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Abstract

AIM: To analyze the outcomes of self-expandable stent
placement for benign esophageal strictures and benign
esophageal leaks in the literature.
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METHODS: The PubMed, Embase and Cochrane
databases were searched for relevant articles published
between January 2000 and July 2014. Eight prospective
studies were identified that analyzed the outcomes
of stent placement for refractory benign esophageal
strictures. The outcomes of stent placement for
benign esophageal leaks, perforations and fistulae
were extracted from 20 retrospective studies that
were published after the inclusion period of a recent
systematic review. Data were pooled and analyzed
using descriptive statistics.

RESULTS: Fully covered self-expandable metal stents
(FC SEMS) (n = 85), biodegradable (BD) stents (7 =
77) and self-expandable plastic stents (SEPS) (7 = 70)
were inserted in 232 patients with refractory benign
esophageal strictures. The overall clinical success rate
was 24.2% and according to stent type 14.1% for
FC SEMS, 32.9% for BD stents and 27.1% for SEPS.
Stent migration occurred in 24.6% of cases. The
overall complication rate was 31.0%, including major
(17.7%) and minor (13.4%) complications. A total of
643 patients were treated with self-expandable stents
mainly for postsurgical leaks (64.5%), iatrogenic
perforations (19.6%), Boerhaave’s syndrome (7.8%)
and fistulae (3.7%). FC SEMS and partially covered
SEMS were used in the majority of patients. Successful
closure of the defect was achieved in 76.8% of
patients and according to etiology in 81.4% for
postsurgical leaks, 86.0% for perforations and 64.7%
for fistulae. The pooled stent migration rate was
16.5%. Stent-related complications occurred in 13.4%
of patients, including major (7.8%) and minor (5.5%)
complications.

CONCLUSION: The outcomes of stent placement
for refractory benign esophageal strictures were poor.
However, randomized trials are needed to put this
into perspective. The evidence on successful stent
placement for benign esophageal leaks, perforations
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and fistulae is promising.

Key words: Self-expandable stents; Benign esophageal
strictures; Esophageal perforation; Esophageal fistula;
Anastomotic leak; Systematic review

© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: After a systematic search of the literature, we
performed a pooled analysis on the clinical outcomes of
self-expandable stent placement for benign esophageal
diseases. We analyzed the clinical success, adverse
events and removal outcome of stent placement in 232
patients with refractory benign esophageal strictures
and 643 patients with benign esophageal leaks,
perforations and fistulae. Additional analyses were
performed for clinical outcomes according to stent type
and etiology.

van Halsema EE, van Hooft JE. Clinical outcomes of self-
expandable stent placement for benign esophageal diseases: A
pooled analysis of the literature. World J Gastrointest Endosc
2015; 7(2): 135-153 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v7/i2/135.htm DOI: http://dx.doi.
org/10.4253/wjge.v7.i2.135

INTRODUCTION

Esophageal self-expandable stent placement is a well-
established, evidence-based treatment for the pallia-
tion of malignant dysphagia. By the end of the 90’s
self-expandable metal stents have replaced the tradi-
tional rigid plastic tubes, because of their superiority
in safety and cost-effectiveness*™®. Ever since the
stent designs have evolved in order to improve their
efficacy, durability and safety, and to expand their use
for different clinical indications.

Besides malignant indications, esophageal self-
expandable stents are nowadays used for refractory
benign strictures, benign perforations, postoperative
anastomotic leaks and benign fistulae™”). To define
the heterogeneous group of patients with refrac-
tory benign esophageal strictures Kochman et a/*®
have proposed a uniform definition that has been
widely accepted. According to Kochman'’s criteria an
esophageal stricture is refractory or recurrent when
it cannot be remediated to a diameter of 14 mm
over 5 dilatation sessions at 2-wk intervals, or when
a satisfactory luminal diameter cannot be maintained
for 4 wk once the target diameter of 14 mm has
been achieved™. The definition only applies in the
absence of active inflammation and neuromuscular
dysfunction. In this subgroup of patients with refrac-
tory strictures self-expandable stent placement is
performed to extend the dysphagia-free period and
to reduce the number of dilatations (Figure 1A and B).

There is a varied offer of esophageal self-ex-

Roishidenge ~ WJGE | www.wjgnet.com

136

pandable stents, that can be divided into four main
groups: (1) removable fully covered metal stents (FC
SEMS); (2) removable partially covered metal stents
(PC SEMS); (3) removable covered plastic stents
(SEPS); and (4) biodegradable stents (BD stents).
In this literature review we aim to provide an over-
view of the clinical outcomes of self-expandable stent
placement for benign esophageal diseases including a
by clinical indication and by stent design breakdown.

MATERIALS AND METHODS

The PubMed, Embase and Cochrane databases were
searched for publications from January 2000 to July
2014. Key words that were used included esophagus,
stent and benign. Articles were screened by title and
abstract for their relevance. Studies were considered
for inclusion when they reported on the clinical out-
comes of esophageal self-expandable stent placement
for benign strictures, benign perforations, anastomot-
ic leaks and/or benign fistulae. The exclusion criteria
and search results are shown in Figure 2. The primary
endpoint was clinical success, which was defined as
the absence of dysphagia at end of follow-up after
single stent placement in case of esophageal stric-
tures and successful closure of the defect after single
or multiple stent placements in case of an esophageal
leak, perforation or fistula. Clinical failures were de-
fined as recurrent dysphagia in case of esophageal
strictures and persistent leak or death during stent
therapy in case of esophageal leaks, perforations and
fistulae. Secondary endpoints were the technical suc-
cess rates of esophageal stent placement, morbidity
rates, mortality rates and stent removal outcome.
Technical success was defined as stent placement
across the lesion at the end of the procedure, includ-
ing successful stent repositioning after immediate
migration. Successful stent removal was defined as
uneventful endoscopic stent extraction without the
need for additional interventions or procedures. So
stent removal by the stent-in-stent procedure, which
is used to induce pressure-necrosis of granulation tis-
sue to facilitate the removal of an embedded stent,
was considered an adverse event.

