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Abstract

Purpose of review This article provides a comprehensive review of the endoscopic treatment
of non-malignant esophageal perforation (NMEP), highlighting endoscopic vacuum therapy
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(EVT) and its benefits compared to other therapies based on the available data and in our
experience in the management of this condition.

Recent findings The treatment of NMEP is challenging, often being a life-threatening situ-
ation. Historically, the management was always performed surgically, although associated
with significant morbidity and mortality. Less invasive approaches such as endoscopic
therapies are now preferred for clinically stable patients. There is no data to state a gold
standard approach; thus, treatment needs to be individualized. EVT use is increasing
worldwide due to its unique mechanism of action and satisfactory outcomes.

Summary EVT should be considered the best approach for NMEP, except for clinically
unstable patients with uncontained collection. EVT has an adequate safety profile and
presents a higher clinical success rate than any other endoscopic therapies for NMEP as a
primary or rescue therapy, as an individual or adjunctive therapy, in defect with or without
associated collection, regardless of defect location or duration. Thus, we are positive that

it is time to go vacuum for NMEP!

Introduction

Non-malignant esophageal perforations (NMEP) are
associated with high morbidity and a non-negligible
mortality, especially in larger defects. Rapid diagnosis
and management are crucial for successful treatment.
Late intervention is associated with worse outcomes,
including sepsis, repeated interventions, prolonged
hospital stay, and substantial healthcare costs [1, 2,
3ee, 4].

Although surgical management was traditionally per-
formed to treat NMEP, surgical defect closure is techni-
cally difficult, raising complication rates [1]. Therefore,
less-invasive approaches are now preferable, mainly
for clinically stable patients. Endoscopic techniques
are highly effective in reducing morbidity and mor-
tality in the management of NMEP including closure,

Definitions and Etiology

covering, and drainage techniques. When determin-
ing the appropriate endoscopic approach for closing
NMEP, certain fundamental principles should be con-
sidered, including systemic treatment, drainage, man-
agement of related factors, and defect closure [5, 6°°,
7, 800, 900].

The purpose of this review is to discuss the role of
endoscopic therapies in the management of NMEP,
highlighting endoscopic vacuum therapy (EVT) and
its benefits compared to other therapies, including
mechanisms of action, types of EVT systems, technical
aspects along with tips and tricks, patients’ manage-
ment during treatment, outcomes, and future perspec-
tives based on the available literature and on our large
experience.

Perforation is defined as an acute rupture of the esophageal wall. Etiologies
for esophageal perforation (EP) include iatrogenic (surgical and endoscopic
complications) and non-iatrogenic causes (trauma, active ulceration, infec-
tion diseases, eosinophilic esophagitis, foreign body impaction, corrosive
agents’ ingestion, and Boerhaave syndrome [9°¢, 10].

Leaks are defined as communication between the intraluminal and extra-
luminal compartments, usually due to a non-treated perforation or after
surgical anastomosis dehiscence. Most leaks are associated with an infected
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collection. Long-term undrained associated collections may spontaneously
drain to another organ, turning into a fistula, which is defined as an abnormal
communication between two epithelialized surfaces [3°¢, 5].

The three recognized narrowing topographies of the esophageal lumen
often correlate with the etiology of the NMEP. Iatrogenic perforations often
occur in the cricopharyngeal. Foreign body ingestion-related NMEP happens
mainly in the broncho-aortic constriction and barotrauma after vomiting
usually occurs at esophagogastric junction [9e°].

Clinical Presentation and Diagnosis

NMEP diagnosis is based on clinical history, physical examination, and sup-
plementary exams, including laboratory tests and imaging.

Clinical manifestation, symptoms, and signs depend on NMEP cause,
location, size, and timing. Cervical NMEP is generally less severe than a tho-
racic or abdominal NMEP, which are usually associated with rapid deteriora-
tion, including sepsis and systemic shock [11, 12].

Esophagogastroduodenoscopy (EGD) is key as it allows for diagnosis and
management. Fluoroscopy assistance during EGD is very helpful and should
be used, especially for iatrogenic defect closure confirmation, evaluation of
leaks associated with collections, and fistulous tract. Additionally, when an
external drain is present, it can be used for injection of water-soluble contrast,
methylene blue, or air/water to perform a bubble test [3¢¢, 12].

Except for iatrogenic perforations during EGD, diagnosis is usually con-
firmed with imaging exams, notably computed tomography (CT) scan with
oral and intravenous (IV) contrast. CT scan allows the evaluation of associated
collections, pneumoperitoneum, free fluid, indirect signs of the source of the
defect, and provides a broad evaluation of other organs [3°°, 7].

Upper gastrointestinal (GI) series (UGIS) is helpful to identify if there is extra-
luminal extravasation, providing information regarding defect characteristics. Addi-
tionally, it is useful after treatment to confirm successful closure. Barium is not
recommended due to the risk of barium-induced chemical mediastinitis [3¢¢, 13].

Management

Management depends on several factors, including patient’s clinical condi-
tion, etiology, timing, location, and degree of infection. Early treatment is
associated with a high clinical success rate [5, 6°¢, 7].

For iatrogenic perforations identified during EGD, immediate treatment
is essential. Experienced staff, device availability, standardized protocols, and
adequate endoscopic closure are key to success. It is recommended to keep
the area around the defect clean and avoid extravasation of fluids [5, 7].

For patients with NMEP related-infection, initial management is simi-
lar to other transmural gastrointestinal defect (TGID), including systemic
treatment for clinical stabilization (NPO, IV antibiotics, fluid resuscitation,



gastric acid suppression, and definition of nutritional route), and drainage
(surgical, radiological, or endoscopic). After these pivotal steps, endoscopic
management should be performed, mainly for clinically stable patients [3e,
4,5, Gos, 14].

Patients with hemodynamic instability and/or uncontained collections
demand surgical intervention in most cases. The goal of surgery is to drain
associated collections. Surgical defect closure depends on its size, location,
degree of contamination, and presence of necrotic tissue on its edges. Endo-
scopic therapies are recommended when defect closure attempt is not per-
formed or also as an adjunctive therapy [3°¢, 15].

Endoscopic Therapies

Endoscopic therapies utilize several mechanisms of action and can be classi-
fied into closure (glues/tissue sealants, clips, and endoscopic suturing (ES))
cover (self-expandable metal stents (SEMS) and cardiac septal defect occluder
(CSDO)), and draining techniques (septotomy, endoscopic internal drain-
age with double pigtail stents (EID-DPS), and EVT). Table 1 summarizes all
therapies used for the management of NMEP [3¢e, 4, 5, G*¢, 7, 8¢, 9¢¢, 16,
179, 18-26, 27, 28-32].

Endoscopic Vacuum Therapy

Endoscopic vacuum therapy (EVT), also known as endoscopic negative
pressure therapy, was developed based on negative pressure wound therapy
and consists in submitting GI tract tissue to a continuous negative pressure
(usually between -125 and -175 mmHg) through a device assembled to a
nasogastric tube connected to a vacuum machine [33¢¢, 34¢¢].

Since its first description in 2003 [35], EVT has been shown to be highly
effective and safe for several TGID [3¢¢, 5, G*®, 20, 36, 37, 38°¢, 39, 40¢°, 41,
42e, 43, 44]. In particular for NMEP, the results are impressive, with several
meta-analyses proving its satisfactory outcomes in different scenarios [8°,
45, 46e, 47].

