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Preface

For most practicing endoscopists, an esophagogastroduodenoscopy (EGD) is the first endo-
scopic procedure they ever perform. I distinctly remember the very first EGD I ever did as a
first-year GI fellow, and the tremendous excitement and anticipation I felt walking into the
procedure room for the first time. I was unused to the constricting feel of my gown, gloves,
and mask, but was excited to be wearing them. “I’m here,” I thought, “I made it.” I had already
familiarized myself with the endoscope handle and the operation of the control heads and
buttons, and was ready to go. After a few minutes of verbal instruction from my attending
physician, I was handed the endoscope, the patient was sedated, and we were off. The
examination passed uneventfully (for both the patient and myself!) and I remember thinking
afterward, “that was so easy!”

Indeed, upper endoscopy (as EGD is sometimes referred to) is deceptively simple. The
anatomy is often straightforward and simple to navigate with an upper endoscope, and the
foregut is very forgiving to novice endoscopists. It is hard to get lost or disoriented, and simple
maneuvers can help you achieve important endoscopic and clinical goals. Like most GI
fellows, I soon discovered that there was more to performing an excellent upper endoscopy
than simply advancing the endoscope to the duodenum, and that not all examinations were as
easy as my first. Variations in anatomy range from simple to highly complex, and mucosal
abnormalities could either be overtly pathologic or maddeningly subtle and hard to detect. It
quickly became apparent that I needed to learn to recognize and be able to navigate a whole
host of postsurgical reconstructions, some of which are commonly encountered and other less
so. Some bleeding sources were readily apparent, other defied even the most detailed and
careful examination. Some causes of upper abdominal pain were found quickly and easily,
others not so much. Despite the steep learning curve and the long hours and late nights
involved, this was an exciting journey.

As with most things endoscopic, the more you learn the more you realize you do not know.
The depth and breadth of pathology and endoscopic interventions that can be encountered and
performed during the course of an upper endoscopy are almost too numerous to count. As
months became years, I always found that there was something new to discover in an upper
endoscopy; some new illness to identify and some new maneuver to perform. In addition, as
my endoscopic skills grew, the range of diagnostic and therapeutic maneuvers I became
comfortable performing also grew. Even to this day, 17 years after my first EGD as a GI
fellow, I am still adding new diagnostic and therapeutic interventions to my armamentarium.
I suspect this trend will continue for as long as I am in practice and new tools and techniques
continue to be developed.

I created this book as a handy resource for beginning endoscopists, but my goal is not to
produce a book just for beginners. My goal was to produce a volume that would be useful all
the way through ones training, covering the fundamentals of upper endoscopy (such as how to
perform an upper endoscopy and how to treat upper GI bleeding) as well as more complex and
involved interventions including the management of Barrett’s esophagus, foregut strictures
(both benign and malignant), submucosal lesions, complications (how to avoid them, and how
to manage them when they happen), and other advanced topics. Each chapter includes many
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high-quality endoscopic images to highlight key concepts. In addition, each chapter is
supplemented with an endoscopic video to give the reader a video library of cases to learn
from as well.

Everybody has to start somewhere, and that somewhere is usually an EGD! I hope you find
this book to be a valuable tool as you start your endoscopic career.

Salt Lake City, UT, USA Douglas G. Adler, MD, FACG, AGAF, FASGE
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1How to Perform a High-Yield
Esophagogastroduodenoscopy

Thiruvengadam Muniraj and Douglas G. Adler

Introduction

Esophagogastroduodenoscopy (EGD) provides excellent
visualization of the mucosal surfaces of the esophagus,
stomach, and proximal duodenum. Performing a high-quality
EGD not only includes competence in the procedure with
minimal patient discomfort, ensuring the appropriate identi-
fication of normal and abnormal findings, and performing
therapeutic techniques, but also an understanding of the
indications, risks, benefits, and limitations of the procedure.
Acquiring the skills to perform upper endoscopy safely,
effectively, and comfortably requires a solid understanding
on what to look for during the endoscopy. In the past years,
quality metrics in health care has been given more impor-
tance and various societies have come up with specific
quality metric guidelines. This chapter will review how to
perform a high-yield upper endoscopic examination. The
authors recognize that there are wide variations in practice,
but hope to demonstrate examples of good practice in many
of the most commonly encountered clinical situations.

Pre-Procedure Management

A good knowledge of pertinent clinical history, indications,
contraindications, pertinent past health history (which
includes GI surgical history), patient exam findings, issues of
informed consent, complications expected, patient educa-
tion, antibiotic prophylaxis, and anticoagulation manage-
ment is required prior to starting the endoscopic procedure.

Patient should be informed of and agree to the procedure
and the administration of sedation/anesthesia, after discus-
sion of its benefits, risks, and limitations and possible
alternatives.

Sedation and Anesthesia

The level of sedation used for an EGD ranges from no seda-
tion,minimal ormoderate sedation, and up to deep and general
anesthesia. In general, most upper endoscopic procedures are
performedwith the patient undermoderate sedation, a practice
that was formerly referred to as “conscious sedation,” with
complex procedures or high-risk patients often being exam-
ined under general anesthesia. With moderate sedation, the
patient, while maintaining respiratory and cardiovascular
function, is able to make purposeful responses to verbal or
tactile stimulation. While deeper sedation and general anes-
thesia is administered by anesthesiologists or nurse anes-
thetists, moderate sedation is generally administered by the
endoscopist with the assistance of a RN. Therefore, good
knowledge of pharmacologic profiles of sedative agents and
skills necessary to resuscitate a deeply sedated patient is
warranted to perform endoscopy effectively and safely.

According to American Society of Anesthesiologist
(ASA) guidelines, the patient should be fasting at least 2 h
after consuming clear liquids and at least 6 h after consuming
solids and non-clear liquids prior to the procedure [1].

When there are issues with administering sedation,
selected patients may be able to undergo un-sedated endo-
scopic procedures using smaller caliber endoscopes (less
than 6 mm, transnasal) and may tolerate well [2, 3].

Topical Pharyngeal Sprays

Topical pharyngeal sprays with lidocaine, tetracaine, and
benzocaine are often used for during upper endoscopy,
particularly during moderate sedation or un-sedated
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procedures. While there are studies showing better patient
tolerance with use of these sprays, the risk of aspiration is
small but real. Also, methemoglobinemia and anaphylactic
reactions are rare but serious complications of topical
anesthetic sprays.

Indications

An EGD should be performed only if there is a clear indi-
cation, which implies a change in management is probable
based on results of endoscopy, and/or after an empirical trial
of therapy for a suspected digestive disorder has been

unsuccessful, and/or as the initial method of evaluation as an
alternative to radiographic studies and/or when a primary
therapeutic procedure is contemplated [4] (see Table 1.1).
However, specific alarm symptoms should prompt an EGD
without other evaluation (see Table 1.2). EGD is generally
contraindicated when a perforated viscus is known or sus-
pected, unless the indication for the EGD itself is to close the
perforation [4]. EGD is generally not indicated for evaluating
symptoms considered to be functional in origin (though EGD
may sometimes be needed to rule out an organic disease), and
in patients with metastatic cancer when the results will not
change the management.

Table 1.1 Common indications for EGD [4]

1. Upper abdominal symptoms that persist despite an appropriate trial of therapy

2. Upper abdominal symptoms associated with other symptoms or signs suggesting structural disease (e.g., anorexia and weight loss) or
new-onset symptoms in patients older than 50 years of age

3. Dysphagia or odynophagia

4 Esophageal reflux symptoms that persist or recur despite appropriate therapy

5. Persistent vomiting of unknown cause

6 Other diseases in which the presence of upper GI pathology might modify other planned management. Examples include patients who have a
history of ulcer or GI bleeding who are scheduled for organ transplantation, long-term anticoagulation, or nonsteroidal anti-inflammatory drug
therapy for arthritis and those with cancer of the head and neck

7. Familial adenomatous polyposis syndromes

8. For confirmation and specific histologic diagnosis of radiologically demonstrated lesions:
• Suspected neoplastic lesion
• Gastric or esophageal ulcer
• Upper tract stricture or obstruction

9. GI bleeding:
• In patients with active or recent bleeding
• For presumed chronic blood loss and for iron deficiency anemia when the clinical situation suggests an upper GI source or when colonoscopy
does not provide an explanation

10. When sampling of tissue or fluid is indicated

11. Selected patients with suspected portal hypertension to document or treat esophageal varices

12. To assess acute injury after caustic ingestion

13. To assess diarrhea in patients suspected of having small-bowel disease (e.g., celiac disease)

14. Treatment of bleeding lesions such as ulcers, tumors, vascular abnormalities (e.g., electrocoagulation, heater probe, laser photocoagulation, or
injection therapy)

15. Removal of foreign bodies

16. Removal of selected lesions

17. Placement of feeding or drainage tubes (e.g., peroral, percutaneous endoscopic gastrostomy, percutaneous endoscopic jejunostomy)

18. Dilation and stenting of stenotic lesions (e.g., with transendoscopic balloon dilators or dilation systems using guidewires)

19. Management of achalasia (e.g., botulinum toxin, balloon dilation)

20. Palliative treatment of stenosing neoplasms (e.g., laser, multipolar electrocoagulation, stent placement)

21. Endoscopic therapy of intestinal metaplasia

22. Intraoperative evaluation of anatomic reconstructions typical of modern foregut surgery (e.g., evaluation of anastomotic leak and patency,
fundoplication formation, pouch configuration during bariatric surgery)

23. Management of operative complications (e.g., dilation of anastomotic strictures, stenting of anastomotic disruption, fistula, or leak in selected
circumstances)

2 T. Muniraj and D.G. Adler



Procedural Technique

It should be stressed that the technique advocated herein is
not the only or ideal manner in which to perform an upper
endoscopy, and individual techniques vary (Video 1.1).

The upper endoscope instrument controls consist of
insertion section with optical system which is 9.2 mm in
diameter, air/water buttons, a control head for left/right
(small wheel) deflection, a control head for up/down
deflection (big wheel), biopsy channel port (two ports in
large therapeutic endoscopes), Narrow Band Imaging
(NBI) or similar electronic enhancement button, and
video/picture controls which can include zoom or near focus,
depending on the instrument. Using the thumb, index, and
middle fingers, most buttons and knobs can be controlled
simultaneously with ease. Beginners should learn on how to
set up the endoscopy cart, adjusting the light settings and
connecting accessories such as heating probe or APC to an
electrosurgical generator as needed.

Prior to starting endoscopy, the patient should be posi-
tioned in the left lateral decubitus position with the head of
the bed elevated and a bite block should be inserted to
allow the scope to pass through when the patient is seda-
ted. The bite block protects the patient’s teeth from the
endoscope and protects the endoscope from the patient’s
teeth. Endoscopists should be familiar with intubating the
esophagus in supine patients as this if often essential to the
performance of upper endoscopy in ICU patients.
Most EGD exams involve the identification of specific
landmarks to ensure the completeness of the procedure (see
Table 1.3).

Esophageal Intubation

The most challenging part of upper endoscopy for beginners
is often the intubation of the esophagus. The intubation of
esophagus should be done under direct visualization. The
endoscope should, in general, not be advanced blindly or
with undue force. In patients undergoing conscious sedation
or in minimally sedated patients, sometimes it is useful to
ask the patient to swallow when the scope enters the pos-
terior pharynx to help relax the upper esophageal sphincter.
Some endoscopists use the left index or middle finger to
direct the scope into the posterior pharynx. Flexing the neck
at this time may be useful to facilitate the endoscope passage
to the posterior pharyngeal area.

Direct Visualization of Hypopharynx,
Upper Esophageal Sphincter

The landmarks to guide entry into the upper esophageal
orifice are present in and can be directly identified in the
hypopharynx. In practice, this consists of visualizing the
vocal cords and piriform sinuses and locating the upper
esophageal sphincter (UES) just posterior to these. The UES
is usually located 15–18 cm from the incisors, at the level of
thyroid cartilage.

Despite adequate visualization of landmarks, occasionally
it may difficult to intubate the UES, especially if the patient
is inadequately sedated, or having issues with prominent
cervical spine or neck mobility or has had prior head and
neck surgery for oncologic issues.

Zenker’s Diverticulum

During endoscopy, the presence of a Zenker’s diverticulum
often creates difficulty in UES intubation due to either
compression of the normal esophageal lumen and/or
obscuring the lumen from view. In addition, some patients
have a prominent cricopharyngeal bar. It is prudent to con-
sider and think about a possibility of a Zenker’s diverticulum
in elderly patients to reduce the risk of the procedure.

Examination of Esophagus

Under direct vision, the lumen of the esophagus is carefully
visualized. This is done by insertion of the endoscope in the
esophagus, along with air insufflation and direct observation.
The scope can be gently torqued clockwise and anticlock-
wise manner to examine all the sides of the esophagus. Use
of the tip deflection knobs is usually not necessary in the

Table 1.2 Alarm symptoms prompting EGD

Unintentional weight loss

Dysphagia

Odynophagia

Hematemesis/Melena

Refractory acid reflux

Table 1.3 Identification of landmarks

Vocal cords/hypopharynx

Top of gastric folds

Z line

Greater and lesser curvature of stomach

Pyloric orifice

Duodenal bulb

Second part of duodenum

Post-surgical anatomy

1 How to Perform a High-Yield Esophagogastroduodenoscopy 3



esophagus, except when performing some interventions such
as taking biopsies. The aortic pulsation is normally located
approximately at 20–25 cm from the upper incisors.

Identifying the Gastroesophageal Junction (GEJ)/
Squamo-Columnar Junction/Z Line

In adults, the GEJ is typically located approximately
35-40 cm from the upper incisors. This is an important mark
to remember. The location of the top of the gastric folds can
be noted, and the distance from the GEJ to the upper incisors
can be noted. The squamo-columnar junction is represented
by the clear demarcation of the pale pearl colored esophageal
mucosa to salmon pink gastric mucosa and called as “Z
line.” If salmon-colored pink mucosa extends cephalad from
top of gastric folds, this suggests Barrett’s esophagus.

Hiatal Hernia

Normally, the diaphragmatic hiatus squeezes the esophagus
at or just below the GE junction. The position of the hiatus
can be visualized by the contraction waist seen the lower
esophagus, which is more easily observed when the patient
sniffs or during deep breathing. A hiatal hernia is diagnosed
if the Z line is more than 2 cm above the hiatus. Hiatal
hernia also typically examined and confirmed during
retroflexion in the stomach (see Fig. 1.1).

Examination of the Stomach

After esophageal evaluation, the endoscope is then passed
into the lumen of the stomach itself. When patient is in left
lateral position, this maneuver is usually easily accom-
plished. Intubation into the stomach is confirmed by iden-
tification of the characteristic rugal folds.

Identifying Lesser/Greater
Curvature/Anterior/Posterior

Once the endoscope passes the GE junction, it usually enters
the stomach along the lesser curvature, and the light shines
on the greater curvature demonstrating the longitudinal rugal
folds. The gastric wall to the left usually represents the
anterior gastric wall, while the rightward stomach represents
the posterior gastric wall.

Suction, Irrigation, and Air Insufflation

As a general rule, a good first thing to do after entering the
stomach is to suction and remove any residual fluid in the
fundus to reduce the risk of aspiration. Sometimes there may
be retained food, blood, or mucus impairing mucosal visu-
alization. A thorough water irrigation, with alternating suc-
tion helps to improve mucosal evaluation. Simethicone
drops mixed in the water used for irrigation augment visi-
bility by clearing gas bubbles or these can be washed away
with a power flush, if available. Although air insufflation is
necessary to distend the stomach for better visualization, too
much air insufflation should be avoided as it may cause
retching, vomiting, and even mucosal trauma from acute
distension.

Examination of the Pylorus and Incisura

After suctioning, and optimally distending the stomach, the
endoscope should be directed to the pylorus. The pylorus
and the peri-pyloric area are examined carefully for any
mucosal irregularities that would warrant biopsy or treat-
ment. After slightly withdrawing from the pylorus, the tip is
deflected upwards to examine the incisura angularis.

Examination of Gastric Body and Antrum

With an adequately distended stomach, the antrum and the
body can then be carefully examined along both the lesser
and greater curvatures, and along their anterior and posterior
walls. The endoscope should be withdrawn almost up to the
GE junction for a complete “long view” examination.

Retroflexion in the Stomach

After optimal distension of stomach with air, retroflexion is
performed in order to view areas such as the fundus, cardia,
and GE junction that otherwise would have limited tangen-
tial visualization during initial entry into the stomach. Also,Fig. 1.1 Retroflexion in stomach

4 T. Muniraj and D.G. Adler



selective examination of the incisura angularis is frequently
performed again in the retroflexed view. In retroflexion, the
endoscope is rotated and using counterclockwise and
clockwise rotation the entire GE junction, lesser curve, and
gastric cardia can be examined effectively (see Fig. 1.1).

Pyloric Intubation

As in esophageal intubation, pyloric intubation should be
performed under direct visualization without blind
advancement. The pyloric channel is visualized easily by
identifying the radiating gastric folds which converge to the
pyloric orifice (see Fig. 1.2).

Intubation of the pylorus may be difficult at times, due to
spasms (commonly) or the presence of pyloric stenosis
(rarely). Sometimes an ulcer in the pyloric channel may
make pyloric intubation difficult or can produce bleeding,
which is usually limited. By using gentle air insufflation, the
pylorus may be visualized and the scope tip is gently placed
into the pyloric orifice and with slight pressure the endo-
scope usually easily passes through the duodenum.

Examination of the Duodenum

Duodenal Bulb
Once the pylorus is intubated, the duodenal bulb is visual-
ized. The bulb is then identified immediately after entering
the pyloric orifice, by appreciating the small-bowel-type
mucosa. The bulb is often chamber-like and can appear
somewhat cavernous even in a normal individual. The
duodenal bulb should be carefully examined in anterior,
posterior, medial, and lateral walls as lesion in this area can
easily be missed. During evaluation of the duodenal bulb,
the endoscope may sometimes fall back into the stomach,
which is normal.

Second Portion of the Duodenum
The most common maneuver to pass around the duodenal
sweep into the second portion of the duodenum involves
flexing the tip of the endoscope by deflecting the tip upwards
(coming back on the large wheel) while rotating the shaft of
the endoscope clockwise. Once the scope is passed beyond
the bulb, the concentric rings of circular duodenal folds are
seen, which are known as the valves of Kerckring (also,
valvulae conniventes). The folds projecting into the lumen of
the small intestine serve as a landmark for the 2nd portion of
the duodenum (see Fig. 1.3). Using torque maneuvers, the
duodenal lumen is visualized and the scope is passed at least
to the level just beyond the ampulla. Paradoxical motion on
scope withdrawal at this level is useful to examine distal 2nd
part of duodenum and the beginning of the 3rd duodenum.
Limited exam of the ampulla can be performed, but in some
patients the ampulla cannot be identified with a forward
viewing scope even with careful attempts to do so (see
Fig. 1.4). Care should be taken to withdraw very slowly
along the duodenal sweep as the endoscope tends to fall out
very quickly and lesion at the sweep may be missed.

Repeat Examination of Esophagus
Once the 1st and 2nd portion of the duodenum is examined
well, the scope may be withdrawn back into the stomach.
After withdrawing from the scope from the stomach, the
endoscope should again be slowly withdrawn in the esoph-
agus to carefully not to miss any subtle findings such as a
gastric inlet patch (heterotopic gastric mucosa) [5] (see
Fig. 1.5). Any lesion noted in the esophagus can be localized
in relation to the centimeters from the upper incisors.

Examination of Larynx
Following complete examination of esophagus, the larynx
and vocal cords can be examined on withdrawal as well if
needed. This may be important especially when patient has
symptoms of hoarseness of voice or severe GERD
symptoms.

Fig. 1.2 Pyloric orifice with converging folds

Fig. 1.3 Second part of duodenum
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Using a Side-Viewing Endoscope (Duodenoscope)
The lateral wall of the second portion of the duodenum as
well as the ampulla can be difficult to examine effectively
with regular forward viewing endoscope. Competence with
passing the side-viewing endoscope may be helpful in situ-
ations when there is bleeding in the medial wall of the
duodenum or when biopsy needs to be obtained from the
ampulla or in patients with Familial Adenomatous Polyposis
(FAP) who need to undergo careful duodenal surveillance
for ampullary and non-ampullary adenomas.

