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Minimally invasive management of esophageal perforation

Ozofagus perforasyonunun minimal invaziv tedavisi
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ABSTRACT

Esophageal perforation is a medical emergency associated
with high morbidity and mortality. There is no consensus
on the optimal treatment of this life-threatening condition.
Conventional treatment of esophageal perforation is surgical.
However, more recently, endoscopic treatment has become the
treatment of choice given its less invasive nature compared to
surgical treatment. This includes endoscopic clip administration,
endoscopic stent placement, endoscopic suturing, endoscopic
vacuum therapy and tissue sealants which are all administered
via the endoluminal route. Whilst small defects (<2 cm)
may be closed with endoscopic clips, larger defects require
stent placement or suturing. Removable esophageal stent is
an effective method of treatment in cases with esophageal
perforation as they allow minimal invasive repair of perforation
and rapid nutrition. Endoscopic suturing can be used both to
fix the stent to prevent migration and to primarily close the
perforation. If perforation is associated with a mediastinal
collection, drainage is mandatory and this procedure can be
performed by computed tomography guided percutaneous
drainage, thoracoscopy or endoscopic vacuum therapy. In some
cases, a combination of these minimally invasive methods is
required. Since endoscopic methods provide better quality of
life and outcomes and shorten length of hospitalization, such
methods have become the treatment of choice for esophageal
perforation.

Keywords: Clip; endoscopy; esophagus; esophageal perforation;
perforation; stent; thoracoscopy.

Esophageal perforation is a rare condition
associated with high mortality and morbidity
risk. Historically, esophageal perforation has been
treated by surgical methods. However, nowadays,
conservative therapy and endoscopy have an

(/4

Ozofagus perforasyonu yuksek morbidite ve mortalite ile
karakterize acil bir durumdur. Hayat1 tehdit eden bu durumun
uygun tedavisi konusunda kesin bir fikir birligi bulunmamaktadir.
Geleneksel olarak 6zofagus perforasyonunun tedavisi cerrahidir.
Bununla birlikte, endoskopik tedavi cerrahiden daha az invaziv
ve daha az morbid olarak guniimuzde primer tedavi se¢imidir.
Endoskopik klip uygulamasi, endoskopik stent yerlestirilmesi,
endoskopik sutur, endoskopik vakum tedavisi ve doku
yapistiricilart endoliminal yoldan uygulanmaktadir. Kuguk
defektler (<2 cm) endoskopik klipler ile kapatilabilir. Daha buyuk
defektler stent yerlestirilmesi veya sutur gerektirir. Cikartilabilir
ozofagus stenti, perforasyonun minimal invaziv onarimina
ve hizli beslenmeye izin vermesiyle 0zofagus perforasyonu
olan olgularda etkili bir tedavi yontemidir. Endoskopik sutur
hem migrasyonu onlemek igin stentin sabitlenmesi hem de
perforasyonun primer olarak kapatilmasi i¢in kullanilabilir.
Perforasyon bir mediastinal koleksiyon ile iligkili ise, drenaj
zorunludur ve bu iglem bilgisayarl1 tomografi rehberliginde
perkuitan drenaj, torakoskopi veya endoskopik vakum tedavisi
ile yapilabilir. Baz1 olgularda bu minimal invaziv yontemlerin
kombinasyonu gerekir. Endoskopi merkezli minimal invaziv
yontemlerin daha iyi yagsam kalitesi ve sonucglar saglamasi
ve hastanede yatig suresini kisaltmasi nedeni ile ©zofagus
perforasyonunda tedavi seciminde bu yontemlere dogru bir
yonelim gozlenmektedir.

Anahtar sozciikler: Klip; endoskopi; 0zofagus; 6zofagus perforasyonu;
perforasyon; stent; torakoskopi.

important place among treatment modalities. Inrecent
years, interventional endoscopy, an effective but less
invasive method, has been developed as an alternative
to primary surgery. There are several techniques to
restore the continuity of the gastrointestinal system,
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to prevent and treat the infection associated with
perforation, to empty the potential collection, and to
provide nutritional support.'"! In this study, the areas
of use and outcomes of minimally invasive methods
were evaluated in the literature for the treatment of
esophageal perforation.