A recent meta-analysis with 18 studies including all types of NMEP
reported a pooled clinical success of 89.4% with 13.6% adverse events (AEs),
and overall mortality of 7.1%. The reported AEs should be interpreted with
caution because most of the AEs were not serious, as device dislocation
and minor bleeding (that occurs especially during system exchanges) [45].
However, there is still a concern regarding major bleeding based on previ-
ous reports, especially when the device is placed close to large blood vessels
[48-50].

EVT allows continuous drainage of GI fluids, preventing fluid accumula-
tion, reducing local edema, increasing local perfusion, and thus promoting
healing through an unique multifactorial mechanism of action [6®®, 33°e,
34ee,37,38¢¢, 40°°, 41, 51, 52¢, 53¢, 54°¢], as summarized in Table 2.



to Go Vacuum? de Moura et al.

ime

T

Endoscopic Treatment of Non-malignant Esophageal Perforation

i 11
‘enisyy ‘enisty
L oes] 11 pes

Wl pag LU pag

1

sy | ceymasy
Lles 111 opeay
Liag 117 :piag

Rejes foeoyy3

Aymeay :ansst)
WEIEYY]

-uou :sutbiepy
1343p
943 JO i)
Je3sLp ay3 je
buipeys Age
-13421d ‘uoly
-eanbyuod
Aaddiz, e ut
paoeyd )s11
s9)dinw 1o

wo g-T>:97I§

sutbiew Jejnbal 1esb
pue anssi} but -ufseydooud
-punouns Ayjeay uonjedjdde Asez syj woiy wd T
ym suotjelopad 1500 MO MOJ3q Id3YM

ews 104 payw]  d)qejteAe Ajapiy  -Aue :uoledo

aoepNS
pazijenayiida

:ansst] /suLbiey

S]09J9p pajIa4uL 40 uorjeordde Ase3  3oes3 uLyy :azis
/pue a3nde lo/pue S193U) alaymAue

Jobie) Joj pajLwiLl]  ISow ut I)qejLeay :uo13e207

$S920NS
10} so1IsLId]
sabejueapesiq sabejueAapy -deiseyd dJwWN

l3bus)
2INS012/3)1SUd]}
pue ‘uotstoaid
95072/uado
“Jo0ysiano ‘AL
-]Lqe3ejol ‘Jeul
-91ew ‘y3bus)
1te3 “y3bua)
dua “yabud)
mel ‘yipm but
-uado :sayoid

Jeuojouny
(uorzesopiad pue Sa13sua}
dtusbouzel -JeJeyd JualIayLqg
o1dodsopus) uoljew  INS0)d 3I349p
uotjelo} -1xoudde snsst| pue sisels
-134 9nay 9INS0))  -owsay 104 PIs() ISLL
uol
-e134104d 35E]q
-01qy sadnpult
Jeualewolq
XLiJew J1ejny)aoy
uoljez
Adessyy -LIBJNJSeAORU
aAlpunlpe  pue uoljeunoy
ue se XLijew Jejny
pasn skemyy -]92e13X3 93ejloeoueld
Pen uwyy  ‘asuodsal dejm pue “eusjeuw
UM enIsy  -19d B Sadnpul -0Lq xLjeuw
Snoauelnd amb uuqly 1enyRde ‘enb SINV1V3S
-obeydos3 aINs0))  uuqy sepnPUI  INSSIL/SINTI
uorjIe jo sJ1IsLIalIe anbiuysay

uoljestpug wsiueydd -teyd /9dwmaq  drdodsopuy

dIWN Jo} sardesayy/sadiaap drdodsopuy °T diqel




W
lemsyy 1 cepmasy
Lloear | opean

oapad L ipad

N
:enisyy | cenisy
oear ] es
Losd LU iped
Rajes Aoeoyy3

$309)9p

JLU0IYD 104 SSBI
-dns we3-buo) 100d
3502 ybiy

saoeds

pajoLIIsal UL uoL}
-eanjdde butbuaney)

90LASP

9y3 yY3m ddusLl
-9dxa snotraid pasp

Jeaowsy butbuayjey)
anssLy bulpunowns
yeay pue sutbiew
papaAl-UoU

10} synsal 193399
saoeds
pa3jdLIlsal uL uoty

-eanjdde butbuapey)
S9LIUN0D BWOS

ut Kyiqe)ieae mo

sabejueapesiq

uorexy

00s) pue SW3s

10} pasn aq ue)
uotel

-oyad oLuaboujel

104 Jngasn Aiap

uoLyexy

0dS) pue SW3S

10} pasn aq ue)
uotjeorjdde Ase3

sabejueapy

Ayyeay :anssiy
paLIand

-uou :sutbiepy
s12949p 9bie)

03 T)ews :3z1L§
sanssL
LRIUTREN
03 anp 1eab
-ufseydooud
9U} Woly wd g
M013q 3Iaym

-Aue :uoljedo

Aynesyun o
Aypeay :anssiy
panIaA
10 papans
-uou :sutbiepy
wd g>:971g
1esb
-ufseydooud
dU3 Woiy wd |
M013q d13Yym
-Aue :uol3ed07]

$s920Nns
104 S21ISL19)
-deseyd dIWN

s30949p abie)
Anewadsa
3Insod
uotjelopiad

JLuabouzeg
satdesayl
J3y3o ym
pauLqwod
usym

Sj|nsal 191199
uswn) pamol
-JeU JNOYILM
(seymsy Jo
‘syes) ‘uoLy
-elopiad)
S10949p ]jews
JLuo4yd/a3e)

1o Aes/a1ndy

uorjesipug

3INs0)2

SSaWPLYI-NNY
104 SMOY
aInso))

2Ins0)2

SSauyILY}

-11n4 smoyy
ainsoy)

uoryde jo
wsLueydId

ainans
Snonu1juo0d
10 paydnuajug
aInIns ssau
-PLy3-nny but
-MO]Je suLydeuw
buuning
JSL1 03 pased
-Wod 3NSSL3 Jo
sjunouwe Jabie)
saunyded pue
92104 buLINso)d
1abuois sey
uotjeby)
pueq e 03 Ie)
-Lwis pakoydsp
pue sdodsopua
ay1 jo dny
3y3 3e paoeyd
did 1abie]

ONI¥NLNS

JS10

sJ1sL9)Ie
-leyd / ad1raq

anbruyday
J1dodsopu3

(penuiauod) °t 9qer



to Go Vacuum? de Moura et al.

ime

T

Endoscopic Treatment of Non-malignant Esophageal Perforation

" m
‘enisy enasy
Loean [l opes

Liad Ll g
o

Lemsyy  cemsy

717 a1 111 yean

177 :ed 117 pad

Rajes Aoeoyy3

(SW3SD4 <SW3SId)
JeAowsu but

-buaneyd pue
ymoubut ansst|
SISOUd)S Pajeld
-0Sse uou JL futew
“(SW3S)d <SW3SD4)
sajel uoljesbiw ybiy
(uorzisod 1ea1AIRD
4L 9510M) JU]S By
03 paje)al swoidwAs
uoL329]]0d paje
-100sse 4L abeuteip
1euI93IXd 10} pasN