Statistical analysis

This manuscript contains descriptive statistics. Data
were pooled and presented as frequency and per-
centage, so no biostatistical tests were used.

RESULTS

Refractory benign esophageal strictures

After searching the literature no randomized controlled
trials (RCTs) were found that studied the outcomes
of stent placement for refractory benign esophageal
strictures. Twelve prospective, nonrandomized stud-
ies were identified that reported on the outcomes
of esophageal stent placement for benign strictures
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Figure 1 Refractory benign anastomotic stricture after esophagectomy
(A) and fully covered self-expandable metal stent placement for a

refractory benign esophageal anastomotic stricture (B).

(Esophagus OR esophag) AND benign AND

(stents OR self-expandable stent OR esophageal stent)

Limitations
Period: January 2000 - July 2014
Language: English

PubMed: 222 hits
Embase: 366 hits
Cochrane: 7 hits

Exclusion criteria
Irrelevant title/abstract

Reviews and guidelines
Conference abstracts
Case reports

No access to full article

Articles identified:
Strictures: 27
Leaks, fistulae or perforations: 26
Both strictures and leaks: 26

Analyses including malignant indications

Leaks, fistulae and/or perforations: 20 articles
included
Excluded articles:
Published during inclusion period of
systematic review by Dasari et a/")

Strictures: 8 articles included
Excluded articles:
Retrospective study design
Strictures not fulfilling Kochman'’s criteria
Duplicate publications

Duplicate publications

No subgroup analyses for patients with
benign leaks, fistulae or perforations
Patients analyzed with active malignancy
Airway stenting performed

Only postsurgical foregut leaks included

Figure 2 Literature search.

(Table 1)P?%, One was excluded because of a dupli-
cate publication™®. To create a homogeneous popu-
lation only the studies were analyzed that included
patients with refractory benign esophageal strictures
according to Kochman'’s criteria™. A total of eight pro-
spective cohort series were included that reported on
232 patients with refractory benign esophageal stric-
tures®*®l, In 85 patients a FC SEMS was placed, 77
patients received a BD stent and a SEPS was inserted
in 70 patients. No PC SEMS were used in any of the
included articles. The overall pooled technical success
rate of esophageal stent placement was 98.7%. De-
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tails on stricture etiology, stent type and clinical out-
comes are summarized in Table 2. Analyses by stric-
ture etiology were not possible due to lacking data.

Clinical success: The overall clinical success rate
after single stent placement was 24.2%. The clinical
success rates per type of stent are presented in Table
2. The time to recurrence of dysphagia after failed
stent therapy varied widely. Stricture recurrence after
FC SEMS removal was reported by three studies after
median periods ranging from 15 d to 1.7 mo!*%*,
Recurrence of dysphagia after SEPS removal was re-

February 16, 2015 | Volume 7 | Issue 2 |



van Halsema EE et a/. Stents for benign esophageal diseases

Ieapun
jua)s 03 uonepar ‘eruownaud uonendse jo parp (99°¢) Jusnred suQ
(82/1) %9°¢ :BuntwioA ¢

(82/1) %9°€ xnpPa T

(82/2) %1 ~ured reuraisonay 1

syuaned jo (32/%)

91 :syusned gz ur syuswadeld Juass 66 Jo suoredrdurod Toury
(82/1) %9°¢ reruowmaud uonendsy g

February 16, 2015 | Volume 7 | Issue 2 |

(82/1) %9°€ :SunTwoa pue 19497 ¥ (82/%) %¥1 "wBLio umowyun 9
(2/0) (82/2) %L Buipaaig € padeyd Juals g 6 18103 U (82/€) %11 s99WO §
%0 U9 PITYT, (82/2) %1 £ ured [eursisonay ¢ (82/2) % rmpms onsne) §
(e1/9) (82/2) %1 £ “Sunnuoa pue ured [euseisonay (82/82) (82/€) %11 PIMdLIS uogeIpey ¢
9,G JUA)S PUOIIG syuanyed jo (82/8) 9,007 :SS900NS [EdIUYDD ], (82/2) %SGz :9INIdLIS DIOWOISEUY T
(82/2) 9%6¢ :syuaned gz ur syuswadeld Juals 66 Jo suonedrduwod Jofejy (82/6) %€ ompins ondoJ T
94, GT :YUd)S ISIL] drqeordde (82/€) %2 01 :uondedur poog €1 = U Jua)s (g renuanbag 87 = U "eLIdILID 2102
2193 oW 93y 10N (82/€) %01 uoneidnu juaig p (1ZTI-12) 0€9 GL = 1 3uals g SIS uewIyOOY 03 SuIpI0de GG YIM Sjusned  309dsord v 42 SOPIIH

%0 SINAS Dd “%0 SdAS ‘%01 3ua3s g :ured 5o 219495 ¢
%0 SINAS Dd “%0 SAHS “%01T 3us dg :Surpasq 1ofe|y T