Using Double-Channel Endoscopes
and Therapeutic Channel Endoscopes
For selective therapeutic procedures, an endoscope with a
dual-channel treatment capability may be very useful. The
currently available T2 endoscopes have slightly larger outer
diameter (12.6 mm), with two channels: one
3.7-mm-diameter channel and another 2.8-mm-diameter
channel. This endoscope allows full suction capability with
a single instrument loaded or simultaneous use of two
endoscopic accessories instruments. There is a single larger
channel (T1) endoscope with outer diameter 10 mm
available which is often used when placing luminal stents
as it has a larger channel (3.7 mm) when compared to
regular endoscope (2.8 mm). The T1 endoscope is often
referred to as a “therapeutic endoscope” as it is rarely used
for diagnostic purposes. Therapeutic endoscopes or
double-channel endoscopes are often used in patients with
active upper gastrointestinal bleeding, in the performance
of endoscopic mucosal resection, the placement of stents,
or other interventional settings.

Using Ultra-Thin Endoscopes
In the presence of severe narrowing due to strictures, or
performing diagnostic endoscopy in an un-sedated patient,

Fig. 1.5 Proximal esophagus with inlet patch seen under white light and NBI. From Ref. [5]

Fig. 1.4 Limited exam of the ampulla
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an ultra-slim endoscope may be used. The outer diameter of
this scope is typically in the 5-mm range, and the channel
port has an inner diameter of 2.2 mm. This endoscope can be
passed via the transnasal route as well.

Identifying Abnormal Lesions

A clear understanding of normal anatomy and normal
endoscopic findings of the esophagus, stomach, and duo-
denum is necessary prior to interpretation of abnormal
endoscopic findings. Novice endoscopists should consider
obtaining and referring to an endoscopic atlas frequency to
familiarize themselves with the common appearance of a
variety of with endoscopic findings (see Table 1.4). Repet-
itive exposure to a wide variety of endoscopic findings will
help one to appreciate subtle findings and clearly delineate
the normal from the abnormal.

Biopsy—When and Where to Take Biopsy

Biopsy forceps should be deployed close to the tip of the
endoscope so as to maximize mechanical advantage.
Sometimes biopsies must be obtained at a significant dis-
tance from the tip of the endoscope, but this makes the
maneuver much more difficult. After opening the forceps,
applying a firm pressure on the target site, grab the tissue and
snap the forceps back into the scope.

Esophagus

Esophageal biopsies can sometimes be difficult as the for-
ceps are often parallel to the esophageal wall, as opposed to
perpendicular (or nearly so) as in the rest of the GI tract. In
the esophagus, biopsies can be facilitated by using the tip of
the endoscope to drive the forceps into a position that is
more en face to the mucosa. If just obtaining random
biopsies of the esophagus (i.e., to rule out eosinophilic
esophagitis in a patient with dysphagia), another option is to
open the biopsy forceps over the target tissue, place it flush
over the mucosa, and apply suction to collapse the lumen.
This will generally allow sufficient mucosa to go into the
biopsy forceps, which is then closed to capture the tissue.

Gastroesophageal Reflux Disease (GERD)

Biopsies directed to irregularities of the esophageal mucosa
are rarely warranted in patients with GERD and esophagitis.
Biopsies in an esophageal–gastric junction with inflamma-
tory aspects are not recommended.

Reflux Esophagitis

Esophagitis from acid reflux is usually apparent in the distal
esophagus at or near to the level of theGE junction. If the distal
esophagus is normal with areas of esophagitis in the mid- or
proximal esophagus, then these are less likely to be acid
related. Longitudinal linear mucosal breaks, which if severe
can be confluent and extend circumferentially or upwards are
the findings in reflux esophagitis, are also rarely biopsied.

Eosinophilic Esophagitis (EoE)

EoE can be suspected in patients with a variety of findings
including a narrow-caliber esophagus, a ringed esophagus,
mucosal linear furrows, or white plaques. In patients with

Table 1.4 Some of the abnormal lesions to be familiarized in EGD

Esophagus

Zenker’s diverticulum

Inlet patch

Esophagitis—Peptic, infectious, eosinophilic, pill induced

Schatzki ring

Esophageal stricture

Extrinsic compression of the esophagus

Esophageal tumors

MW tear

Esophageal varices

Hiatal hernia

Cameron lesion

Stomach

Erythema versus gastritis

Gastric cancer

MALToma

Dieulafoy lesion

Ulcers, erosions

GAVE

Gastropathy

Gastric varices

AVM

Submucosal lesions—GIST, Pancreatic rest, lipoma, pseudocyst

Duodenum

Ulcer

Ampullary adenoma or mass

Duodenal polyp(s)

Brenner’s glands

Peri-ampullary diverticulum

Celiac villous atrophy
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suspected EoE, two to four biopsies of the proximal
esophagus and two to four biopsies of the distal esophagus
should be performed. Also, at the time of initial diagnosis,
biopsies from gastric antrum and duodenum can be per-
formed as needed to rule out other causes of esophageal
eosinophilia and to exclude a more systemic process like
eosinophilic gastroenteritis [6]. Some patients with sus-
pected EoE should be treated with a 2-month course of
proton pump inhibitor (PPI) prior to endoscopic biopsies to
exclude PPI responsive esophageal eosinophilia (PPI-REE),
although in practice many endoscopists biopsy the esopha-
gus anytime the mucosa is suspicious for EoE [6].

Infectious Esophagitis

In patients with suspected infectious esophagitis, the site of
biopsy varies according to the suspected etiology based on
the morphology of the esophageal ulcerations. For suspected
cytomegalovirus (CMV) esophagitis, biopsies should be
taken from the base (center) of the ulcers. If patients have
esophagitis suspected to be due to Herpes Simplex Virus
(HSV), biopsies should be from the edges of the ulcers.
Targeted biopsies and exfoliative cytology should be per-
formed for suspected esophageal candidiasis.

Monilial (Candida) Esophagitis

Patients with white plaques in the esophagus often do not
need to have a definitive biopsy obtained if the appearance is
strongly suggestive of fungal infection. Typically, these
patients are treated empirically with an oral antifungal, i.e.,
fluconazole. If a definitive sample is desired, either a biopsy
or a brush cytology specimen is usually adequate to confirm
the diagnosis (see Fig. 1.6).

Barrett’s Esophagus (BE)

BE should be considered when there is extension of
salmon-colored mucosa into the tubular esophagus extend-
ing � 1 cm proximal to the gastroesophageal junction
(GEJ) with biopsy confirmation of intestinal metaplasia.
Endoscopic biopsy should not be performed in the presence
of a normal Z line or a Z line with only <1 cm of variability
[7]. In patients with suspected BE, some have recommended
at least 8 random biopsies should be obtained to maximize
the yield of IM on histology. In patients with short (1–2 cm)
segments of suspected BE in whom 8 biopsies may be
unobtainable, at least 4 biopsies per cm of circumferential
BE, and one biopsy per cm in tongues of BE, should be
obtained [7]. The current GI society guideline recommend
that endoscopic surveillance should employ four-quadrant
biopsies at 2-cm intervals in patients without dysplasia and
1-cm intervals in patients with prior dysplasia, which is
slightly more than the previously followed per Seattle pro-
tocol [8, 9] (see Fig. 1.7).

Stomach

Any concerning or suspicious gastric mucosal areas should
typically be biopsied facilitate a diagnosis, be it for gastritis,
malignancy, or other processes. Certain conditions like
gastric antral vascular ectasia (GAVE), portal hypertensive
gastropathy, angioectasias, and pancreatic rests are often
diagnosed by the typical endoscopic appearance, and in
these cases biopsies are rarely indicated [10] (see Fig. 1.8).

Dyspepsia

In patients undergoing EGD for dyspepsia as the sole indi-
cation, routine biopsies of normal-appearing esophageal
mucosa or GE junction mucosa are generally discouraged.
Conversely, biopsies of normal-appearing gastric mucosa for
the detection of Helicobacter pylori (HP) infection, if the HP
infection status is unknown, are recommended [11, 12].

Helicobacter Pylori

When obtaining biopsies from the gastric body and antrum
for the detection of HP infection, the 5-biopsy Sydney
System has been suggested for taking specimens from the
lesser and greater curve of the antrum within 2–3 cm of the
pylorus, from the lesser curvature of the corpus (4 cm
proximal to the angularis), from the middle portion of theFig. 1.6 Candida esophagitis
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greater curvature of the corpus (8 cm from the cardia), and
one from the incisura angularis [11, 13] (see Fig. 1.9) [11].
In practice, many endoscopists do not take this many biop-
sies and simply sample the body and the antrum.

Gastric Ulcers

The main role of endoscopy in an uncomplicated gastric
ulcer is to confirm the diagnosis and to rule out malignancy
[14]. However, given the low incidence of gastric cancer in
the USA, there are no clear data to support routine biopsies
on all gastric ulcers. If the ulcer is suggestive of malignancy
due to associated mass, raised edges, irregular borders, or
other signs of malignancy biopsy should be performed.
However, as malignant ulcers may initially have a benign
appearance, some endoscopists perform biopsies in all gas-
tric ulcers. Such biopsies should be taken from base and the
edge of the ulcer [14].

Duodenum

In the absence of other signs or symptoms associated with
an increased risk of celiac disease, routine biopsies of the
normal-appearing duodenal mucosa to detect celiac dis-
ease are not recommended [11]. However, in immuno-
compromised patients undergoing EGD for dyspepsia as
the sole indication, routine biopsies of the
normal-appearing duodenum for the detection of GVHD
in post-allogeneic tissue transplantation patients and for
opportunistic infections are recommended [11, 12]. Duo-
denal ulcers are extremely unlikely to be malignant, and
therefore routine biopsy of these ulcers is not recom-
mended. Patients with duodenal ulcers often undergo
gastric biopsies to rule out HP infection, even in the
absence of obvious gastritis.

Celiac Disease

If suspicion for celiac disease is high, duodenal biopsies
should be obtained even if the serology is negative. At least
4 biopsies from distal duodenum and 2 biopsies from the
duodenal bulb should be obtained [15].

Fig. 1.7 Barrett’s esophagus
a under white light b under NBI.
Reprinted from Ref. [9], with
permission from Elsevier

Fig. 1.8 Endoscopic appearance of gastric antral vascular ectasia
(GAVE)

Fig. 1.9 Locations of gastric biopsy per updated Sydney 5-biopsy
system a lesser curvature of the antrum b greater curvature of the
antrum c lesser curvature of the body d greater curvature. Reprinted
from Ref. [11], with permission from Elsevier
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Quality Indicators in EGD

The American Society for Gastrointestinal Endoscopy
(ASGE), the American College of Gastroenterology (ACG),
and the American Gastroenterological Association
(AGA) have always promoted the importance of performing
a high-quality endoscopy. A high-quality endoscopy is a
complete examination in which patients receive an rightly
indicated procedure, correct diagnoses are recognized or
excluded, any therapy provided is appropriate, and all steps
that minimize risk have been taken [16, 17]. Recent guide-
lines from all the GI societies have proposed specific metrics
addressing all the aspects of endoscopy such as following
high performance target are complete examination of the
esophagus, stomach, and duodenum, including retroflexion
in the stomach with photo documentation.

Conclusion

All practicing endoscopists should be able to perform a
high-yield upper endoscopy in an efficient manner. Indi-
vidual techniques vary, but there is remarkable agreement on
general best practices in most of the common situations
encountered in upper endoscopy. Careful evaluation and
biopsy of the esophagus, stomach, and duodenum can help
answer clinical questions in a variety of clinical situations.
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2Nonvariceal Upper Gastrointestinal Bleeding

Stephen R. Rotman and John R. Saltzman

Introduction

Upper gastrointestinal bleeding (UGIB) is defined as
bleeding in the gastrointestinal tract originating between the
mouth and the ligament of Treitz. Nonvariceal UGIB is
responsible for over 300,000 hospitalizations per year in the
USA and is the primary reason for urgent endoscopy. The
mortality rate for UGI bleeding is significant, although in
recent years, it has been declining with the use of effective
medical and endoscopic therapies [1]. Gastroenterologists
will typically manage UGIB cases from presentation through
evaluation, treatment, and follow-up care on a routine basis
on inpatient services. The technical approach to the endo-
scopic treatment of UGIB is a set of skills that must be
learned for treating bleeding effectively in clinical practice.
There are multiple guidelines that detail the recommended
approach to the management of patients with UGIB [2–7]. In
this chapter, the evaluation and management of patients with
suspected or established nonvariceal UGIB are discussed,
with a focus on the various endoscopic techniques and tools.

Initial Management

Initial therapy for patients with acute UGIB includes resus-
citation with immediate placement of at least two large-bore
(>18-gauge) peripheral intravenous catheters [8, 9]. Estab-
lishment of large-bore vascular access is critical for the
delivery of appropriate volumes and types of fluid, or in
some cases, blood product, for resuscitation and hemody-
namic stabilization of the patient. By comparison, an
18-gauge intravenous catheter allows for a maximum fluid
flow rate of 105 mL/min, whereas a 20-gauge intravenous
catheter allows for a maximum fluid flow rate of 60 mL/min.
In patients with compromised ability to protect their airway,
altered mental status, or ongoing and severe hematemesis,
elective endotracheal intubation should be considered.
Intubation is recommended in cases of active vomiting or
significant hematemesis because of the increased risk of
clinically significant aspiration during endoscopy.

A restrictive strategy to the administration of blood
transfusions has been shown to benefit most patients with
acute UGIB [10]. This includes refraining from packed red
blood cell transfusions when the hemoglobin is >7 g per
deciliter in cases of acute UGIB without ongoing active
bleeding or active coronary disease. Prior management
strategies included initial nasogastric tube placement and
lavage to evaluate for an upper GI source of bleeding.
However, the use of nasogastric tubes is no longer recom-
mend because of their low negative predictive value, as well
as a lack of benefit in patient outcomes in clinical studies [3,
11].

Medical Therapies

Many medications have been used as part of the manage-
ment of patients with acute UGIB. These include antacids,
histamine-2-receptor antagonists, proton pump inhibitors
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(PPIs), and octreotide. Antacids and histamine-2-receptor
antagonists can increase intragastric pH but have been
superseded by PPIs.

The use of PPIs in the initial management of patients with
suspected UGIB is now widely adopted as part of the
treatment of acute UGIB since a landmark study in 1997
showed improved outcomes with the use of PPI versus
placebo [12]. PPI use allows patients to achieve a gastric pH
of >6.0 and decreases rates of further ulcer bleeding,
allowing for more rapid patient stabilization and facilitation
of other medical and endoscopic therapies [13]. Early PPI
use also aides in initial ulcer healing [14]. A recent
meta-analysis has shown that twice-daily IV PPI bolus is
noninferior to an IV PPI bolus dose followed by a contin-
uous infusion [15]. Thus, either a PPI twice-daily bolus or
IV infusion may be given to patients with acute UGIB.
There is also data that suggest that oral PPI therapy is sim-
ilarly effective to IV PPI therapy in the setting of bleeding
[16]. In patients on IV PPI therapy, once the bleeding has
been stabilized or stopped, patients may be safely transi-
tioned to an oral PPI. In patients receiving endoscopic
therapy for high-risk lesions, the switch to an oral PPI typ-
ically occurs after 72 h without the evidence of rebleeding.

Many patients with UGIB will present while on thera-
peutic antithrombotic agents. It has been shown that ther-
apeutic endoscopy is effective and can be safely performed
in patients with an INR of <2.5 [17]. Vitamin K or fresh
frozen plasma can be administered as part of resuscitation
prior to endoscopy in cases of ongoing active bleeding.
When patients present on other antithrombotic agents
including aspirin, thienopyridines, or novel oral anticoag-
ulants, the endoscopist must consider the indication for
therapy and consequences, including potential for adverse
events if the antithrombotic agent is stopped in the setting
of UGIB. In the setting of acute bleeding, these agents are
typically withheld, but should be restarted after the bleed-
ing is controlled if the indication is secondary prevention
[18, 19]. It has been recommended that aspirin and war-
farin are restarted within one to three days or four to seven
days, respectively, following control or bleeding [3].
Decisions on antithrombotic management should be carried
out in collaboration with the prescribing physicians, con-
sidering the risks of bleeding if these medications are
continued and the risks of thrombotic events if these
medications are withheld.

Risk Stratification

Risk stratification in acute UGIB can be accomplished by the
use of validated risk scores. These can be used to separate
low-risk patients (who can often be discharged after endo-
scopy) from high-risk patients who will benefit from more

resources, including intensive care unit (ICU) level of care
and urgent endoscopy [2, 3]. Several UGIB risk stratification
scores exist including the Rockall score, the
Glasgow-Blatchford score, (GBS), and the AIMS65 score
[20–22].

The GBS and AIMS65 scores use only the clinical
information available at the time of initial presentation to the
emergency department. The AIMS65 score includes five
factors: serum albumin <3.0 g/dL, INR >1.5, altered mental
status, systolic blood pressure <90 mm Hg, and age
>65 years. In the AIM65 score, each factor is assigned a
score of 1 and high-risk patients have an AIMS score >1.
Patients with a GBS score of 0–2 and an AIMS65 score of 0
can be considered for outpatient management, while patients
with a GBS >10 or an AIMS65 >2 should be considered for
ICU management and an urgent endoscopy following ade-
quate volume resuscitation [23, 24].

Endoscopic Management

In the management of UGIB, in addition to the stabilization
of the patient, volume resuscitation, medical therapy, and
endoscopy should be performed. Endoscopic therapy can
often completely stop active bleeding and prevent rebleed-
ing. Upper endoscopy is more than 90% sensitive in iden-
tification of a bleeding site, with sensitivity inversely related
to the time elapsed between patient presentation and the
timing of the endoscopic procedure. After hemodynamic
resuscitation and stabilization, multiple guidelines recom-
mend that all patients with acute UGIB should undergo
upper endoscopy within 24 h of the patient’s initial pre-
sentation. Urgent endoscopy (less than 12 h after presenta-
tion) has not been shown to be superior to early endoscopy
(within 24 h of presentation). However, urgent endoscopy
may be beneficial for patients with suspected ongoing active
bleeding or for patients with high-risk prognostic scores
following hemodynamic stabilization. All lesions should be
photographed prior to and after endoscopic intervention to
provide proper documentation of the initial lesion and its
response to endoscopic treatment.

The goals of endoscopy are to identify and treat lesions
that are actively bleeding or contain high-risk stigmata of
recent bleeding (Table 2.1). High-risk stigmata of recent
hemorrhage (SRH) include actively bleeding lesions
(spurting or oozing) (Fig. 2.1), nonbleeding visible blood
vessels within an ulcer, and adherent blood clots covering a
lesion (Fig. 2.2). These stigmata are important to recognize
because they are the lesions with the greatest risk of having a
rebleeding event. High-risk SRH should generally be treated
when identified by endoscopy. The management of adherent
clots is most controversial as the bleeding risk depends on
the bleeding stigmata underneath the clot. A commonly
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employed endoscopic technique to evaluate lesions under-
neath visible clots is to inject dilute epinephrine at the base
of the clot and then to cold guillotine the clot off the lesion
using a snare without using shearing force. The underlying
area is then vigorously irrigated. If a bleeding or a non-
bleeding visible vessel is uncovered, further endoscopic
therapy is indicated [25].

Measures to Improve Visibility

Direct Irrigation

Irrigation during endoscopy is important not only to identify
the bleeding site, but also to prepare the target tissue for
intervention. Irrigation of suspected bleeding lesions is done
with water or saline directed onto the lesion until adequate
visualization is achieved. Most current endoscopes include
ports and accessories to deliver a forward-directed water jet

through the tip of the endoscope, allowing for easy and
copious directed delivery of irrigating fluid. When signifi-
cant air bubbles are present, addition of simethicone to the
irrigating fluid in the water bottle can aide in visualization.
Irrigation of an ulcer should not be deferred out of fear for
provoking bleeding. Irrigation can help to identify the pre-
cise location of the SRH and can provide the operator
information needed to determine which endoscopic tool or
approach is optimal.

If a large volume of blood or clot is present, a standard
endoscope may not provide enough suction capacity to clear
the area. In these cases, a large channel or dual-channel
therapeutic endoscope can be used to facilitate more effec-
tive suctioning of fluid and/or clots. A large capacity external
suction device can also be attached to the biopsy port of an
endoscope for patients with large amounts of intraluminal
contents requiring aspiration bypassing the suction inside of
the endoscope housing connected to the endoscope proces-
sor and allowing for more effective suctioning.