9sn 19qgel-40
3502 ybiy

sabejueapesiq

JUBWIeaI] Jue]
-LWOJU0) Sisou
-91S Wealsumoq

JUD3S ay3 punose

abeyes) ou “Jeas
191394 :SW3SJd

sainp

-3204d pajeadas
0 J3qWInuU MoT
e3uL jeso Ajeg
a)qe)tene Ajapim
juswade)d Ase

Sased
K1030e1401 J0Y
Adesayy sanasay

sabejueapy

Aynesyun 1o
Rynesy :ansst|
pauand
-uou :sutbiey
(wd ¢>10y
Sj|nsal 19139q)
19A02 ued
Juals jeyy
9zis Aue :3z15
snbeydosa
]BILAIDD plOAE
:uo13e207

doepNs
pazijenaiyids
:ansst] /sutbiey
9z1s
12943p 8yl
03 butpiodoe
pa329)3s 3q
Isnw z1s ay|
-9z1s Aue :3z15
atymAue
:uo13e207
S$S9J2JNns
10} so1IsLIA]
-Jeleyd dwN

snbeydosa

J108eI0Y)

-BIJUL Y}

1e Ajqessyaud

syes) Ajies
pue anay

(OsLL

UM 31NS0)I

10} abue)

003 1) suoi}
-elopad aynoy

U013237102

pajeLdosse oN
satdesayy
1euOL3UIAUOD
03 A103081)31
se|n3sy pazt
-lenayiids

aLuoly)

uorjesipug

bunesy
furzowoud pue
uoljeutwejuod
Butproae ‘sjuay
-U02 9 MIALP
pue 309)9p

93 I3A03 SIS

buuano)

bmd e ayy
10813 BINISY
ay3 o3uL 10
9JLLI0 10343p
943 Ojul pade]d
buuano)

uoryde jo
wsLueydId

SI9JoWeLp
pue syjbua)
a1dnw

uL a)qejleay
pa1aA0d
Aewyed 1o
pa4aA0d ANy

J3Y3Ld aq ue)
9210}
]eLpes snonuL}
-Uu0d utejuLew
pue uebio say3
03 W.04U0d
ey jouniu

40 spew SIS

2Ins0)d
$30949p deLpied

104 padojansg
9104
uotsuedxa
ybLy pue
Aowsw-adeys
U3LM I0LASp
JsLp-91gnop

‘Butpuedxs-419s

sJ1sL9)Ie
-leyd / ad1raq

SIN3LS
TVI9VH40S3

(0a%2)

¥3aNT120

173430 1vLd3S
IVIQYYD

anbruyday
J1dodsopu3

(penuiauod) °t 9qer



21012
10949p 404 sw13 buoq
d3IWN 104 BIBp M3
paitnbai
SL UOLSS®S dUO

Aeas
1eatdsoy oys
obeuteip jeu

-19]1X3 104 paau ON

ueyy asow Ajensn ejuL
| enisy | tepnasyy uoL329))0d 1810 Ajea smony
L oear [l oesq pauLejuod paje 1500 MO

11 :uad 111 :494  -1D0SSe ue Jo pasN wJopad o3 Ase3

JdV <S9ALuY edaLh ainp
1l Il -Insou30919 :bulpas)g -330ud jusizeding
:en3sl4 en3sL4 paiLnbai Sse|nisy 40

syes) Aiojoeusal
Joy Adeoyys ybiy

ooeen L »pesn
177 :ed 117 pad

SL UOLSS®S dUO
uey3 alow Ayjensn

Rajes Aeoyy3 sabejueapesiq sabejuenpy

Ryneayun 1o
Ayneay :ansst|

pauand

10 papand
-uou :sutbiepy
azis Aue :3z15

uo1323]]02

pauLejuod

pajeLdosse

ue Jo pasu

- alsymhue
:uoL3ed07

Ayneayun 1o
Aypeay :anssiy

paLIan

10 papans
-uou :sutbiepy
9z1s Aue :3z1

ataymAue
:uo13e207
§$S92I0ns
10} SJ1ISLI9}
-Jeieyd 43WN

(191xa4
alow pue

1ayos) sajel
Sy mo) Aian
1S3UIS ey

-bid jesazaun
uo1329)102
pajeldosse
pauLejuod
U3tm s30949p
aLuoay)

Jo 33Ny

pawJoyiad
9q 3snw
Awojoidas
‘payLjuspt
si wnydas
© J9ASUIYM

uoLjedLpux

f31ned 343 Jo
uoLIINPaL BALS
-saiboud sy
sajowoid pue
Mo)4 abeutelp
a3 S1eL|LIRY
u013297]0d paje
-120SSe ay3
03 patedwod
Juawedwod
JeutwniesuL
9y3 Jo auns
-said 1amo) 3y
abeuteiq

abeutesp
buieynoey
‘syuswied
-Wod eutw
-NjesJxa pue
JeuLwn)esuL
a3 usamiaq
ainssaid ay3
burydzew ‘sny3
‘uswn) ay3
pue 32943p 3y}
UdaM33q uoL}
-BILUNWWOod
ay3 sabuejus
wn3das ay3

40 uo13235

abeuteiq

uoryde jo
wsLueydIdp

SJuals
ose)d sjezbid
butsn suor329)

-102 pajeLoosse SIN3LS
199)9p Jo abe 1IV191d
-ULeIp JeussjuL 31dnod
J1dodsopuy UM a4
uo13297)0d paje
-120SSe 129)9p
8yl pue uswn)
9y} UdaMIaq
wn3das ay3
buruoryaas ut
SISLSU0D Jeu}
anbLuyasy
didoasopuy AWO0101d3S
sJ1sLIa)de anbruyda
-1eyd / dwaq  didodsopuj

(panuiauod) °1 91qelL



to Go Vacuum? de Moura et al.

ime

T

Endoscopic Treatment of Non-malignant Esophageal Perforation

(A1030Bys13esUn=1 pue A103oe)s13eS=]) J0U 40 A103DBYSLIES SI JL JL SMOLIR BY] JO UOLIIAILP By} pue (4aybLy=smouie
g¢—I1amolj=moute T) A3ayes pue Adeayys Jo 1aA3] ay3 03 puodsaiiod smoute Jo saquinu ay) ‘Adessyl wnndea 21dodsopus ‘/43F ‘JUdAS dsI9Ape ‘Jy ‘sbeutesp jewssjul d1dods
-0pud ‘gI7 ‘3us3s 13w d)qepuedxa-j19s pasanod Ajjered ‘SIsHd ‘uals 1e3aw Iqepuedxe-49s pasanod Ajny ‘SIS ‘eulisajuLosiseb ‘19 L1sapnjado 30949p 1e3dss detpied
‘00s) ‘3uals eldw d)qepuedxa-}19s ‘SIS ‘sdup adoas-sayi-1ano ‘)50 ‘sdyd adods-ayl-ybnoayy ‘)syy ‘uorjesopad ‘fia4 ‘uorreropad jesbeydoss jueubpew-uou ‘gIWN

W
L] enasy enisiy
W oea7 [ opean
Wlad L pad

Ayojes foeoyy3

DALIIRYD

9g 01 ainssaid aAL}

-ebau aAsLyde 0]

pasu - sejnisy Aioy

-eirdsasobeydoss
1o/pue snosu obeuteip jeu
-eyndobeydoss  -193x3 10} pasu ON

suordo
juswsieasy d1dods
-0pus J3y3o ou
UM SOLIRUDIS
JLydosyseied
UL 3ALII9447
Sy ma} Aian
pue Adeoyys ybiy

