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ABSTRACT

Background and study aims Despite advances in curative

treatments for esophageal cancer, many patients often

present with advanced disease. Dysphagia resulting in sig-

nificant weight loss and malnutrition leads to poor quality

of life. Palliative esophageal stenting with self-expanding

metal stents (SEMS) helps alleviate symptoms and prolongs

survival. However, access to fluoroscopy may be limited at

certain centers causing delay in patient care.

Methods We searched multiple databases from inception

to November 2019 to identify studies evaluating the effica-

cy and safety of endoscopic palliative esophageal stenting

and selected only those studies where fluoroscopic gui-

dance was not used. Our primary aim was to calculate the

overall technical as well as clinical success. Using meta-re-

gression analysis, we also evaluated the effect of tumor lo-

cation and obstruction length on overall technical and clin-

ical success.

Results A total of 1778 patients from 17 studies were ana-

lyzed. A total of 2036 stents were placed without the aid of

fluoroscopy. The pooled rate of technical success was

94.7% (CI 89.9–97.3, PI 55–99; I2 = 85) and clinical success

was 82.1% (CI 67.1–91.2, PI 24–99; I2 = 87). Based on meta-

regression analysis both the length of obstruction and tu-

mor location did not have any statistically significant effect

on technical and clinical success. The pooled rate of adverse

events was 4.1% (CI 2.4–7.2; I2 = 72) for stent migration,

8.1% (CI 4.1–15.4; I2 = 89) for tumor overgrowth and 1.2%

(CI 0.7–2; I2 = 0) for perforation. The most frequent clinical

adverse event was retro-sternal chest pain.

Conclusion Palliative esophageal stenting without fluoro-

scopy using SEMS is both safe and effective in patients with

advanced esophageal cancer.

Supplementary material: Supplementary Fig. S1–4,

Appendix A+B, Supplementary Table S1
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Introduction
It is estimated that 17,650 cases of esophageal cancer will be
diagnosed each year, and 16,080 deaths are expected from
the disease in the United States [1]. Globally, of the estimated
456,000 cases of esophageal cancer diagnosed in 2012,
398,000 were squamous cell carcinomas (SCC) and 52,000
were adenocarcinomas [2]. Incidence rates for adenocarcino-
ma of the esophagus have been increasing dramatically, prima-
rily owing to increases in known risk factors such as obesity [3].
In the United States in particular, as well as in several western
countries, smoking and excessive alcohol consumption account
for approximately 90% of the total cases of esophageal squa-
mous cell carcinoma (SCC) [4].

Patients with esophageal cancer present with difficulty swal-
lowing or dysphagia and associated weight loss caused by ob-
struction of the esophagus by the tumor. Progressive dysphagia
usually occurs once the esophageal lumen diameter is less than
13mm, which indicates advanced disease and is the predomi-
nant symptom in more than 70% of patients [5]. The primary
goal of esophageal stenting in patients with advanced disease
is to relieve dysphagia and thereby help in preventing worsen-
ing malnutrition. Compared with parenteral nutrition, endo-
scopic stent placement significantly improves a patient’s quali-
ty of life by restoring the ability to take in food and fluids orally.
Despite advances in diagnosis and treatment, the 5-year survi-
val rate for all patients diagnosed with esophageal cancer re-
mains dismal, ranging from 15% to 20% [6].

Self-expanding metal stents (SEMS) have been used for pal-
liation of malignant dysphagia since the early 1990 s [7], how-
ever, use of fluoroscopy for this purpose can be time-consum-
ing, expose patients to unnecessary radiation, and can occa-
sionally be inaccurate [8]. Access to fluoroscopic services may
also not be readily available in certain medical centers. Tradi-
tionally, SEMS have been placed under direct endoscopic visua-
lization, however, more recently, a through-the-scope tech-
nique has also been described [9]. The aim of our study was to
evaluate the overall clinical efficacy and safety of esophageal
SEMS placement without the aid of fluoroscopy.

Methods
Search strategy

We conducted a comprehensive search of several databases
from inception to December, 2019. The databases included
Ovid MEDLINE and Epub Ahead of Print, In-Process and other
non-indexed citations, Ovid Embase, Ovid Cochrane Central
Register of Controlled trials, Ovid Cochrane Database of Sys-
tematic Reviews, Web of Science Core Collection and Scopus.
Two experienced medical librarians, using inputs from the
study authors, helped with the literature search. Controlled vo-
cabulary supplemented with keywords was used to search for
studies of interest. In our search strategy we included fluoro-
scopy along with phrases associated with the procedure such
as direct endoscopic visualization, direct endoscopic place-
ment etc. to maximize our literature search. The full search
strategy is available in Supplementary Appendix-A. The PRISMA

and MOOSE checklists were followed as appropriate and are
provided in ▶Fig. 1 and Supplementary Appendix B [10, 11].
Reference lists of evaluated studies were examined to identify
other studies of interest.

