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Introduction

Almost half of patients with esophageal cancer are 

unresectable at the time of diagnosis due to advancement 

or distant metastases or significant comorbidities. Those 
patients have a poor prognosis, with a 5-year overall 
survival rate of less than 15% (1,2). Complete resection 
and lymphadenectomy combined with preoperative 
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Background: The conventional esophageal stent is not flexible enough for refractory or circuitous 
esophageal stenosis. After stent placement, the bending stress may stimulate tissue proliferation in both ends 
of the stent, causing restenosis, severe bleeding or fistula. A fully covered self-expandable segmental stent 
was designed and used to overcome such shortcoming. This study aims to study the safety and effectiveness 
of the fully covered self-expandable segmental metallic stents placement in palliation of dysphasia in patients 
with refractory esophageal stenosis.
Methods: Retrospective study of hospital records of a consecutive series of 24 patients who underwent 
placement of fully covered segmental stent from March 2015 to April 2018 was conducted. All procedure 
was performed under local anesthesia and fluoroscopic guidance. Esophagography was performed by orally 
take of iodine contrast agent. A 5F catheter and a stiff guide wire were introduced in the esophagus. A fully 
covered segmental stent was delivered and implanted along the stiff guide wire. The upper endoscopy and 
chest computed tomography scan were used for the assessment of the location and length of stenosis on 
admission and during follow-up. The technical success and complications were collected and analyzed.
Results: Stent placement was successful in all patients without procedure-related deaths. Twenty-four 
covered segmental stents were implanted. A total of eight major complications (33.3%) were found, and 
stent migration was the most common complication (16.7%). The median follow-up time was 4.5 months 
(interquartile range: 0.8–14.0 months). Adjustment was required in 3 patients (12.5%) due to stent migration. 
The mean dysphagia score before stenting and end of follow-up was 3.3±0.5 and 1.0±1.6 (P<0.0001). Four 
covered segmental stents were removed due to stent migration or intolerance.
Conclusions: Stenting using novel fully covered self-expandable segmental metallic stent is safe and 
effective in dysphagia palliation of refractory esophageal stenosis.
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chemoradiation therapy is a standard management, 
however, curative-intent treatment is possible in less than 
40% of patients. The palliative treatment is the only option 
in a majority of these patients under this circumstance. The 
covered self-expanding metal stents (SEMS) is an effective 
procedure in restoring patency and relieving dysphagia (3), 
which has been widely used for patients with unresectable 
refractory esophageal fistula or esophageal stenosis (4-7). 
The large number of different covered metal stents available 
currently (8,9); however, SEMS including Choostent show 
“hard” connection by steel wire. The disadvantage of this 
stent is that it cannot bend and is not suitable for circuitous 
esophageal lesions. In order to overcome this shortcoming, 
a fully covered segmental stent by “soft” connection with 
nylon wire was used in this study. We aimed to study the 
covered self-expandable segmental metallic stents in terms 
of efficacy, complications, and long-term outcomes.

Methods

This study was approved by the Ethics Committee Board 
of our Hospital (Keyan-2015-113). All informed consents 
were obtained from the patients.

Study design

From March 2015 to April 2018, all patients with refractory 
esophageal stenosis who underwent placement of fully 
covered segmental stents were included and retrospectively 
analyzed, regardless of their histological types. The fully 
covered segmental stents were used in patients with 
refractory or circuitous esophageal stenosis confirmed by 
esophagography and chest computed tomography (CT) 
scan. Exclusion criteria included patients with mediastinal 
infiltration causing esophageal fistula and dysphagia due to 
lung cancer or lymphomas. The upper endoscopy and chest 
CT scan were used for the assessment of the location and 
length of stenosis. 

Covered segmental stents

The fully covered self-expandable segmental metallic stents 
with double-layered polytetrafluoroethylene membrane 
were used in this study (ST71-224; Micro-Tech Co. Ltd, 
Nanjing, China). The stent was made of nitinol alloy and 
each stent segment was (2 cm in length) was connected 
with nylon wire. Both sides of stent were fully covered and 
both ends of the stent exceed about 5 mm. The stent had a 

diameter of 16, 18, or 20 mm and a length of 80, 100, 120, 
or 140 mm. The recovery lines were used for adjustment or 
removal of stent (Figure 1). The stent delivery system was  
8 mm in diameter and 650 mm in length. 