Incidence

It is highly difficult to determine the true incidence
of esophageal injuries. Whilst the most common cause
of esophageal injuries was spontaneous, iatrogenic
injuries have taken the first place as therapeutic
interventions are becoming increasingly more
common. While the risk of esophageal injury is
0.018-0.003% in flexible endoscopies, it is 0.11% for
rigid esophagoscopes, and it can be up to 10-15% if
therapeutic interventions are considered.”

Etiology

Esophageal injuries can be divided into two groups,
intraluminal and extraluminal. Factors involved in the
etiology of esophageal injuries are shown in Table 1.

Clinical Findings

Initially, clinical findings of esophageal injuries are
obscure, and they usually become evident after 24 hours.
In the initial hours of perforation, unless there is an
accompanying complication such as pneumothorax or
subcutaneous emphysema, the physical examination
might be without any pathology. This is particularly
more common in patients with iatrogenic perforation
with no oral intake. In case of oral intake hours, days
after the perforation, the patient may present with signs
of sepsis.

Symptoms and physical examination findings vary
based on the cause, localization and time of occurrence
of the perforation. The most frequent symptoms are
pain, fever, dysphagia, dyspnea and subcutaneous
emphysema. In thoracic perforation, mediastinal
emphysema is in the forefront, and subcutaneous
emphysema is detected in 30% of the cases.>! While
pain is the most common symptom, it is non-specific.
While fever points to a possible systemic inflammatory
response and a possible onset of infection, it is not
specific. A rapid rise in and high levels of fever
are indicators of toxic progression and seen after
mediastinal perforation. Spontaneous rupture of the
esophageal often presents with severe chest pain,
dyspnea, hematemesis, nausea, sweating and rigors.

Diagnosis

Early diagnosis of esophageal perforation is
established by determination of clinical findings and
radiological confirmation of these findings. Direct X-ray
provides important clues for the diagnosis of esophageal
perforation in 70-90% of the cases.>* Signs such
as hydrothorax, pneumothorax, hydropneumothorax,
pneumomediastinum, subcutaneous emphysema,
mediastinal dilation, subdiaphragmatic air, foreign
matter, and retrotracheal dilation can be detected.
Mediastinal emphysema is present in approximately
half of esophageal perforations. Hydropneumothorax
is detected in one quarter of the cases.?>*

Esophagography is necessary in all cases of
esophageal perforation to confirm diagnosis, to localize
perforation and for treatment. In cases of perforation in
lower esophageal section secondary to instrumentation,

Table 1. Etiology of esophageal injury

A- Intraluminal injuries

B- Extraluminal injuries

1- Instrumental
Esophagoscopy
Esophageal bougienage
Pneumatic dilation
Endoesophageal tube
Biopsy
Sclerotherapy
Endotracheal tube

2- Non-instrumental
Barotrauma
Caustic injuries

Medicines
Infections

3- Foreign bodies

1- Penetrating injuries
Gunshot wounds
Stab wounds
Iatrogenic perforation
Foreign bodies erosion

2- Blunt injuries
Traffic accident
Fall from height
Cardiopulmonary resuscitation

3- Operative trauma
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contrasting agent is frequently seen to extravasate the
pleural space or mediastinum. Following water-soluble
contrast esophagography, if there are still suspicions
or exact anatomic localization cannot be obtained,
the procedure can be repeated with barium. However,
many surgeons are worried of the extravasation of
barium into thorax. The use of water-soluble agents can
detect 75% of thoracic perforations."

Tomographic assessment using contrasting agent
is another option for diagnosis. Pneumothorax,
pneumomediastinum, subcutaneous emphysema,
mediastinal dilation, abscess cavities, lesion level and,
if present, foreign matter can be seen in computed
tomography (CT). In some cases, CT may even detect
very small extravasations of contrasting agent which
cannot be detected by standard X-rays. Emphysematous
tissue planes and any emerging abscess can be clearly
demonstrated by CT. Additionally, it helps to detect
the vertical invasion of an infectious process in the
mediastinum.*#!