10} pajedlput JoN
Ke3s je3idsoy
pabuojoud 9)1qLssod
sabueydxe
91dinw loy pasN
(agn3 ou3seboseu)
901A3P 3y} 03
pa3e)as J40jWodsLq

sabejuenpesiqg sabejueapy

Aynesyun o
Rypesy :anssi|

palaAd

10 pajIaAl
-uou :sutbiepy
9z1s Aue :9z15

alaymAue
:uo13ed207
$S9J2JNns
104 SJLISLIDY
-Jeieyd 43WN

uotjel
-oylad ainoe

40 3I1ns072
1aye Adesayy

aadunipy

SUO1399)
-102 pa32a4uL
pajeldosse
UM dIWN
Kj1es pue
93nde .10}
foeoyys

ybry Aisp

uoLjedLpu]

aoueIed)d
eLId3oeq pue
1013U02 3ep
-nxa ‘uotsnyad
uL sabueyd
‘UoL3RWI04IP
-01JeW ‘uoL}
-BUWI0JpOIDLW
:uoL3de Jo
SwSLueyI3W

admnw

abeuteiq

uoryde jo
wsLueydIdp

(wd g<uon
-331)00 paje
-1o0sse 4t)
uojisod Aiey
-LABDRIJUL 1O
JeuLwmeljuL uL
padeyd aq ued
wayshs |A3 8yl
(BHWw g/1-
0} GZ1-)
QuLydeW NS
-saud an1ebau
SNoNuLU0d
e 03 pajau
-u0d agn3
Ju3seboseu
e jo di3 a3
1e abuods e
40 Juswade)d

3y UL SISISUO) 1A

sJ13sLajIe
-leyd / ad1raq

anbruysay
J1dodsopu3

(penuiauod) °t 9qer



Table 2. Mechanism of action of endoscopic vacuum therapy

Multiple mechanisms

Macroderformation and
Microdeformation

Angioneogenesis

Exudate control

Bacterial clearance

Mechanism of action

Both occur when suction is applied, resulting in deformational forces exerted on the defect

edges, drawing the boundaries together

Deformation of the cytoskeleton initiates signaling cascades, promoting cell proliferation and

migration, increasing the expression of elements necessary for healing

Factors known to affect the efficiency of this mechanism include the level of suction,

consistency of the sponge, as well as the type and deformability of tissue being treated

Adequate blood flow is essential for healing, delivering oxygen and vital nutrients to the

tissue and removing waste products

Vacuum therapy causes temporary hypoperfusion, resulting in localized hypoxia-inducible

factor 1a and simultaneous modulation of vascular endothelial growth factor expression,
leading to increased angiogenesis

A negative pressure of 125 mmHg considerably increases blood vessel density (up to 4 x more

than before treatment)

The accumulation of fluid in extracellular space inhibits healing which, associated with tissue

edema, compresses local cells and tissues

By removing fluids, a reduction in the compression forces occurs, acting on the

microvasculature, which allows increased blood flow and perfusion of the tissue

A high bacterial load may interfere with the defect-healing process. By decreasing the bacterial

load, infection control and faster healing are expected

In the management of NMEP, the EVT device can be placed at intraluminal
(esophageal lumen) or intracavitary position (into an associated collection).
It is essential to notice that if there is an undrained collection larger than
2-3 cm associated with the defect, the priority is to place the EVT into the cav-
ity. In many situations, it is recommended to perform a combined approach
with two EVT devices (intraluminal and intracavitary). The simultaneous
use of intracavitary and intraluminal EVT allows optimal drainage, lumen
(anastomosis) remodeling, and enteral nutrition [3*¢, 40¢°, 53¢¢]. In our
experience, we use simultaneous intracavitary and intraluminal EVT in cases
of extensive transmural defects with associated collection. The intracavitary
EVT treats the associated (infected) cavity and the intraluminal EVT repairs
the transmural wall defect (remodel), allowing enteral nutrition with the
triple lumen tube (TLT)-EVT.

For adequate drainage with EVT, the system needs to function. EVT sys-
tem blockage must be rapidly recognized and adjusted. Remember that a
non-working EVT system may be hazardous. Therefore, all staff needs to be
carefully trained for managing these patients. The ability to achieve nega-
tive pressure is critically important. Thus, some conditions such as tracheal-
esophageal fistula (TEF), esophageal-cutaneous fistula without skin orifice
occlusion, and pleurostomy should be considered a contraindication for EVT.
Additionally, external drains connected to a similar cavity need to be capped
or removed [20, 40°°].

EVT is traditionally performed using an open pore polyurethane sponge
(OPPS) connected to the distal tip of a nasogastric tube. However, this device



Endoscopic Treatment of Non-malignant Esophageal Perforation: Time to Go Vacuum? de Moura et al.

is associated with challenging placement and removal, prolonged procedures
due to the sponge’s large diameter, which hinders endoscopic placement
through the hypopharynx, and the need for multiple exchanges due to tissue
ingrowth, which may increase costs and the risk for AEs [6*°, 34¢¢]. These
characteristics are considered a limitation for the spread of the technique in
some countries [6*®, 40*¢]. More recently, different EVT devices addressed
these limitations, demonstrating easier placement through the nares, longer
indwelling period (with the need for fewer exchanges), and lower procedural
time and AEs rates, as summarized in Table 3 [6®®, 33¢¢, 34e¢ 3Gee 4(ee, 4],
44, 48, 52¢, 53¢, 54¢¢ 55_60]. In our personal experience with one of these
new EVT devices, named homemade-EVT (H-EVT), overall clinical success
was 92.86% with no severe AEs [40°°].

Endoscopic Treatment

Endoscopic evaluation must be performed under CO2 insufflation or under-
water, to reduce the risk of pneumoperitoneum or pneumomediastinum and
to avoid wall rupture of a contained collection, especially when there is no
external drainage [3°¢, 5, 40*¢]. As perforations, leaks, and fistulas are dif-
ferent entities, requiring individual approaches, in this topic, all NMEP are
discussed separately.

Esophageal Perforation

For closing small (< 10 mm) iatrogenic perforations, through-the-scope clips
(TTSC) are recommended [21, 61]. TTSC can also be used for larger (>2 cm)
iatrogenic perforations in a “zipper” fashion placement or combined with
endoloop [5, 40¢¢]. For larger EPs (> 10 mm but<20/25 mm), over-the-scope
clips (OTSC) are preferable due to their higher clinical success rate, as 85.3%
reported in a systematic review [23]. Failures usually occur in defect>2 cm
and/or late (>72 h) treatment [21]. Stenosis in the proximal esophagus, espe-
cially after cervical radiation may preclude OTSC (cap mounted clip) use as it
increases the scope tip diameter [61]. ES is also an option, especially if endo-
scopic closure failed with clips. ES allows full-thickness closure and has the
advantage to close extensive defects without size limitation. In a randomized
controlled trial comparing clip closure, suturing, and thorascopic repair in
porcine models, all approaches performed similarly [62].