Table 2.1 Stigmata of recent
hemorrhage in descending order
from highest risk to lowest risk
for further bleeding

Further bleeding (average) (%) Prevalence (%)

Spurting bleeding 80 9

Nonbleeding visible vessel 44 10

Adherent clot 20 12

Active oozing 10 6

Flat pigmented spot 10 8

Clean-based ulcer 5 55

Fig. 2.1 a Actively spurting
bleeding. b Active oozing blood
from an ulcer

Fig. 2.2 a Adherent clot on
gastric ulcer. b Duodenal ulcer
with a visible vessel surrounded
by arrows
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Pharmacologic Methods

Several pharmacologic agents have been used in UGIB to
help clear the stomach contents in an effort to facilitate
improved visualization during endoscopy. Intravenous ery-
thromycin used prior to endoscopy can help with gastric
visualization. Erythromycin is a motilin-like prokinetic agent,
promoting gastric contractions and subsequent gastric emp-
tying. Erythromycin at 250 mg bolus or 3 mg/kg infusion
administered over 30 min (intravenously) is effective clini-
cally and should be administered 30–120 min prior to the
anticipated endoscopy. Metoclopramide 10 mg IV has also
been used as a prokinetic agent to promote clearance of
gastric debris and blood from the stomach prior to endoscopy,
although there is less available data concerning its efficacy.
These prokinetic agents improve gastric visualization and
potentially reduce the need for repeat endoscopy [26].

Endoscopic Therapeutic Methods

Once a source of bleeding has been identified, there are
many instruments and techniques in the endoscopist’s
armamentarium to provide treatment and to prevent
rebleeding (Table 2.2). Rebleeding is a major source of
morbidity and mortality. Endoscopic techniques for bleeding
control include injection therapies, contact and noncontact
thermal devices, mechanical devices such as endoscopic
clips and band ligation, radiofrequency ablation, and the use
of a combination of techniques. Other novel tools include
hemostatic sprays, but these are not currently approved by
the FDA.

Injection Therapies

Injection therapy is primarily performed with dilute epi-
nephrine, although saline alone may be used if epinephrine is
not available [27]. Injection therapies induce hemostasis by
producing a tamponade effect on the area and epinephrine
causes vasoconstriction reducing local blood flow, although
this effect is less than the primary fluid tamponade. Epi-
nephrine is generally diluted to 1:10,000. This may be done
by adding 1 mL of 1:1000 epinephrine into a syringe con-
taining 9 mL of saline. The concentration can be further
reduced in patients with serious cardiac comorbidities to
1:100,000, especially when used near the gastroesophageal
junction where its use may cause more systemic cardiac
effects. Patients with contraindications to epinephrine can
receive saline alone as the injectate. Saline alone can be used
as an injectant to produce tamponade if epinephrine is not
available.

The general technique of injection is to introduce a
standard endoscopic injection catheter through the working
channel of the endoscope until the tip is visible. Then, the
injection needle is advanced and locked in position. Differ-
ent injection needles with different diameters allow for
variability in the amount of force needed to introduce the
needle into the submucosa. It is recommended to inject into
multiple locations surrounding the bleeding lesion with a
four-quadrant technique, although some lesions with active
bleeding may achieve hemostasis after only one injection. If
the needle is not inserted deep enough to reach the submu-
cosal space, injected fluid will leak into the lumen when the
syringe is depressed. If this happens, one can readjust the
needle by pulling the injection catheter out of the mucosa
and then reinserting at the same or a different location in an
effort to reach the submucosa with the needle tip. Of note,
some pressure is required to introduce the injection needle
tip into the submucosa. Alternatively, the injection can be
started with the tip of the needle in the lumen and the probe
advanced during injection to find the submucosal space.

Injection can be used to help control bleeding of various
etiologies, including from vessels within ulcers, vascular
malformations, and Dieulafoy’s lesions, as well as when a
discrete lesion is not visualized due to active bleeding. In the
stomach, 8–10 mL total injection can be used in multiple
injections of about 2 mL each, although there is no absolute
number or volume of injections. Higher doses are more
likely to cause cardiovascular side effects, and this should be
kept in mind, especially when epinephrine is used near the
gastroesophageal junction.

Soon following the injection, the area around the lesion
will develop pallor and the hemostatic effects are seen when
any active bleeding slows or stops. Use of injection
monotherapy is not recommended because it is less effective

Table 2.2 Commonly used modalities for endoscopic therapy

Injection therapy

– Epinephrine (1:10,000)

– Sclerosant agents (alcohol, ethanolamine, and polidocanol)

– Tissue adhesives (cyanoacrylate glue and thrombin/fibrin)

Thermal therapy

– Contact: heater probe, bipolar probe, and monopolar probe

– Noncontact: APC

Mechanical therapy

– Hemoclips

– Over-the-scope clips

– Endoscopic band ligation

Combination therapy

– Injection + thermal therapy

– Injection + mechanical therapy
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than other monotherapies or combination therapies and is
less durable as it is associated with higher rates of rebleed-
ing. Rather, injection therapy is often used as a prelude to a
second treatment (thermal or mechanical therapy) once
bleeding has abated and visualization has been improved.

Injection therapy can be used to treat a myriad of bleeding
lesions because of the short-lived effect of vasoconstriction
and temporary cessation of bleeding. In situations where
there is overwhelming bleeding obscuring visualization
despite irrigation, injection of epinephrine can help slow
bleeding and ultimately identify and thus allow treatment of
the source. Injection therapy is most helpful to slow or stop
bleeding; thermal and/or mechanical therapy can subse-
quently be applied to achieve complete and durable
hemostasis.

Other injection agents include sclerosants (although these
are usually used in the treatment of bleeding varices if band
ligation has failed or is not available). These agents can be
used for nonvariceal bleeding sources as well. Sclerosants
include ethanol, polidocanol, and ethanolamine. These
agents induce local inflammation and fibrosis of a bleeding
vessel. Other agents that can be injected include
cyanoacrylate and fibrin glues. Cyanoacrylate glue is a liquid
material that transforms (polymerizes) into a solid after
injection. This can be particularly useful in bleeding gastric
varices, whereby the glue becomes an artificial thrombus in
the varix reducing blood flow by occluding the vessel. Fibrin
glue has also been used endoscopically as a form of injection
therapy. Fibrinogen and factor XIII are mixed with thrombin
and calcium. In this manner, the clotting cascade is activated
and clotting is promoted. Cyanoacrylate and fibrin glue may
be of limited availability.

Thermal Therapies

Contact thermal therapies used for the control of UGIB
include heater and bipolar probes, as well as monopolar
therapies [27]. The technique for the use of heater and
bipolar therapies involves controlling bleeding by simulta-
neously compressing and cauterizing a bleeding vessel,
known as coaptive coagulation. Heater and bipolar therapies
do not require a grounding pad applied to the patient as the
electrical circuit is completed within the device itself. Once
in widespread use, heater probes rarely are utilized in current
practice and bipolar electrocautery devices are now com-
monly employed to treat GI bleeding. Heater probes are
quite effective and, if available, are still an excellent choice
for treating upper GI bleeds.

While the bipolar probe can be used multi-directionally,
with either a perpendicular or tangential approach, a heater
probe can be used perpendicularly only. The larger 10
French probes can deliver thermal energy over a larger area

than the smaller 7 French probes and are felt to be more
effective, although the 10 French probes require a thera-
peutic endoscope with a large channel size.

The technique of applying endoscopic cautery using
either a bipolar or heater probe is similar for both devices.
First, the probe is advanced out of the tip of the endoscope
and into the lumen for a short distance, so that the tip is
visualized endoscopically (Video 2.1). If the probe is too far
out of the scope, it can be difficult to control and the operator
will lose mechanical advantage. The endoscope should be
positioned as close to the lesion as possible for the control of
therapy to maximize visualization and efficiency of endo-
scopic maneuvers. The probe should make direct contact
with the bleeding vessel and be held in place with direct
pressure to ensure continued contact. Moderate-to-firm
pressure is usually used in the stomach due to its relatively
thick wall, and mild-to-moderate pressure is typically used in
the rest of the gastrointestinal tract, such as in the small
bowel or esophagus where the walls are thinner. One sug-
gested technique uses four to six pulses of energy for
approximately 10 s each, although many variations exist. No
gold standard on the number and duration of therapy exists
as these depend on the specifics of the lesion being treated
and on its location. The endpoint for therapy is the cessation
of bleeding and visible cauterization of the target lesion,
which often appears flattened following successful therapy
application.

Energy levels recommended are 10–15 W in the duode-
num and 15–20 W in the stomach. After each round of
therapy, the target lesion can be inspected for ongoing
bleeding, adverse events, and the need for additional ther-
apy. If the probe is stuck to the vessel, removal of the probe
can sometimes trigger rebleeding. Some devices allow water
irrigation directly through the probe to minimize the risk of
the probe adhering to the coagulum and can be irrigated after
each application of cautery.

Monopolar therapy can also treat bleeding vessels and has
been extensively used to treat endoscopically induced
bleeding, such as bleeding occurring during endoscopic
submucosal dissection (ESD). However, there is much less
clinical data available on the use of monopolar cautery for the
control of acute UGIB. One monopolar probe is a rotatable
probe with flat jaws (Coagrasper, Olympus Corporation,
Center Valley, PA), used to capture and compress tissue
while delivering thermal energy. The technique involved
with this device is different from the coaptive coagulation
technique used for the heater and bipolar probes. By using
monopolar forceps, the bleeding lesion is grasped and “ten-
ted” toward the scope. Cautery is used at higher power set-
tings, such as 50 W, for shorter durations of 1–2 s [28].
Monopolar cautery requires the use of a grounding pad,
similar to that used for polypectomy. This pad should not be
placed over any implanted metal, such as a joint replacement.
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Argon plasma coagulation (APC) is a noncontact,
superficial method of thermal therapy that induces destruc-
tion of bleeding lesions or aberrant vessels and vascular
malformations. APC uses argon gas that is electrically
conducted creating a high-energy plasma. It is unlike heater,
bipolar, or monopolar probe therapies, as it does not touch or
compress the tissue targeted for therapy. APC uses
monopolar energy, and a grounding pad must be placed on
the patient prior to use. The probes for APC are available in
a variety of configurations, including with those tips that are
end-firing and circumferential. Cautery will seek the closest
mucosal surface to the probe, regardless of probe type. APC
has, in general, a lesser degree of tissue penetration than
other hemostatic methods.

APC technique involves passing the probe carefully
through the endoscope as the probe can easily kink and
advancing the probe close to the target tissue. The probe
needs to be only a few millimeters away from the target but
should not make contact with the mucosa. Contact of the
probe may cause dissection of charged argon gas through the
wall and result in perforation. Pulses of argon gas and ion-
ization charge are controlled by a foot pedal. The lesion may
be “sprayed” or “painted” with the goal being adequate
treatment of the tissue, with a white charring of the super-
ficial layer of the mucosa (Fig. 2.3).

APC can be used in the treatment of bleeding from vas-
cular malformations, radiation-induced rectal bleeding, or
gastric antral vascular ectasia (GAVE). In a lesion that

spreads, such as GAVE, APC is effective in treating a large
involved area. The tissue is sprayed as the APC probe or
endoscope is moved along a lesion and large amount of
mucosa can therefore be quickly treated. Repeated treat-
ments are often required for cases of GAVE, with typically
three to four treatment sessions required depending on the
extent of GAVE. The tip of the APC probe will collect
charred material if there is contact with the tissue. The probe
should then be removed from the endoscope removing the
charred material with gauze, following which the probe may
be reintroduced through the endoscope for resuming
treatment.

During treatment with APC, there will be a buildup of
visible gas in the lumen. This buildup of gas is expected, and
the argon gas should be intermittently suctioned completely
during the course of therapy, requiring removal of the probe
unless a double-channel therapeutic scope is used. APC may
also be used to treat upper GI tumor bleeding (Video 2.1),
although there is a risk of rebleeding and little available data
on its effectiveness (Fig. 2.4).

Radiofrequency Ablation

Radiofrequency ablation (RFA) is another treatment
modality that delivers superficial cautery and can be used in
the treatment of GAVE and vascular malformations. There
are several types of probes available, including a rotatable

Fig. 2.3 a. Arteriovenous
malformation with classic spider
appearance. b Tissue destruction
(AVM) after APC therapy.
Charring of the tissue is seen

Fig. 2.4 a Bleeding esophageal
tumor. b Bleeding esophageal
tumor after the treatment with
APC therapy
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RFA probe that can be deployed through the scope, as well
as a 60 or 90° probe that attaches externally to the scope
tip. The probe needs to make direct and solid contact with
the target area in order to provide effective cautery. The
through-the-scope probe can be rotated in order to accom-
plish adequate positioning and tissue contact. Using a pedal
connected to the generator, RFA is delivered with a set
energy and time pulse. Each area of the lesion should be
treated with two successive pulses, with a typical energy per
pulse of 12 J/cm2 .

Mechanical Hemostasis Using Clips

Endoscopic through-the-scope clips are commonly used to
treat bleeding lesions [29, 30]. They can be used on actively
bleeding lesions as well as on lesions with stigmata of recent
bleeding, such as visible vessels within ulcers, vascular
malformations, and Dieulafoy’s lesions (Fig. 2.5). Most
available clips can be rotated, opened, and closed repeatedly
as needed prior to the deployment. Ideal lesions for clips
include those that are accessible, vessels less than 2 mm in
diameter and ulcers that are pliable (not firm or indurated).
Difficult locations for clip application include high on the
lesser curvature of the stomach and the posterior wall of the
duodenum. Clips can also be applied successfully for closure
of Mallory–Weiss tears (Fig. 2.6).

The technique of through-the-scope clip application starts
with the passage of the clip catheter. The clip should be
closed and then passed through the working channel of the
endoscope. Once visible endoscopically, the clip can be
opened and rotated to the desired position by the assistant
working with the endoscopist. Clip rotation is beneficial for
ideal hemoclip placement, especially in challenging loca-
tions. The goal of the therapy is to target the lesion with the
clip as well as any feeding vessel. If targeting a visible vessel
in an ulcer base, the clip should ideally span across the
vessel. The delivery catheter is then extended such that the
clip is engaged with the targeted tissue. As with thermal

therapies, the scope should be as close to the target lesion as
possible for best mechanical advantage in order to effec-
tively deploy the hemoclip. Suction helps enable the
hemoclip to sit flush against the target tissue. If the endo-
scopist is satisfied with the position, the clip can be closed. If
the clip placement or position is not appropriate, it can be
opened again and its position can be changed. Once in the
desired position, the clip can then be deployed, thereby
separating it from the catheter (Video 2.1). After firing and
deployment, it is sometimes necessary to gently move the
delivery catheter slightly forward and backward to fully
separate the delivery system from the clip.

When a target lesion is on a wall that is difficult to
approach and not amenable to perpendicular clip placement,
clips can still be used. In these situations, the clip is extended
only slightly out of the endoscope. The alignment of the clip
should be made to be flushed with the mucosa. The clip can
then be manipulated to rest onto the lesion tangentially (as if
it is being laid flat). Then, the clip can be closed and
deployed. Multiple clips can be placed in one area, and once
the visible vessel has been clipped, placing a clip on each
side of the vessel may ablate the blood flow from a feeding
vessel. It some situations, it may be difficult to place a
hemoclip directly on a vessel. When this occurs, clips should
be placed on each side of the lesion to ligate the feeding
vessel.

Clips typically stay in place for several weeks following
which they slough off, although they may remain in place
much longer, especially if attached to underlying muscularis
propria. Patients receiving clips must be made aware that
some clips may not be MRI compatible and a plain radio-
graph can confirm whether they are present. Most current
clips are approved by the FDA as conditionally MRI com-
patible, safe up to a 3 T magnet MRI. Clips can also be
utilized in combination with injection therapy. The use of
clips may follow injection with dilute epinephrine, especially
if the target lesion is initially difficult to visualize due to
active bleeding or when treating large arteries, such as
Dieulafoy’s lesions, the left gastric artery, or the gastro-
duodenal artery. Injection therapy can be used after theFig. 2.5 Duodenal ulcer shown in Fig. 2.2b after hemoclip placement

Fig. 2.6 Mallory–Weiss tear with oozing
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application of clips when there is residual oozing following
successful placement of the clips.

Over-the-Scope Clips

A recent addition to mechanical hemostasis is the
over-the-scope clip (OTSC). These are larger clips, more
similar to a clamp, that is fitted to the end of the endoscope.
These OTSCs can be used to treat larger lesions, such as
large vessels within bleeding ulcers (i.e., Dieulafoy’s
lesions, the left gastric artery, or the gastroduodenal artery),
or to treat cases of recurrent or refractory bleeding (Fig. 2.7)
[31]. The OTSC is attached to the end of the scope similar to
a banding device. There is a release thread that is pulled
through the scope, similar to a banding device, and attached
to a wheel that is in turn attached to the channel port of the
endoscope. The target lesion is drawn using full suction into
a cap at the end of the endoscope, and the wheel is turned
deploying the over-the-scope clip. These clips are large
enough that they may cover an entire bleeding ulcer. When
placing these clips, they should be applied directly over the
lesion in a straight-on approach.

Band Ligation

Endoscopic band ligation is a technique most often used in
the treatment of esophageal or gastroesophageal varices.
However, band ligation has also been used to treat Dieu-
lafoy’s (Fig. 2.8) and Cameron (Fig. 2.9) lesions.

Spray Therapies

Several new topical hemostatic powders have become
available as endoscopic treatment modalities for UGIB [32];
however, these are not currently FDA approved. TC-325 is
an inorganic powder that sprayed onto a bleeding site. The

endoscopic technique is to advance the spray catheter
through the scope, which is placed near the targeted bleeding
lesion. The endoscopist then presses a trigger releasing CO2

and applying TC-325 under pressure to the bleeding site.
The compound adheres to the lesion causing a mechanical
tamponade, activating platelets and coagulation factors, as
well as desiccating the tissue. TC-325 has been shown to be
useful in the treatment of bleeding ulcers, Dieulafoy’s
lesions, malignancy, and post-sphincterotomy bleeding [33,
34]. However, the lesion must be actively bleeding at the
time of therapy in order for the therapy to be effective. In
addition, lesions with a significant risk of further bleeding
should be treated with an additional modality, such as
hemoclips, to decrease rebleeding risk.

Adjuncts to Therapy

Cap

Clear caps attached to the tip of the endoscope can be used to
help manage difficult locations of UGIB treatment [35]. Caps
can aid in visualization by allowing for compression of tissue
with the cap, such that SRH can be seen behind folds or in
difficult intestinal turns. The use of the cap can thus bring a
lesion into better view and facilitating endoscopic therapy.
The cap can also be used to help remove large blood clots,
which is facilitated by suction into the rimmed cap [36].Fig. 2.7 Over-the-scope clip applied to a duodenal ulcer

Fig. 2.8 Dieulafoy’s lesion

Fig. 2.9 Cameron lesion
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Doppler Probe

A Doppler probe can be passed through the endoscope’s
working channel and used to interrogate a bleeding lesion.
The probe should be placed in contact with the target lesion
with mild pressure and is used in the low or medium depth
settings with an auditory signal. The lesion can be interro-
gated starting at the vessel or center and extending radially in
four-quadrants to fully assess the lesion. The Doppler probe
can be used before therapy to determine whether there is
blood flow in the case of indeterminate lesions (Video 2.1).
Following therapy of a bleeding lesion, the Doppler probe can
also confirm cessation of blood flow or determine whether
there is residual blood flow. It has been shown that lesions
with cessation of blood flow following treatment are much
less likely to rebleed than those with continued blood flow.
It appears that Doppler criteria are better at predicting suc-
cessful endoscopic treatment than traditional visual criteria,
such as flattening of the treated vessel following cautery.
Doppler probes have not disseminated widely into clinical use
at this time, although this could change going forward.