Study selection

In this meta-analysis, we included studies that evaluated the
clinical outcomes of palliative esophageal stent placement
without fluoroscopy. Studies were included irrespective of the
study sample-size, inpatient/ outpatient setting, and geogra-
phy as long as they provided data needed for the analysis.

Studies done in the pediatric population (Age <18 years),
and studies not published in English language were our only ex-
clusion criteria. In case of multiple publications from the same
cohort and/or overlapping cohorts, data from the most recent
and/or most appropriate comprehensive report were retained.
When needed, authors were contacted via email for clarifica-
tion of data and/or study-cohort overlap. The retained studies
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▶ Fig. 1 Study selection flow chart/PRISMA. From: Moher D, Liber-
ati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.
pmed1000097
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were decided by two authors (B.P.M., S.C.) based on the publi-
cation timing (most recent) and/or the sample size of the study
(largest).

Data abstraction and quality assessment

Data on study-related outcomes in the individual studies were
abstracted onto a standardized form by at least two authors
(SC, SRK), and two authors (BPM, SC) did the quality scoring in-
dependently.

The Newcastle-Ottawa scale for cohort studies was used to
assess the quality of studies [12]. This quality score consisted
of 8 questions, the details of which are provided in ▶Table1.

Outcomes assessed

Outcomes assessed were: 1) pooled rate of overall technical
success, as defined by successful deployment of the esophageal
stent; 2) pooled rate of clinical success, as defined by improve-
ment in post procedure dysphagia; and 3) pooled rate of most
frequently reported stent related adverse events (AEs), includ-
ing stent migration, tumor overgrowth and perforation.

Pre-determined meta-regression analysis were planned to
evaluate the effect of tumor location (proximal, mid or distal
esophagus) and obstruction length on overall technical and
clinical success.

Statistical analysis

We used meta-analysis techniques to calculate the pooled esti-
mates in each case following the methods suggested by DerSi-
monian and Laird using the random-effects model [13]. When
incidence of an outcome was zero in a study, a continuity cor-
rection of 0.5 was added to the number of incident cases before
statistical analysis [14]. We assessed heterogeneity between
study-specific estimates by using Cochran Q statistical test for
heterogeneity, 95% prediction interval (PI), which deals with
the dispersion of the effects [15–17] and the I2 statistics [18,
19]. In this, values less than 30%, 30% to 60%, 61% to 75%,
and greater than75% were suggestive of low, moderate, sub-
stantial, and considerable heterogeneity, respectively [20].
Publication bias was ascertained, qualitatively, by visual inspec-
tion of funnel plot and quantitatively, by the Egger test [21].
When publication bias was present, further statistics using the
fail-Safe N test and Duval and Tweedie’s ‘Trim and Fill’ test was
used to ascertain the impact of the bias [22]. Three levels of im-
pact were reported based on the concordance between the re-
ported results and the actual estimate if there were no bias. The
impact was reported as minimal if both versions were estima-
ted to be the same, modest if effect size changed substantially
but the final finding would still remain the same, and severe if
basic final conclusion of the analysis is threatened by the bias
[23]. P≥0.05 was used a-priori to define the significance of dif-
ference between the groups compared as provided by the sta-
tistical software.

All analyses were performed using Comprehensive Meta-A-
nalysis (CMA) software, version 3 (BioStat, Englewood, New Jer-
sey).

Results
Search results and population characteristics

From an initial 783 studies, 234 records were screened after re-
moval of duplicates. Ninety-two full-length articles were asses-
sed and 17 studies were included in the final analysis that re-
ported on the outcomes of palliative esophageal stenting with-
out the aid of fluoroscopy.

In 14 studies, SEMS deployment was performed under direct
endoscopic vision whereas in two studies, the stent was de-
ployed without the aid of endoscopic visualization. In one
study, through-the-scope (TTS) stent deployment method was
used. Pre-insertion dilation was performed using Savory and
CRE Balloon dilators. The most commonly used esophageal
stent was Ultraflex (Boston Scientific, Marlborough Massachu-
setts, United States). Population characteristics including
type/length of stent used are described in Supplementary Ta-
ble S1. Details on the type of instruments used and whether or
not the instrument was successfully able to traverse the steno-
sis are described in ▶Table 2. In two studies, the stenosis was
traversed successfully without prior dilation [24, 25].