SEMS are reserved for cases where primary closure is not possible, such as
no adequate visibility due to bleeding. Additionally, for EP related to esopha-
geal stenosis, SEMS is a good option as it treats both EP and stenosis. SEMS
covers the defect and diverts GI contents, avoiding contamination, and thus
improving healing. Both fully covered (FCSEMS) and partially covered SEMS
(PCSEMS) can be used with similar clinical success (>80%) [63, 64]. SEMS-
related AEs are well known including ulcerations, post-stent stricture, bleed-
ing, tissue ingrowth, SEMS-related symptoms (pain, nausea, and reflux), and



Table 3. Summary of different EVT devices

Types of | Characteristics of | Advantages | Disadvantages Our experience
EVT the device
“Traditional - OPPS connected - Not off-label - Larger - Challenging
sponge” at the tip of a NGT diameter: difficult | placement, increasing
system - Faster healing | Placement and procedure time
- Sponge system (more removal
(OPPS) adapted from the granulation - Need for endotracheal
wound vacuum tissue) - Tissue ingrowth: | intubation

- Longer time
between
exchanges

- High
permeability:

allows for more
fluid aspiration

more risk for
device dislocation

- Not available in
some countries

therapy shorter interval
- Commercially | between - Best and fastgr than
available exchanges other systems in
promoting tissue
- More AEs ingrowth
. - High cost (no
- High cost insurance covering)
Open-pore - OPF connected to | - Shorter - High cost - No experience as it is
film the tip of a NGT diameter: easy very similar to the
placementand | _ small diameter: | homemade-EVT with
(OPF) - Permeable film removal less adherence, | higher cost

- High cost (no
insurance covering)

portion of the TLT

drainage and

then OPPS
- Fewer AEs
(bleeding)
Homemade | - Modification of the | - Low cost - Off-label - Preferable for large
EVT OPF manufactured cavities with high
with widely available | - widely - Small diameter: | volume of fluid
materials: available less adherence,
material more risk for - Very easy placement
(H-EVT) - Half gauze placed device dislocation | through the nares, no
around the tip of a - Slippery need for endotracheal
NGT, covered by a intubation after the first
. surface y
surgical drape and sessions
fixed with sutures.
Then, multiple - Basy - To reduce costs of the
punctures are made | Placement and vacuum machine, we
at the covered removal use wall suction. After
portion of the device connected the NGT to
- Longer interval the suction tube, a 20G
between IV catheter is connected
exchanges to the tube to maintain a
pressure between -75
- More fluid and —150 mmHg
aspiration
- Preferable for scarce
- Fewer AEs resources centers
Tube-in-tube | - Aspiration device - Low cost Off-label - Less effective to
using a 12Fr Levin stimulate granulation
tube within a 20Fr - Widely - No sponge or tissue
Levin tube. The available modified sponge
vacuum pump is material systems is used | - Useful for large
attached to the inner cavities with high
- surface granulation tissue
pvreve.nt asplrallor) - Useful for thin fistulous
biopsies or clogging - Easy - Not useful for tract
placement and intraluminal
removal placement - Very easy placement
through the nares, no
. need for endotracheal
blégrv‘egeer: interval intubation after the first
exchanges sessions
. - Less effective for
- More fluid intraluminal placement
aspiration
- Fewer AEs - Useful for scarce
resources centers
- Allows rinsing
of the cavity
with cleansing
liquids
Triple-lumen | - EVT system is - Allows - Allows only - Reduces patient's
tube connected at the simultaneous intraluminal discomfort.
gastric/aspiration intraluminal placement




Endoscopic Treatment of Non-malignant Esophageal Perforation: Time to Go Vacuum?

Table 3. (continued)

placed in
intraluminal position

enteral nutrition
with only one

- Not available in
some countries

- Enteral nutrition
reduces the need of

(TLT) and the enteral tube through the parenteral nutrition and
portion is placed in nares - Enteral feeding | intestinal bacteria
the jejunum tube has a very translocation
small diameter
. with high risk for | - We use this approach
obstruction for all NMEPs treated
ST with EVT in defects with
(simultaneous
intracavitary and
intraluminal EVT) or
without associated
cavity (intraluminal
EVT)
- We recommend guide-
wire placement, as
distal as possible, using
a ultraslim gastroscope
through the nares for
TLT-EVT placement
Stent-over- - OPPS combined - SEMS keeps - High cost, - No personal/local
Sponge (SOS) | with FCSEMS the Gl lumen particularly if experience as this
open after EVT | multiple device device is not available
sponge exchanges are in South America
insertion, needed
- Allows intraluminal | @llowing oral - We do not think it will
and extraluminal intake - Not available in | change paradigms as
placement of OPPS some countries stent related AEs are
- SEMS seals expected
the sponge and
secures it in - May be useful for
position some cases such as

- SEMS isolates
the sponge from
saliva and other
Gl secretions

- Commercially

large cavities with
downstream stenosis

available
Vac Stent - OPPS combined - SEMS seals - High cost, - No personal/local
with FCSEMS the sponge and | particularly if experience as this
secures it in multiple device device is not available
- Allows only position exchanges are in South America
placement of OPPS needed

due the cylindrical
shape of the sponge

- Commercially
available

- Not available in
some countries

- We do not think it will
change paradigms as
stent related AEs are
expected

- May be useful for
some cases such as
defects without
associated collections,
especially large defects
and/or downstream
stenosis

de Moura et al.

EVT, endoscopic vacuum therapy; NGT, nasogastric tube; AE, adverse event; IV, intravenous; OPPS, open-pore polyurethane sponge; Fr,
French; OPF, open-pore film; TLT, triple lumen tube; SOS, stent-over-sponge; GI, gastrointestinal; FCSEMS, fully covered self-expandable
metal stent



migration. Migration has higher incidences in FCSEMS (26%) compared to
PCSEMS (12%) [63-66]. Stent fixation with suturing or OTSC reduces stent
migration rates [24, 65]. We only use SEMS when there is an associated steno-
sis, reducing the risk of migration and treating both NMEP and stenosis. We
prefer PCSEMS as it is associated with more tissue ingrowth, providing better
sealing, avoiding fluids extravasation around the stent, and reducing the risk
of migration. On the other hand, removal is challenging, thus it should be
performed between 14-21 days. In some cases, endoscopic mucosal resection
and/or argon plasma coagulation (APC) is needed. Stent-in-stent technique
is rarely necessary.

EVT can be used for large EPs as an individual therapy or adjunctive ther-
apy [3¢¢, 38¢¢, 39, 40**]. We usually use EVT for EP as an adjunctive therapy
after endoscopic closure, especially for large defects. TLT-EVT for 3-10 days
is our preferred approach allowing drainage and nutrition with one tube
through the nares [3¢¢, 53¢¢|. Although challenging in achieving negative
pressure and more EVT device-related symptoms, it can be performed for
hypopharynx and proximal EPs with similar efficacy when used in distal EPs
[3ee, 400, 44].

Esophageal Leak

Several endoscopic approaches can be used for managing esophageal leaks
(ELs). To achieve clinical success and successful defect closure, associated
collections must be drained, either surgically, percutaneously, or endoscopi-
cally [3ee, 40°°].

As closure techniques present better results when used to close defects
with non-everted margins and healthy surrounded tissue, we prefer to use
these techniques for EP, reserving their use for ELs for selected ELs few days
after the operation and for stent fixation. Efficacy of closure techniques is not
high and concomitant stent placement is suggested to increase clinical success
[3¢¢, 5, 61, 67]. SEMS is the most used technique worldwide for managing
ELs. Despite its satisfactory efficacy, especially in acute/early scenarios, the
migration rate is considerable, mainly if there is no related stenosis. PCSEMS
is useful in some catastrophic scenarios such as complete dehiscence, allow-
ing for GI lumen re-connection [68, 69]. We do not recommend SEMS for
esophagogastric anastomotic leak (AL) as the distal end of the SEMS stays
inside the stomach and cannot avoid gastric and biliopancreatic secretions
reflux as the larger gastric lumen precludes sealing between the gastric wall
and the SEMS, even when a PCSEMS is used. Although longer and larger
SEMS are being used, we do not recommend their use for NMEP as there is
no difference between the conventional esophageal SEMS and these novel
customized bariatric SEMS [66, 70]. In our experience, this novel stent is
associated with more severe AEs, including EP [41, 71].