Recurrent Bleeding

Recurrent bleeding occurs in 10–20% of patients who
undergo endoscopic therapy for UGIB. Patients with
rebleeding after initial control represent a subset of patients
with more severe bleeding associated with a higher mortal-
ity. A repeat endoscopy with another attempt at endoscopic
therapy should typically be performed in patients with
recurrent UGIB [37]. Select patients with severe bleeding,
such as with ongoing hemodynamic compromise or bleeding
from large arteries or in difficult endoscopic locations, may
directly proceed with interventional radiology/angiography
or surgery. However, the majority of patients with rebleed-
ing deserve another endoscopic attempt due to the efficacy of
endoscopic therapy and reduced complication rate compared
to other interventions.

At the time of an endoscopy for rebleeding, the choice of
endoscopic therapy depends on the exact findings. The same
therapy as initially given can be applied a second time, or a
different therapy can be applied. If a thermal therapy was
initially used, hemoclips may be preferable so that the tissue
is not further damaged, to decrease the risk of perforation. If
hemoclips were initially used, additional hemoclips can be
applied or the patient may be treated with thermal therapy
without concern for conducting electric current if the
metallic clip is inadvertently contacted. An OTSC can also
be deployed to control recurrent upper GI bleeding.

Conclusions

Acute upper GI bleeding remains a major source of mor-
bidity and mortality. It is also responsible for a large number
of hospitalizations and significant healthcare expenditure in
the USA. While the majority of patients with acute upper GI
bleeding will spontaneously stop bleeding, patients with
ongoing or severe bleeding or high-risk stigmata of recent
hemorrhage require endoscopic therapy. There are a multi-
tude of tools that can be used to endoscopically identify,
treat, and prevent bleeding. It is important for endoscopists
to be familiar with all available resources in order to opti-
mally manage patients with acute upper GI bleeding.
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3Variceal Upper GI Bleeding

Jianhua Andy Tau and Waqar A. Qureshi

Abstract
Variceal hemorrhage is one the most harrowing situations encountered by GI fellows in
training. It will be encountered frequently and emergently. Management of acute variceal
hemorrhage demands sound endoscopic technique, prompt resuscitation, and medical
therapy with antibiotics and somatostatin analogues. Despite advances in techniques and
algorithms, the mortality rate and re-bleeding rate associated with variceal hemorrhage
remain high. The Child-Pugh class, size of the varix, and endoscopic presence of high-risk
stigmata determine the choice between non-selective beta blocker (NSBB) and endoscopic
variceal ligation in the primary prevention of esophageal hemorrhage, while secondary
prevention requires both. Proper dosing and tolerance of NSBB is challenging but can
preclude further endoscopic surveillance. Gastric varices are defined by their location. They
are less common, but more challenging. Glue injection and TIPS are currently the
prominent tools used in both acute hemorrhage and secondary prevention, while primary
prevention is typically avoided.

Esophageal Varices

Gastroesophageal variceal hemorrhage is one of the most
common fatal complications of cirrhosis. Advancements in
medical therapies along with guidelines from multiple
societies have reduced mortality due to variceal hemorrhage
from 40 to 15% over the past two decades [1, 2].

The development of gastroesophageal varices (GOV)
correlates with the severity of cirrhosis (Child-Pugh Class),

and even more directly, the hepatic venous pressure gradient
(HPVG), a proxy for the portal pressure. The HPVG is the
difference between the wedged hepatic venous pressure and
the free hepatic venous pressure. Forty percent of Child A
patients will have varices; the incidence doubles to 80% in
Child C patients [3]. Likewise, patients with HVPG < 10
mm Hg have virtually no risk of developing variceal hem-
orrhage, while HPVG > 20 mm Hg predicts higher rates of
bleeding, re-bleeding, and mortality [4–6]. Among cirrhotic
patients who do not have varices, 7–8% will develop them
per year. Among cirrhotic patients who have varices, 5–15%
will bleed for the first time per year [7]. Among cirrhotic
patients who have bled from varices, 60% will bleed again
per year [8, 9] (Fig. 3.1).

Endoscopy plays a critical role in every aspect of the
management of patients with varices and variceal hemorrhage
including hemostasis of acute hemorrhage, screening, and
primary and secondary prophylaxis. While many modalities
are under investigation, there are currently no reliable meth-
ods of predicting which cirrhotic patients will have esopha-
geal varices without endoscopy [10]. As such, all patients
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newly diagnosed with cirrhosis should undergo screening
endoscopy to assess for varices (Fig. 3.2). The screening
endoscopy will determine who to treat, with what to treat, and
the how long until the next surveillance endoscopy.

Options for prophylaxis against recurrent bleeding from
esophageal varices include non-selective beta blockers
and/or endoscopic esophageal variceal ligation (EVL).
Non-selective beta blockers (propranolol and nadolol)
reduce portal pressures via beta-1 adrenergic blockage of
cardiac output and beta-2 adrenergic blockage of splanchnic
vasoconstriction. The combination reduces portal pressures.
The dose of NSBBs is adjusted to a target heart rate of 50–55
or a decrease in 25% of baseline heart rate. Esophageal
variceal ligation is a local therapy at the level of the varices
themselves and has no effect whatsoever on portal pressures.
As such, NSBBs are in theory useful for the prevention of
the two other forms of decompensation from portal hyper-
tension (ascites, hepatic encephalopathy), while EVL pre-
vents only variceal bleeding.

Primary Prophylaxis (Fig. 3.3)

If no esophageal varices are detected on initial screening
endoscopy, the suggested surveillance interval is 2–3 years,
depending on whether the offending etiology of cirrhosis is
resolved or not. If, for example, the offending etiology is
alcohol or HCV, and the patient is abstinent or cured,
respectively, then an interval of 3 years is acceptable.
Non-selective beta blockers are not recommended as a large
multicenter randomized controlled trial showed no differ-
ences between placebo and non-selective beta blockers in
preventing the development of varices [11]. The goal for
these patients is to prevent decompensation by treating the
root cause of cirrhosis and any other offending processes—
including obesity, alcohol, and viral hepatitis. Recent studies
suggest statins may also be of benefit in cirrhosis by
decreasing fibrogenesis, improving liver microcirculation,
and decreasing portal pressure in cirrhosis [12]. If at any time
these patients develop decompensated cirrhosis—ascites,
hepatic encephalopathy, or variceal bleeding—they should
undergo EGD at that time, and EGD should be repeatedly
annually. Simply speaking, once a cirrhotic patient develops
ascites, variceal hemorrhage, or hepatic encephalopathy, they
should undergo annual variceal screening on a lifelong basis
or until they undergo liver transplantation.

If esophageal varices are detected on screening EGD,
three specific parameters should be noted and documented,
as they determine risk of hemorrhage (high versus low) and
thus the choice of prophylaxis:

(1) Size (small, <5 mm; large, >5 mm)
(2) Red wale marks or other high-risk stigmata (cherry red

spot, white nipple sign)
(3) Child-Pugh Class.

Fig. 3.1 Natural history of portal hypertension: annual risks of varices
and variceal

Fig. 3.2 Large (grade 3) esophageal varices

Fig. 3.3 Primary prophylaxis algorithm

22 J.A. Tau and W.A. Qureshi



High-risk patients are defined as patients with:

• Medium/large varices (>5 mm) regardless of red wale or
Child Class
or

• Small varices (<5 mm) with red wale signs/stigmata
or

• Small varices (<5 mm) in a Child C patient.

Low-risk patients are defined as patients with:

• Small varices (<5 mm) without red wale signs/stigmata
in a Child A patient.

Primary prophylaxis in high-risk patients can adminis-
tered be via either non-selective beta blockers (NSBB) or
(not and) endoscopic variceal ligation (EVL). The decision
should be a function of resources, expertise, patient prefer-
ence, and risks. (Table 3.1).

The pros of NSBB are low cost and none of the risks of
endoscopy. Most significantly, once NSBB is initiated
appropriately, no repeat endoscopy is required. The cons
include a relative or absolute contraindication rate of over
15% (bradycardia, hypotension, peripheral vascular disease,
asthma, insulin-dependent diabetes, refractory ascites, SBP),
while another 15% of patients simply stop due to intolerance
from side effects (most commonly dizziness, fatigue,
weakness, sexual side effects, or dyspnea). NSBB should
likely be avoided in patients with refractory ascites or
spontaneous bacterial peritonitis as studies have shown
increased mortality in these subsets of patients [13, 14]. In
addition, treatment is life long, as discontinuation results in
return of bleeding risk. Propranolol has a higher side effect
rate (17%) than nadolol (10%) [15]. The other risk is inad-
equate dose titration to reach a resting heart rate 50–55 or
decrease in baseline heart rate by 25%.

The benefit of EVL is that it can be done at the time of
screening EGD, and there is a lower adverse event rates than
NSBB (4% versus 13%). However, the adverse events are
more serious, specifically bleeding from ligation-induced
ulcers, which have in rare cases been fatal. In addition, once
started, repeat EVL must be done within 2–4 weeks until
varices are obliterated, then another EGD in 1–3 months to

ensure obliteration, and finally, every 6–12 months to check
for recurrence (Fig. 3.4). In general, it is reasonable to start
patients without contraindications on NSBB, and if they
cannot tolerate them, switch to the EVL option. Among the
subpopulation of patients who have small varices with red
wales or Child C Class (Group 2 and 3 above), EVL may be
technically more difficult given the smaller variceal size so
NSBB is preferred over EVL. Among the subpopulation of
patients with medium/large varices without red wale signs or
Child C Class, NSBB are preferred over EVL, as well.

Primary prophylaxis in low-risk patients is considered
optional with non-selective beta blocker to reduce the pro-
gression to large varices. There is no long-term evidence to
back this recommendation currently. There is no role for
EVL. For these patients, upper endoscopy every 1–2 years is
recommended. If patients have no signs of decompensation,
EGD every 2 years is reasonable. If patients have decom-
pensated cirrhosis, surveillance EGD every year is indicated.
As with high-risk patients, if any signs of decompensation
develop, they are to have endoscopy at the time of decom-
pensation and repeat endoscopy every year.

Acute Esophageal Variceal Hemorrhage

The patient with active variceal hemorrhage should be
admitted to the intensive care unit for immediate circulatory
resuscitation, intubation in patients with hematemesis or

Table 3.1 Pros and cons of
NSBB versus EVL

NSBB EVL

Pros 1. Low cost
2. No repeat EGD risk (never again)
3. Reduces portal HTN (ascites/HE)

1. Done at screening EGD
2. Fewer contraindications
3. Fewer side effects
4. No titration

Cons 1. 15% intolerance
2. 15% contraindication
3. Under dosing (HR > 55)
4. Indefinite therapy

1. Post-EVL ulcer bleeding
2. Repeat EGD risk
3. Cost of endoscopy
4. Does not reduce portal HTN (ascites/HE)

Fig. 3.4 EVL follow up
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severe encephalopathy or difficulties protecting their airway,
and close hemodynamic monitoring. Endoscopy should be
done as soon as possible (usually taken to mean <12 h).
Crystalloid or albumin infusions should be used to achieve
and maintain hemodynamic stability and tissue perfusion.
Red blood cell transfusion should aim for a Hgb 7–8 g/dL.
Liberal transfusion strategies targeting Hb 9–11 g/dL have
been shown in a randomized controlled trial to be associated
with increased mortality likely due to increased portal
pressures [16]. There are no specific guidelines concerning
transfusion targets for INR or platelets in these patients, but
their use as adjunctive therapy to achieve hemostasis is
reasonable. There is, in general, no coagulopathy or
thrombocytopenia so severe as to preclude endoscopic
attempts at hemostasis.

Beyond adequate resuscitation, there is perhaps no med-
ical therapy more beneficial than antibiotics in the bleeding
cirrhotic patient. Antibiotic prophylaxis decreases sepsis,
recurrence of bleeding, and death [17]. The number needed
to treat (NNT) is 4 to prevent sepsis and 22 to prevent death
[18]. The most commonly used agents are third-generation
cephalosporins (Ceftriaxone 1 g IV every 24 h), given high
rates of quinolone resistance in the USA and among this
patient population who are often on SBP prophylaxis with
quinolones.

Along with antibiotics, intravenous vasoactive medica-
tions (Terlipressin, Somatostatin, Octreotide) should be
started prior to endoscopy. Octreotide is the only available
formulation in the USA. It has been shown to control acute
hemorrhage and decrease transfusion requirements, but its
effect on mortality is less convincing. [19]. Vasoactive
medications should be continued for up to 5 days, because
this is the peak period of recurrent hemorrhage, though they
can be stopped 24 h after the last evidence of hemorrhage.
Upon discontinuation of vasoactive medications, the patient
should transition seamlessly to NSBBs or TIPS before dis-
charge if appropriate in selected patients. Pre-procedure
intravenous erythromycin may help clear the stomach of
blood and clots.

There are two endoscopic therapies for esophageal vari-
ces—esophageal variceal ligation (EVL) and endoscopic
sclerotherapy (EST).

Endoscopic Sclerotherapy (EST)

EST involves injecting a sclerosing agent into the variceal
lumen or immediately adjacent to the varix. EST controls
acute variceal bleeding in 70% of patients [20]. There are
wide range of sclerosants including sodium tetradecyl sul-
fate, sodium morrhuate, ethanol, polidocanol, and ethano-
lamine oleate.

Injections begin distally near the cardia, starting below
any bleeding site and working upward in a spiral manner.
The sclerosant is injected in 1–3 mL volumes at a time per
varix via a needle tip catheter through the working channel
of the endoscope. The sclerosant induces thrombosis
immediately upon entering the vessel, while adjacent injec-
tion creates a tamponade effect via edema and inflammation
of adjacent tissue. Overtime, these areas develop fibrosis and
obliterate the varix. If bleeding occurs immediately upon
retraction of the needle, tamponade can be achieved by
simply advancing the endoscope into the stomach and using
the body of the endoscope to tamponade.

EST is advantageous for its low cost and no need for
second oral intubation like EVL. However, it is less effective
and, most importantly, has a much higher complication rate
than EVL, specifically more early re-bleeding and esopha-
geal strictures. Other adverse events of EST include fever,
retrosternal discomfort/pain, dysphagia, esophageal perfo-
ration, mediastinitis, pleural effusion, bronchoesophageal
fistula, acute respiratory distress syndrome, and infection.
Bacteremia is not uncommon following EST. Endoscopic
sclerotherapy is reserved for situations in which EVL is not
technically feasible or has failed, and is no longer recom-
mended for secondary prophylaxis of variceal hemorrhage.

Esophageal Variceal Ligation (EVL)

Esophageal variceal ligation (banding) is the endoscopic
therapy of choice for controlling esophageal variceal hem-
orrhage (see Video 3.1 and Figs. 3.5 and 3.6). EVL is
superior to endoscopic sclerotherapy in regards to recurrent
bleeding, local adverse events including ulceration and
stricture formation, time to variceal obliteration, and survival
[21]. The band ligator consists a friction-fitting transparent
cylindrical cap preloaded with elastic bands, which attaches

Fig. 3.5 Active bleeding from an esophageal varix
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over the endoscope tip; a spool that fits onto the biopsy port
via a Velcro strap; and a trip wire connecting the two, which
is passed up through the endoscopic channel.

The procedure involves two intubations. First, a thorough
diagnostic upper GI evaluation is done to identify all sources
of bleeding and specifically to identify the size, number of
esophageal varices, and any high-risk stigmata (wales, white
nipple, etc.). The endoscope is withdrawn, and the band
ligator is attached onto the endoscope. After re-intubation,
banding begins distally from the GE junction upwards, often
in a spiral pattern. Starting distally allows for complete
visualization and avoids the potential risk of dislodging a
band during advancement of the endoscope past a previously
captured varix. Once the bulging varix is visualized, the tip
is pointed toward it and continuous suction is applied, pro-
lapsing the varix into the cap. Once the screen “reds out,” the
spool is twisted and the trip wire releases one of the loaded
bands over the varix. Active bleeding or high risk stigmata
for bleeding (white nipple/fibrin cap or red wale signs) are
the ideal targets for banding. During variceal-band ligation,
transient bleeding can occur because of rupture of the varix,
but this is usually self limited. The procedure is repeated for
each column of varices, moving upwards in a spiral fashion
until all columns of varices are flattened, which is ideally
achieved before reaching the mid-esophagus. Patient can be
placed on liquid diet after the procedure for the first 12–24 h,
and then advanced as tolerated. Placement of a naso-gastric
tube is typically avoided lest the bands are dislodged, though
there is no evidence to our knowledge to support this.

After 3–5 days, ligated sites inevitably slough and pro-
duce consistent shallow ulcerations from 3 to 7 days after
application (Figs. 3.7 and 3.8). Early re-bleeding occurs in
about 10–20% of patients and the majority occurs within the
first 5 days. The bleeding is typically due to post-EVL
induced ulcers in the setting of high portal pressure, which
appears to occur more commonly in patients undergoing
EVL after an episode of acute bleeding, with reports as high
as 14% [22]. Ligation-induced ulcers heal at a mean of

14 days compared with 21 days for those resulting from
sclerotherapy [23]. Proton pump inhibitors may decrease
post-EVL ulcer size but have not been demonstrated to
significantly reduce bleeding risk [24].

Endoscopy should be repeated every 2–4 weeks until
varices have been eradicated, which typically requires 2–4
sessions [25]. Then a follow-up EGD should be performed
in 1–3 months after obliteration and then every 6–12 months
thereafter [26].

Salvage Therapy

For patients in whom all the above attempts at hemostasis
have failed or who re-bleed (10–20%), balloon tamponade
and covered self-expanding metals stents (SEMS) can be
temporizing measures until TIPS can be placed (<24 h).
Balloon tamponade is effective in temporarily achieving
hemostasis in over 80% of cases but carries an alarming 20%
mortality rate from aspiration, asphyxiation due to upward
migration into the airway, or esophageal perforation. In
addition, bleeding recurs after deflation of the balloon the

Fig. 3.6 View of a varix post-banding Fig. 3.7 Post-banding ulcers seen two weeks after banding

Fig. 3.8 In this photograph, a post-banding ulcer is seen at 6 o’clock
while numerous red areas called “wale signs” are seen
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majority of the time [27]. Intubation for airway protection
and sedation is a must when using balloon tamponade.
Self-expanding metal stents are feasible, effective, and likely
safer, but require technical experience and risk migration
[28–30]. Patients with early re-bleeding after initial EVL
should typically have another endoscopic attempt at
hemostasis. TIPS is the final salvage pathway for all patients
with refractory esophageal hemorrhage regardless of history
of hepatic encephalopathy [31]. Success rates are variable
and highly based on local expertise.

Secondary Prophylaxis

Once a patient has had an episode of variceal hemorrhage,
they have a 60% of re-bleeding annually without prophy-
laxis. When they do re-bleed, they die one third of the time
[32, 33]. Besides those who have contraindications to
NSBBs or are post-TIPS, all patients who survive variceal
hemorrhage should in theory receive the combination of
NSBBs and (not or) EVL. NSBB should be started prior to
leaving the hospital, and as early as 24 h from the last evi-
dence of bleeding. The immediate addition of NSBB after
EVL and 5 days of Octreotide decreases re-bleeding sig-
nificantly (38–14%) [34].

If TIPS is used to control the acute hemorrhage, no fur-
ther prophylaxis is indicated as portal pressures should have
normalized, though re-evaluation of TIPS via dedicated
doppler ultrasound every 6 months to ensure patency is
indicated. In general, TIPS should not be used as a first-line
therapy. Even though bleeding is reduced with TIPS com-
pared to medical therapy, there is significant increase in costs
and rates of hepatic encephalopathy, less improvement in
Child-Pugh class, and identical survival rates [35]. TIPS
should be reserved for those who fail both NSBB and EVL
or potentially two subpopulations who have shown mortality
benefit with TIPS as secondary prophylaxis: Child C
(Score < 14) and Child B patients with active hemorrhage at
time of endoscopy [36, 37].

Finally, addition of a long acting nitrate (isosorbide
mononitrate) to NSBBs is not recommended because the
combination has more side effects (headache, dizziness)
without superiority with respect to bleeding or mortality [38].

Gastric Varices

Gastric varices (GV) are rare relative to esophageal varices,
and thus, available data to guide our medical decisions
concerning GV is not as robust as it is for esophageal
varices. GV are classified according to their location within
the stomach (Sarin Classification), as either GOV or isolated

gastric varices (IGV). GOV are divided into GOV1, which
are esophageal varices that extend below the gastroe-
sophageal junction along the lesser curve of the stomach,
and GOV2, which are those that extend beyond the gas-
troesophageal junction into the fundus of the stomach. IGV
are divided into IGV1, which are those located in the fundus
(aka fundal varices), and IGV2, which are isolated ectopic
varices located anywhere else in the stomach. GOV1
account for 75%, GOV2 21%, IGV1 less than 2%, and IGV2
4% of all GVs [39].