Characteristics and quality of included studies

There were no multicenter or population-based studies. Over-
all, four studies were low quality, twelve studies were consid-
ered to be of medium quality and one study was of high quality.
Majority of the studies were single center observational stud-
ies. As a result of this, the MOOSE checklist was followed and
is presented as Supplementary Appendix-B.

Meta-analysis outcomes

A total of 1778 patients were included in the analysis from 17
studies. In all, 2036 esophageal self-expanding metal stents
(SEMS) were placed.

The pooled rate of technical success was 94.7% (95% CI
89.9–97.3) (▶Fig. 2) and the pooled rate of clinical success
was 82.1% (95% CI 67.1–91.2) (▶Fig. 3). Most frequently re-
ported AEs were stent migration, tumor overgrowth and per-
foration. The pooled rate of stent migration was 4.1% (95% CI
2.4–7.2), tumor overgrowth was 8.1% (95% CI 4.1–15.4), and
perforation was 1.2% (95% CI 0.7–2) (Supplementary Fig. S1,
Supplementary Fig. S2, Supplementary Fig. S3). Of the per-
forations in seven patients, five were intra-procedural related
to stent insertion and two were during balloon dilation prior to
stent insertion. The I2% heterogeneity along with the 95% pre-
diction intervals for the corresponding pooled rates are sum-
marized in ▶Table 3.

Meta-regression

Meta-regression analysis was done to assess the predictive ef-
fects of tumor location and tumor obstruction length on the
outcomes of interest. The software uses the Knapp-Hartung
method, where P <0.05 is considered significant and would
indicate a potentially possible predictive effect. The results of
tumor location on technical success were as follows: upper
third P=0.6; mid third P=0.2, and lower third P=0.2. The re-
sults of tumor location on clinical success were as follows: up-
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per third P=0.5, mid third P=0.4, and lower third P=0.2. Effect
of obstruction length on technical success was P=0.9 and on
clinical success was P=0.7.Overall, tumor location and obstruc-
tion length did not affect overall technical and clinical success.

▶Table 2 Details of instruments used, scope passage.

Study Instrument type Pre-dilation Scope passed

Yes No

Austin, 2001 Olympus XQ200, Keymed, Southend of Sea, UK) X –

Almond, 2017 NR X X

Balekuduru, 2019 180 GIF180 (Olympus, Tokyo, Japan) – X

Ben Soussan, 2005 Olympus XP 160; 5.9mm diameter, Olympus XP20 ; 8.5mm X X

Ferreira, 2011 Olympus GIF-XP 160; 5.9mm X X

Garcia-Cano, 2016 Pentax EG-1870 K; Pentax Corporation, Tokyo, Japan, 6mm X –

Govender , 2015 NR X X

Jain, 2016 Adult endoscope, Pediatric flexible gastroscope X X

Kini, 2018 NR X X

Lazaraki, 2011 Fujinon EG-250WR5, Fujinon Corporation, Saitama, Japan, 9.4mm X X

Saligram, 2017 Adult endoscope, Pediatric Flexible Gastroscope X X

Sharma, 2012 Olympus EVIS 130 Gastroscope X X

Siddiqui, 2010 NR – X

Tahiri, 2015 Adult/Pediatric flexible esophagogastroscope X X

Vermuelen, 2019 NA NA NA

White, 2001 NR – X

Wilkes, 2007 Conventional endoscope, Narrow-bore endoscope X X

Study name  Statistics for each study  Event rate and 95 % CI
 Event rate Lower limit Upper limit

Austin, 2001 0.767 0.585 0.884
Almond, 2017 0.997 0.981 1.000
Balekuduru, 2019 0.994 0.907 1.000
Ben Soussan, 2005 0.909 0.753 0.970
Ferreira, 2011 0.983 0.891 0.998
Garcia-Cano, 2016 0.986 0.813 0.999
Govender, 2015 0.905 0.874 0.929
Jain, 2016 0.995 0.932 1.000
Kini, 2018 0.971 0.664 0.998
Lazaraki, 2011 0.933 0.858 0.969
Saligram, 2017 0.953 0.910 0.977
Sharma, 2012 0.923 0.609 0.989
Siddiqui, 2010 0.938 0.858 0.974
Tahiri, 2015 0.990 0.854 0.999
Vermuelen, 2019 0.313 0.177 0.490
White, 2001 0.993 0.897 1.000
Wilkes, 2007 0.918 0.845 0.959
 0.947 0.899 0.973

− 1.00 − 0.50 0.00 0.50 1.00

▶ Fig. 2 Forest plot, technical success.
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Validation of meta-analysis results

Sensitivity analysis

To assess whether any one study had a dominant effect on the
meta-analysis, we excluded one study at a time and analyzed its
effect on the main summary estimate. In this analysis, no single
study significantly affected the outcome or the heterogeneity.