Endoscopic drainage techniques are our preferred approach, as they pro-
vide drainage and healing without the need for external drainage.

Septotomy must be performed when a septum is identified. The prin-
ciple is similar to the Zenker's diverticulotomy. The septum is sectioned to
facilitate fluid drainage from the leak to the digestive tract, avoiding fluid
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accumulation. The procedure is effective and safe; usually more than one
session is required [3¢¢, 26, 72, 73]. In our practice, presence of a septum is
a frequent cause of failure and/or prolonged treatment of ELs.

EID-DPS has been widely adopted with high clinical success rates for both
acute and chronic leaks [3¢¢, 17¢, 27¢, 74, 75]. The principle is based on the
concept that when the pressure within the GI lumen is lower than that of the
associated collection, the flow will be directed into the GI tract [28, 75]. To
be effective, it must not be used for uncontained periesophageal collection,
concomitant with external drain, and/or high intraluminal pressure due to
downstream stenosis. With drainage, the associated collection will typically
contract until it is obliterated, achieving successful closure. Although place-
ment is easy as a 7Fr DPS can be placed with a gastroscope, fluoroscopic
assistance is recommended, especially for small orifices [3¢¢, 27¢]. Besides
long treatment period to achieve successful closure, it is not considered an
issue as most patients are not hospitalized, present no symptoms, receive oral
diet, and return to their daily activities [3¢¢, 5, 17¢, 27¢]. AEs are uncommon,
reported in about 4.5% of patients, including stent migration, perforation,
and bleeding [75]. To minimize these risks, we use ureteral DPS as they are
more flexible and softer than biliary DPS, avoiding damage to tissue and
vessels [29]. We indicate EID-DPS for ELs with associated contained collec-
tions without signs of infection. In most cases, we use intracavitary EVT until
granulation tissue is observed, then we exchange EVT to EID-DPS to allow
early hospital discharge [3¢°, 40°°].

EVT is now considered the best approach for ELs with an associated con-
tained collection [3¢¢, 6*¢, 8¢, 30, 31, 38*¢]. A meta-analysis evaluating EVT
for AL after esophagectomy and total gastrectomy reported a successful clo-
sure rate of 81.6% and a 10% lower risk of mortality favoring EVT compared
to stents [31]. When comparing EVT and stents for intra-thoracic AL after
esophagectomy, EVT was significantly associated with higher healing (OR
2.47) and shorter treatment duration (MD-11.57 days) with no difference
in terms of hospitalization, in-hospital mortality rate, and rate of major and
treatment-related complication [46¢°]. For postoperative esophageal-enteric
AL EVT was also significantly associated with a higher rate of leak closure
(OR 3.14), shorter treatment duration, and lower mortality rate (OR 0.39)
but with the need of more devices exchange (MD 3.09) [47]. The simultane-
ous use of intracavitary and intraluminal EVT is our preferred approach as it
allows optimal drainage, lumen (anastomosis) remodeling, and enteral nutri-
tion. In a recent study simultaneous intracavitary and intraluminal EVT was
considered a predictor of clinical success and shorter time to defect resolution
[40°°]. As we are confident using EVT, we are not afraid to perform aggres-
sive dilation of leak orifice to access the associated cavity and/or downstream
stenosis, which is also a benefit of EVT.

Esophageal Fistula

Spontaneous esophageal fistula (EF) closure is rare and due to the formation
of an epithelial path, definitive repair is typically challenging [3®¢, 5, 9*¢]. Tra-
ditionally, it is done with surgical techniques, but with the technical evolution



of endoscopy, different strategies are being used, both for temporary support
and definitive treatment [25, 76, 77].

TEF and bronchoesophageal fistulas might be treated with most endo-
scopic therapies; however, complete fistula closure and long-term clinical
success are rarely acquired. A systematic review reported a success rate of
84% with a recurrence rate of 63% for TEFs [78]. SEMS are limited by high
rate of migration and poor long-term outcomes [9¢¢]. OTSC has been used
for small esophageal-respiratory fistulas. If clipping is unsuccessful, suturing
is another reasonable option [79, 80]. Prior de-epithelization using thermal
(APC/Bugbee electrocautery) and/or mechanical abrasion (cytology brush-
ing) are performed in most cases, increasing successful closure [81]. Com-
paring ablation alone to ablation with glues/tissue sealants, reported success
rates are 67% and 86%, respectively [32]. Due to the impossibility of main-
taining negative pressure, EVT should not be used alone [40°¢]. Off-label use
of the CSDO seems to be the best endoscopic option for TEF and bronchop-
leural, with excellent technical and clinical success rates and few AEs [25].
In our experience, we perform de-epithelization with APC, followed by glue
injection into the fistula tract as an adjunctive therapy before orifice closure
with OTSC or suturing. SEMS are only used as a temporary adjunctive therapy
after endoscopic closure approaches. We consider CSDO the gold-standard
endoscopic approach for esophageal-respiratory fistulas. However, due to
its off-label use and high cost, we use it after conventional approaches fail.
We do not perform de-epithelization prior to its placement and if contrast
extravasation is observed after placement, we inject cyanoacrylate into the
device [3°e, 4, 25, 82-84].

EF to blood vessels or to the heart is a life-threatening condition, whose
treatment is always challenging. Endoscopic therapies include SEMS, OTSC,
and EVT. SEMS can be used temporarily until the cardiovascular defect is
fixed and also as a primary therapy. Additionally, for hematemesis, SEMS
and Sengstaken-Blakemore tube can be used to tamponade bleeding before
referring the patient for emergency surgery.

Atrioesophageal fistula is among the most serious and lethal complica-
tion after atrial fibrillation ablation diagnosed within 2 months after the
procedure [21]. Overall, mortality is 55%, with significantly reduced mortal-
ity in patients undergoing surgical repair (33%) compared with endoscopic
treatment (65%) and conservative management (97%). Therefore, surgery
is considered the gold standard treatment and endoscopic therapy, such
as SEMS and OTSC, should be reserved for patients unfit for surgery [21].
However, in our experience, endoscopic clipping is a good option for small
early ENMP after atrial fibrillation ablation [22]. In our center, all patients
undergo EGD 24 h after atrial fibrillation ablation. If an ulcer is diagnosed,
TTSCs are used for repair as OTSC is used for EP. For aortoesophageal fistula,
esophageal repair is always combined with endovascular treatment or surgery
(aortic defect repair) [85]. Thoracic endovascular aortic repair is preferred over
surgery due to its minimal invasiveness and certified hemostasis. Although
esophagectomy is commonly performed for esophageal lesions to remove the
infectious source, endoscopic therapies should be considered as a less invasive
approach [85, 86]. In our practice, in patients unfit for surgery, H-EVT (OPPS
is avoided in this scenario) is performed after thoracic endovascular aortic
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repair, with good outcomes. Care must be taken to avoid contact between the
EVT device and the aortic wall. Thus, when possible, closure or tissue approxi-
mation with TTSC or suturing prior to H-EVT placement is recommended.

