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Introduction

The past 10 years have seen a paradigm shift in the management of esophageal
perforations. Whereas perforations were previously managed either conservatively
or aggressively with surgical intervention depending on various criteria, endoscopic
therapy and wide drainage have now become the mainstays of treatment. This has
resulted in considerable improvement in patient morbidity and mortality. Yet,
despite this shift in therapeutic approach, esophageal perforation remains a highly
morbid and mortal diagnosis. The following chapter discusses the etiologies of
esophageal perforations, presentation, workup, therapy, and outcomes.

Etiology

The incidence of esophageal perforation is largely unknown. The literature varies
widely and is mostly estimated based on single-center studies or isolated popula-
tions due to the relative rarity of this condition. In Canada, for instance, the inci-
dence is approximately 3.1 per 1,000,000 per year [1]. This number is on the rise
yearly in proportion with the increased number of upper endoscopies [2].
Iatrogenic injury is the leading cause of esophageal perforation globally and
most commonly occurs during endoscopy, which accounts for 60% of all perfora-
tions [3]. On the whole, upper endoscopy carries a 0.033% risk of perforation, with
therapeutic endoscopy more frequently resulting in perforation than diagnostic [4].
Other iatrogenic causes such as intraoperative injuries during foregut surgery or
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unrelated surgeries in the abdomen, chest, neck, and spine have been described, as
well as from other instrumentation such as nasogastric tube placement.

Ingested foreign bodies such as fish or poultry bones account for 80% of cervical
esophageal perforations [5].

Penetrating trauma is another well-described cause of esophageal perforation
that is most frequently caused by either stabbing (15-20%) or gunshot (70-80%) [6].

Boerhaave syndrome, the most common cause of spontaneous perforation, is the
second leading cause of esophageal rupture, representing between 8% and 56% of
perforations [3]. Other etiologies of spontaneous perforations have been described
related to various medical diagnoses and treatments including achalasia, infection,
inflammatory and autoimmune diseases, radiation, and medications. Malignancy
accounts for approximately 1% of perforations [5].

Finally, caustic ingestion is a leading cause of perforation among the pediatric
population where this injury is almost always accidental [7]. Conversely, in the
adult population, caustic ingestion is relatively rare and is more often seen as the
result of an intentional ingestion during attempted suicide [8]. Household cleaning
products are the most common culprit, accounting for 80% of cases, with alkali
solutions more likely to cause perforation than acidic solutions [9].

Location

In terms of both therapeutic approach and outcomes, the location of an esophageal
perforation is paramount. The esophagus is stratified into three regions based on its
relation to anatomical compartments: the cervical esophagus, the thoracic esopha-
gus, and the abdominal esophagus. Perforations of the thoracic esophagus account
for 72.6% overall, followed by cervical at 15.2% and finally abdominal at 12.5% [10].

Perforations due to instrumentation are most likely to be thoracic (45%), whereas
spontaneous and operative perforations are more commonly abdominal (60% and
75%, respectively), and trauma and foreign body perforations are predominantly
cervical (80% and 85%, respectively) [5].

Signs and Symptoms

Presenting signs and symptoms are dependent on the location of esophageal perfo-
ration as well as time elapsed. Often patients with esophageal perforations will relay
an inciting event. Patients with cervical perforations will present with neck pain,
aerodigestive symptoms, or subcutaneous emphysema [10].

By and large, patients with thoracic esophageal perforations will present with
chest pain that is pleuritic in nature and radiates to the back or shoulder [10]. Patients
with Boerhaave syndrome, in particular, may present with Mackler’s triad: emesis
followed by chest pain and then subcutaneous emphysema, though this is seen only
14% of the time [11].
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Finally, patients with abdominal esophageal perforations will present with
abdominal pain, typically epigastric, or frank peritonitis [12]. Due to the rapidly
progressive natural course of this disease, late presentation (>24 h) is often nonspe-
cific with progressive findings of pneumonia, sepsis, multiorgan dysfunction, and
shock [13, 14].