Heterogeneity

We assessed dispersion of the calculated rates using the predic-
tion interval (PI) and I2 percentage values. The PI gives an idea
of the range of the dispersion and I2 tell us what proportion of
the dispersion is true vs chance [17]. The calculated PIs are re-
ported with the pooled results in Supplementary Table S1. The
PI was 55 to 99 for technical success with considerable I2%. The
PI for clinical success was 24 to 99 with considerable I2%. The PI
for stent migration was 1 to 22 with significant I2%, for tumor
overgrowth was 1 to 56 with considerable I2% and for perfora-
tion was 1 to 2 with zero I2%. The results of meta-regression a-
nalysis based on obstruction length and tumor location demon-
strate that the observed heterogeneity is not explained based
on these variables.

Publication bias

Based on visual inspection of the funnel plot there seems to be
presence of publication bias, as the studies are not uniformly
distributed across the mean axis. However, based on the quan-
titative assessment by Eggers regression test, the one-tailed p-
value was 0.05 and the 2-tailed p-value was 0.1 (Funnel plot:
Supplementary Fig. S4). Based on these values, we believe
there is evidence for publication bias.

Quality of evidence

The quality of evidence was rated for results from the meta-a-
nalysis according to the GRADE working group approach [26].
Observational studies begin with a low-quality rating and based
on the risk of bias, heterogeneity, and publication bias, the
quality of this meta-analysis would be considered as low-quali-
ty evidence.

Discussion
Our study demonstrates that palliative esophageal stenting can
be both successfully and safely performed without the aid of
fluoroscopy. We report a pooled technical success rate of

Study name  Statistics for each study  Event rate and 95 % CI
 Event rate Lower limit Upper limit

Austin, 2001 0.767 0.585 0.884

Balekuduru, 2019 0.852 0.740 0.921

Ben Soussan, 2005 0.909 0.753 0.970

Lazaraki, 2011 0.988 0.919 0.998

Sharma, 2012 0.964 0.616 0.998

Vermuelen, 2019 0.857 0.676 0.945

White, 2001 0.457 0.345 0.574

Wilkes, 2007 0.582 0.482 0.675

 0.821 0.671 0.912

− 1.00 − 0.50 0.00 0.50 1.00

▶ Fig. 3 Forest plot, clinical success.

▶Table 3 Summary of pooled rates with I2, CI and PI.

Pooled rate; 95% confidence interval (CI) I2 heterogeneity; 95% prediction interval (PI)

Technical success 94.7% (89.9–97.3)
17 studies

85%
55 to 99

Clinical success 82.1% (67.1–91.2)
8 studies

87%
24 to 99

Stent migration 4.1% (2.4–7.2)
14 studies

72%
1 to 22

Tumor overgrowth 8.1% (4.1–15.4)
13 studies

89%
1 to 56

Perforation 1.2% (0.7–2)
17 studies

0%
1 to 2
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94.7 % and a pooled clinical success rate of 82.1%, derived from
17 studies that evaluated 1778 patients. To the best of our
knowledge, this is the first study to report pooled outcomes of
esophageal stenting without the aid of fluoroscopy. A recent
review by Anderloni et al stated that conventional palliative
stenting for malignant dysphagia is associated with a technical
success of approximately 95%, a very low risk of early major
complications (< 5%), and early clinical success of 80% [27].
Our study shows that without the use of fluoroscopy, both
technical and clinical success is at par with the conventional
technique.

Currently, palliative esophageal stenting is performed under
fluoroscopic guidance and several studies have proven efficacy
and safety [28–37]. However, there are several limitations of
conventional fluoroscopic SEMS deployment. This requires de-
marcation of the proximal and distal extent of the stricture ei-
ther with surface (skin) or inner markers. Surface markers, al-
though easy to place and view, are often inaccurate because of
parallax effects resulting from patient motion, including re-
spiratory movements [38]. Additionally, the main advantage of
using fluoroscopy is to allow passage of guidewire into the
stomach and for placement of external radio-opaque markers
at the two ends of the obstruction to allow accurate SEMS de-
ployment. However, this leads to an increase in total procedure
time and exposes patients to unnecessary radiation. Addition-
ally, fluoroscopically guided insertions require additional
equipment and personnel, and routine overnight stay adds an
unnecessary additional cost to the service. Based on our study,
we demonstrate that endoscopic placement of SEMS can be
readily performed in medical centers that lack fluoroscopy.
This is the first study to evaluate not only the feasibility but
also the safety of this technique.