Future Directions

Given the established efficacy and safety profile of the EVT for TGID, novel
indications are being explored, including pre-emptive EVT (pEVT) and treat-
ment of GI hemorrhage, with promising results [51, 52¢, 87, 88, 89¢¢, 90|,

Pre-Emptive Endoscopic Vacuum Therapy

To date there is still no consensus on whether pEVT reduces the incidence of
post-surgical EL and which group of patients is most likely to benefit from
this approach. Recent studies demonstrated positive outcomes of the pEVT
with low incidence of AL after esophagectomy when EVT was placed intraop-
eratively or after anastomotic ischemia detection through an early postopera-
tive EGD [87, 88]. In a series including 8 patients, 75% had complete mucosal
recovery after pEVT, and the 25% who developed leaks were successfully
treated with ongoing EVT [87]. Although a study including post-revisional
esophagectomy patients did not demonstrate reduction in AL incidence, the
pEVT was effective in infection control and thus improved clinical condition
[91]. Recently, a systematic review showed potential benefit of pEVT to prevent
AL after GI surgery, especially in high-risk patients [89¢¢]. We do perform
pEVT in high-risk anastomosis after GI surgery. In our opinion, pEVT should
be indicated when the surgeon is not confident with the quality of the anasto-
mosis. Although nasoenteral feeding tube (NFT) placement is the traditional
approach after a high-risk upper GI surgery, we strongly believe that in this
cases, TLT H-EVT should be used as the patient will have a tube through his
nares anyway, providing not only enteral nutrition but also reducing the risk
for AL and infection.

Endoscopic Vacuum Therapy for GI Hemorrhage

Recently, we described the use of the TLT H-EVT device for diffuse duodenal
hemorrhage in critically ill patients and for a large bleeding eroded artery
in a giant ulcer, with 100% technical and clinical success, and no AEs [51,
52¢, 90]. We trust that its efficacy is related to the treatment of local severe
inflammation which is the cause of bleeding. Additionally, TLT H-EVT allows
enteral nutrition, which is important as most patients with GI hemorrhage
do not receive oral diet. This approach is useful for refractory bleeding from
erosive esophagitis. This strategy appears to be safe and effective and can be



considered an option when conventional therapies fail. Nevertheless, further
studies are necessary to confirm our findings.

Expert Commentary

As endoscopic therapies for TGID evolve with advancements in skills, tools,
and techniques, endoscopists are now able to treat NEMP, especially in clini-
cally stable patients (Fig. 1).

There are several endoscopic approaches to manage NEMP and to date
there is no data to state a gold-standard method or a precise algorithm to
treat this condition. Individualized approach considering personal and local
experience and follow-up with multidisciplinary team is critical.
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Fig. 1 Endoscopic treatment of Boerhaave syndrome in a patient with eosinophilic esophagitis. A Large esophageal perfo-
ration with non-everted margins and unhealthy surrounding tissue diagnosed 3 days after initial symptoms. B Fluoroscopic
image of the esophageal leak with an associated intrathoracic contained collection with the gastroscope inside the collec-
tion in a retroflex position and contrast extravasation to the external chest drain. C Endoscopic image of the associated
infected collection during lavage. D Fluoroscopic image after external drain removal and placement of two modified EVT
systems (intraluminal and intracavitary). E/F Images of the 10" day after EVT treatment with clear improvement, no signs
of infections, ongoing healing process with granulation tissue formation, and reduction of the associated collection with-
out contrast extravasation to the skin. G/H/I EID-DPS associated with an intraluminal polyurethane sponge EVT system
placement (bridge therapy). J Endoscopic appearance after septotomy performed to enlarge the communication between
the esophageal lumen and the proximal portion of collection (see image I) to improve drainage. K Esophageal defect with
granulation tissue and no more associated collection-intraluminal TLT/H-EVT to allow simultaneous drainage and nutrition.
L Endoscopic evaluation 1 week after septotomy and intraluminal TLT/H-EVT showing successful closure
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Besides there is no sufficient high-quality data to consider EVT as a gold-
standard approach, different from recent guidelines [61, 92, 93], we consider
EVT the best therapy for most clinically stable patients with NMEP due to its
unique mechanism of action, efficacy, safety, and low-invasive profile. EVT can
be employed for both acute or chronic NMEP as primary or rescue therapy, thus
including a broad patient population. Its best indication is acute perforations
(alone or as adjunctive therapy) or leaks with an associated collection as initial
treatment. Although patient’s discomfort related to the tube through the nares
and longer hospital stay are arguments against EVT use, these two drawbacks
are easily overcome by the effectiveness of the EVT. To reduce hospital stay and
avoid patient’s discontentment, when a large wound cavity presents granula-
tion tissue and no more signs of infection, we move from intracavitary H-EVT
to EID-DPS. Table 4 summarizes our approach in clinical practice, including
tips and tricks for the management of NMEP with EVT.

The World Society of Emergency Surgery (WSES) guidelines [93] follow
the criteria developed by Altorjay et al. [94] more than 20 years ago of non-
operative indications for EP, including early (<24 h) management, absence
of symptoms and signs of sepsis, cervical or thoracic location of the EP, con-
tained perforation by surrounding tissues, minimal peri-esophageal extravasa-
tion of contrast with intra-esophageal drainage, absence of massive pleural
contamination, no pre-existent esophageal disease, possibility of close surveil-
lance by expert esophageal team, and availability of round-the-clock surgical
and radiological teams. In our practice [4, 36, 40°¢], we only consider the
following criteria against EVT: collection with no endoscopic access, unstable
patients with massive extraluminal contamination, and uncontained collec-
tions. Although best indication for EVT is a contained collection in a clini-
cally stable patient, EVT can also be used in non-contained perforations as it
may organize the fluids, turning them into a contained collection in about
3-7 days. Furthermore, EVT may also be an option for unstable patients as it
can be associated with rapid clinical improvement.

The ESGE guidelines for management of iatrogenic perforations [92] rec-
ommend first-step endoscopic treatment, as TTSC for defect< 10 mm, OTSC
for>10 mm, and SEMS for larger defects (>20 mm). Although the guidelines
cited two systematic reviews [95, 96] showing the benefits of EVT compared
to SEMS, it does not recommend EVT.

The American Gastroenterological Association (AGA) [61] recommenda-
tion is similar to the ESGE [92] for defects<2 cm. However, for>2 cm, SEMS
is reserved for cases where primary closure is not possible. EVT is also not
recommended and was just reported as a novel technique to address large or
persistent NMEP with high successful closure rates based on the results of a
systematic review reporting a successful closure rate of 90% for AL and 96%
for EP, with a median EVT use of 17 days [97].

In our practice, we prefer EVT over SEMS for NMEP due to its advantages
as internal drainage, no risk of migration and perforation, fewer symptoms,
and lower treatment time [8¢¢, 41, 66, 70, 71]. SEMS presents a high risk of
migration, especially if there is no associated stenosis. Additionally, SEMS
cannot be placed in the very proximal esophagus due to intolerable symp-
toms. For distal NMEP, SEMS is not able to perform adequate sealing in its
distal end due to the large size of the stomach. For infants, EVT is an option



Table 4. Tips and tricks for the management of NMEP with EVT

EVT for NMEP

Patient / family / surgeons approach

Endoscopic examination

Imaging exams

Endoscopic procedures prior to EVT placement

Placement

Negative pressure settings

EVT types
EVT position

EVT exchange

Tips and tricks

- Discuss all endoscopic therapies, explain in detail the options available, and your personal
experience

Discuss “the good and the ugly” of EVT, including “tube through the nostril”, median time for
healing, need for hospital stay, efficacy and safety, costs, and obviously sign the consent form
- A friendly relationship is needed!