Primary Prophylaxis

The incidence of bleeding among cardiofundal varices is 16,
36, and 44% at 1, 3, and 5 years, respectively [40]. However,
primary prophylaxis for GV is not recommended at this time
due to lack of data. The most common practice when GV are
detected for the first time is to “look but don’t touch.”

Acute Gastric Variceal Hemorrhage

Patients with acute gastric variceal bleeding receive the same
medical therapy as described above for esophageal varices,
specifically ICU admission, resuscitation with restrictive
transfusion strategy, antibiotics, and vasoactive medications.
However, in terms of endoscopic therapy, GOV1 specifi-
cally differ from all other GV. A bleeding GOV1, which is
an extension of an esophageal varix, is treated as esophageal
varix with EVL, while all other gastric varices (IGV1, IGV2,
GOV2) are treated with tissue adhesives (cyanoacrylate or
fibrin glue) and not EVL. There is scant data on therapy for
IGV2, but in general, most experts treat them like IGV1. The
main complications from cyanoacrylate injections include
re-bleeding from glue cast extruding early (4.4%), sepsis
(1.3%), and embolic phenomenon (0.7–3%) [41]. Embolic
complications can be fatal in some cases. The complication-
related mortality is 0.5%.

At our institution, cyanoacrylate is injected with lipiodol
in a 1:1 ratio with 1 ml aliquots per varix injection. The
lipiodol (poppy-seed oil) is radio-opaque and can be wat-
ched under fluoroscopy to make embolization less likely
while delaying the polymerization time of the cyanoacrylate.
A few months after injection, the cyanoacrylate is naturally
extruded into the stomach lumen [42]. Most case series
report >90% success rates with the use of tissue adhesives
like cyanoacrylate [43] (see Figs. 3.9 and 3.10 to see pre-
and post-glue injection of gastric varices and Video 3.2.
Figure 3.11 shows an actively bleeding gastric varix).
Cyanoacrylate may be injected under EUS guidance and
some have used coils with glue.
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Salvage Therapy

If refractory or re-bleeding occurs, balloon tamponade can
be used as a bridge to TIPS, which is the salvage treatment
of choice in patients bleeding from cardiofundal varices,
GOV2, and IGV1. The larger Linton–Nachlas tube is pre-
ferred over the Sengstaken–Blakemore tube because of the

large volume (600 mL) of its single gastric balloon, allowing
an appropriate compression of the fundal varices [44].
Contrary to what is suggested in esophageal variceal
bleeding, a second-attempt endoscopic therapy is usually not
considered and patients usually undergo TIPS with early
re-bleeding [45].

Secondary Prophylaxis

Re-bleeding rates in most large series range from 10 to 20%
[43]. After successful hemostasis, secondary prophylaxis
with repeat sessions performed every 2–4 weeks is indicated
until obliteration is achieved. Usually, this takes 2–4 ses-
sions. Cyanoacrylate injections may be superior to NSBB
alone in preventing re-bleeding [46]. While addition of
NSBB to serial cyanoacrylate injections for GV does not
seem to add any additional protection from re-bleeding [47],
given that many patients have concomitant EV and GV,
NSBBs are still recommended and used as an adjunct to
endoscopic therapy for secondary prophylaxis. TIPS is a
very effective therapy to prevent GV re-bleeding, but
TIPS-treated patients have more hepatic encephalopathy and
long-term morbidity requiring hospitalization [48–50]. Thus,
it remains controversial whether TIPS should be universally
applied for secondary prophylaxis or reserved as a salvage
therapy only.

Conclusion

Varices and, more importantly, variceal bleeding remain
common and deadly. In conjunction with prompt resuscita-
tion, antibiotics, and somatostatin analogues, a variety of
endoscopic techniques are available treat acute hemorrhage
(Table 3.2). Endoscopic therapies remain the first-line
treatment for esophageal variceal bleeding, which is the
most commonly encountered source of bleeding in patients
with portal hypertension. The severity of liver disease, size
of the varices, and presence of high-risk stigmata dictate

Table 3.2 Endoscopic pearls for EVL, endoscopic sclerotherapy,
cyanoacrylate injection

EVL Endoscopic
sclerotherapy

Cyanoacrylate
injection

1. Procedure of
choice in
esophageal varices

2. Avoid use in
gastric varices,
except GOV1

3. Avoid use in rectal
varices

1. Use only when
EVL not possible

2. Higher incidence
of post procedure
pain

3. Causes transient
dysphagia, chest
pain

1. Effective for
bleeding gastric
varices

2. Can be used in
duodenal and
rectal varices

3. Not cleared for use
by the FDA in the
US

Fig. 3.9 This photograph shows gastric varices pre-glue injection with
stigmata of recent bleeding

Fig. 3.10 This photograph shows the gastric varices post-glue injec-
tion. The gastric varices frequently collapse once glue is injected and
blood can no longer flow through the varices

Fig. 3.11 A bleeding gastric varix is seen in a stomach with food.
This patient had endotracheal intubation so that banding could be
performed safely
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prevention strategies with either non-specific beta blockers,
EVL, or both. GV are less commonly treated by endoscopy,
but endoscopic options exist in these patients.
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4Foreign Body Removal

Juan Reyes Genere and Uzma D. Siddiqui

Abstract
Foreign bodies in the upper gastrointestinal tract may be the result of intentional ingestion
of household objects, unintentional food impaction, or a migrated gastrointestinal device.
Managing these foreign bodies hinges on the patient history, physical characteristics of the
foreign body, and an assessment of risk for complications. When endoscopic intervention is
indicated, determining the timing to intervention and a retrieval strategy are needed. There
are many endoscopic retrieval devices and techniques developed to suit the diverse
circumstances encountered in gastrointestinal foreign bodies. This chapter discusses the
current management and endoscopic retrieval strategies for gastrointestinal foreign bodies.

Introduction

In the USA, there are 100,000 new cases of gastrointestinal
foreign bodies reported each year [1]. The majority of these
cases (80%) occur in children who unintentionally ingest small
objects such as coins, toys, or batteries [1]. Gastrointestinal
foreign bodies in adults are less frequent, but their circum-
stances are diverse. Foreign bodies in adults may be the result
of unintentional food impaction, intentional ingestion of
household objects, or iatrogenic from gastrointestinal device
migration. Managing a gastrointestinal foreign body is a

multistep processes that may require endoscopic intervention.
Many devices and techniques are available to meet the diverse
circumstances of gastrointestinal foreign body retrieval, and
they will be discussed in detail in this chapter.

Epidemiology

Most gastrointestinal foreign bodies in adults are encountered
in the setting of a food bolus or impaction within the esoph-
agus [2, 3]. Food impactions are generally unintentional and
occur in patients between 30 and 80 years old, with greater
incidence in older patients who are edentulous [3–5]. In up to
52–88% of esophageal food impaction cases, there is under-
lying esophageal disease [4, 5]. The most common predis-
posing esophageal condition is a peptic stricture or Schatzki
ring (Fig. 4.1) [4–6]. Eosinophilic esophagitis (EoE)-asso-
ciated food impactions have been increasing over the past 1–2
decades and are seen in up to 30% food impaction cases [7],
especially in white males, between 20 and 30 years old [7, 8].
Intentional foreign body ingestions involve swallowing
objects such as spoons, razors, and batteries. These types of
foreign bodies are strongly associated with children, those
with mental illness, intoxicated patients, or for the purpose of
secondary gain (i.e., prisoners trying to gain admittance to a
medical ward) [3, 9].
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Diagnosis

History and Physical

History is the most important element in diagnosing a gas-
trointestinal foreign body. Swallowing poorly chewed food,
intentionally ingesting a true foreign body, or a history of
gastrointestinal device placement can direct diagnostic and
therapeutic approach. This is especially important in cases
where a foreign body can cause mucosal injury or is unlikely
to pass spontaneously [10].

The symptoms of foreign body esophageal impaction
include dysphagia 47%, nausea and vomiting 21%, “feeling
of food getting stuck” 20%, and chest or epigastric pain 15%
[3]. Patients who are present with drooling and inability to
manage secretions may have complete esophageal obstruc-
tion, which requires emergent endoscopic treatment [10].
Intentionally ingested foreign body may present more often
with epigastric pain (55%) or without symptoms at all in
30% of cases [9].

Physical examination should first inspect the oropharynx
and assess for hypoxia or respiratory distress, which would
suggest a foreign body located in the respiratory tract. Fur-
ther examination needs to evaluate for complications
necessitating surgical intervention, such as acute abdomen,
peritonitis, or subcutaneous emphysema of the chest.

Imaging

Plain radiography (X-rays) of the chest, or abdomen, is
generally the initial diagnostic test. X-rays can often confirm
the presence of a foreign body and characterize the shape,
size, and number of objects ingested [11]. Combining
posterior-anterior and lateral X-ray views is critical, as this
adds another reference point to better localize a foreign body.
Foreign bodies diagnosed on a single-view X-ray, on the
other hand, may be misleading and delay retrieval (Fig. 4.2).
The sensitivity of X-ray is variable (42–90%), with improved
sensitivity in the cervical esophagus and intra-abdominal
regions [11–13]. The composition of the foreign body must
also be considered as radiopaque materials (metal, glass, or
stone) can be detected by X-ray, while radiolucent materials
(animal bones, food, or plastic) may not [14].

X-ray can also detect signs such as a new pleural effusion,
hydrothorax, subcutaneous emphysema, or free air in the
abdomen, all of which may indicate a perforation [11].
A prompt surgical consult is indicated if any of these are
seen.

CT scans have a much higher sensitivity (97%) than
X-ray in detecting foreign bodies [11] and may offer more
information in complicated cases. However, even with CT
scans, radiolucent materials may still not be visualized [11,
14]. Oral contrast studies are not recommended due to

Fig. 4.1 Esophageal stricture
located distal to an esophageal
food impaction that was
endoscopically removed
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associated risk for aspiration in the setting of a high-grade
esophageal obstruction. In addition, oral contrast can coat or
cover the foreign object which may impair endoscopic
removal by obscuring its visibility [10, 15].

Endoscopy

Endoscopy simultaneously confirms the diagnosis and
location of a foreign body, as well as providing therapeutic
management. Intentionally ingested foreign bodies may
require endoscopic intervention up to 76% of the time [10].
Determining the indication and time for endoscopy are the
most important aspects of management, and this is a com-
plex, multistep process. In the following sections, the
approach to managing foreign bodies will be discussed in
detail.

Management

Initial Evaluation

The initial evaluation of a gastrointestinal foreign body
should focus on identifying the need for immediate surgical

management. A prompt surgical consult and initiation of
antibiotics is necessary for gastrointestinal tract perforation
with signs of peritonitis, acute abdomen, pneumomedi-
astinum, or pneumoperitoneum. If there are symptoms of
respiratory distress or signs of hypoxia, then airway man-
agement with elective intubation may be warranted, as well
as consultation with otolaryngology or pulmonary for
bronchoscopy. After assessing the need for surgical or pul-
monary consultation, the next step is to determine the indi-
cation and timing for endoscopic intervention (Fig. 4.3).

Emergent Cases

Emergent endoscopic intervention is required in three types of
cases (1) patients presenting with drooling and inability to
manage secretions, suggesting complete esophageal obstruc-
tion [10]; (2) ingestion of disk batteries, which may cause
electrochemical mucosal damage in the esophagus within
hours of impaction [10, 16, 17]; (3) sharp objects located in the
esophagus, as these are at high risk for mucosal injury [10].

Non-emergent Cases

Time for endoscopic retrieval of a foreign body in
non-emergent cases is best before 12–24 h [18, 19]. Waiting
to intervene on foreign esophageal impactions longer than
this increases complications and reduces the rates of suc-
cessful endoscopic retrieval [18, 19].

Esophageal foreign bodies are generally an urgent matter
[10]. The esophagus is a delicate structure adjacent to vital
structures including the pericardium, aorta, and lung pleura.
Compromise of the esophageal mucosa integrity can lead to
substantial complications from leakage of gastric juices into
the mediastinum, to arterial perforation [17]. Special care
should be taken in cases of impacted animal bones and
objects larger than 3 cm, as these are predictive of esophageal
perforation [19]. Blunt objects impacted in the esophagus that
are causing symptoms may be the result ongoing ischemic
pressure injury and these require expedited removal as well
[10]. On the other hand, observation for 12–24 h to monitor
for spontaneous passage is appropriate in asymptomatic
patients who have ingested blunt objects, such as coins [10].

In the stomach or duodenum, some foreign bodies are still
managed urgently [10]. Sharp or pointed objects are asso-
ciated with the increased risk of perforations up to 35% of
the time if left to pass spontaneously [10, 20]. Magnets may
lead to mucosal pressure ischemia, perforation, or fistuliza-
tion if they come into contact with other magnets, or metals,
in the gastrointestinal tract [10, 21]. Batteries causing active
mucosal injury or objects that may not pass the duodenal
sweep (length >6 cm) should also be removed urgently [10].

Fig. 4.2 This is a fluoroscopic image taken during an esophagogas-
troduodenoscopy to evaluate for a migrated esophageal stent (arrows).
The stent appeared to be located in the proximal small bowel, however,
on push enteroscopy (as pictured) no stent was seen. The stent was
subsequently found in the descending colon on sigmoidoscopy, and it
was successfully removed
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Allowing spontaneous passage is appropriate when a
foreign body does not meet criteria for timely removal, has
passed the esophagus, and is at low risk to cause obstruction
or mucosal injury, as demonstrated in Fig. 4.4 [10, 21, 22].
Monitoring for signs of peritonitis and obtaining periodic
X-rays are important to assess the need for retrieval and

assure adequate passage over time [10]. The general time
intervals indicating that a foreign body has failed to pass and
requires retrieval are 3–4 weeks in the stomach and 48 h in
the intestines [9, 10]. Exceptions to this apply to batteries
(both disk and cylindrical types) in the stomach where failed
passage requiring retrieval is at 48 h [10]. Additionally,

Fig. 4.4 Abdominal X-ray of a
2.2-cm coin located in the
stomach of a 17-month-old male
(arrow). This was managed
conservatively with trail of
spontaneous passage and serial
X-rays

Fig. 4.3 Algorithm for
managing gastrointestinal foreign
bodies. *. FB that are associated
with mucosal injury or failure of
SP including sharp objects,
damaged batteries, or objects
wider than 2.5 cm. **. FB
indicated for SP are at low risk to
cause mucosal injury or intestinal
obstruction including non-sharp
objects that have passed the
stomach and are <6 cm in length
and <2.5 cm in width. FB
Foreign body, SP Spontaneous
passage
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objects that are wider than 2.5 cm may not pass the pylorus
and close monitoring, or non-urgent endoscopic retrieval,
should be considered [10].

Medical Therapy

Medical therapies can be used specifically for managing
esophageal food impactions, albeit they have a limited role
in contemporary practice due to lack of efficacy. Various
agents have been used to facilitate the passage of impacted
food bolus (including benzodiazepines, calcium channel
blockers, anticholinergic, nitrates, and effervescent agents)
with the most studied being papain and glucagon [23].

Papain is a proteolytic, trypsin-like enzyme that is diluted
in water and administered by mouth to treat meat impactions
through its digestive properties [23]. Recently, Morse et al.
[24] showed that 87% of protein bolus impaction cases can
be successfully treated with oral administration of papain
without adverse events [24]. However, papain is not rec-
ommended in current guidelines due to historical evidence
showing inconclusive efficacy, along with serious adverse
events such as aspiration pneumonitis [23, 25].

Glucagon is a polypeptide hormone that can relax the
lower esophageal sphincter and, thereby, potentially relieve
an impacted esophageal food bolus [26]. Glucagon has been
shown to be successful in up to 39.5% of cases, without
adverse events [27]. Glucagon alone is not recommended
due to its moderate efficacy, but it may be used in combi-
nation with endoscopy [10]. The current ASGE guidelines
recommend administration of IV glucagon while preparing
for endoscopic retrieval to allow a trail of passage prior
instrumentation [10].

Endoscopic Retrieval

Upper gastrointestinal foreign bodies can be retrieved suc-
cessfully with flexible endoscopy >90% of the time [15, 28,
29]. There are many devices available to facilitate foreign
body retrieval (Fig. 4.5). Although there have been no
studies comparing the efficacy of available devices, the most
commonly used are rat-toothed forceps and snare [29].
Endoscopic strategies may be different in each case of for-
eign body retrieval, depending on the circumstance and
object characteristics (Table 4.1).

Fig. 4.5 Endoscopic devices pictured from left to right: Retrieval Roth net, retrieval basket, snare, rat-tooth forceps, and an alligator forceps.
From Smith and Wong [55]

4 Foreign Body Removal 35



Esophageal Food Impactions

Esophageal food impactions are managed endoscopically by
two methods: The push technique describes the advance-
ment of a food bolus into the stomach with an endoscope.
This technique has been advocated in the past, and it has a
low rate of complications if done with extreme care [5]. The
pull technique is the preferred approach, however, given that
pushing a food bolus blindly through a potential stricture
may result in mucosal injury or perforation. The pull tech-
nique involves retrograde extraction of a food bolus. In some

cases piecemeal removal is used if a bolus is large or has a
soft consistency (Fig. 4.6). Some endoscopists prefer a
hybrid “pull-push” technique that employs piecemeal
extraction to reduce the size of a food bolus, so it can be
safely advanced into the stomach. The most commonly used
devices for food impactions are rat-toothed forceps, snares,
or nets [3–5]. None of these devices have been shown to be
superior to one another.

Other devices and techniques are an option for difficult
cases of esophageal food impaction. Endoscope caps used
for band ligation, or mucosectomy can be used for suc-
tioning onto a food bolus for extraction [30]. Another
method involves guiding an esophageal dilation balloon
distal to an impacted food bolus, inflating the balloon
slightly to capture the food bolus, and then pulling it out of
the esophagus [31]. Even electrocautery has been described
to fracture an impacted pill in the esophagus, although this
method clearly carries risks to mucosal injury [32].

Sharp or Pointed Objects

Sharp foreign bodies encountered include razor blades,
safety pins, glass, broken plastic, or pens (Fig. 4.7a) and
special care must be taken during retrieval. Protective
devices, such as a latex hood or an overtube, are designed to

Table 4.1 Summary of
endoscopic devices and
techniques used in foreign body
removal by foreign body type

Type of foreign body (FB) Retrieval device(s) Technique(s)

Esophageal food impaction • Rat-tooth forceps
• Roth net
• Snare

• Pull technique
• Combined pull, then push technique

Sharp FB • Latex hood
(first-line)

• Overtube
(second-line)

• Rubber tipped
forceps

• Always utilize protective devices to prevent
mucosal injury during retrieval

Blunt FB • Roth net
• Retrieval baskets
• Rat-tooth forceps

• Overtubes for removing disk batteries

Long FB • Snare
• Retrieval basket

• Remove by the object’s long axis
• Double snare technique

Phytobezoars • Forceps and snare
• Guidewire
• Bezoaratom

• Dissolution with Coca-Cola®
• Piecemeal disruption with overtube

Gastric band • Guidewire
• Snare
• Mechanical
lithotripter

• Endoscopic band cutting, then removal

Self-expanding metal stent
(SEMS)

• Snare or forceps
• SEMS

Simple cases:
• Loop retrieval mechanism
Embedded stents:
• Distal-to-proximal invagination
• Stent-in-stent retrieval

Fig. 4.6 Esophageal food impaction related to an esophageal cancer.
This food impaction was removed by piecemeal extraction. An
esophageal stent was placed following the extraction
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cover the sharp ends of forgein bodies and they are necessary
tools for retrieving sharp foreign bodies. (Fig. 4.7b–d).
Latex hoods are simple devices that are fitted over the scope
end to cover sharp objects [29]. Once the object is secured,
the scope is withdrawn and the retracted hood will be pushed
forward into a covering position as it passes through the
lower esophageal sphincter [29]. Overtubes are used to
remove sharp objects when latex hoods are not indicated or
cannot be used (Fig. 4.7d). An overtube is essentially a long
plastic tube that works as a channel for the endoscope to pass
through the oropharynx, esophagus, and into the stomach
[33]. The overtube housing protects the mucosa when
retrieving a sharp foreign body. It also serves to protect the
airway and facilitate repeated reintroduction of the endo-
scope if needed [29]. Deciding to use an overtube should be
judicious, however, as they can cause mucosal injury or
other complications including esophageal rupture, ulcera-
tion, and bleeding [29, 33, 34].