Diagnosis

A high index of suspicion is critical for the diagnosis of esophageal perforation.
Careful history and physical exam will commonly reveal instigating events such as
recent endoscopy, emesis, bone ingestion, choking, or trauma, or physical findings
such as subcutaneous emphysema or peritonitis [15]. Laboratory exams may show
a leukocytosis with left shift consistent with infectious process. Chest X-ray may
reveal pneumomediastinum, pneumonia, or pneumothorax. In thoracic perforations,
standard lung X-ray is abnormal in 90% of patients, though this is often nonspe-
cific [3].

More specifically, there are three imaging modalities commonly used to defini-
tively diagnose esophageal perforations. Computed tomography (CT) is the initial
diagnostic test of choice as it is quick and easily obtainable in any institution. CT
may reveal stigmata of perforation such as extraluminal air adjacent to the esopha-
gus in the neck, thorax or abdomen, pneumomediastinum or pneumothorax, or
pleural or mediastinal fluid. Sensitivity can be increased up to 92-100% with the
addition of oral contrast [16]. This should always be water soluble in the setting of
suspected perforation as barium can cause irreversible mediastinitis/fibrosis.
Additionally, CT aids in ruling out other confounding diagnoses.

Fluoroscopy, or oral contrast esophagogram, similarly may reveal extravasation
of oral contrast; however, it is more difficult to obtain in smaller centers. While
some studies advocate fluoroscopy over CT, others show that oral contrast-enhanced
CT is far superior, with fluoroscopy demonstrating only 50% sensitivity for cervical
perforations and 75-80% for thoracic perforations [5, 17].

Finally, endoscopy is an excellent modality as it allows for both diagnosis and
therapy. Endoscopy allows for direct visualization of the defect, and enables char-
acterization and planning to address both the acute problem and any underlying
issue [18].

Treatment and Outcomes

Early diagnosis and treatment of esophageal perforations are essential in reducing
morbidity and mortality. Overall mortality for esophageal perforations is approxi-
mately 11.9%; however, for patients who necessitate operative intervention, the
mortality is 20% [3, 19]. Diagnosis and treatment within 24 h, however, reduce
mortality by up to 50% [20, 21].
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Cervical perforations carry an overall mortality of 5.9%, thoracic perforations
10.9%, and intraabdominal perforations 13.2%. By cause, mortality after esopha-
geal perforation secondary to foreign body was 2.1%, iatrogenic perforation 13.2%,
and spontaneous perforation 14.8% [19].

First and foremost, supportive care, nil per os status, and broad-spectrum antibi-
otics should be initiated on presentation. Antibiotics should cover upper gastrointes-
tinal (GI) flora including gram-positive bacteria, gram-negative bacteria, and yeast,
and should be narrowed based on cultures [13]. Intervention should be performed as
early as reasonably possible to shorten the length of ongoing contamination and
should be focused on source control with closure or coverage of the defect where
possible as well as drainage of the affected cavity when indicated [20, 21].
Perforations recognized at the time of endoscopy or surgery should be treated
immediately. Intuitively, patients with small defects that are diagnosed and treated
expeditiously have the best outcomes [22].

At the time of intervention, consideration for enteral feeding access should be
given, as many patients will remain nil per os for extended periods of time [22].

Management of malignant perforations requires special consideration and is not
discussed in this chapter.

Endoscopy Versus Surgery

There is no better opportunity to diagnose and treat simultaneously than with upper
endoscopy. Surgery is far more invasive, necessitating neck dissection, thoracot-
omy, laparoscopy, or possibly laparotomy. Therefore, with appropriate patient
selection, endoscopy should be considered the initial intervention of choice [18].
The number of patients with esophageal perforations that are managed nonopera-
tively has dramatically risen in the past 10 years, such that surgical intervention now
is used in less than half of all cases, and this number continues to decline annually
[10]. Should operative intervention be required either acutely or due to failure of
nonoperative or endoscopic management, the general principles of esophageal
repair apply. Regardless of location, these include: exposure, debridement of nonvi-
able tissue, closure of defect in two layers, the use of buttress, and tube drainage [6].
Surgical approaches and technique will be discussed in the next chapter.