(or/%) :syuaned 3o (0¢/¢) % ut suonedrdwod 1ofepy &
%0% 'SINHS DA € %0T SINAS D4 ‘%01 SIAS “%0 1U23s Ad XNy € -
(ot/1) %0T SINAS DA “%0T SAAS “%0 1u=1s g :ured 159> 21eIopoN ¢
%01 ‘SddS ¢ %0T SINAS Dd “%0 SIS “%0 ¥u93s (4 ‘uonesuss snqo[o 1
(or/¢) :syuanred Jo (0€/) %L1 Ut suoredrdwod tourpy AMTL- (0£/9) %1 Pam3o1s dryredorpy g
%0¢ RS ad 1 sjuened omy (0T/0T) %00T :SINFS DA (0£/2) % °Im3oms uonerpey
((zzo (Or/01) %001  urerdeydsAp juarmoarx pue Surpasiq Iofew SUO Y3IM PJeIOSSy (01/€) %01 :2ImPIns dnsne)) ¢
=qd)2dfiumg  :SNES DA %0 SINAS DA ‘%0 SAFS ‘%0¢ 1u1s ad :(60°0 = d) eisejdiad Ay anssiy, AM L - (0e/2) %€t ompms oudaq ¢
%0€ SINAS Dd ‘%09 SIS %0 14218 Ad :(91°0 = d) uonerdiu jusig (01/01) %001 :SddS (0£/€1) %€¥ :IMPLS dpowojseuy |
(0e/9) (ot/om) %09 SINAS DA 0g = U ‘LR (4104
%LTMRIPAQ  %00T SAAS ‘%0 SAAS ‘%0§ 1S Ad :(8¢°0 = d) suonesndwod yim sjuaned — our (99-8) ¢ (01/01) %001 1u=1s g ueuyoY 03 SuTpIodde SHAY M sjuaneq  padsorg v 1o eusuRD
(19/2) %S s99WO § g
ourg - (19/8) %0c 2an1oLIS UoHEIPEY o
(T%/1) %¥'C reruownaug (£1/£1) %00T (I¥7/€) % PampLns onsne) ¢ mc
(17/1) %¥T Sunmuop ‘SINHS D 2UOdIIS AN (17/91) %6¢ 2mioms oudag ¢ 3
(1% /1) %% :yusuraSeueur dATIEAIISUOD YIIM paA[osal ured 3say)) (T%/21) %6¢ :9IMIDLIS dRowojseuy | 2
1%/%) (1%/%) %86 :Sutuonisodar 10 [eaowsas Jua)s Surimbai ured 3say) M F - 1 = u :owt T snoraadxd ayy Suunp W
%86 :5590ons  (IF/TF) %00T (1¥/21) %€ 6¢ uoneidnu jusig (bT/¥7) W GT uey) 210w 0 SUOHEIE[IP ¢ Uey} dI0u €10T -
[es1uIp [[erRAQ 'SINAS D4 :suoryedrjdurod [feeaQ o §g %0071 ‘SINAS D prepueig  Iojje sarnjdLns udruaq JUSLINdAI YIIM sjuane]  30adsorg @t 12 mdey) @
BLIDILID S, uewuypoy] 03 Jurprodde gAY Yim syusryed Surpnppur sarpnis 310400 9A10adsor ] W,
(9d43-e13eydsAp) [eAowda JUIS (d8uea) ueipaw [eAOWIdA pA[NpaYds “djed ugisap
$$320NS$ [ed1ul]D |nyssadong suonedijdwo) dn-mojjo4 ss320ns [ed1UYydd) “adf) Judg suonedIpul ‘syusaned Apmyg Joy

sa1n)dLs [easeydosd usiuaq A103oe1ja1 10y Judwdde|d Jud)s d|qepuedxa-J|3s Uo aInjesdd| | dJqeL

JRaishideng®




van Halsema EE et a/. Stents for benign esophageal diseases

(ee/2) %9
JUS)S SAOWIDI
03 Liiqeur

(ov/21) %0¢  (€€/1¢) %¥6

a[qeoridde
(0z/6) %S JON
(81/9)
%¢e UAS Ad ¢
(0z/9)
%0€ ‘SddS 1
(80 (91/91)
=d)2d&ums 94001 :SdAS

%€
‘2Injoery jusig

(61/%) %1z (Se/¥€) %L6

%L
JUajs-UI-jualg

(S1/0) %0  (ST/¥1) %<6

[@ssaa 1ofewr ojur urpoid Juays 03 anp Ajqeqord Surpas|q SAISSEIA

(9¢/1) %8T :AnjerIow paje[aI-julg

(9¢/€) %€'8 :Burpaajg

(9¢/7) %9°G :xnpyaa readeydosaomnsen

(9¢/2) %96 ruoneIoNR]

(9¢/1) %8'C ermsty

(9¢/%) % 11T :uonesrpawr Surrnbar ured jsoyd aroaag
(9¢/8) % ce -uoneIiu jualg

(12/1) %8¥ :onssn onserdiad Ay £q pasned erdeydsLq
(T2/1) %8'F :3urpas|q zoury

(12/¢€) %<1 :sorsadreue Surrmbar ured doeroy) a19A9g
(12/2) %S°6 ‘uoneidiu juaig

syuanred yjoq ur paserd sem GINHS DI V

(81/2) %11 3U1S A4 ‘%0 SHS YIMOIZI2A0 /-Ur InSSL],
(8T/2) %11 Yu23s Ad “%0 SIS :uonoeduwr poog

(81/%) %z 1u2s ad “(0¢/S) %ST SIHS uoneIdiu jusg
o, LT 3U3S g ‘%G SIAS :Sunmuoa /easneN g

%9 Y1238 A4 ‘%0 SIS XN T

(8€/%) %S 0T :suonedrduwod oury

o, LT 3U23s g ‘%0 SAAS :sayerdo Gurrmbai ured araaag ¢
%0 Y193 A4 ‘%G SIAS “UOHeI0}d] T

%11 1u21s A4 ‘%SG SAHS 2SeyaIowaH |

(8¢/9) %8°ST :suonedriduod tofey

(6T/1) %S rerunpAyiry T

SHGY Pim syuaned ur suonestjdurod rofejy
(61/1) %G oA G

(61/1) %G :uonesuas snqoyo

(61/2) %L :ured reunuopqy ¢

(61/1) %G ured 3sayD ¢

(61/€) %91 :uoneurdeaur /urpjojur Juls |
'SHEY M spuaped ur suoryedrdwod xoury
(61/£) %8 9¢ :uoneIdiu juslg

(S1/€) %0c "ured 1

:suoryedr[dwod Toury

(S1/1) % reruowmoaud uonendsy §

(S1/2) %€T :Sunmuon /essneN ¢

(S1/1) % “er8eydoudpo jusysisiad a1oaag g
(S1/1) % :Teaourar yuays Surrmbai ured a19asg T
ssyuanred o (G1/€) %0¢ ur suonedtidwod tofejy
(ST/€) %0T ' yamo1812A0 anssi],