Blunt Objects

Commonly encountered blunt objects include batteries,
coins, or magnets. Disk batteries are best retrieved using a
retrieval basket or net and with an overtube to protect the
airway during retrieval [10]. Inflating a balloon (as described
in Chap. 5.1) has also been described for removing disk
batteries impacted in the esophagus. Magnets can be
recovered with retrieval nets, and coins can be retrieved with
rat-toothed forceps, graspers, or retrieval nets [15].

Large Objects

Objects that are too large to pass through the gastrointestinal
tract are also difficult to remove. Large objects may need to
be secured with a snare or net, then maneuvered to be
removed by its long axis [1, 10]. A two-channel scope

Fig. 4.7 Endoscopic retrieval of an intentionally ingested razorblade: a. Abdominal X-ray showing a razorblade in the gastric cardia
b. Endoscopic image of the razorblade c. Grasping the razorblade using endoscopic forceps d. Retrieving the razorblade through an overtube
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allowing two devices to be used simultaneously, such as two
snares or graspers, is advantageous when managing long
objects that are difficult to maneuver otherwise [1, 15]. For
all large objects, it is recommended to use a long overtube
that extends beyond the gastroesophageal junction to aid in
safe retrieval [10].

Gastric Bezoars

Bezoars are conglomerate masses composed of poorly
digested materials and may result in gastrointestinal block-
age, ulceration, or other complications [35]. Gastric phyto-
bezoars are the most common type, and these are composed
of plant materials [35]. Phytobezoars can be dissolved with
Coca-Cola® and treated endoscopically. The mechanism of
Coca-Cola® dissolving phytobezoars is not completely
understood, but it is believed to involve the combined
digestive effects of sodium bicarbonate, carbonic acid,
phosphoric acid, and carbonation bubbles [35]. Oral admin-
istration of Coca-Cola® alone can dissolve 60% of phyto-
bezoars, and this increases to 94% with addition of
endoscopic fragmentation [36]. Forceps and snares care the
most typical devices used to piecemeal a phytobezoar, and
generally this requires an overtube to allow repeated intu-
bations with the endoscope [15]. Other endoscopic methods
for phytobezoar disruption have also been described in
combination with dissolving agents. For example, guidewire-
mediated fragmentation has been described as a safe frag-
mentation technique, and this can be used with Coca-Cola®
administration [37]. Another method of dissolution involves
endoscopically injecting the phytobezoar directly with water
or Coca-Cola® [35]. A bezoaratom has been described in a
case report as a device that is specifically designed to treat
bezoars. The device uses an oval polyfilament snare to secure
and break bezoars manually with a crank [35, 38]; however,
the device is not currently available in the USA. Endotherapy
is generally insufficient for treating non-phytobezoars, and
these may require surgical management.

Migrated Device Retrieval

Complications related to upper gastrointestinal therapeutic
devices might necessitate endoscopic removal. Adjustable
gastric bands for weight loss are typically placed around the
gastric cardia to restrict oral intake. These bands can be
adjusted by insufflation of air through a port that is surgically
placed under the skin. Gastric bands may need to be
removed due to erosion and migration into the stomach
in 0.6–3% of cases [39]. Surgical removal was previously
the only option for eroded gastric bands. However, with
advancements in endoscopic devices, they can now be

removed safely using an endoscopic mechanical lithotripter
(Fig. 4.8). Dogan et al. [40] showed that endoscopic removal
of gastric bands was successful and without complication in
10/13 of cases, using a gastric band cutter device that is
similar to a mechanical lithotripter [40]. Our experience
using an endoscopic mechanical lithotripter to remove an
eroded gastric band is illustrated in the video linked to this
chapter (Video 4.1).

Esophageal self-expanding stents can migrate, break, or
cause tissue injury, all of which require removal. Esophageal
stent removal can be safe [41], but there are associated
complications including stricture, ulceration, fistula, perfo-
ration, and hemorrhage if they have embedded into the
mucosa [15]. Self-expanding stents are generally success-
fully removed with a retrieval mechanism, such as a loop,
that can be pulled with a snare or forceps [15]. Embedded
stents are more challenging to remove, and various tech-
niques have been proposed for this situation including distal
to proximal invagination (with or without guidewire-assisted
peeling), overtube-assisted retrieval, retrieval hooks, and
stent-in-stent placement [15, 42]. The stent-in-stent retrieval
is the only technique requiring a staged procedure by first
placing a fully covered stent within the embedded stent for
two weeks to cause necrosis of embedded tissues. This
results in the embedded stent to dislodge, so it may be easily
removed at a later time [15].

Special Considerations

Prisoners and patients with mental illness present special
challenges when managing foreign bodies. These patients
often have recurrent intentional foreign body ingestions,
which seem to have a lower success rate of endoscopic
retrieval [43]. Despite this, surgery is an unfavorable option
given post-operative intestinal adhesions may predispose to
more complicated encounters in future foreign body inges-
tions [44]. Thus if initial retrieval attempts fail, then repeat
endoscopy or trial of spontaneous passage in this patient
group is preferred. A rat-toothed forceps or polypectomy
snare may be the best device to remove intentionally
ingested foreign bodies, and they have been associated with
a high rate of success [9].

Drug packers transport illegal substances by concealing
them in the gastrointestinal tract and this behavior may be
present with medical complications, such as pain or
obstruction. An accurate radiographic diagnosis with loca-
tion and number of ingested drug packets is important, both
from a medical and legal perspective [45]. CT has a greater
sensitivity than plain radiography, however, X-ray has a
high specificity if drug packets are detected with this
imaging modality [45]. Drug packing is generally managed
by spontaneous trail of passage, and endoscopic retrieval
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should be avoided as instrumentation may lead to package
rupture and patient intoxication [10, 46]. Drug packers
presenting with signs of acute drug intoxication, ileus,
obstruction, or peritonitis, however, require immediate sur-
gical intervention [47].

Failure to Retrieve Endoscopically

Alternative approaches to management are needed when
flexible endoscopy is not successful in retrieving foreign
bodies. Flexible endoscopy has a high success rate, but the
failure rate can be up to 22% in populations that intention-
ally ingest objects that are challenging to remove [43].
Proximal esophageal impactions may be difficult to remove
with a flexible endoscope and rigid endoscopic retrieval has
been shown to be effective in this situation [48]. Rigid
endoscopy remains second-line therapy, however, given
association with mucosal injury, and post-intervention dys-
phagia [48]. Surgery may be indicated in 1–5% of cases,
which is usually only after endoscopic failure. Factors that
predict the need for surgery include ingestion of multiple
objects, endoscopic failure, age >70, objects greater than
3 cm, and impaction time >40 h [43, 49].

Complications

Complications related to foreign bodies vary between the
circumstances of the foreign body. In patients who have

intentionally ingested a true foreign body, complication rates
between 3.6 and 7% have been reported with no associated
deaths [9, 50]. The complications range from minor mucosal
injuries to perforations requiring surgery. True foreign
bodies are most often found in the stomach [9, 43, 50], and
this is consistent with the duodenum and stomach being a
frequent site of injury [9]. Mucosal perforations develop
more often in patients who have had >48 h until intervention
or had shorter foreign bodies (<7 cm) that were beyond the
pylorus [9].

Unintentional foreign bodies have a greater range of
complication rates. Esophageal food impactions are reported
to have 0–10% complication rates in the literature [4, 5, 7,
8]. Most of these complications were minor mucosal inju-
ries, although Sengupta et al. [8] reported 3% perforations in
a population with prevalent eosinophilic esophagitis. Other
types of unintentional foreign body ingestion such as animal
bones, dentures, and tooth picks may have a complication
rate from 2.8 to 50% [18, 19, 51]. Cases involving animal
bone ingestion (especially fish bones) are associated with
higher complications, as these are known to be predictive of
mucosal injury [19]. Other factors predictive of complica-
tions include delayed intervention >12 h, object sharpness,
objects >3 cm, location at the upper esophagus, or objects
not see on X-ray [8, 18, 50, 51].

Complications associated with gastrointestinal device
removal have also been reported. Migrated esophageal stent
removal may be associated with complications in 10.6% of
cases, and most of these are minor including minor bleeding,
mucosal tearing, or pain [41]. Data for complications related

Fig. 4.8 Gastric band that
eroded into the stomach and was
removed endoscopically
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to gastric band removal are limited, but Dogan et al. [40]
reported no complications in their case series.

Managing complications depends on severity. Minor
complications that do not perforate through the gastroin-
testinal mucosa can usually be managed conservatively with
NPO and allowing the area to heal. Esophageal perforation
management is dependent on the size of the defect, patient’s
clinical progression, and their co-morbidities [52, 53]. Small
perforations or mucosal tears can be treated with antibiotics
and consideration of covered stent placement [52–54].
Patients who develop signs of sepsis, or when conservative
measures fail, need surgical repair [53].

Conclusion

Gastrointestinal foreign bodies can be a harmful medical
problem and oftentimes challenging to manage. Gastroin-
testinal foreign bodies may be the result of underlying gas-
trointestinal disease, psychiatric disorders, secondary gain,
or gastrointestinal device malfunction, and each circum-
stance is uniquely approached. Most cases of foreign bodies
will not require endoscopic management, but early endo-
scopic intervention is advantageous if removal is needed.
Flexible endoscopy is the first line tool for removal, and the
gastroenterologist should be familiar with the array of
devices and techniques used for successful retrieval of for-
eign bodies.
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5Diagnosis and Management of Barrett’s
Esophagus

Kathryn R. Byrne and Douglas G. Adler

Introduction

Comprehensive knowledge regarding the diagnosis and
management of Barrett’s esophagus is essential since it is
one of the most common conditions treated in every gas-
troenterologist’s practice. Barrett’s esophagus was first
described in 1950 by Dr. Norman Barrett, a British thoracic
surgeon. History of long-standing GERD, male gender,
age >50, tobacco use, family history of esophageal cancer,
and central obesity have all been identified as risk factors
associated with the development of Barrett’s esophagus.

Definition of Barrett’s Esophagus
and Screening Guidelines

Barrett’s esophagus is defined by both endoscopic and his-
tologic criteria. There must be endoscopic documentation of
columnar appearing epithelium in the distal esophagus. The
second component of the definition is pathologically con-
firmed intestinal metaplasia found on histologic evaluation

of the biopsies taken from the columnar appearing
epithelium.

Screening for Barrett’s esophagus is a somewhat con-
troversial topic as there are varying recommendations and no
clear approach with proven efficacy. The American Gas-
troenterological Society (AGA) and the American College of
Gastroenterology (ACG) do not recommend endoscopic
screening for the general population of patients with GERD,
although in practice many patients with GERD will ulti-
mately undergo upper endoscopy.

It is helpful to be aware of the risk factors associated with
the development of esophageal adenocarcinoma from Bar-
rett’s esophagus when deciding which patients to potentially
screen. Risk factors include age 50 or older, male sex, white
race, the presence of a hiatal hernia, chronic GERD symp-
toms, elevated BMI, and intra-abdominal distribution of
body fat. The AGA position statement on the management
of Barrett’s esophagus recommends screening patients with
multiple risk factors [1]. The position of the ACG is similar
in recommending screening for high-risk patients. It is also
recommended by the ACG that patients with any alarm
symptoms such as dysphagia, unexplained weight loss, or
signs of upper GI bleeding undergo upper endoscopy for
further evaluation. The American College of Physicians
recommends that screening may be indicated in men over
age 50 with GERD symptoms for more than 5 years, plus
additional risk factors including nocturnal reflux symptoms,
hiatal hernia, elevated BMI, tobacco use, and intra-
abdominal distribution of fat [2].

None of the approaches to screening above has been
proven in clinical trials to decrease mortality from esopha-
geal cancer. Of note, approximately 40% of patients diag-
nosed with esophageal adenocarcinoma have no history of
heartburn symptoms [3, 4].

The rate of progression to esophageal adenocarcinoma is
approximately 0.2–0.5% per year with non-dysplastic Bar-
rett’s, approximately 0.7% per year with Barrett’s with
low-grade dysplasia, and approximately 7% per year with
Barrett’s with high-grade dysplasia [5].
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Endoscopic Documentation and Histologic
Confirmation

Barrett’s esophagus was traditionally endoscopically repor-
ted as long segment (extent of intestinal metaplasia at least
3 cm above the GEJ) versus short segment (extent of
intestinal metaplasia of less than 3 cm) (Figs. 5.1 and 5.2).
The AGA position statement regarding the management of
Barrett’s esophagus recommends the use of a system such as
the Prague criteria which allows the endoscopist to provide
more detailed information on the extent of Barrett’s esoph-
agus in the procedure report [1, 6]. The Prague C and
M criteria document the circumferential extent (the C value)
of the Barrett’s esophagus and also the maximum extent (the
M value) of the Barrett’s esophagus. The maximum extent
includes the tongues and islands of columnar appearing
epithelia. For example, if the GEJ is located at 40 cm (from
the incisors), the proximal extent of the circumferential
columnar epithelium is located at 38 cm, and there are
several islands of columnar epithelium between 36 cm and
38 cm; then, the Prague criteria will be C2M4 (Diagram 1).

Diagnosis of Barrett’s esophagus depends on the histo-
logic finding of intestinal metaplasia in the biopsies of the
columnar appearing epithelium. It is important to appropri-
ately identify the GEJ (an anatomic landmark) and the z-line
(squamocolumnar junction), and take biopsies for diagnosis
of Barrett’s in the esophagus within the segment of columnar
appearing epithelium. If biopsies are taken distal to the GEJ,
in the stomach proper, intestinal metaplasia of the stomach
may be reported (which is not able to be distinguished his-
tologically from intestinal metaplasia of the esophagus).
Intestinal metaplasia of the stomach can be caused by
chronic H. pylori gastritis, among other causes. It is
important to distinguish between these two conditions as
surveillance is recommended for intestinal metaplasia of the

esophagus (Barrett’s esophagus), however, not for intestinal
metaplasia of the stomach.

Surveillance of Barrett’s Esophagus

Non-dysplastic Barrett’s

All patients with Barrett’s esophagus, including non-
dysplastic Barrett’s, should be treated with PPI therapy.
Once daily PPI is adequate for most patients, with twice
daily dosing only necessary for endoscopic findings of
esophagitis or poor control of reflux symptoms.

The ASGE Standards of Practice Committee guideline on
the role of endoscopy in Barrett’s esophagus incorporates
recommendations for surveillance intervals [7]. For
non-dysplastic Barrett’s esophagus, there are multiple pos-
sible management options to consider ranging from no
surveillance, proceeding with endoscopic surveillance and
endoscopic therapy (primarily aimed at ablation of dys-
plastic Barrett’s esophagus) in selected cases. Endoscopic
treatment of non-dysplastic Barrett’s is a controversial topic
and will be further discussed in a later section. If surveillance
is decided on for non-dysplastic Barrett’s, then EGD is
typically performed every 3–5 years with 4-quadrant biop-
sies every 2 cm (Fig. 5.2). The AGA medical position
statement on the management of Barrett’s esophagus and the
ACG clinical guideline regarding diagnosis and management
of Barrett’s esophagus also recommend EGD every 3–
5 years for non-dysplastic Barrett’s surveillance.

Dysplastic Barrett’s

If biopsies are indeterminate for dysplasia, then PPI therapy
should be initiated (or increased in dose if already on

Fig. 5.1 a, b Endoscopic image
of short-segment Barrett’s
esophagus
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antisecretory medication), and repeat EGD with surveil-
lance biopsies should be performed in 2–6 months to
confirm or rule out the presence of dysplasia. Therapy with
PPI is usually initiated at a standard dose (omeprazole
20 mg daily or equivalent) and increased only if needed
based on reflux symptoms or if reflux esophagitis is present
on endoscopy.

The finding of low-grade dysplasia should first be con-
firmed by an expert GI pathologist, and once agreed upon,
repeat EGD should be performed in 6 months to confirm the
presence of low-grade dysplasia and look for any signs of
change (either progression or regression). Options for the
management of patients with low-grade dysplasia include
endoscopic eradication versus surveillance. Many patients
with Barrett’s esophagus with low-grade dysplasia will
undergo ablative therapy, as discussed below. If patients
choose to forgo ablation (for reason such as being unwilling
to accept the risk of possible complications), then surveil-
lance is a viable alternative option. If surveillance is per-
formed, then the ASGE guidelines recommend 4-quadrant
biopsies performed every 1–2 cm every 6–12 months. If
surveillance is opted for, the ACG guidelines recommend
4-quadrant biopsies every 1 cm performed annually.

As with low-grade dysplasia, the finding of high-grade
dysplasia should initially be confirmed by an expert GI
pathologist. Surveillance is not typically performed as a
first-line option for high-grade dysplasia as most of these
patients undergo some type of treatment.

The Seattle protocol was initially described as a technique
to differentiate high-grade dysplasia from early adenocarci-
noma in patients with Barrett’s esophagus [8]. The Seattle
protocol continues to be widely utilized as a technique in
Barrett’s surveillance biopsies. In this protocol, targeted
biopsies are first performed on mucosal abnormalities such
as nodules. Four-quadrant biopsies are then obtained every
1 cm in the entire length of Barrett’s esophagus. The ACG
guidelines on diagnosis and management of Barrett’s
esophagus recommend biopsies every 1 cm in patients with
history of any type of dysplasia, with biopsies every 2 cm in
patients with no history of dysplasia.

Efficacy of Surveillance

Multiple studies have described the limited benefit of
surveillance for non-dysplastic Barrett’s esophagus [1, 6, 9,
10]. The cost-effectiveness of surveillance in non-dysplastic
Barrett’s is also controversial. The most recent AGA
guidelines note that it is unclear whether endoscopic
surveillance of non-dysplastic Barrett’s esophagus reduces
esophageal cancer incidence or mortality since no long-term
trial designed to answer this question has yet been
performed.

Although surveillance of non-dysplastic Barrett’s esoph-
agus is a controversial topic, it is common practice to per-
form surveillance as long as patients are fit-enough to
ultimately undergo therapy if needed. The ACG specifically
recommends that Barrett’s surveillance should only be per-
formed after counseling with patients regarding its risks and
benefits [5]. The ASGE guidelines also suggest considering
no surveillance in patients with non-dysplastic Barrett’s
esophagus.

Endoscopic Treatments: Description
of Techniques and Discussion
of Complications

There are two main categories of endoscopic therapies for
Barrett’s esophagus—mechanical treatments and ablative
treatments. The mechanical treatments include endoscopic
mucosal resection (EMR) and endoscopic submucosal dis-
section (ESD), while the most common ablative treatments
include radiofrequency ablation (RFA) and cryotherapy.

Mechanical Treatments

Endoscopic Mucosal Resection (EMR)
The two most common methods of performing EMR are
cap-assisted EMR and ligation-assisted EMR. Cap-assisted
EMR involves submucosal injection, suction of the lesion

Fig. 5.2 a Endoscopic image of
long-segment Barrett’s
esophagus. b Close-up image of
same patient as (a), with narrow
band imaging (NBI) applied
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into a cap, and then snare electrocautery. The lesion is ini-
tially lifted with a submucosal injection. The submucosal
injection can be performed with saline; however, other
agents can also be utilized (use of hyaluronic acid; saline
with the addition of epinephrine or dye such as methylene
blue). After a submucosal injection with lifting has been
performed, the lesion is suctioned into a clear plastic cap
affixed to the end of the endoscope and then a snare is
opened and positioned within the internal ridge of the cap
(various snare shapes and sizes are available). The snare is
then opened and the lesion is suctioned into the cap,
allowing the snare to be closed around it. Electrocautery is
then utilized to remove the lesion. Cap-assisted EMR
mucosectomy devices with various different cap sizes (outer
diameter ranging from 12.9 to 18 mm), shape (flat circular-
or oval-shaped tip), and firmness (soft or hard) are available
for this technique. (Olympus America, Center Valley,
Pennsylvania)

Ligation-assisted EMR is another technique utilized to
perform EMR. There are several single-use band ligation
devices that are available, including the Duette Multi-Band
Mucosectomy device (Cook Medical Inc., Winston-Salem,
North Carolina) and the Captivator EMR device (Boston
Scientific, Natick, Massachusetts). Both of these devices
involve attaching the ligation device to the end of the upper
endoscope (very similar in structure and function to standard
banding device as would be used to treat esophageal vari-
ces). The lesion is then suctioned into the banding cap
(typically without prior submucosal injection) and then a
band is deployed around the lesion circumferentially. The
result of this process is the creation of a pseudopolyp. The
included snare can then be advanced though the working
channel of the endoscope through the attached device
(without having to remove the device), the snare placed
around the pseudopolyp (either above or below the band,
whichever is technically easiest in a given situation), and
then the electrocautery can be applied to remove the lesion.
If necessary, for larger lesions or additional lesions, multiple

bands can be utilized and the lesion can be removed in a
piecemeal fashion (Fig. 5.3).