Technical details of stenting

All procedure was performed under local anesthesia and 
fluoroscopic guidance, without the need of esophageal 
endoscopy. Esophagography was performed by orally 
take of iodine contrast agent to show the location and 
length of stenosis. A 5F catheter (Cook Corporation, 
Bloomington, USA) was introduced, and a stiff guide wire 
was then introduced. The covered segmental stent was 
implanted along the stiff guide wire. After stent placement, 
esophagography was performed again to confirm the 
patency of stent (Figure 1). A 10–14F long sheath was 
inserted via recovery line for stent adjustment or removal 
if necessary. The upper endoscopy and chest CT scan 
were used for the assessment of the location and length of 
stenosis during follow-up (Figure 2).

Definition

Minor complications were defined as chest discomfort or 
pain, insufficient stent expansion required balloon dilation, 
and mild gastroesophageal reflux. Major complications 
were defined as massive hemorrhage, stent migration or 
restenosis, esophageal perforation, and esophageal fistula (5).  
The dysphagia grade was calculated by using following 
scale classification: grade 0 = swallowing without dysphagia, 
grade 1 = dysphagia to solid food, grade 2 = dysphagia to 
soft solid food, grade 3 = dysphagia to liquids, and grade 4 = 
inability to swallow saliva or due to esophageal fistula.

Statistical analysis

Continuous variables were reported as means ± standard 
deviation (SD) or median with interquartile ranges (IQR) 
when data were not normally distributed. Categorical 
variables were shown as proportions. The student’s t-test 
and one-way ANOVA were used for comparing continuous 
variables by using Prism 5.0 software (GraphPad Software 
Inc, San Diego, USA). Significance was taken at P<0.05. 

Results

Baseline demographics and indications for stenting are 
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shown in Table 1. Twenty-four patients were enrolled in 
this study, 13 male and 11 female, with a median age of  
74.5 years. Fifteen patients showed esophageal carcinoma, 
5 patients showed carcinoma of gastric cardia and 4 patients 
showed compression stenosis. Thirteen patients (54.2%) 
showed stenosis in the lower esophagus. Three patients 
underwent surgical resection and 8 patients received 
chemotherapy or radiotherapy before stenting. A total of 
24 segmental esophageal stents were used. Stent placement 
was technically successful in all patients. Stent removal 
was performed in 4 patients due to stent migration (n=3) 

or intolerance of stent (n=1). The median diameter and 
length are 18 and 110 mm, respectively. Airway stents 
were inserted in six patients with comorbidity of airway 
stenosis. Five patients underwent transarterial infusion of 
chemotherapy for esophageal cancer (Table 2). 

There were no perioperative deaths related to the 
stenting procedure. Two patients complained of mild 
chest pain or discomfort immediately after segmental 
stent placement. The pain disappeared within 3 days 
without any treatment. A total of 8 major complications 
(33.3%) were found after segmental stent placement. Stent 

Figure 1 Fully covered segmental stent placement for a 70-year-old man with severe stenosis due to adenocarcinoma of esophagus. (A) 
Esophagography showed a severe stenosis in the lower esophagus; (B,C) the delivery system of covered segmental stent was inserted, and the 
stent was released successfully; (D) after stent placement, esophagography was performed again to confirm the patency of stent.
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migration was the most common complication (Figure 3), 
with a migration rate of 16.7% (4/24). Bleeding caused by 
tumor breakage was found in 1 patient about 3 hours after 
stenting. Complete migration was found in 3 patients, and 
stent removal was performed for them. Stent restenosis was 
found in 2 patients, with no need of treatment (Table 3).

Dysphagia score decreased significantly after placement 
of covered segmental stent placement (P<0.0001). During 
a median period follow-up of 4.5 months, loss of follow-up 
was found in 1 patient. By the end of follow-up, 6 patients 
survived without obvious symptom and 17 patients were 
dead. The survival rates were 54.9%, 36.6%, 18.3% for 
6, 12 and 24 months, respectively. The mean survival was  
10.8 months (Figure 4).

Figure 2 Follow-up of esophagus by esophagography. Anteroposterior (A) and oblique (B) esophagography showed that the stent was in 
good position and the contrast agent passed smoothly.