Based on our meta-regression analysis, the overall success
did not appear to be affected by the tumor location within the
esophagus or the length of obstruction. Meta-regression analy-
sis, however, is a weak statistic in terms of assessing the predic-
tive effects of a variable to the reported outcome. In 14 of the
included studies [24, 25, 38–49], the esophageal stent was de-
ployed under direct endoscopic view where as a through-the-
scope (TTS) technique was used in only one study [9]. In two
studies [50, 51], the esophageal stent was placed over a guide-
wire and confirmation of accurate positioning was done by post
deployment endoscopy.

There have been several AEs related to SEMS reported in lit-
erature, with incidence of stent migration ranging from 3% to
18% and that of tumor overgrowth, tumor tissue from progres-
sive tumor growth or by nonmalignant hyperplastic tissue
growth at the end of the stent, ranging from 2.5% to 10.5%
[47]. Based on our analysis, the pooled incidence of stent mi-
gration was 4.1% and that of tumor overgrowth was 8.1%, in
concordance with the published literature. Clinically significant
AEs were reported as early i. e. within 30 days post-procedure
and late i. e. 30 days after the procedure. Most common early
adverse event was retrosternal chest pain, reported in 185 pa-
tients (10.4%) followed by gastro-esophageal reflux disease re-
ported in 41 patients (2.3%). Overall, there were 68 deaths
(3.82%) within 30 days of the procedure however these were

not directly related to the procedure itself. When evaluating
stent-related AEs, five patients had intra-procedural perfora-
tion related to stent insertion. Almond et al reported that of
the three patients who had perforation during stent insertion,
two underwent successful insertion of a covered esophageal
wall stent, and neither required a repeat endoscopic, radiologi-
cal, or surgical intervention. Both patients survived for more
than 30 days following the procedure [39]. In another study by
Kini et al, one patient each in two study groups, “with fluoro-
scopic guidance” and “without fluoroscopic guidance”, respec-
tively, had intra-procedural perforation [51]. Garcio-Cano re-
ported mediastinitis in 1 patient due to a perforation during
stent insertion which was closed with two other stents [25].

How does our study compare to other published reviews?
Two prior studies have directly compared outcomes of endo-
scopic and fluoroscopic esophageal stenting. Kini et al directly
compared outcomes of both these techniques with what they
described as simplified technique involving blind placement of
the esophageal stent over a guide wire. The authors concluded
that both endoscopic and fluoroscopic techniques exhibited a
comparable statistically significant improvement in dysphagia
and that both techniques were equally safe. And while the con-
ventional approach reduced procedure time and patient dis-
comfort, the stents in the simplified technique were all fully
covered and so a head-to-head comparison of techniques and
outcomes could not be made with surety [51]. Ferriera et al
concluded that both approaches are equally safe in terms of
early and late complications [41]. To the best of our knowledge,
no prior systematic reviews and meta-analysis have been re-
ported on this topic.

The strengths of this review are as follows: systematic litera-
ture search with well-defined inclusion criteria, careful exclu-
sion of redundant studies, inclusion of good quality studies
with detailed extraction of data and rigorous evaluation of
study quality. There are limitations to this study, most of which
are inherent to any meta-analysis. The included studies were
not entirely representative of the general population and com-
munity practice, with most studies being performed in tertiary-
care referral centers, in the hands of expert endoscopists. Our
analysis included studies that were retrospective in nature con-
tributing to selection bias. We included studies where stenting
was performed using various techniques and we were unable to
assess if one method was superior to the other.

Our main aim was to evaluate the efficacy of esophageal
stenting without the aid of fluoroscopy and for this reason, we
included studies where an endoscopic, over-guidewire or
through-the-scope techniques were used. We were unable to
study the superiority and/ or inferiority of one technique over
another. Considerable heterogeneity was observed based on
the I2% values and the 95% PI interval. Although we were un-
able to ascertain a statistical cause for the observed heteroge-
neity based on our meta-regression analysis, we believe the
variability of the above mentioned techniques could explain
the observed heterogeneity. Nevertheless, our study is the
best available estimate in literature thus far with respect to
the clinical outcomes of endoscopic palliative esophageal
stenting.
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Conclusion
In conclusion, our meta-analysis demonstrates that palliative
esophageal SEMS placement can be performed without the aid
of fluoroscopy with a technical success rate of 94.7% and clini-
cal success rate of 82.1%, in expert hands and in high volume
centers. To better establish its clinical role, future randomized
controlled studies are needed comparing esophageal SEMS
placement with fluoroscopy to without.
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