(ST/9) %¢¢ ruoneIdu Juig

Im (9G1-11) €6

M (88-G7) €6

p (¥26-L2)
8¢ :5dds
p (656-12)
99T Judls g

p
(09¢-¥¢ @8uex)
TIL F 191

p (0ge-¥1)
98 :[eAOWDI

JUD}S IOV

Sarpn3s 110100 aAndadsord Surureway

(07/11) %8z PO §

(0%/2) %6 2mpdrns ondag ¥

(0%/£) %81 :21n3LIs uoneIpey ¢

(0%/8) %0t 1m31s dnsne) g

AO¢\NHV HNqom 2IN30LNs UEOEOummﬁai ﬁ

v~>> 74 0¥ = U ‘erajrn
(0%/8€) %56 ‘SIS ueuIyooy] 03 SUIPI0de SHGY YHIM SJUSLE]
(12/1) %6 2amyd1ns sngyedorpy 9

(12/1) %S :19WmO §

(T2/2) %01 :2am3d1ns onsne)

(12/9) %¥e PImpLys uonerpey ¢

AHN \ mv &ﬂN 2IN30LNs UEOEOummﬁai N

(12/2) %¢g¢ Pmidrns ondad T

HN =U uwﬁwuiu

(T2/T2) %001 uais ag uewyo3y] 03 Surprodde SHEY YHM Sjudne]

(8¢/1) %€ :A3010m° umowyun 9
(8€/%) %11 S1WO §

(86/9) %91 am1Iys dnsne)
(8¢/2£) %81 LIS uoneIpey ¢
(8¢/£) %81 2m3rns ondad ¢
(86/€1) %¥e :PamdLIS dpowojseuy |
wm = U ‘eLIS3JLID

M9 -
(0T/61) %56 ‘SIS

ueunyooy] 03 SurpIodde GHGY YHM sjusneJ
(61/%) %1z s10WO G

(61/2) %11 :an3dLus uonerpey

(61/2) %11 :om3d1ms dnsned ¢

(61/%) %1c omoms ondeg ¢

(61/2£) %£g IS dpowojseuy |

61 = U SHAA

¥ = U :SUOIjRIOND

Tl = U :9e[misy /syea]

GE = U :JUR)S H-XXBWI[Y UM

(61/6T) %00 ‘SINAS D Pajeay suorsa [eadeydoss uruaq yiim sjusre

(8T/8T) %001 uals agd

(00€-9
a8uer) p §/ F $9 10§ n3Is u[

(S1/€) %0z :osned umowun] g
(ST/1) %L 1PWO ¥

(S1/2) %1 IS uonerpey ¢
(ST/€) %0 :21301s onsne) g
(S1/9) %0% :oamaorns ondag 1

QT = U ‘eLIdLID

(czz-£8) P 60T

(ST/€T) %001 *SINAS DA UBWIPOY 03 SUIPIOdIE SHAY UM STURHE ]

February 16, 2015 | Volume 7 | Issue 2 |

800C
1oadsorg pyl? 2 €0
010C
padsorg | 1w 40 Iday

[oN
1)
—
1102
:.:N b
10adso1 72 [93020g UeA
g
o
<
=
1102 &
&0
10adsoxyax eul? .WJ
pue-oif 72 1praqnojyg 3
g
2
=]
9
=

(4104
[el? 32 SOPATH

JBaishideng®

yoadsorg



van Halsema EE et a/. Stents for benign esophageal diseases

-bijew aAide yum syuaned pazAjeue Ay asnedaq papn|dxa a1am saipnis alow Jybis sapipe syl Jo buipesad |njaied aiow Jaye Ing ‘adnjelall] Syl Wo.) paldd|as alom
S2IpN1S 8¢ JO |B10)} ¥ PauiluUapl aJam aejnisy Jo suonesopad ‘syea| [eabeydosse ubiuaq Joj Juswaoe|d Jua3S JO SBWODIN0 Byl UO pasnd0j 1eyl S1DY ON ‘SiSAjeue Joj
P2JSPISUOD BIBM (/€ 32 11ese JO MBIARJ D13eWR]SAs a3 Jaye paysiiqnd sa1pnis auy3 ‘a4ojalayL *(,2T0Z 03 066T WoJy paysiiqnd a4njesayl| ay3 ul suonelopad pue sxes)
|[esbeydoss ubiuaq Joy Juswade|d Juals ajqepuedxa-}|9S JO SBLI0IIN0 |eDIUIPD Y3 pazAjeue 1Byl MaIAaL diRewalsAs paysiignd Ajjusdad e pajeaAal Uoleas ainjelall| syl

aeynjsiy pue suoneiopiad ‘syea| jeabeydoss ubiueg

* __.saoald

[e1] :
OM] Ul paA3LIIad Sem pue |eArowad buunp painioel SIS D4 Jayjouy "z UDIS BY3 JO IBA0D paxdnusip ayl ybnouayy ymmolb anssiy aAioeal a1aAas 03 anp aunpadsoud
JUD1S-UI-]UdS B AQ paAowal 9q 0} pey SINIS D4 suo "o FUSIS BU) dA0ge anssh uonejnuelb Aq pappaquia Ajjeiped sem auo pue ‘uonisodaalul WN3|l [_UILLID] — SA|RA
|ED3203|1 — UOJ0d B YIm Judned e ul aAeA |BD2209|1 9yl ybnouayy pajind aq jou pjnod s43s pajedbiw auo asnedaq ‘Alabins bulinp paAowsad aiam Sd3s oml (6S5//S

'%%9°96) SdIS Pue (S8/£8 ‘%9°/6) SIS D4 ‘siuaned Jo (LHT/0bT) %7 L6 Ul PIASIYDR SeM [RAOWISI JUSIS [NYSS3I0NS "SIWIS D4 10 SIS e yim syuaned Jo (SST/4hT)
%6'Z6 Ul pa1dwane sem [BAOWSI JU]S "SA|0SSIp 0] 22ejd Ul US| 9JoM S1US1IS g pue dMm ZT 01 { Jaue pajnpayds sem SIS D4 10 SJIS JO [BAOWDY :|eAOWD JUdlS