The gold standard diagnosis of rupture is by
visualization by endoscopy. Both the level of the
rupture and accompanying diseases are detected, and
the treatment method is decided by esophagoscopy.
However, the use of endoscopy in the diagnosis
of esophageal perforation is controversial. Small
perforations might be missed even by experienced
endoscopists. Also, entering into the laceration area by
endoscope may enlarge the perforation even more, and
additional contamination may occur.’®

The Goals of Treatment

There are two basic goals in the treatment of
perforation. The first is the restoration of the esophageal
lumen. The second is the control of extraluminal
contamination to prevent sepsis. In addition, proper
hemodynamic monitorization, support and systemic
antibiotic therapy are essential.

The Choice of Treatment

The successful completion of the treatment of
esophageal perforation is associated with several factors
including the time period elapsed between rupture and
diagnosis, the place and size of the rupture, the degree
of contamination, and the general status of the patient
In fact, the period elapsed from perforation to diagnosis
is the most important factor affecting the outcome of
esophageal perforation.”’ As there is no single strategy
to sufficiently overcome many of these conditions, the
optimal treatment of perforation is unclear.

Conventional treatment of thoracic and abdominal
perforation is by primary repair of the perforation
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with an emergency surgical approach in cases without
underlying esophageal pathology or long-term
inflammation. While there is data recommending the
early repair of perforation, persistent leak occurs and
additional esophageal interventions might be necessary
in approximately 30% of repairs.”

Operative Treatment

For many years, it was accepted that aggressive
surgical approach is mandatory for the treatment of
esophageal perforation. These operative approaches
are drainage only, decortication and drainage, primary
repair with or without tissue aid, controlled fistula
formation with T-tube, esophageal resection or
esophageal exclusion."” The choice of the operative
approach is based on the hemodynamic status of the
patient, the presence of coexisting pathologies, and
the suitability of esophageal muscle and mucosa layer
for primary repair. While many authors advocate the
repair of the perforation area with supportive tissue
in early stages, primary repair was not recommended
in cases who were admitted later on in the disease
process. In many series and reviews, it was emphasized
that treatment within the first 24 hours is associated
with successful outcomes.>51%

In perforations with large mediastinal or pleural
contamination, operative treatment is more frequently
necessary. Boerhaave syndrome and large iatrogenic
perforations have more possibility to benefit from
operative treatment. Operative mortality rate varied
between 0% and 80% in a meta-analysis between 1990
and 2003, and mean mortality rate was reported to be
18%.!"" In more recent series, mortality rate is between
2% and 20%, and lower than 10% in most series.!'>'¥

While many authors advocate the open surgical
treatment for esophageal perforations, other authors
obtained excellent results with non-operative treatment
of perforation and percutaneous control of mediastinal
sepsis.5o118 ‘When self expanding covered stents
started to be used in both benign perforations and
anastomotic leakage, the treatment of esophageal
perforation started to shift to minimally invasive
methods.*!"

Minimally Invasive Surgery with Thoracoscopy

The purpose of the surgery is to provide sufficient
closure of the defect to allow esophageal healing, and to
remove esophageal content from thorax, mediastinum
and peritoneal space. In cases with mediastinal and
pleural contamination, even if endoscopic closure
is considered for the treatment of perforation,
thoracoscopy should also be added for mediastinal
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debridement and drainage. Thoracoscopic repair of
esophageal perforation causes less trauma in patients.
The purpose of the surgery is to provide sufficient
closure of the defect to allow esophageal healing, and
to wash esophageal content from thorax, mediastinum
and peritoneal space.

In selected patients with acute esophageal
perforation, minimally invasive surgery is increasingly
being used mostly for stable patients with mild
contamination. The literature reports are mostly
limited to case reports and small case series explaining
the treatment of Boerhaave syndrome and perforation
caused by balloon dilation in achalasia, summarizing
the thoracoscopic and laparoscopic approaches.'” Cho
et al.l'"® reported 15 cases with Boerhaave syndrome
treated by thoracoscopy or thoracotomy based on the
surgeon’s experience. Operation period, ventilation
period and mortality rate in seven cases in the
thoracoscopy group were lower. According to this
study, regardless of the time elapsed from perforation
to the treatment, thoracoscopic esophageal repair
might be a decent alternative in cases with Boerhaave
syndrome who are relatively stable or have moderate
inflammation. Fiscon et al.'” combined thoracoscopic
treatment and endoscopic treatment in a case with
Boerhaave syndrome.