BA

Table 1 Baseline demographics in patients undergoing segmental 
stent placement

Variables
Median (IQR) or 

number (%) (N=24)

Demographic factors

Age (years) 74.5 (60.8–80.0)

Gender, man 13 (54.2)

Comorbidities

Hypertension + diabetes mellitus 1 (4.2)

Hypertension+ diabetes mellitus+ 
coronary disease

2 (8.3)

Airway stenosis 6 (25.0)

Indications for stent placement

Esophageal carcinoma 15 (62.5)

Carcinoma of gastric cardia 5 (20.8)

Compression stenosis 4 (16.7)

Location of stenosis

Middle esophagus 6 (25.0)

Middle and upper esophagus 2 (8.3)

Middle and lower esophagus 3 (12.5)

Lower esophagus 13 (54.2)

Table 1 (continued)

Table 1 (continued)

Variables
Median (IQR) or 

number (%) (N=24)

Previous treatments before stenting

Surgical resection 3 (12.5)

Chemotherapy or radiotherapy 8 (33.3)

None of above 13 (54.2)

IQR, interquartile range.
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Discussion

Owing to the simplicity of placement and wide spectrum of 
size available, SEMS have been most widely used in patients 
with malignant dysphagia (5,10). SEMS has proven to be 
technical advancement, requiring minimal dilatation, and 
resulting in lower morbidity and better quality of life (11,12). 
The large number of different covered metal stents available 
on the market (8,9), however, use of SEMS is not free from 
drawbacks or even life-threatening complications, such as 
the risk of migration, restenosis caused by malignant or 
granulomatous ingrowths, and difficulties or failure in stent 
removal (13,14). Besides, SEMS is often easier accepted by 
patients, however, no conclusive scientific evidence exists on 
this issue (15,16).

Commonly used SEMS show “hard” connection by steel 
wire, making the steel wire to form a continuous whole. 
Choostent is also connected by steel wire. The disadvantage 
of this kind of stent is that the flexibility is inadequate and 
it may not suitable for circuitous esophageal lesions. In 

Table 2 General characteristics of analyzed subjects 

Variables
Median [IQR] or 

number (%)

Dysphagia score

Score on admission before stenting 3 [3–4]

Score at the last follow-up after stenting 0 [0–3]

Diameter/length of esophageal stents N=24

Stent length, mm 110 [100–120]

Stent diameter, mm 18 [18–19.5]

Simultaneous balloon dilatation N=9

Balloon length, mm 40

Balloon diameter, mm 16 [14–20]

Airway stenting placement 6 (25.0)

Transarterial infusion of chemotherapy for 
esophageal cancer

5 (20.8)

Radioactive particle placement 2 (8.3)

IQR, interquartile range.

Figure 3 Stent migration and stent adjustment. (A) Chest CT showed that the stent was migrated into the gastric cavity 1.2 months 
after stenting; (B) esophagography also showed the migration of stent; (C) the stent was adjusted upward through the recovery line; (D) 
esophagography was performed again to confirm the location and patency of stent. CT, computed tomography.
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order to overcome this shortcoming, a covered segmental 
stent by “soft” connection with nylon wire was used in the 
current study, which showed the advantages of flexibility 
in adapting to angulated stenosis. The segmental stent 
conforms to the esophageal curvature to the minimize the 
bending stress, and thus reduces the stimulation of the stent 
to the esophageal wall. The stent can be tightly attached 
to the esophageal wall in order to reduce the complication 
of stent migration. The stents were fully covered and both 
ends of the stent exceed about 5 mm, which greatly reduced 
the stent stimulation and minimized the incidence of 
restenosis. In this study, stent placement was successful in 
all patients with no procedure-related deaths. Stent removal 
was performed in 4 patients due to complications of stent 
migration or intolerance.

Major complications were observed in 48% and 33% 
of the Polyflex stent and Ultraflex stent, respectively (5). 
This study showed a similar rate of complication, 33.3% 
of major complications were found after segmental stent 
placement. It is reported that the migration rate ranged 

between 0% to 19% for Ultraflex, 6% to 17% for Polyflex 
stents and 4% to 9% for Flamingo stents (5,17,18). 
Stent migration was the most common complication in 
this study, with a migration rate of 16.7% (4/24), which 
was similar to previous reports (5,17,18). Complications 
requiring additional intervention are frequent (19,20). 
Despite the reported complications (21), we believe the 
covered segmental stent is still the best available palliative 
option in our patients. 

The choice of stent diameter may represent an important 
factor for the successful insertion of stent. Compared 
to other SEMS, the use of stent with a large diameter 
significantly reduced the formation of granulation tissue, 
the chances of recurrent dysphagia, and the risk of food 
obstruction (22). Although Choostent placement in the oro-
pharynx showed less traumatic and postprocedural pain, no 
significant differences in outcomes or complication rates 
have been reported with the available covered SEMS, such 
as Ultraflex, the Choostent or stent with anti-reflux valve 
(5,20,23). It is necessary to compare the covered segmental 
stent with other SEMS in the future.

In conclusion, stenting using the novel fully covered self-
expandable segmental metallic stent is safe and effective in 
dysphagia palliation of refractory esophageal stenosis.
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