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a b s t r a c t

As the number, diversity, and complexity of endoscopic compli-
cations has increased, so too has the number, diversity, and
complexity of operative interventions required to treat them. The
most common complications of endoscopy in general are bleeding
and perforation, but each endoscopic modality has specific nu-
ances of these and other complications. Accordingly, this review
considers the surgical complications of endoscopy by location
within the gastrointestinal tract, as opposed to by complication
types, since there are many complication types that are specific
for only one or few locations, such as buried-bumper syndrome
after percutaneous endoscopic gastrostomy and pancreatitis after
endoscopic retrograde cholangiopancreatography, and since the
management of a given complication, such as perforation, may be
vastly different in one area than in another area, such as perfo-
rations of the esophagus versus the retroperitoneal duodenum
versus the intraperitoneal duodenum. It is hoped that this review
will provide guidance for gastroenterologists considering a
particular procedure, either to assess the risks for surgical com-
plications in preparation for patient counseling, or assist in
assessing a patient who seems to be having a severe complication,
or to learn what operation might be required to treat a given
complication and how that operation might be performed. As
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with many operations, those for the treatment of endoscopic
complications are typically performed only when less invasive,
nonoperative strategies fail.

© 2016 Elsevier Ltd. All rights reserved.

Introduction

Endoscopic procedures have evolved from diagnostic screening tools in otherwise healthy patients
to now include a much broader spectrum of increasingly complex procedures in patients who may be
increasingly ill. As these procedures become more complex and more common, complications are
expected to follow accordingly. According to a 2012 Medicare study of the burden of gastrointestinal
disease in the United States, there were nearly 19 million endoscopic procedures performed in 2009,
with a significantly increasing trend among Medicare recipients over the last decade [1]. While one of
the most effective measures to avoid complications is to avoid unnecessary procedures, complications
do arise even in the best andmost experienced hands, and when they do, rapid identification and early
intervention are essential.

Although the definition of endoscopic complications is addressed elsewhere in this issue, suffice it
to say that here we will consider complications to be, as defined by Cotton et al., an adverse event
preventing completion of the planned procedure (excluding technical failure), resulting in admission
or prolongation of admission to the hospital, or additional procedures or consultations [2], a definition
that is very similar to one of the standard definition used for a surgical complication: any deviation
from the ideal postoperative course that is not inherent in the procedure and does not comprise a
failure to cure [3e6].

Complications that arise independent of instrumentation, such as those related to the effects of
sedation, including cardiac arrest and myocardial infarction, and pulmonary events including hypoxia,
aspiration events, and pulmonary embolisms are discussed elsewhere, as is the essential topic of
prevention. Here we shall focus on the surgical sequelae of endoscopic complications, viz., those
requiring operation, and shall briefly describe the operative treatment of these complications.
Although some complications can occur with any endoscopic modality, such as bleeding and perfo-
rations, each endoscopic modality is associated with a specific set of risks and unique complications
and therefore this review is organized by location of the endoscopic procedures within the gastroin-
testinal (GI) tract, from the esophagus to the colorectum.

Esophagogastroduodenoscopy (EGD)

Upper GI endoscopy is associated with a low complication rate of 0.13e0.5% and a mortality of
0.004e0.05% [7,8]. Although these rates are very low, nearly three million EGDs are performed
annually, in United States Medicare patients alone, such that 3,900e15,000 clinically significant
complications may be expected annually in this population.

Perforation

While perforations are rare (0.009e0.04%) during diagnostic EGD, therapeutic upper endoscopy
has a much higher risk of perforation, although these rates vary widely in the literature (0.4e10%) [7].
EGD-associated perforations levy an especially heavy burdenwhen the perforation is esophageal, and
mortality rates in these cases may be as high as 25% [7]. Not surprisingly, rates of perforation and
severity of complications tend to increase with worse pathology, more complicated procedures, and
more aggressive treatment. Risk factors associated with perforation include Zenker diverticulum,
stenosis or achalasia, duodenal diverticula, neoplastic lesions, and anterior cervical osteophytes
[8e10]. Perforation of the esophagus may manifest as pneumomediastinum, mediastinitis, respira-
tory distress, and respiratory failure, pain, dysphagia, fever, and subcutaneous emphysema, and, when
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