Endoscopic Treatment

Endoscopic treatment is being used increasingly for
the treatment of perforation in cases who are diagnosed
early with no sign of sepsis. Endoscopic approach
can also be applied in perforated cases with ongoing
incomplete treatment. The ability to combine both
diagnosis and treatment obviously increases the utility
of endoscopy. The rate of endoscopic assessment and
treatment was 37% in between 1990 and 1994, and
increased to 80% in between 2005 and 2009.>"

Endoscopic Clips

Endoscopic clips are currently the only endoluminal
device which can be used to close a mucosal defect
associated with acute esophageal perforation. There
are two types of clips approved by Food and Drug
Administration (FDA), and it is possible to close small
perforations with them. Immediately diagnosed small
iatrogenic perforations are candidates to assess the
placement of endoscopic clip. In some cases, clips and
stents can be used together.

Through-The-Scope (TTS) Clips

Standard through-the-scope clips were initially
designed for hemostasis. Later, the design of TTS clips
were developed, and nowadays, started to be used for the

closing of iatrogenic perforations.”! Through-the-scope
clips can be used to close perforations smaller than
2 cm provided that the surrounding tissue is viable
and feasible. If the tissue surrounding the defect is
inflamed or endured, clip application might be difficult.
Each clip has different deployment mechanism, and
endoscopist and assistant should be familiar with
them. It is recommended to approach from the most
distal part with the first clip. Starting from distal
side prevents accidental loosening of the clips during
closure. As this method is new, there is limited data on
the successful use of clips for the closure of esophageal
perforation. 224

Over-The-Scope Clips (OTSC)

In December 2010, a newer and bigger clip system
called OTSC (Ovesco Endoscopy, Campbell, CA,
USA) was approved by FDA. A single application of
OTSCs may provide full thickness closure of open
defects up to 2-3 cm. The design of this device, usually
known as “bear-claw”, is different from the design
of TTS clips. The advantage of OTS over TTS clips
is the ability to close long-term leakages and fistulas
even if the surrounding tissue is inflamed or endured.
This is possible as OTS devices have more pressure
force and tissue grip. Transparent applicator cap is
mounted on the tip of endoscope. Clip is made of a
biocompatible material, nitinol, and can stay in the
body for long-term. The caps are available in three
sizes, 11 mm, 12 mm and 14 mm, which are compatible
with almost all endoscopes on the market. During the
approach, caps with two different depths are available
to grip the tissue more or less. Clips are available in
three sizes adapted based on the cap sizes. There are
three different types of teeth compatible with different
tissues and indications including traumatic, atraumatic
and gastrostomy closure. While atraumatic clip is
preferred to control the bleeding, traumatic clip is
mostly used to close fistula and perforations.!'”

A successful full thickness closure was initially
demonstrated in an animal experiment.””! Later,
many clinical trials reported that this device was
successfully applied for the full thickness closure of
perforation, leakage and fistula.?®?"! Haito-Chavez et
al.®® reported successful technical and clinical closure
of the defect in all 188 patients by OTSC. Esophageal
fistula was present in 16 of these cases, leakage in
five, and perforation in 10. Similarly, Kirschniak et
al.?! reported 100% success rate for the closure of
esophageal perforation by OTSC. While high success
rates are reported, it should be remembered that it
might be difficult to grip and fold the edges of the
perforation if the perforation is large and necrotic.
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The closure of perforations with a diameter of more
than 20 mm might be difficult due to the size of the
clip and more than one clip might be necessary.!!

Esophageal Stent Placement

Esophageal stents were initially used for palliative
purposes in the early years of 1990s. Since then,
partially covered and nowadays fully covered stents
are used for benign indications. Later, esophageal
stents were started to be used for the closure of
perforation and anastomotic leakage. The biggest
advantage of stent placement is the immediate control
of perforations, maintaining the esophageal wall
during mucosal healing, the possibility of early oral
nutrition and the prevention of stricture formation.?-3%
Recently, for the treatment of esophageal perforation,
surgical intervention rate has been decreased and stent
placement has increased significantly.

