WHO patient index of activity was
used to evaluate patient activity. This includes evaluation
of the abilities to eat and swallow, rating of dysphagia, and
assessment of specific symptoms such as chest pain and
regurgitation (34). Stents were removed two months after
placement except in one patient whose stent was removed
at seven weeks because of chest pain.

Statistical analysis

The following patient characteristics were evaluated: sex,
age, location of stenosis or leakage, stricture length, cause of
leakage or stenosis, and previous treatments. Factors used
to evaluate clinical and technical success included relief
of dysphagia, cause of recurrencde of dysphagia, and any
major or minor complications that developed. The results
are expressed as means * standard deviations or as medians
plus ranges. Categorical variables were assessed using the
X test or Fisher’s exact test as appropriate. Variables that
were not normally distributed were evaluated with the
Mann-Whitney test. All analyses were done with the inten-
tion to treat. A value of p <0.05 was considered statistica-
lly significant. Analyses were done using SPSS version 20
(SPSS Inc., Chicago, IL).

Table 1. Characteristics of patients

RESULTS
Patient characteristics

Self-expanding fully covered stents made of nitinol were
placed in a total of 15 patients with various benign patholo-
gical conditions of the upper or lower digestive tract. Stent
placement was successful in all patients, and strictures were
not dilated prior to placement in any of the patients. There
were no deaths associated with stent placement or patient
outcomes (Table 1).

Complications and Stent Removal

Two patients with postoperative fistulas and stenoses were
treated concomitantly with adjuvant CRT prior to stent
removal. The stent migrated in one of these patients but
only after the fistula and stenosis were resolved. The stent
was recovered endoscopically without problems.

Stent removal was successful in all 12 of the patients in
whom it was attempted. The first patient in the series vomited
the stent the week prior to planned removal. The patient had
had a fistula and stenosis secondary to gastric sleeve surgery
which were both resolved through the stenting. Stent migra-
tion occurred the day after placement in another patient
who had a postoperative stenosis and fistula at the ureter
following colorectal anastomosis to treat diverticulosis.

A particular problem with removal of the stent arose
in another patient who had undergone fundoplication.

Patient Sex Age Diagnosis Complication Outcome
Immediate Late
1 F 21 Fistula after gastric sleeve No Migration Success
2 M 72 Fistula after EJ Anastomosis Pain No Success
3 M 68 Fistula after GJ Anastomosis No No Success
4 M 74 Fistula after EJ Anastomosis No Migration Success
5 F 73 Fundoplication Stenosis Ulceration No Stenosis
6 M 66 Fistula, stenosis, EJ anastomosis, CRT No No Success
7 F 43 Fistula after anti-GERD surgery No No Success
8 M 59 CR Stenosis, anastomosis No No Success
9 M 43 Esophageal stenosis, CRT Pain No Stenosis
10 F 52 Achalasia Perforation No Hyperplasia Success
1 F 63 Pyloric Stenosis No No Success
12 M 46 CR Stenosis, fistula, anastomosis Migration No Stenosis
13 M 68 EJ Stenosis, fistula, anastomosis No No Success
14 F 71 Gastro-jejunal stenosis anastomosis, CRT No No Success
15 M 69 Fistula after EJ anastomosis No No Success

EJ: Esophageal-jejunal, GJ: gastro-jejunal, CR: colon-rectal, CRT: combination of chemotherapy and radiation therapy
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The patient developed achalasia. A hiatal hernia had been
corrected with Goretex mesh. Pressure from the stent
against the tissue induced a large local ulcer The patient was
managed with an advanced nasal-enteral tube. Later, the
gastroesophageal junction was resected and an esophageal
anastomosis was created. The patient’s subsequent progress
was good (Figure 7).

One patient who had a stenosis due to CRT for carcinoma
in the mid to upper esophagus medium high and who refu-

sed surgery required removal of the stent after seven weeks
because of chest pain. Stenosis reoccurred after one month.

Stent Induced Hyperplasia
The removal of the stent was particularly difficult in
patients with esophageal perforations that had occurred

during pneumatic dilation for achalasia (Rigiflex 35 mm
achalasia balloon). The proximal end of the stent became
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Figure 7. Radiological and endoscopic views of the new stent in patients with achalasia and fundoplication. A. Esophagram of the cardia after
fundoplication. B. In situ stent with easy passage of contrast medium to the gastric cavity. C. Proximal end of expanded stent with handle for removal
showing. D. After removal of the stent, Gore-Tex is used to repair hiatal hernia.
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fully embedded in the surrounding tissue which required
that the stent be removed from the distal end to the proxi-
mal end (Figure 8).

Final Considerations

Clinical success was achieved in 9 out of 15 patients (75%).
All fistulas were closed, but results with stenoses were less
encouraging. There was no need to place more than one
stent in any of these patients. Only one patient required
surgery to correct a large ulcer at the gastroesophageal
junction due to the local presence of Gore-Tex. There were
no complications related to placement or removal of stents.

DISCUSSION

The benefits of palliative stenting at various locations in
the gastrointestinal and biliary tract are not in doubt in the
published local and world literature (5-7, 22, 23, 34, 35).
Nevertheless, we have reached a new stage in the usage of
stents which includes endoscopic management of benign
conditions such as stenoses and fistulas, the simultaneous
presence of both, and even management of iatrogenic per-
forations. Most of these esophageal ruptures occur after
endoscopic surgery in the vicinity but may also occur
“spontaneously” after vomiting (Boerhaave syndrome).
The role of stents exclusively used to treat fistulas secon-
dary to bariatric surgery has been assessed in a meta-analy-
sis of seven studies with 67 patients. The fistula closure rate
reported was 87.7% while the rate of migration reported
was 16.9% (36). Surgical interventions in these situations
have rates of morbidity and mortality (37).