"[©2UaLIN03a1 8UNPLIAS Ag pasned usaq aAey Aew ydiym ‘eluownaud uonedidse Jo palp Juls Ag e Yim jusied Jsyjouy i I9s
-SaA Jofew e 03Ul UOISOIS Sd3S 03 anp Ajgeqo.d Buipas|q aAISSeW e Wol) Yjesp paje[al-iuais (%'0) U0 sem alayl '€ ajgel ul pajuasald ale ubisap jua)s Jad sajel
uonedljdwod Jouiw pue Jofey ‘%t ST Ul suonedldwod Jouiw pue syuaned Jo 9%/ /T Ul papodal alam suonedidwod Jofely -juswsdeld Juals 03 anp suonedidwod //

10 |2301 B paJayns sjyuaned (9%0°'TE) ZZ ‘AjPiededss pazAjeue aiam UYdiym uonoeduwll poos pue uonewllo) anssi aAndead ‘uonelbiw Ju1s BuIpnpX] :SJUDAD ISIDAPY

"(££/S "%S"9) 3ua3S Ag e yum sjuaned ul Ajuo pauindoo pue syusijed Jo (ZEz/S)
%¢"C Ul papodal sem uonoedwll pood ‘Sd3S 404 (04/T) %' T pue sjuls agd 404 (££/9) %8°L 'SWIS D4 404 (S8/€) %SG'E sem adAj Juais 03 buipiodde ymodb anssiy
onse|diadAH u1s Qg e paAladad pey [|e oym (92 ) sauaned g ul eibeydsAp juaaundad buisned ‘syusned Jo (2€2/01) %E & Ul papodal sem eisejdiadAy anssiL

'Sd3S 404 (0£/6T) %T'£T PUe Su1s ag 104 (LL/TT) %EPT ‘SWAS D 104 (G8//T) %8 TE o1om
sajed uonedbiw adAy Juals Ag (ZEZ/LS) %9’z sem ajed uonelbiw Juals pajood [|edaAo 3yl :uonpedwl pooj pue uonew.0) dNSS ALl ‘uonelbiw Juals

"erorPtM 6T 03 M H wody Buibuel spoliad uesw Jaye palindad elbeydsAp juswasdeld Juals Ag BYY ", pIM (6-7 buel) { jo ueaw e aye Apnis suo Aq papod

‘Jua)s [ejour A[qepuedxa-J[as paraaod AT :SINIS D ‘uails s[qeperdapolg :uals (g uals onseld sjqepuedxs-J[ag :SJHS ‘sammyorns [eadeydoss udiuaq A1010e159y :SHIY

9,/ :INIDLIS UonjeIpey] ¢
9 /T :2INJOLIS DIJOUW0}SLUY ¢

(ST/1) % ruoneidu Jug o€€ :PINIOLYS dnysneD) T
(ST/%) %Lg “uonerdjrordad Ay resoonw syerspow /PN owr (£z-61) M 9 GI = 1 1SUOISSIS UOKETIP 9 JSLI] J¥ 19358 SAINIILNS $00C
(ST/21) %08 (ST/ST) %00T (ST/9) %¢¢ :sorsa8eue Sutmbar ured 3s3yd s19a3g £7TT U (ST/ST) %00T :5ddS [ea8eydoss uSmueq Sunsiszad yim sjusneg  odsorg | 1w 4o PIday

§ = U :YeS] JOWOoISeUy
8 = u :1eak 1ad suorssas uonerip (z1-1 28uer)

(12/1) %8'F :sisouays omyo[3ide Aroyeururepyuy our (6¢-g) 9 JO UBIpaUI  I9}je SaIN}OL)s UuStuaq A103oerjoy
(12/1) %8F uorssardwod Teayoder) 0} anp IOpIIg 1T :TeAowax ouwr gT-p gauey  § = u :2In3dLs dnourojseue druojodogeydosy $00C
(zr/€) %92 (12/12) %00T (I2/21) %1 °£S ‘uoneIdIu JuSig JU}S YV (T2/ 1) %001 :5ddS G = U :PINPLYS PONPUI-GINAS  10odsorg v 10 preaag
0T = U JudwWean 10T
a[qeoridde (01/2) %0z 'uononnsqo paonpur-eisejdadAfy ordodsopus Aue pey aaey jou pIp oym 2INJOLIS l?
(0T/9) %09 10N (0T/T) %0T :uonoedwr poog our 9 (0T/0T) %001 3u23s Qg onowojseue drse3oFeydoss ue ypm syuane]  309dsorg 72 3JoOF] uep

February 16, 2015 | Volume 7 | Issue 2 |

140

WJGE | www.wjgnet.com

JRaishideng®



van Halsema EE et a/. Stents for benign esophageal diseases

Table 2 Pooled analysis of 232 patients with refractory

benign esophageal strictures according to Kochman’s criteria
treated with self-expandable stent placement 7 (%)

Stricture etiology

Anastomotic strictures 69 (29.7)
Peptic strictures 58 (25.0)
Radiation strictures 36 (15.5)
Caustic strictures 29 (12.5)
Others 26 (11.2)
Unknown 14 (6.0)
Stent type
FC SEMS 85 (36.6)
BD stent 77 (33.2)
SEPS 70 (30.2)
PC SEMS 0(0)
Technical success
Overall 229 (98.7)
FC SEMS 85 (100)
BD stent 77 (100)
SEPS 67 (95.7)
Clinical success
Overall (n = 231) 56 (24.2)
FC SEMS (1 = 85) 12 (14.1)
BD stent (n = 76) 25 (32.9)
SEPS (1 = 70) 19 (27.1)

FC SEMS: Fully covered self-expandable metal stent; BD stent: Biodegradable
stent; SEPS: Self-expandable plastic stent; PC SEMS: Partially covered self-
expandable metal stent.

nancy™!!, performed a double stent strategy including

airway stenting™?¥, included only postsurgical fore-
gut leaks'!, did not perform subgroup analyses for
patients with benign esophageal leaks, perforations
or fistulae®?”, or because of duplicate publication™®.
Ultimately, 20 studies were included for analysis, all
with a retrospective study design (Table 4)2*1, A
total of 643 patients with benign esophageal leaks, per-
forations and fistulae were considered for analysis. A
total of 852 stents were inserted in 573 patients. In the
remaining 70 patients the number of stents used was
not reported. The main indications for self-expandable
stent placement were postsurgical leaks (64.5%), iat-
rogenic perforations (19.6%), Boerhaave’s syndrome
(7.8%) and fistulae (3.7%). The majority of inserted
stents were FC SEMS (41.0%) and PC SEMS (37.7%).
Stent placement was technically successful in 99.9%
of cases. Further details are summarized in Table 5.
Data on concurrent drainage of fluid collections were
available for 425 patients, of whom 57.4% (244/425)
underwent drainage procedures.