Endoscopic Techniques

Endoscopic management of esophageal perforations is an evolving field and tech-
niques vary from center to center based on the availability and comfort of special-
ists. These injuries should only be handled in high-volume specialty centers with
access to endoscopic experts as well as a thoracic or foregut surgeon who is familiar
with the management and operative repair of esophageal perforations. In centers
that lack these resources, patients should be stabilized and transferred expeditiously.
Endoscopy, though an excellent standalone therapy when an esophageal perforation
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is immediately recognized, often must be combined with drainage procedures in the
setting of gross contamination in order to achieve appropriate source control.
Predictors of successful endoscopic therapy are smaller defect and shorter time to
diagnosis and therapy [23, 24].

Clips

Endoscopic clip placement is an excellent means of managing small perforations
with minimal surrounding inflammation. There are two types of clips that are used.
Small clips are deployable via the working port of the endoscope, whereas the bear-
trap-like over-the-scope clip (OTSC®) system (Ovesco Endoscopy AG, Tubingen,
Germany) offers larger clips with fewer limitations. The latter clips are useful for
lesions up to 30 mm and exert greater force on the closure [25]. When compared to
through-the-scope clips, OTSCs are associated with lower rates of surgical interven-
tion [26]. There are few unique complications of endoscopic clip use other than
malfunction and failure.

Overall, clips are successful in closing 56—-100% of perforations for which they
are attempted, without the need for any surgical intervention or repeat endoscopy
[18]. Furthermore, when clips are used as first line therapy, there is a higher rate of
success than when applied after another therapy has failed [27]. Limitations include
the size of the perforation, and the quality of the surrounding tissue. Along these
lines, risk of failure is greater with chronic perforations and fistulae [28]. The aver-
age size lesion that results in successful closure with endoscopic clips is 8 mm, with
a significantly increased rate of failure for defects greater than 13 mm [29, 30].

Stents

Endoscopic stents have become the mainstay of therapy for esophageal perforations
that are too large or long standing to be amenable to endoscopic clipping. Stents are
indicated in almost any type of esophageal injury but have varying rates of success
depending on the size and location of injury. Overall, technical success rate is ~91%
and clinical success rate ~81% with endoscopic stenting. The rate of stent migration
is significantly higher with plastic stents than metal stents, 27% versus 11%, respec-
tively, whereas metal stents are more prone to causing postprocedural strictures.
Due to the differences in stent migration, patients with plastic stents need far more
reintervention [31]. Bare metal stents are prone to mucosal ingrowth, and therefore
are excellent for permanent placement such as for patients with malignancy. Covered
stents are retrievable, and because of this, self-expanding covered metal stents
should be used preferentially.

There are four factors that are most predictive of stent failure: injury to the proxi-
mal cervical esophagus, injury that traverses the gastroesophageal junction, length
of injury greater than 6 cm, and anastomotic leak associated with more distal con-
duit leak [32].
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Despite initial technical success, some patients will still require surgery upon
stent removal due to persistent leak. Several studies have shown various out-
comes with self-expanding metal stents with ranges from 77% to 100% success.
Stent failure either mandates repeat stenting for long-term course or operation
[33, 34].

Not surprisingly, stent migration is the most common complication, 8.8-40%,
with other complications including tissue overgrowth, erosions/ulcerations, bleed-
ing, aspiration, perforation, fistula, and reflux being relatively rare [35, 36]. When
compared to open repair, stent placement is associated with a 4% morbidity as
opposed to 43%. Length of stay, time to oral intake, and cost are also significantly
decreased [32].

Endoluminal Vacuum Therapy

In light of the improved outcomes with nonoperative treatment of esophageal perfo-
rations, new techniques are on the horizon that could potentially obviate the need
for surgery even in patients who would otherwise not meet the criteria for endo-
scopic management. One such therapy is endoluminal vacuum therapy, which uti-
lizes a vacuum sponge that is endoscopically placed into the perforation cavity. The
Endo-SPONGE? is not yet FDA approved for esophageal perforations, and studies
are still underway regarding its efficacy. Currently, it is approved only for the treat-
ment of rectal anastomotic leaks.
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