Orotracheal intubation is preferred: airway protection, and more comfort for the patient,
anesthesiologist, and endoscopist

Always perform EGD with orotracheal intubation in the 1%t procedure. Following procedures may be
performed without orotracheal intubation

- Prefer underwater technique with very low C02 insufflation, especially for acute and early NMEP
Be careful if there is an uncontained collection, especially if undrained. In these cases,
insufflation and/or lavage should be avoided. The goal is to place the device as fast as possible
to create a compartment

- CT scan with water-soluble contrast before intervention is helpful for procedure plan

- EGD +fluoroscopic assistance is preferred!

Always perform EGD with fluoroscopic assistance in the 1°* procedure. Following procedures may be
performed without fluoroscopic assistance if not available

- Small orifices with associated collection need to be dilated with hydrostatic balloon allowing
intracavitary access

- Extensive lavage of the associated collection with water+hydrogen peroxide +acetylcysteine

(sachet)

Foreign body removal (external drains, surgical clips/sutures, and residual food content)

When intracavitary placement, nasoenteral feeding tube is placed as distal as possible

- We often place a 0.035-in. guidewire with an ultra-slim gastroscope through patients’ nostrils to
facilitate EVT placement. Then, after removing the ultra-slim scope, conventional gastroscope
with or without a forceps is used to assist the correct EVT placement

Perforation without fluid extravasation: defect closure +intraluminal H-EVT/TLT as an adjunctive
therapy

Perforation with fluids extravasation: tissue approximation (not complete closure)+intraluminal
H-EVT/TLT

Leak with undrained contained collection: intracavitary placement - be cautious with insufflation,
disruption of the collection may be catastrophic

Leak with drained contained collection: 0.035-in. guidewire placement through the external drain
and capture with a forceps biopsy+external drain removal. With both guidewire tips in hands
(mouth / cutaneous), intracavitary placement is easy. Always close the cutaneous orifice to allow
negative pressure

Fistula: when there is no cavity between the two epithelized organs, EVT is not our preferred
approach. It may be used to promote tissue granulation as a bridge therapy

Pediatric (<3 yo) population: H-EVT (smaller than OPPS) through the mouth keeping the patient
under orotracheal intubation or rendezvous if a PEG is placed

- Intracavitary:—175 mmHg, continuous, maximum intensity
- Intraluminal:—200 mmHg, continuous, maximum intensity
Wall suction: -75 to -150 mmHg, continuous

- See Table 3

- Intracavitary: associated cavity>3 cm

- Intraluminal: no associated cavity or cavity<3 cm

- Simultaneous intraluminal and intracavitary: anastomotic leak (dehiscence>40% of the
circumference) with associated cavity>3 cm. An intraluminal TLT is preferable to promote improve
drainage, remodeling of the anastomosis, and enteral nutrition

- Intracavitary: OPPS: 5 to 10 days / H-EVT: 7 to 15 days

- Intraluminal: 7 to 15 days

- EVT system removal: 1. Disconnect the EVT tube from the vacuum machine; 2. flush 4 syringes
(20 ml) of saline to facilitate removal. 3. Slowly pull the EVT tube (continuous traction). If
unsuccessful removal: 1. Flush 2 syringes of hydrogen peroxide and 1 more of saline. 2. Slowly
pull the EVT tube. If it continues impossible to remove, perform EGD with underwater technique
and remove the device with foreign body forceps assistance

- Challenging removal is due to tissue ingrowth. Thus, do not keep OPPS for more than 10 days

- EVT exchange is based on patient’s clinical condition, device functioning, and defect
characteristics. Costs are also considered on timing for system exchange
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Table 4. (continued)
EVT for NMEP Tips and tricks

Adjunctive therapies - Inaccessible/challenging placement associated collection: DPS+intraluminal EVT
- Septotomy must be performed when a septum is identified
- Downstream stenosis needs to be dilated prior to EVT placement

NPO X oral diet - Clear liquid diet for patients’ comfort
- Intracavitary placement: no more than 500 cc/day

Nutrition - Nutrition is essential to achieve clinical success. The nutrition via is selected after a
multidisciplinary discussion
- In most cases, we prefer enteral nutrition, especially for intraluminal placement using TLT-EVT
system
- We rarely indicate PEG tubes in these situations

Inpatients X outpatients - For NMEP, hospital stay is required due to the high volume of fluids aspiration, needing canister
exchange every 1 to 3 days
Time to stop EVT - Cavity reduction with extensive granulation tissue and no signs of infection
- For large cavities with extensive granulation tissue and no signs of infection, EVT can be changed
for DPS

- For cavity<3 cm, intracavitary EVT needs to move for intraluminal position. In these cases, if the
orifice is smaller than 10 mm, we recommend septotomy to improve EVT performance

Follow-up - After achieving clinical success, EGD is scheduled after 15 and 45 days (post-EVT stenosis is rare
but can occur)
- If symptoms related to the NMEP, early EGD is performed

Costs-related issues - In general, we prefer to use the H-EVT system to reduce costs
- In most continents, EVT is not insurance covered, therefore, in private practice, we inform patients
and family about all costs before starting the treatment
- In the public hospital, commercially available devices are avoided due to the high cost, and the
H-EVT is preferable

NMEP, non-malignant esophageal perforation; EVT, endoscopic vacuum therapy; EGD, esophagogastroduodenoscopy; OPPS, open-pore
polyurethane sponge; DPS, double pigtail stents; PEG, percutaneous endoscopic gastrostomy; H-EVT, homemade endoscopic vacuum
therapy; TLT, triple lumen tube

as there is no specific SEMS for this population [40*¢]. If clipping or suturing
closure appears not effective, we use TLT-EVT as an adjunctive therapy, allow-
ing for both drainage and early nutrition, as well as clear liquids oral intake.
Table 5 summarizes our opinion regarding the management of NEMP based
on patients’ clinical condition and NEMP characteristics.

Despite the proven high clinical success rate, there are some concerns
related to EVT use, such as safety, technical challenges, prolonged procedures,
need for multiple exchanges, and high cost. However, most of these limita-
tions are related to the traditional sponge system. OPPS is associated with
more tissue ingrowth, increasing AEs risks, especially when kept for more
than 7 days, such as EVT system obstruction. It is important to underscore that
a non-working EVT system may be hazardous for patients. Thus, the entire
staff needs to be well-trained. Additionally, OPPS is associated with chal-
lenging placement and removal, more prolonged procedures due to its large
diameter, which hinders endoscopic placement through the hypopharynx.
The risk of major bleeding is the most feared AE due to few reports of fistulas
to large blood vessels [48]. Fortunately, several “modified” EVT systems were
proposed to overcome these limitations. These novel low-cost devices are
affordable and easily reproducible, presenting a smaller diameter and slippery
surface with several fenestrations allowing for easier placement and removal
through the nares, facilitating endoscopic manipulation and positioning,
thus, reducing procedure time. Additionally, these smaller devices appear to
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be more appropriate for pediatric patients. Furthermore, it reduces the system
obstruction and the need for multiple EVT system exchanges, reducing the risk
for AEs [40°*¢]. Therefore, these novel devices have the potential to expand
EVT use around the world.

Conclusions

Endoscopy is now considered the first-line therapy for most NMEP, except for
clinically unstable patients with uncontained collections. Due to its unique
mechanism of action, promoting tissue healing and infection control, EVT
presents a high efficacy and adequate safety profile as a primary or rescue
therapy, as an individual or adjunctive therapy, with or without associated
collection, regardless of defect location or duration. Moreover, EVT presents
a higher clinical success rate than any other endoscopic therapies for NMEP.
Thus, we are positive that it is time to go vacuum for NMEP!
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