Clinical success: The overall clinical success rate of
esophageal stent placement for benign leaks, per-
forations and fistulae was 76.8% (480/625). Sub-
group analysis according to etiology was possible for
358 patients. The highest clinical success rate was
achieved in patients with perforations (86.0%), fol-
lowed by postsurgical leaks (81.4%) and fistulae
(64.7%) (Table 5). When solely FC SEMS were used,
clinical success was achieved in 73.0% (135/185) of

JBaishideng® W]GE I WWW.W].gnet.COm

Table 3 Pooled analysis of adverse events in patients with

refractory benign esophageal strictures 7 (%)

Overall complications 72 (31.0)
Overall major complications 41 (17.7)
FC SEMS (n = 85) 9 (10.6)"
Severe retrosternal pain 5(5.9)
Severe nausea and vomiting 2(24)
Aspiration pneumonia 2(24)
Arrhythmia 1(1.2)
Percutaneous endoscopic gastrostomy because 1(1.2)
of impaired intake caused by severe, persistent
odynophagia
BD stents (1 = 77) 22 (28.6)"
Severe retrosternal pain 10 (13.0)
Hyperplasia-induced stenosis 5 (6.5)
Bleeding, hematemesis 5(6.5)
Severe nausea and vomiting 3(3.9)
Aspiration pneumonia 1(1.3)
SEPS (n = 70) 10 (14.3)
Severe retrosternal pain 4(5.7)
Perforation 3(43)
Bleeding, hematemesis® 2(2.9)
Stent-induced fistula 1(1.4)
Overall minor complications 31 (13.4)
FC SEMS (n = 85) 15 (17.6)"
Retrosternal pain 6(7.1)
Stent infolding/invagination 3(3.5)
Abdominal pain 2(24)
Globus sensation 2(24)
Reflux symptoms 1(1.2)
Vomiting 1(1.2)
Fever 1(1.2)
BD stents (1 = 77) 8 (10.4)
Nausea and vomiting 3(3.9)
Retrosternal pain 2(2.6)
Reflux symptoms 2(2.6)
Minor bleeding 1(1.3)
SEPS (n = 70) 8 (11.4)
Reflux symptoms 3(4.3)
Retrosternal pain 2(29)
Minor bleeding 2(2.9)
Nausea and vomiting 1(1.4)

'Patients can have more than one complication; 2Ir1cluding one stent-
related death from massive bleeding. FC SEMS: Fully covered self-
expandable metal stent; BD stent: Biodegradable stent; SEPS: Self-
expandable plastic stent; PC SEMS: Partially covered self-expandable
metal stent.

patients. Solely PC SEMS were used in two studies
with a pooled clinical success rate of 78.2% (68/87).
Only one study focused on the outcomes of SEPS
placement and reported clinical success in 90%
(27/30) of patients with anastomotic leaks.

Stent migration, reactive tissue formation and
food impaction: Stent migration could be analyzed
in 320 patients who received a total of 468 self-
expandable stents. The overall pooled stent migration
rate was 16.5% (77/468). By stent type migration
rates were 21.8% (53/243) for FC SEMS and 10.6%
(23/218) for PC SEMS. Data were insufficient to ana-
lyze the stent migration rate of SEPS.

Pooled analysis of tissue hyperplasia was possible
for 384 patients in whom 530 stents were inserted.
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Table 5 Pooled analysis of 643 patients with benign

esophageal leaks, perforations and fistulae treated with self-
expandable stent placement

Etiology
Postsurgical leaks 415 (64.5)
Iatrogenic perforations 126 (19.6)
Boerhaave’s syndrome 50 (7.8)
Fistulae 24 (3.7)
Others/not specified 28 (4.4)
Stent type of 852 stents used in 573 patients'
FC SEMS 349 (41.0)
PC SEMS 321 (37.7)
SEPS 60 (7.0)
Stent type unknown 122 (14.3)
Technical success
Overall 851 (99.9)
FC SEMS 349 (100)
PC SEMS 320 (99.7)
SEPS 60 (100)
Stent type unknown 122 (100)
No. of stents per patient
Single stent placement 357 (55.5)
Multiple stents inserted 131 (20.4)
Unknown 155 (24.1)
Clinical success
Overall (n = 625) 480 (76.8)
According to etiology (1 = 358)
Postsurgical leaks (1 = 247) 201 (81.4)
Perforations” (1 = 86) 74 (86.0)
Fistulae (1 =17) 11 (64.7)
Others/not specified (n = 8) 6 (75.0)

"In two studies including 70 patients the total number of stents used was
not reported; *Including iatrogenic and spontaneous perforations. FC
SEMS: Fully covered self-expandable metal stent; PC SEMS: Partially
covered self-expandable metal stent; SEPS: Self-expandable plastic stent.

in the pooled analysis because the overall number of
removed PC SEMS was not reported™”. The ruptures
were successfully treated with another stent. The out-
come of SEPS removal could be extracted from one
study and was successful in 100% (14/14) of cases
after a mean stent time of 17 d™**.,