The same stents have been used for both malignant and
benign situations with or without stenoses. A recent study
has shown that, while conventional stents improves malig-
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nant dysphagia, they only improve benign dysphagia tem-
porarily. On top of this, dysphagia recurred in all patients
and there was a high rate of migration (33).

This study presents the development and implementa-
tion of a new nitinol stent whose design features are inten-
ded to reduce the rate of migration and to relieve benign
stenoses and fistulas. It may potentially have a higher rate
of hyperplasia of reactive tissue in the vicinity of the new
stent. We did not perform follow-up endoscopy in asymp-
tomatic patients who had stents in situ to verify whether or
not hyperplasia had developed, but animal studies suggest
that a 30 day stent placement results in scarring of the tis-
sue (38). Based on those results and our own results, we
have suggested that stents be removed eight weeks after
placement although there are studies that suggest removing
them six weeks after placement (39). Average amount of
time between stent placement and removal varies in publis-
hed reports from 20 days to 135 days (40-45). Although
more studies to determine the safest stent removal time are
warranted, the issue of time must be looked at in combi-
nation with other variables such as the type of stent used,
associated pathologies , and the presence of mediastinal
and/or pleural extraesophageal collections. Resolution of
extraesophageal mediastinum and pleural collections is an
absolute prerequisite for complete healing of any rupture
or fistula (44).

In this study, seven complications occurred in 15 patients
(47%). This is comparable to complication rates reported
in other series which range from 20% to 72% (39). Major
complications that have been reported include stent migra-
tion, growth within the stent (primarily in uncovered
stents), and induced hyperplasia (18, 19, 40, 41, 45-49).
In this study, stent migration occurred in three of the 15
patients (20%). The most likely explanations are that two
of these three patients did not clearly have stenoses and that
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Figure 8. Proximal hyperplasia in new stent and stent removal. A. Proximal end of the stent covered by surrounding hyperplastic tissue. B. Capture of

the distal end of the stent and removal of stent.
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the stents used were fully covered. The use of endoscopic
clips to prevent this type of migration has been described,
but this technique was not implemented in this study (50).

Stent occlusion resulting from colonization of tissue
within the stent and by hyperplasia of the tissue at the ends
of the stent occurs most frequently in the partially covered
stents. Nevertheless, partially covered stents are preferred
by many endoscopists because of their lower rates of migra-
tion and because the reactive tissue induced projects into
areas of leakage which improves rates of sealing. It has been
shown that reactive hyperplastic tissue is the result of local
fibrotic reactions and/or proliferation of granulation tissue.
This has been observed starting from 14 days after stent pla-
cement onward (51). Nitinol stents have a higher reactive
tissue growth rates than do plastic stents. In addition, the
stent’s radial force must be taken into account because the
pressure induced by radial force induces reactive hyper-
plastic tissue. Another factor is the amount of time the stent
remains in place. The longer it stays in place, the greater the
amount of hyperplasia which complicates stent removal. It
is suggested that stents be changed every two to four weeks
during management of anastomotic leaks and perforations.
Another alternative is to use the stent-in-stent- technique
in which a SEMS is left in place until 10 to 14 days prior
to planned removal at which point a totally coated stent is
placed inside of the first stent to facilitate removal of both
the initial stent and the recently placed stent (52).

The traditional dog bone design of the stent has been
replaced by a single-shoulder stent in order to reduce the
pressure exerted by the distal end of the stent, reduce pain
after its release, and reduce the chance of distal hyperpla-
sia and ulceration. In fact, fistulas that were induced by
the large diameter of the distal end of the stent have been
described. In addition to reducing these risks, the smaller
distal diameter facilitates stent removal.

In this study, there were no cases of mortality although
other studies have reported mortality rates ranging from
10% to 28% which is comparable to rates described for sur-
gery which range from 12% to 50% (19, 20, 25, 26, 40-42,
46, 47, 53-56). Studies suggest that the time between the
occurrence of a rupture or fistula and stenting is the most
important determinant of success (14, 15, 20). Higher suc-
cess rates result from earlier stent placement because of the
high rate of septic complications which otherwise occur.

To date, it is unclear which types of intestinal leakage
should be treated with stenting and which types of intesti-
nal leakage should be treated with surgery. It has been pro-
posed that stenting is preferable for minor disruptions of
up to 70% of the circumference while surgery is preferable
for ruptures of larger diameters (44).

We are aware of the limitations of this study which
include the small number of patients and the absence of a
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randomized comparison of the new stent with other stents.
Nevertheless, the results of this short series suggest that use
of this new stent is feasible. Only the rather unlikely possi-
bility of randomized testing of stents might provide more
reliable information about this stent’s usefulness.

CONCLUSIONS

These first results demonstrate the feasibility of using a new
nitinol stent for managing fistulas and benign strictures.
The new stent had a lower rate of stent migration than those
found for stents studied in other reports, and the new stent
also has a lower rate of complications. The answer will only
be given by a randomized study with special emphasis on
assessing the causes, extent and timing of intestinal leakage
and severity of contamination outside of the viscera. The
limited number of patients and the promising results with
stents have made it very difficult, if not impossible, to con-
duct this type of study.
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