Self Expandable Plastic Stents

Self expandable plastic stent (SEPS) is an effective,
safe, and relatively non-invasive method of treatment for
esophageal fistula and perforations. Polyflex (Boston
Scientific, Natick, MA, USA) stents are the most
commonly used SEPSs for this purpose. In order to
prevent migration, it is made from polyester completely
covered with silicon with increasingly expanding
proximal end. Self expandable plastic stents have high
level of efficacy in the treatment of esophageal leakage
and perforations. They have some advantages over
metal stents in the treatment of esophageal perforation:
they provide a safe and effective force to close soft
material leakage and prevent silicon membrane tissue
ingrowth. This allows easy repositioning of the stent
and stent removal. However, the placement of SEPS is
more difficult and the rate of migration is higher.?43334

In many studies, SEPSs are removed within
28 days. The most frequent complication is stent
migration, seen in 8-23% of cases at short-term
follow-up and approximately in 40% of cases at
long-term follow-up.*3334 High migration rate of the
stent was associated with the smooth external surface
of the polyflex stent and absence of obstruction in
leakage area. This complication may be prevented by
using stents with wider diameters or fixing the stent
edge onto esophageal wall by means of endoscopic
clips.B4

Self-Expandable Metallic Stents

Self-expandable metallic stents (SEMSs) have been
developed to treat malignant obstructions. However,
nowadays, with the development of partially covered,
fully covered and removable stents, their indications
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of use were widened. There are several important
functions of fully covered SEMS placement in
esophageal perforations. Stent covers the perforation
and removes the esophageal content from perforation
area. Thereby, oral intake can be reinitiated easily, and
contamination of extraluminal structures is prevented.
Stent also provides re-epithelization for the tissue.
Partially covered SEMS contains 1.5 cm of uncovered
segment on the proximal and distal ends. This helps
the stent to fit into its place and the prevention
of migration. Nevertheless, the removal of partially
covered SEMS might be difficult, and placement of a
second stent might be necessary.?! Fully covered stents
are ideal to control leakage. However, the possibility of
migration is higher with these. Appropriate drainage
of the leakage area and particularly perforation is
highly important. Placement of a fully covered stent
prevents the leakage from the esophageal wall, but this
may also hinder the sufficient drainage of the cavity
and may cause sepsis. Freeman et al.®! reported four
factors affecting the unsuccessful stent placement and
decreased efficacy for the treatment of leakage. These
include leakage on the proximal cervical esophageal,
passage of stent through gastro-esophageal junction, an
esophageal injury of >6 cm, and anastomotic leakage
associated with a more distal conduit leakage.

In a retrospective study, van Boeckel et al.l’®
evaluated the usability of fully covered SEMS, partially
covered SEMS and SEPS in 52 cases with benign
esophageal rupture and anastomic leakages. A total of
83 stents were placed in 52 cases (61 partially covered
SEMSs, 15 fully covered SEMSs, and seven SEPSs).
Endoscopic stent removal was successful in all cases.
While stent migration is mostly seen in fully covered
SEMSs (20%), the migration rate was 14% in SEPSs
and 10% in partially covered SEMSs. Tissue ingrowth
and overgrowth were only seen in cases with partially
covered SEMSs (11%). It was reported that covered
stents that were placed for a period of five-six weeks
for the treatment of benign esophageal perforation
or anastomotic leakages might be an alternative to
surgery. It was reported that there is no difference
in efficacy between partially covered SEMSs, fully
covered SEMSs and SEPSs; therefore, stent choice
should be made based on the expected stent migration
risks (SEPS and fully covered SEMS) and tissue
overgrowth or ingrowth (partially covered SEMS).

Endoscopic Suturing

Endoscopic suturing techniques allow larger
defects to be closed. Endoscopic sutures have been
used to close both acute perforations and chronic
fistulas. However, it is more difficult than clip
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application as a technique. System provides the tissues
to be pulled to each other by full thickness sutures.
Device requires a two-channel therapeutic endoscope.
Tissue closing and suture placement might be facilitated
by a holding forceps pulling the tissue back. During
the procedure, auxiliary parts may be placed through
the working channel of the endoscope. The OverStitch
Endoscopic Suturing System (Apollo Endosurgery,
Austin, USA) allows interrupted or continuous suturing.
Also, fixation of the stent onto esophageal wall may be
established by endoscopic suture.?*

Ngamruengphong et al.’! compared migration
rates between 44 cases who had endoscopic suturing
for stent fixation and 81 cases who did not have
endoscopic suture in a multicenter study performed in
125 cases. Stent migration was detected substantially
in cases with no usage of endoscopic suture
(33 vs. 16%, p=0.02).