DISCUSSION

This pooled analysis of the literature showed that the
overall clinical success rate of self-expandable stent
placement was 24.2% for refractory benign esopha-
geal strictures and 76.8% for benign esophageal
leaks, perforations and fistulae. With regard to refrac-
tory benign strictures, the meta-analysis by Thomas
et al”! found sustained improvement of dysphagia
in 46.2% of patients treated with self-expandable
stents, which is almost twice as high as the clinical
success rate (24.2%) in this pooled analysis. Also the
systematic review by Repici et al'*® reported a much
higher clinical success rate of 52% after SEPS place-
ment for benign esophageal strictures. The difference
in clinical success between our pooled analysis and
the aforementioned systematic reviews may be ex-
plained by the etiology and the severity of the stric-
tures. The study population of Thomas et al'”? mainly
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included corrosive (43%), postsurgical (25%) and ra-
diation (11%) strictures. The etiologies of the patients
in the systematic review on SEPS treatment mainly
included postsurgical (38%), corrosive (25%) and
radiation (15%) strictures®®. In our analysis, peptic
strictures accounted for 25.0% of patients, while cor-
rosive strictures represented only 12.5%. However,
the literature data were insufficient to analyze the
clinical outcomes of stent placement according to
stricture etiology. With regard to the severity of the
strictures, Thomas et al’? included three studies, that
accounted for 50% of weight in the meta-analysis, in
which patients had a history of two or less dilatations
before stent placement. The review by Repici et a/*®
did not provide details on the number of previous
dilatations, but included mainly retrospective studies
with heterogeneous definitions of refractory or recur-
rent strictures. We think that the more homogeneous
population included in this analysis of prospective
studies, that fulfilled Kochman'’s criteria®®, had more
severe strictures and therefore a poorer outcome of
stent therapy. Thomas et al'’! reported a significantly
higher clinical success rate for Polyflex stents (55.3%)
compared with nitinol stents (36.7%). Our results
also showed a lower clinical success rate with the use
of FC SEMS (14.1%) compared with SEPS (27.1%)
and BD stents (32.9%). We do not have a good ex-
planation for this finding. Complication, stent migra-
tion and tissue response rates were not significantly
higher with the use of FC SEMS.

Safety analyses in patients treated with self-
expandable stents for refractory benign strictures
showed an overall complication rate of 31.0%, in-
cluding a major complication rate of 17.7%. That
complications are frequent during the course of stent
therapy has also been demonstrated by several retro-
spective studies that were not included in our analy-
ses***l, The major complication rate of BD stents
(28.6%) was twice as high as those of SEPS (14.3%)
and FC SEMS (10.6%), because they caused more
retrosternal pain, hyperplasia-induced stenoses and
bleedings. Severe retrosternal pain occurred in 13.0%
of patients who received a BD stent. Pain after stent
placement has been postulated to be caused by the
radial force of the stent against the tight stricture and
is mainly reported within the first week after stent
placement!®*****%33 However, in vitro analysis of the
radial and axial forces of 23 esophageal stent mod-
els showed that BD stents had a relatively low radial
force and high axial force'®. Therefore, it is more
likely that because of the rigid stent design BD stents
interact less well with the peristalsis of the esophagus
causing more spasm and pain. In this analysis clini-
cally relevant hyperplastic tissue growth was reported
in 7.8% of BD stents. Two case series not included in
this review also showed that reactive tissue formation
is common after BD stent placement (Figure 3)I"*°,
The occurrence of tissue growth may be explained as
a reaction to the chemical processes of degradation,

February 16, 2015 | Volume 7 | Issue 2 |



van Halsema EE et a/. Stents for benign esophageal diseases

Table 6 Pooled analysis of adverse events in patients with benign esophageal leaks, perforations and fistulae

Total number of patients analyzed: n = 599

No. of patients No. of FC SEMS

No. of PC SEMS No. of SEPS Stent type unknown

n = 599) (n = 295) (n = 302) (n = 75)' n = 162)°
Overall complications 80° (13.4) 26 (8.8) 38 (12.6) 1(1.3) 17 (10.5)
Overall major complications 47° (7.8) 11 (3.7) 28 (9.3) 1(1.3) 8 (4.9)
Hyperplasia-induced stenosis 16 (2.7) 0 16 0 0
Hemorrhage' 8 (1.3) 2! 6 0
Stent-related perforation 6 (1.0) 4 1 0 1
Aspiration pneumonia 4(0.7) 2 0 0 2
Respiratory compromise/ tracheal compression 2(0.3) 1 1 0 0
Severe retrosternal pain 2(0.3) 0 2 0 0
Bowel obstruction 2(0.3) 0 0 0 2
Erosion* 2(0.3) 0 1 0 1
Hemorrhage from aorta-esophageal fistula 1(0.2) 1 0 0 0
Stricture formation 1(0.2) 0 0 0 1
Stent-related fistula 1(0.2) 0 1 0 0
Stent dislocation and inability to place new stent 1(0.2) 0 0 1 0
requiring rethoracotomy
Left atrial compression 1(0.2) 0 0 0 1
Death due to esophageal necrosis at proximal stent end 1(0.2) 1 0 0 0
Overall minor complications 33’ (5.5) 15 (5.1) 10 (3.3) 0 (0) 9 (5.6)
Transient stent-related dysphagia 11 (1.8) 1 10 0 0
Stent-related ulcers 5(0.8) 5 0 0 0
Reflux/esophagitis 3 (0.5) 0 0 0 3
Chest pain 3 (0.5) 1 0 0 2
Stent disintegration 3 (0.5) 3 0 0 0
Stent collapse/invagination 2(0.3) 1 0 0 1
Pneumoperitoneum during endoscopy secondary to air 1(0.2) 1 0 0 0
insufflation
Atrial fibrillation related to sedation 1(0.2) 1 0 0 0
Stent malposition 1(0.2) 1 0 0 0
Abdominal pain 1(0.2) 0 0 0 1
Nausea 1(0.2) 0 0 0 1
Globus sensation 1(0.2) 1 0 0 0
Hiccups 1(0.2) 0 0 0 1

'Including 30 patients in whom the number of SEPS used was not reported; Including 40 patients in whom the number of stents used was not reported;
*Patients can have more than one complication; ‘Including one stent-related death. FC SEMS: Fully covered self-expandable metal stent; PC SEMS: Partially
covered self-expandable metal stent; SEPS: Self-expandable plastic stent.

which may also trigger bleedings from the affected
esophageal mucosa. So one should be aware that the
higher efficacy of BD stent placement is attended by

Table 7 Overall mortality in 643 patients treated with self-

expandable stents for benign esophageal leaks, perforations
and fistulae 7 (%)

an increased risk of complications.