Possible complications from EMR include bleeding,
perforation, and esophageal stricture formation (which are
often delayed in presentation). Rates of bleeding after EMR
in the literature vary widely, partially dependent on how
bleeding is defined by the individual study and how
aggressive the EMR procedure under evaluation is. Bleeding
after esophageal EMR was evaluated in a large single-center
study including 681 patients who underwent 2513 EMR
procedures [11]. Clinically significant bleeding, defined in
this study as any bleeding requiring endoscopic intervention,
blood transfusion, or hospitalization, was only reported in
1.2% of patients.

Perforation rates after esophageal EMR are overall low
with rates <0.5% for endoscopists experienced in perform-
ing EMR. The perforation risk increases when piecemeal
resection is required [12–14, 23].

Stricture formation has been reported to occur in as few as
6% of patients and in as many as 88% of patients undergoing
esophageal EMR for Barrett’s esophagus with HGD or
intramucosal carcinoma in various studies [15–19]. The
higher rates of stenosis are associated with patients who have
undergone EMR with more extensive resection. A study of
73 patients undergoing EMR (for Barrett’s esophagus with
HGD or intramucosal carcinoma) found symptomatic stric-
tures in 25% of patients, with strictures more common if the
resection area involved more than 50% of the esophageal
lumen (odds ratio 4.2, 95% CI 1.3–14) [20].

The strictures caused by EMR are typically able to be
effectively managed with endoscopic dilation. In a study of
136 patients undergoing esophageal EMR, a total of 37
patients (27%) developed an esophageal stricture [21]. Of
note, 65% of the patients who developed a stricture also had
a history of RFA treatment, so the cause of the stricture was
likely multifactorial. In the group of patients that did not
develop stricture, 56% had history of RFA treatment, sug-
gesting that even EMR combined with RFA does not always

Fig. 5.3 a Intramucosal adenocarcinoma arising within Barrett’s esophagus. b Band deployment during EMR of the intramucosal
adenocarcinoma in the same patient as (a). c Status post-EMR in the same patient as (a, b)
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lead to stricture formation. The authors note that all of the
patients who developed stricture had resolution of dysphagia
with endoscopic dilation. A median number of 2 dilations
were needed per patient. Another study examining esopha-
geal stricture post-EMR demonstrated similar findings with
an average of 2.3 dilations required per patient [22].

Endoscopic Submucosal Dissection (ESD)
ESD is a technique that utilizes submucosal injection and
then needle-knife for en bloc removal of larger (and possibly
deeper) lesions. Many different types of needle-knife
catheters are available for performing ESD. Overall com-
plication rates, including perforation, are higher with ESD
than with EMR. Bleeding during an ESD procedure is
common and is typically able to be treated intra-procedurally
with coagulation. Delayed bleeding is less common with
esophageal ESD than with gastric ESD, in which rates up to
15.6% have been reported [23]. In a series of patients treated
with esophageal ESD, delayed bleeding rates were reported
in between 0 and 5.2% in the seven studies (with 568 cases)
that provided this information [24].

Review of data from multiple series of esophageal EMR
demonstrates a pooled perforation rate of 2.3% (19 of 816
cases), recognizing that most of these cases were performed
by experts [25]. Almost all of these perforations were rec-
ognized during the procedure and were treated with
placement of endoscopic clips. Strictures develop in
approximately 12–17% of patients after esophageal ESD
[26–29]. As with EMR, the stricture rate increases when
more extensive and circumferential lesions are resected.

Since ESD is a technically difficult procedure with higher
rates of adverse events than EMR, the utilization of ESD in
the USA is limited to specialized centers with endoscopic
expertise at performing this technique.

Ablative Treatments

Radiofrequency Ablation (RFA)
Radiofrequency ablation (RFA) is an endoscopic ablative
therapy that delivers energy via a balloon (or catheter) with a
series of closely spaced electrodes that generate a thermal
injury with controlled depth and uniformity. Circumferential
ablation and focal ablation are the two primary methods of
performing RFA. Circumferential ablation (with an
electrode-laden balloon) is typically performed in settings of
more extensive areas to treat (such as long-segment Barrett’s
esophagus), while focal ablation (with an ablation catheter
placed on the tip of the endoscope) is used to treat smaller
areas. A smaller through-the-scope probe is also available
for very small areas of Barrett’s esophagus (Video 5.1).

Prior to performing ablation, the esophageal wall should
first be irrigated with water to remove any mucus or other

debris. Cleansing of the esophagus has traditionally per-
formed using acetylcysteine; however, it has been demon-
strated that water is just as effective at cleaning the
esophagus [30]. The next step is careful identification of the
esophageal-gastric landmarks, including the top of the gas-
tric folds and the proximal extent of the Barrett’s esophagus.

Prior to performing circumferential ablation, as the
endoscope is positioned in the stomach, a stiff guidewire is
placed through the working channel of the endoscope, and
the endoscope is withdrawn as the wire is kept in place. The
BarrxTM 360 soft sizing balloon is then advanced over the
wire and connected to the Barrx FLEX generator (Med-
tronic, Minneapolis, Minnesota). This sizing balloon is uti-
lized to measure the inner diameter of the esophagus prior to
performing ablation. Based on the measurements from the
sizing balloon, an appropriate ablation balloon catheter is
selected. The BARRXTM 360 RFA balloon catheters
(Medtronic, Minneapolis, Minnesota) are all 3 cm in length
and are available in size diameters ranging from 18 to
31 mm.

The RFA balloon catheter is advanced over the wire and
then the endoscope can be advanced adjacent to the wire and
positioned proximal to the ablation balloon. With direct
endoscopic visualization, the proximal edge of the balloon is
positioned approximately 1 cm above the proximal extent of
the Barrett’s esophagus. The balloon is then inflated, and
then radiofrequency energy (typically 12 J/cm2) is activated
by depressing a foot pedal attached to the generator. After
the energy has been delivered, the balloon is repositioned
more distally (allowing approximately 5–10 mm of overlap
with the prior ablation area) and the same process repeated
until the entire segment of Barrett’s esophagus has been
treated.

After the entire segment has been treated, the balloon
catheter, wire, and endoscope are removed from the patient.
A soft cap is attached to the end of the endoscope and the
esophagus is then cleansed by removal of the coagulum with
the soft cap combined with irrigation of the esophagus with
water. After this is complete, the entire process is repeated
(placement of wire, insertion of balloon catheter, and then
ablation using the same settings as previously performed) as
needed to treat the entire area of Barrett’s esophagus.

A variety of different RFA catheters is commercially
available and can be utilized to ablate smaller segments of
Barrett’s esophagus when non-circumferential disease is
encountered. Several of the catheters (Barrx60, Barrx90,
Barrx Ultra Long) can be attached to the end of the endo-
scope and one of the catheters (Barrx Channel) is a
through-the-scope device for treatment of focal areas of
Barrett’s esophagus. When utilizing the attachments made to
be affixed to the endoscope tip, the device is positioned at 12
o’clock on the endoscopic image. The endoscope and abla-
tion catheter are advanced into the esophagus under direct
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visualization for use. The through-the-scope RFA ablation
catheter is rotatable and usable under direct endoscopic
visualization as well.

Once the endoscope has been advanced to the target tis-
sue, ablation is performed by using the wheels of the
endoscope to bring the ablation catheter into close contact
with the mucosa in the desired treatment area. RFA energy
(typically 15 J/cm2) is then delivered by depressing a foot
pedal attached to the generator. Prior to moving the electrode
away from the mucosa, a second delivery of energy (at the
same setting) is applied. All of the remaining areas of Bar-
rett’s esophagus are then treated in a similar fashion. As with
circumferential ablation, the coagulum should then be
cleansed from the esophageal wall after each treatment. This
can be performed by using the tip of the electrode catheter to
scrape off the coagulum. The endoscope should then be
completely removed from the patient and the catheter
cleansed with water. The endoscope and catheter are then
reinserted and another treatment is performed in the exact
same manner as previously (another two pulses of ablation at
each treatment station) (Fig. 5.4).

Post-RFA treatment care typically includes high-dose PPI
treatment. All patients with Barrett’s esophagus should
already be taking a PPI agent; however, increased acid
suppression therapy may help improve esophageal healing
after an ablation session. A prospective study demonstrated
that effective esophageal pH control (24-h pH monitoring
was utilized) was associated with improved outcomes,
including reduction in Barrett’s esophagus surface area and
complete eradication rate, after RFA treatment [31].

As patients may experience chest pain and/or dysphagia
immediately after treatment, alteration in the diet for several
days after treatment is generally recommended. Dietary
recommendations after RFA typically include liquids only
for the first day after the procedure, a soft-consistency diet
on the second day, and slow advancement as tolerated after
that time. Other medications that can be considered include
sucralfate suspension and pain medications if needed.

RFA treatment is generally well tolerated. There are a
multitude of studies describing complication rates after RFA

for Barrett’s esophagus. Overall stricture rates from RFA
range between 0 and 6%, depending on the study. A mul-
ti-centered community-based study including 429 patients
treated with RFA for Barrett’s esophagus demonstrated a
stricture rate of 1.1% of cases (2.1% of patients), with no
serious adverse events (including no bleeding or perforation)
[32]. In this study, the strictures resolved with a median of
three endoscopic dilations. A large meta-analysis of 18
studies demonstrated that the most frequent complications
from RFA include esophageal stricture (5%), chest pain
(3%), and bleeding (1%) [33].

Cryotherapy
Cryotherapy is a technique that has been utilized in many
different fields in medicine; however, this technology has
only recently been adapted for use in endoscopy in general
and Barrett’s esophagus specifically. At this time, it is most
commonly used for patients with refractory Barrett’s
esophagus who have failed or developed complications from
RFA treatment (such as chest pain or stricture), or who are
not candidates for RFA, or in patients who do not want to
undergo RFA. Cryotherapy can also be utilized as a primary
therapy for Barrett’s esophagus treatment and can be used to
treat esophageal cancer locally in nonsurgical candidates.

The two currently commercially available cryogens are
liquid nitrogen and carbon dioxide. The destruction of the
Barrett’s epithelia is caused by freeze-thaw cycles using
either of the cryogens. The available endoscopic systems for
cryotherapy treatment include the CryoSpray Ablation sys-
tem (CSA Medical, Baltimore, Maryland), Polar Wand
cryotherapy (GI Supply, Camp Hill, Pennsylvania), and the
Coldplay Focal Cryoballoon Ablation System (C2 Thera-
peutics, Redwood City, California).

Although there are different cryotherapy systems, in
general a catheter is advanced through the working channel
of the endoscope under direct endoscopic visualization. One
system uses a cryogen-filled balloon to cool tissue; all others
use a spray catheter. Administration of the cryogen is per-
formed by depressing a foot pedal attached to the
processor/pump, connected to a tank of cryogen, which

Fig. 5.4 a Initiation of RFA
treatment with a BARRX90
catheter. b Image of the
esophagus in the same patient as
(a) after several ablation
applications

48 K.R. Byrne and D.G. Adler



delivers the cryogen itself into direct contact with the target
tissue. There are different regimens in performing cryother-
apy treatment, but all involve several freeze/thaw cycles in a
single endoscopic session. Three-to-four cycles per session
are not uncommon (Fig. 5.5).

As cryotherapy is a more recently developed therapy for
Barrett’s esophagus, there are limited data with regard to
outcomes when compared to that available for RFA. In
general, endoscopic cryotherapy is well tolerated, but the
technology has been slow to disseminate into widespread
clinical practice. Also, there is no currently available method
for accurate determination of dosimetry in cryotherapy, a
major impediment to research in this field.

Based on numerous studies on the side effects from
cryotherapy in Barrett’s esophagus, the treatment is gen-
erally safe. In a series of sixty patients with Barrett’s
esophagus with HGD treated with cryotherapy, 2 patients
(3.3%) experienced chest pain, 3 patients (5%) developed
stricture, and there was 1 patient (1.7%) with GI bleeding
[18]. Cryotherapy has demonstrated a favorable safety
profile in multiple additional studies. A multi-center retro-
spective cohort study of 79 patients with esophageal cancer
treated with spray cryotherapy with liquid nitrogen
demonstrated no serious adverse events [34]. Ten patients
developed benign strictures (12.6%); however, it was noted
that 9 of the 10 patients had prior esophageal narrowing
from other treatments (such as RFA). Twenty patients
(25.3%) experienced chest discomfort that was treated with
narcotic analgesics. A single-center retrospective study of

32 patients treated with spray cryotherapy for Barrett’s
esophagus with high-grade dysplasia noted esophageal
stricture formation in 3 patients (9%), all of which
responded to endoscopic dilation [35]. There were no
serious adverse events.

Efficacy of Endoscopic Treatments

High-Grade Dysplasia/Intramucosal Carcinoma

Patients with Barrett’s with HGD or intramucosal carcinoma
should be all undergo treatment if they are good candidates
for endoscopic therapy. Surgical esophagectomy is the his-
torical first-line treatment for patients with Barrett’s esoph-
agus with high-grade dysplasia and/or intramucosal
adenocarcinoma, and can still be discussed with patients as a
potential option, especially if the disease is extensive or
multifocal. Esophagectomy is the most definitive therapy as
it removes the entire segment of neoplastic epithelium, a
healthy margin of unaffected tissue, and regional lymph
nodes. Esophagectomy, however, is a complex and exten-
sive surgical undertaking and has high rates of morbidity,
postoperative complications, and mortality, particularly in
centers that do not perform high-volume number of proce-
dures. Data from the Dutch National Registry demonstrated
mortality rates from esophagectomy to be 12.1% (in centers
performing 1–10 surgeries per year), 7.5% (11–20/year), and
4.9% (more than 50 per year) [25].

Fig. 5.5 a Small focus of
esophageal adenocarcinoma in a
patient with Barrett’s esophagus
undergoing cryotherapy with
liquid nitrogen as cryogen. Note
the spray catheter and suction
tube visible in the image. Of note,
the patient is not a surgical
candidate. b Cryogen is applied
and freezing begins. c Continued
application of cryogen results in
deep freezing. d As the freezing
cycle ends, there is some diffuse,
superficial freezing of tissue in
the field although the focus is on
the area of esophageal cancer

5 Diagnosis and Management of Barrett’s Esophagus 49



Most patients will prefer and select endoscopic therapy
over surgical esophagectomy. If endoscopic therapy is per-
formed, generally all mucosal irregularities (nodular
mucosa) should initially be removed with EMR (endoscopic
mucosal resection), and then the remainder of the Barrett’s
esophagus was treated with RFA, cryotherapy, or EMR. The
initial EMR of any mucosal irregularities provides both
therapy and staging information. Patients with submucosal
depth of invasion (T1b) discovered on EMR should be
referred for surgical consultation as endoscopic therapy in
these patients will generally not be curative. Patients with
EMR specimens revealing intramucosal cancer (T1a) will be
candidates for endoscopic therapy.

Numerous studies have demonstrated the efficacy of RFA
in the eradication of high-grade dysplasia/intramucosal car-
cinoma and intestinal metaplasia (complete eradication of
Barrett’s esophagus). A multi-center trial consisting of 127
patients with dysplastic Barrett’s esophagus was randomized
(2:1 ratio) to received RFA or a sham procedure (control). In
the group of patients with high-grade dysplasia, eradication
of dysplasia was achieved in 81% of patients in the RFA
group, compared with 19% in the control group (p < 0.001)
[36]. Among all patients with dysplasia, eradication of
intestinal metaplasia was achieved in 77.4% of patients in
the ablation group, compared with 2.3% in the control group
(p < 0.001). The patients in the RFA group also had less
disease progression (3.6 vs. 16.3%, p = 0.03) and fewer
malignancies (1.2 vs. 9.3%, p = 0.045).

A systematic review including a total of 22 studies
evaluated the efficacy of RFA and EMR for eradication of
high-grade dysplasia and intramucosal carcinoma [37].
Eradication of dysplasia was achieved in 92% of patients
after completion of RFA treatment (patients received a
median of 2 RFA sessions). After medium follow-up of
21 months, the eradication of dysplasia was maintained in
94% of patients treated with RFA.

Endoscopic cryotherapy is an alternative therapy for
ablation of Barrett’s esophagus. Since it is a less fully devel-
oped and studied treatment for Barrett’s esophagus, there is
not nearly as much long-term follow-up data for cryotherapy
as exists for RFA. Cryotherapy can be utilized as the first-line
therapy for ablation of Barrett’s esophagus and may also be
used in patients that have been refractory to eradication of
intestinal metaplasia with RFA or in patients having signifi-
cant side effects from RFA (such as pain or stricture forma-
tion). In current practice, cryotherapy is most commonly used
for patients with refractory Barrett’s esophagus.

Several studies have evaluated the efficacy of endoscopic
cryotherapy for treatment of Barrett’s esophagus [35, 38,
39]. In a series of 32 patients with Barrett’s esophagus with
high-grade dysplasia treated with cryotherapy, there was
complete eradication of high-grade dysplasia in 32 patients
(100%) and complete eradication of intestinal metaplasia

was seen in 27 patients (84%) at 2-year follow-up. Another
study of 60 patients with Barrett’s esophagus with
high-grade dysplasia demonstrated complete eradication of
high-grade dysplasia in 52 patients (87%) and complete
eradication of intestinal metaplasia in 34 patients (57%).
Sixty-four patients with Barrett’s esophagus with high-grade
dysplasia or intramucosal adenocarcinoma were treated with
cryotherapy and demonstrated eradication of high-grade
dysplasia in 60 patients (94%) and eradication of intestinal
metaplasia in 35 patients (55%). Cryotherapy studies have
yet to elucidate the exact dosimetry and timing of this
treatment, although studies are ongoing.

EMR (endoscopic mucosal resection) has been discussed
above as treatment/staging for the nodular areas of Barrett’s
esophagus (and then treatment of the remainder of Barrett’s
esophagus with ablative therapies). EMR can also be utilized
as a primary therapy for resection of the entire area of
Barrett’s mucosa. This method is not as commonly per-
formed as there are high rates of stricture formation when
circumferential EMR is performed.

Complete resection of Barrett’s mucosa with EMR versus
resection of mucosal abnormalities with EMR followed by
ablation of the remainder of Barrett’s esophagus with RFA
was evaluated in a study of 47 patients with Barrett’s
esophagus containing HGD or intramucosal cancer [40]. The
complete endoscopic resection group demonstrated eradi-
cation of neoplasia in 100% of patients and eradication of
intestinal metaplasia in 92% of patients. The EMR plus RFA
group demonstrated eradication of neoplasia in 96% of
patients and eradication of intestinal metaplasia in 96% of
patients. The eradication rates between the two groups were
similar; however, the stricture rate in the EMR only group
was 88 versus 14% in the EMR plus RFA group
(p < 0.001).

Low-Grade Dysplasia

Management options for Barrett’s esophagus with low-grade
dysplasia include endoscopic ablative treatment versus
surveillance. Currently, more patients with Barrett’s esoph-
agus and low-grade dysplasia are recommended to undergo
ablative therapy as numerous recent studies have demon-
strated the benefits of ablation with regard to reducing the
risk of progression to malignancy. If patients are not willing
to accept the potential risks of ablative therapy such as pain
and esophageal stricture formation, then surveillance alone
without ablative therapy remains an option, recognizing that
ablation may need to be discussed in the future if the patient
shows signs of progression to high-grade dysplasia or
intramucosal cancer.