Contrary to OTSC, the size of the perforation does
not prevent closing. In a total of 13 cases with defects
sized 25 mm to 50 mm, successful primary closing
was reported using this method for the esophageal
perforation.”*®!

Endoscopic Vacuum Assisted Closure

Endoscopic vacuum assisted closure (EVAC) is
a new technique for the drainage of mediastinal
collections.? In acute esophageal perforation,
appropriate  drainage of the extraluminal
contamination is necessary for a successful treatment
modality. Drainage procedure may be performed by
open or minimally invasive surgery or interventional
radiology. In addition to that, recently, EVAC sponge
system started to be used for the treatment of
perforation as it was used to close soft tissue defects.
While this approach is mainly used for chronic
fistulas, it was also thought to be used for acute
esophageal perforation.'"”

In the literature, the largest series on EVAC
use belongs to Laukoetter et al.?! with 52 cases.
While 39 cases had anastomotic leakage, 13 cases
had esophageal perforation, and 94% success
rate was reported. Brangewitz et al.*” compared
39 patients who were treated using SEMP or SEPS
with 32 patients who were treated with EVAC for
the treatment of intrathoracic esophageal leakage. In
a multi-variable analysis, successful wound closure
was found to be independently associated with
EVAC treatment. The closure rate of the leakage in
EVAC group (84.4%) was found to be significantly
higher compared to SEMS/SEPS group (53.8%).
They reported that EVAC is a more effective

method of treatment than stents for the closure of
intrathoracic leakages.

Tissue Sealants

The most common tissue sealants in clinical
practice are fibrin glue and cyanoacrylate. Fibrin glue
is most effective when applied on dry area; it requires
the endoscopic removal of tissue residue and pus. It
is applied via double lumen catheter to form a fibrin
cover on leakage area. Cyanoacrylate has antibacterial
properties and can be applied on an infected area.
Usually, before applying the tissue sealant, the mucosa
surrounding the gap is deepitheliazed by a cytology
brush to facilitate the healing of the fistula.**! Tissue
sealants may be used stand alone or together with other
various techniques. Kotzampassi and Eleftheriadis*!
reported 96.8% clinical and technical success rate
using tissue sealants in 63 cases with anastomotic
leakage.

Hybrid Procedures

In order to minimize the morbidity and mortality for
the treatment of esophageal treatment, endoscopic or
radiological techniques are combined with minimally
invasive or open surgery. This development may
include interventional radiological techniques to place
thoracic or mediastinal drains in cases with loculated
abscess or undrained fluid collection after primary
repair. Alternatively, thoracoscopic or laparoscopic
techniques can be used for drain placement or
decortication. Thoracoscopic drainage can be combined
with endoscopic methods such as stent or clip. Today,
the popularity of combining endoscopic treatment and
minimally invasive surgical treatment based on the
time of diagnosis and status has increased. Currently,
hybrid procedure is most frequently performed as
primary repair or thoracoscopic drainage performed
with endoscopic stent placement.!'%

In conclusion, minimally invasive methods
accelerate the recovery of patients and decrease the
period of hospitalization, patient morbidity, and costs.
More accurate diagnosis and less invasive treatment
reduce the morbidity and mortality to more acceptable
levels. Endoscopic treatment should be considered for
stable patients with smaller perforations which are
contained or well drained. Even long-term esophageal
fistulas resulting from perforation can be closed
with endoscopic treatment. In cases with excessive
contamination and large uncontained perforation,
surgical treatment can be combined with endoscopic
procedures. As endoscopic and radiologic therapeutic
techniques are being developed day by day, hybrid
procedures combining treatment methods will be more
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common. These minimally invasive methods can be
easily applied in experienced thoracic surgery clinics,
and in a near future, a consensus on the treatment of
esophageal perforation can be established.
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