Overall mortality 64 (10.0) The clinical success rate (76.8%) of self-expand-
Stent-related i) able stent placement for benign esophageal leaks,
Sepsis-related B 36 perforations and fistulae found in this pooled analysis
Multi-organ failure 5(0.8) . . o . .
Cerebral embolism/cerebrovascular accident 2(03) is comparable with the 81% of the systematic review
. [1] .

I s e e e e dbaams 2(03) by Dasari et al™* (Figure 4A and B). In contrast to
e 2(0.3) our analysis, the latter review excluded patients with
Malignancy 2(0.3) leaks from the gastric staple line after sleeve gas-
Non stent-related bleeding 1(02) trectomy and did not analyze patients with fistulae.
Respiratory insufficiency without sepsis 1(02) In our study clinical success according to etiology
Pulmonary embolism 102 was 81.4% for postsurgical leaks, 86.0% for perfora-
Acute respiratory distress syndrome 102) tions and 64.7% for fistulae. Though derived from
Pulmonary aspiration after healing of leak 1(0.2) . . .
Aortic dissection 1(02) retrospective series, these results seem promising.
Tisrefom e 1002) Patients with esophageal leaks or ruptures are usually
Paraspinal abscess related to persistent fistula 1(0.2) in poor condition with elevated septic parameters and
Full-blown AIDS 1(0.2) require invasive management, like drainage proce-
Aspiration during contrast study 1(0.2) dures, surgery and ICU care. This is reflected by the
Multiple emboli caused by esophago-atrial fistula 1(0.2) increased mortality rate of 7.2%-25.8% after pOSt'
Active euthanasia 1(02) surgical esophageal leakage™*>®, Several treatment
Not specified 13 (2.0)
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strategies have been described for the management
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Figure 3 Endoscopic image of granulation tissue growth 4 mo after
biodegradable stent placement for a refractory benign esophageal
anastomotic stricture.

of esophageal leaks, such as endoscopic vacuum
therapy, nose fistula tube drainage, surgical repair
and conservative management™®®!, Retrospective
comparison of 41 patients with an anastomotic leak
after esophagectomy who were matched by clini-
cal status, showed that endoscopic vacuum therapy
resulted in a lower mortality rate (12%, 2/17) com-
pared with surgical treatment (50%, 9/18) and stent
placement (83%, 5/6) in systemically ill patients™®.
Another retrospective study reported a significantly
higher closure rate after endoscopic vacuum therapy
(84%) compared with stent therapy (53.8%) in 71
patients with esophageal defects®”). However, one
should keep in mind that success of stent placement
depends on the size of the esophageal lesion, the de-
lay between diagnosis and stent placement and if the
patient has elevated septic parameters®®>*****’], Stent
placement is most likely to fail in a large lesion (> 15
mm), that exists for several weeks in a septic patient.
Therefore, patients with an esophageal leak should
receive a multidisciplinary patient-tailored approach.

The removability of self-expandable stents was
safe and feasible with an overall successful removal
rate of 97.2% in patients with refractory strictures
and 78.7% in patients with esophageal leaks. The
fact that PC SEMS were used in 38% of patients with
esophageal leaks resulted in a lower overall success-
ful removal rate. PC SEMS removal was often com-
plicated by stent embedding requiring stent-in-stent
procedures to induce pressure-necrosis of the granu-
lation tissue to facilitate the removal procedure. The
vast majority of stent-in-stent procedures were re-
ported in the study by Swinnen et a*’\. The removal
of FC SEMS and SEPS removal was much safer with
successful removal rates of 96.6% up to 98.4%. The
relation between the use of PC SEMS and complicated
stent removal has also been demonstrated by several
large retrospective series!®>®?,

This pooled analysis of the literature has several
limitations. The prospective data on the outcomes
of stent placement for refractory benign esophageal
strictures reflect a patient population with various
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Figure 4 A small leak at the anastomosis of the esophagus and the
gastric tube 5 d after esophagectomy (A) and esophageal fully covered
self-expandable metal stent placement for a small anastomotic leak (B).

causes for stricture formation. Data were insufficient
to provide analyses according to stricture etiology.
The studies that were analyzed on the outcomes of
esophageal stent placement for benign leaks, perfora-
tions and fistulae were all retrospective, causing het-
erogeneity and underreporting of adverse outcomes.

In conclusion, the outcomes of self-expandable
stent placement for refractory benign esophageal
strictures were poor with a clinical success rate of
24.4% and a major complication rate of 17.7%.
However, randomized trials are needed to put these
outcomes into perspective. Although derived from
retrospective series, the evidence on stent placement
for benign esophageal leaks, perforations and fistulae
is promising with an overall clinical success rate of
76.8%.

COMMENTS

Background

Self-expandable stents in various types are increasingly being used for the
treatment of refractory benign esophageal strictures and benign esophageal
leaks, perforations and fistulae.

Research frontiers

It is hypothesized that esophageal stent placement for benign refractory
strictures prolongs the dysphagia-free period compared with conventional
dilatation therapy. Besides application for the treatment of strictures,
esophageal stents are also used to seal leaks, perforations and fistulae.
Innovations and breakthroughs

The literature on esophageal stent placement for benign indications is
heterogeneous and usually includes small samples. In this systematic review
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we performed a pooled analysis on the treatment outcomes of 232 patients with
refractory strictures and 643 patients with leaks, perforations and fistulae.

Applications

This pooled analysis may be helpful for the endoscopist in the decision-making
on the indication for esophageal stent placement and also to inform the patient
on the risks and benefits of stent therapy.

Terminology

Biodegradable stents are only used for strictures, because they have the
property to dissolve. Nitinol metal stents (SEMS) have an outer membrane
of silicone or polytetrafluoroethylene to prevent hyperplastic tissue ingrowth.
Because they are covered, they are removable and can also be used to
seal leaks. Partially covered SEMS usually become partially embedded by
granulation tissue, which prevents stent migration, but makes them harder to
remove. Self-expandable plastic stents consist of plastic instead of metal and
are fully covered.

Peer-review
This review is well-written and comprehensive review about this subject.
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