A multi-center randomized trial comparing surveillance
versus RFA (the SURF trial) specifically evaluated patients
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with Barrett’s esophagus with low-grade dysplasia and their
risk of neoplastic progression [41]. This study included 136
patients with a diagnosis of Barrett’s esophagus with
low-grade dysplasia and randomized the patients (in a 1:1
ratio) to either RFA (treatment group) or endoscopic
surveillance (control group). The group undergoing RFA
demonstrated a marked reduced progression to HGD or
adenocarcinoma during a 3-year follow-up (1.5% for the
RFA group versus 26.5% for the control group; 95% CI,
14.1–35.9%; p < 0.001).

Another multi-center study retrospectively reviewed neo-
plastic progression rates in patients with Barrett’s esophagus
with low-grade dysplasia [42]. A total of 170 patients with
confirmed Barrett’s esophagus with low-grade dysplasia (45
patients who underwent RFA and 125 patients who under-
went surveillance endoscopy) were reviewed and it was found
that the annual rate of progression to HGD or adenocarcinoma
was 0.77% in the RFA group (after mean follow-up of
889 days) and 6.6% (after a mean follow-up of 848 days) in
the surveillance group. The group undergoing RFA demon-
strated significantly lower risk of progression to HGD or
adenocarcinoma than the surveillance group (adjusted hazard
ratio = 0.06; 95% confidence interval 0.008–0.48).

Non-dysplastic Barrett’s Esophagus

Endoscopic eradication therapy of non-dysplastic Barrett’s
esophagus is a controversial topic. In general, endoscopic
therapy is not recommended for most patients with
non-dysplastic Barrett’s as the overall risk of progression to
cancer is low. However, endoscopic therapy in select higher
risk patients (young age with family history of esophageal
cancer) can be considered, though there are no clear guide-
lines for these recommendations at this time.

The AGA medical position statement on the management
of Barrett’s esophagus recommends to consider endoscopic
therapy in patients with non-dysplastic Barrett’s who are
thought to be at increased risk for progression to HGD or
cancer, however notes that specific criteria to define this
population have not been created as of this time. The ACG
clinical guideline on management of Barrett’s esophagus
states that endoscopic ablative therapies should not be rou-
tinely applied to patients with non-dysplastic Barrett’s
esophagus. The ASGE standards of practice committee
guideline note that endoscopic ablative therapies can be
considered in non-dysplastic Barrett’s in selected patients
(such as patients with a family history of esophageal
adenocarcinoma).

Non-dysplastic Barrett’s esophagus can be a source of
concern to patients who worry about their risk of developing
cancer. Some patients with non-dysplastic Barrett’s esoph-
agus simply want to undergo ablation for peace of mind.

Surveillance After Treatment

Regardless of the treatment method, after complete eradi-
cation of intestinal metaplasia and complete eradication of
dysplasia is achieved, surveillance endoscopy is recom-
mended to evaluate for recurrence. The following recom-
mendations from the ACG Clinical Guideline on Diagnosis
and Management of Barrett’s Esophagus are considered a
strong recommendation, however, with low level of evi-
dence [10].

Surveillance endoscopy for patients initially treated for
Barrett’s with high-grade dysplasia is recommended every
three months for the first year (after eradication of both
high-grade dysplasia and intestinal metaplasia), every
6 months for the second year, and then continued annually.
Surveillance endoscopy for patients initially treated for
Barrett’s with low-grade dysplasia is recommended every
6 months for the first year (after eradication of both
low-grade dysplasia and intestinal metaplasia), then contin-
ued annually.

Similar to initial surveillance endoscopy, it is generally
recommended that surveillance endoscopy after eradication
of intestinal metaplasia and dysplasia be performed with a
careful examination of the esophagus with both white-light
endoscopy and narrow band imaging. Four-quadrant biop-
sies are typically taken every 1 cm throughout the segment
of prior Barrett’s esophagus. Of note, the initial documen-
tation of the length of Barrett’s esophagus using a system
such as the Prague criteria becomes very useful in the fol-
lowing Barrett’s after treatment to know the location of the
initial segment of abnormal mucosa so that it can be clearly
evaluated on subsequent procedures after treatment.

Conclusion

There is general consensus among the American gastroin-
testinal societies regarding screening and surveillance of
patients with Barrett’s esophagus. Endoscopic screening
should not be performed on the general population.
Screening should be considered for patients at higher risk for
development of esophageal cancer, including patients with
long-standing GERD, male gender, age > 50, central obe-
sity, history of tobacco use, and family history of esophageal
cancer. Non-dysplastic Barrett’s esophagus has a low risk of
progression to esophageal adenocarcinoma, and endoscopic
treatment is not generally recommended. Non-dysplastic
Barrett’s esophagus is most often followed with surveillance
endoscopy and biopsies every 3-5 years. Patients with con-
firmed low-grade dysplasia, high-grade dysplasia, and
intramucosal carcinoma are candidates for endoscopic ther-
apy. The most common options for endoscopic therapy
include ablative treatments (RFA and cryotherapy) and
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mechanical treatments (EMR and ESD). It is important to
note that there is risk of recurrence after complete eradica-
tion of both intestinal metaplasia and dysplasia, and patients
should continue to have endoscopic surveillance after
treatment is complete (Table 5.1).
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6Benign Strictures of the Esophagus, Stomach
and Duodenum: Evaluation and Management

Vivek Kaul and Shivangi T. Kothari

Introduction

Benign esophageal, gastric and duodenal strictures are a
significant cause of morbidity and have a variety of under-
lying etiologies. Clinical presentation can vary from an acute
(e.g., food bolus impaction above an esophageal stricture;
(Fig. 6.1) to a more chronic or subacute presentation (e.g.,
gastric outlet obstruction related to peptic ulcer disease).
Similarly, the evaluation and management of these strictures
also differs depending on the underlying cause and the
clinical picture at hand. In this chapter, we will review some
of the benign causes of esophageal and foregut strictures as
well as discuss the best approach to evaluation and
management.

Esophageal Strictures

A variety of conditions can cause benign esophageal stric-
tures. The most commonly found and clinically significant
conditions are listed in Table 6.1. In this section, we will
briefly discuss the pathophysiology, epidemiology, clinical
presentation and significance of the different types of benign
esophageal strictures.

Peptic Strictures

Peptic strictures due to acid reflux (GERD) are the most
common cause of benign esophageal strictures and represent
about 70% of all such cases [1]. Clinically significant,
longstanding acid exposure leads to erosive esophagitis with
subsequent cicatrization leading to stricture formation and
luminal narrowing (Fig. 6.2a, b). Poor esophageal motility
and clearance of swallowed (or refluxed) contents and a
dysfunctional lower esophageal sphincter contribute to the
erosive esophagitis and stricture formation [2]. The presence
of a hiatal hernia and delayed gastric emptying may also
play a role in increased acid exposure and an increased risk
of stricture formation. Peptic strictures are estimated to occur
in about 10–20% of all patients with GERD. While peptic
strictures can occur at any age, older white males are at
highest risk.

The morbidity associated with peptic esophageal stric-
tures can be significant. The most common symptoms
patients report are heartburn, dysphagia, odynophagia, food
impaction, weight loss and chest discomfort/pain. Persistent,
refractory GERD, recurrent dysphagia, food impaction,
weight loss and even aspiration pneumonia present real
clinical challenges in this patient population. Barrett’s
esophagus frequently coexists in these patients and confers
neoplastic risk over the long term as well. Atypical presen-
tations of peptic esophageal strictures include chronic
unexplained cough, regurgitation and asthma. As expected,
peptic strictures are more commonly found in patients with
systemic sclerosis and Zollinger–Ellison syndrome.

Esophageal Webs and Rings

Webs and rings are structural abnormalities of the esophagus
that are often asymptomatic but may cause significant
symptoms of dysphagia, regurgitation and aspiration. An
esophageal ring is defined as a concentric, smooth, circum-
ferential extension of normal esophageal tissue causing
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luminal narrowing. An esophageal ring can be found any-
where along the esophagus, but it is usually found in the
distal esophagus. Several theories exist regarding the
pathophysiology and development of esophageal webs and
rings. These include congenital defects (defects in embry-
ologic development), autoimmune, inflammation and
iron-deficiency (Plummer–Vinson syndrome)-related etiolo-
gies. In general, these are best described as congential or
acquired.

Three types of lower esophageal rings exist, and they are
classified as type A, B or C [3]. The most common and
clinically significant ring is the “B” ring, also known as

Schatzki’s ring, which is primarily composed of mucosa and
submucosa. The Schatzki ring is typically located at or just
above the squamocolumnar junction and appears as a sharp,
ring-like luminal narrowing in the distal esophagus [4, 5]
(Fig. 6.3a, b).

It is postulated that GERD and esophageal dysmotility
may have a role in the development of a Schatzki’s ring.
Other causes of lower esophageal rings include pill-induced
rings, benign pemphigoid and mediastinal radiation.

Upper esophageal rings or “webs” have been described in
association with the Plummer–Vinson and the Paterson–
Brown–Kelly syndromes, both associated with iron-
deficiency anemia and upper esophageal post-cricoid webs.
Other associated features are koilonychia, cheilosis and
glossitis. Pharyngeal and cervical esophageal cancers have
been associated with this condition as well. Periodic
screening for esophageal cancer in these patients is recom-
mended. Upper esophageal webs have also been reported in
patients with chronic graft versus host disease (GVHD) after
bone marrow transplantation (Fig. 6.4a–c).

Esophageal webs have also been reported in association
with some dermatologic conditions, including pemphigoid,
epidermolysis bullosa, Stevens–Johnson syndrome and
psoriasis. Webs may also be seen in patients with Zenker’s
diverticulum and esophageal duplication cysts.

Esophageal webs and rings are found in about 10–15% of
routine barium studies.

Esophageal rings are most commonly found in Cau-
casians, and webs are more common in females. Dysphagia
is the most common presentation, and it is typically descri-
bed as “intermittent” and predominantly for solids. Most
patients will report a history of GERD and/or a history of
prior endoscopic intervention for symptoms.

Eosinophilic Esophagitis (EoE)

Approximately 10–15% of patients referred for dysphagia
evaluation are found to have EoE. EoE is an inflammatory
condition mediated by eosinophils, and the majority of

Fig. 6.1 Food bolus impaction above an esophageal stricture

Table 6.1 Causes of benign esophageal stricture

Peptic (GERD)

Webs/rings

Eosinophilic esophagitis

Radiation

Postoperative (iatrogenic)

Extrinsic compression (vascular structures)

Miscellaneous (e.g., congenital, medication related, lye/alkali
ingestion)

Fig. 6.2 Peptic stricture of the
esophagus. a Endoscopic view of
peptic stricture of esophagus and
b barium swallow showing distal
esophageal peptic stricture
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affected adults are young men in the third and fourth dec-
ades. The most common symptoms are dysphagia, food
impaction and atypical chest pain. Diagnostic criteria have
been proposed for EoE which include: [6].

• Symptoms related to esophageal dysfunction
• Esophageal biopsy specimen with � 15 eosinophils/high

power field (hpf)
• Isolated esophageal mucosal eosinophilia that persists

after a proton pump inhibitor (PPI) trial
• Secondary causes of esophageal eosinophilia excluded
• A response to treatment supports, but is not required for,

diagnosis.

Patients with EoE may have a history of additional
allergic or autoimmune phenomena (e.g., allergic rhinitis,
asthma and eczema). The most common presenting symp-
toms include dysphagia and food bolus impaction, the latter
typically requiring urgent endoscopic intervention. Esopha-
geal strictures may be focal or involve a long segment of the
esophagus (Fig. 6.5).

Radiation-Induced Strictures

Patients undergoing brachytherapy or external beam radiation
for head and neck, breast or thoracic malignancies (including
esophageal malignancy) are at risk of developing radiation-
induced esophageal strictures (Fig. 6.6a, b). Radiation-
induced chronic ischemia leads to fibrosis and chronic

Fig. 6.3 Schatzki’s ring. a Endoscopic view of Schatzki’s ring and b barium swallow revealing Schatzki’s ring

Fig. 6.4 Esophageal web. a Esophageal web: endoscopic image, b barium swallow: esophageal web and c barium pill hold up at esophageal web

Fig. 6.5 Eosinophilic esophagitis-related stricture
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radiation esophagitis, which leads to esophageal stricturing.
Neuromuscular injury from radiation exposure may also
contribute to symptoms due to concomitant dysmotility.

In some cases, radiation-induced strictures can be quite
complex anatomically and present a significant clinical
challenge. The vast majority of such patients present with
slowly progressive dysphagia and weight loss in the setting
of a remote history of radiation exposure to the chest. Some
patients may have odynophagia and chest discomfort as
well.

Extrinsic Causes

Any cervical or mediastinal pathology or anatomic anomaly
may cause an extrinsic compression of the esophagus with
resultant luminal compromise and stenosis. A number of
vascular abnormalities can cause focal areas of esophageal
narrowing resulting in dysphagia [7, 8] (Fig. 6.7). Some
examples are:

• Complete vascular ring anomalies (e.g., double aortic
arch)

• Incomplete vascular ring anomalies (e.g., retroe-
sophageal right aberrant subclavian artery and anoma-
lous left pulmonary artery)

• In older adults, aneurysmal dilation of the thoracic aorta
can compress the esophagus (dysphagia aortica).

In addition to the above, cervical spine osteophytes can
also cause severe esophageal narrowing resulting in signif-
icant dysphagia, particularly in the older patient (Fig. 6.8).
Inflammatory mediastinal pathology (e.g., tuberculosis,
fibrosing mediastinitis) can cause traction mediated eso-
phageal luminal distortion and narrowing which can be very
difficult to manage, especially in the setting of longstanding
chronic fibrosis.

Postoperative (Iatrogenic)

Endoscopic and surgical intervention in the esophagus can
also commonly result in stricture formation. Any esophageal
surgery with subsequent primary anastomosis (i.e., esophago-
gastric, esophago-jejunal) whether performed for a benign or
malignant condition can result in postoperative anastomotic
stricture formation (Fig. 6.9a, b). The risk may be greater in

Fig. 6.6 Radiation stricture.
a Endoscopic view of radiation
stricture and b barium swallow
revealing radiation stricture

Fig. 6.7 Aortic aneurysm causing extrinsic compression of esophagus
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elderly patients, those who received radiation and in patients
who have repeated surgical interventions, anastomotic, leaks
and local mediastinal inflammation/infection.

Endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection and endoluminal ablation for Bar-
rett’s and related neoplasia are also well-recognized causes
of esophageal stricture formation. Both radiofrequency
ablation and cryoablation of the esophagus carry about a 5–
7% risk of esophageal stricture formation [9]. With endo-
scopic resection, the risk increases in direct proportion to the
circumference of the esophagus resected, with circumferen-
tial resection carrying the highest risk of stricture formation.
Most of these strictures are focal and present with dysphagia
as the main symptom [10] (Fig. 6.10a–c).

Caustic Ingestion

Ingestion of a caustic substance can lead to severe esopha-
geal injury and strictures, the degree of which depends on
the nature of the ingested agent, the volume ingested and the
duration of contact between the agent and the esophagus
mucosa (Fig. 6.11). A majority of ingestions occur in

Fig. 6.8 Cervical osteophyte causing esophageal obstruction

Fig. 6.9 Post-esophagectomy anastomotic stricture. a Esophago-gastric anastomosis: benign stricture and b barium swallow revealing
anastomotic esophageal stricture

Fig. 6.10 Post-endoscopic mucosal resection (EMR) esophageal stricture. a Early esophageal cancer, b multiband EMR of early esophageal
cancer and c post-EMR esophageal stricture
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children accidently. In adults, psychiatric illness, suicidal
intent and alcoholism are common underlying reasons for
ingestion, although accidental ingestion also occurs rarely in
adults. Alkali causes more esophageal injury and acid causes
more gastric/duodenal injury. Extensive transmural injury
and inflammation can progress to severe fibrosis and stric-
turing over time in up to one-third of patients [11]. Patients
may develop dysphagia, odynophagia and chest pain over a
variable period of time from the initial injury (2 months to
several years later). Patients who have experienced lye
ingestion are at increased risk of development of squamous
cell carcinoma of the esophagus.

Gastric and Duodenal Strictures

Gastric outlet and foregut luminal obstruction are the main
presenting feature in patients who develop clinically signif-
icant strictures of the stomach and duodenum. The benign
etiologies that can result in this clinical picture are listed in
Table 6.2.

Peptic Ulcer Disease

Peptic disease remains the most common cause of inflam-
mation and benign stricture formation in the pyloric channel
and duodenum, although the overall incidence has dramati-
cally decreased over the last several decades due to increased
eradiation of H Pylori infection and H2 blocker and PPI use
[12]. Local tissue inflammation and edema, when untreated,
result in fibrosis and tissue deformity, resulting in luminal
narrowing at the pyloro-duodenal channel which in turn
causes gastric outlet obstruction. Patients present with early
satiety, nausea, vomiting and chronic weight loss. They may
report a history of NSAID use or a prior history of peptic
ulcer disease.

Crohn’s Disease

Crohn’s disease of the stomach and foregut is relatively
uncommon, with a reported incidence of <5% in all patient’s
with this disease. The vast majority of patients have con-
comitant disease in the lower gastrointestinal tract. Crohn’s
disease in the stomach and duodenum tends to involve
contiguous areas in the gastro-duodenal channel, thereby
leading to luminal narrowing and outlet obstruction. Stric-
ture formation and, rarely, fistulas in this location can be
problematic, and the symptoms may be insidious. Given that
it is an uncommon entity, many patients may not be diag-
nosed accurately until there is advanced disease with sig-
nificant symptomatology.

Caustic Injury

Corrosive ingestion is a well-known cause of gastric and
duodenal strictures (Fig. 6.12). Patients typically become

Fig. 6.11 Caustic injury-related esophageal stricture

Table 6.2 Causes of benign gastric and duodenal strictures

Peptic ulcer disease

Crohn’s disease

Caustic injury

Severe acute pancreatitis

Chronic pancreatitis

Post-surgical (iatrogenic)

Miscellaneous (annular pancreas, eosinophilic gastroenteritis,
amyloidosis)

Fig. 6.12 Caustic injury-related stricture causing gastric outlet
obstruction
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symptomatic due to gastric outlet obstruction. In one study
of 179 patients with caustic ingestion, esophageal injury was
seen in 79% of patients, while gastric and duodenal injury
were seen in 51 and 6%, respectively [13].

Gastric acid does not seem to be protective against injury
with caustic ingestion. In another study, the rate of gastric
stricture formation from post-caustic injury was 32% [14].

Pancreatitis

Both severe acute pancreatitis and chronic pancreatitis can
result in significant edema, inflammation and narrowing of
the pyloro-duodenal channel resulting in gastric outlet
obstruction. The anatomic relationship of the pancreas with
the gastric antrum and duodenal sweep results in significant
alteration of the gastric outlet anatomy in the event of severe
pancreatic inflammation. This mechanical obstruction fur-
ther complicates the metabolic and nutritional challenges
these patients already face in the wake of their pancreatic
disease.

Post-surgical (Iatrogenic)

Strictures of the gastric outlet or proximal duodenum can
occur in a variety of post-surgical scenarios. Patients with
Roux-en-Y gastric bypass may develop stomal strictures at
the gastro-enteric anastomosis. In patients who have under-
gone pylorus-preserving Whipple surgery, local edema and
gastro-enteric anastomotic strictures may result in efferent
limb outlet obstruction. In many patients, poor overall
nutrition, delayed healing, local ischemia and prior radiation
may contribute to stricture formation (Fig. 6.13a, b).

Evaluation and Management of Esophageal,
Gastric and Duodenal Strictures

In this section, we describe the current approach to evalua-
tion and management of the various esophageal and foregut
strictures detailed above. The importance of a detailed his-
tory and review of records cannot be overemphasized. In
most cases, the mainstay of investigation involves radio-
graphic, cross-sectional imaging and endoscopic evaluation.

Depending on the anatomic location of the stricture and
the patient’s history and clinical presentation, one or more
diagnostic tests may be needed. These are listed in
Table 6.3. Similarly, depending on the location, etiology and
complexity of the stricture, management may involve med-
ical therapy or endoscopic or surgical intervention, or any
combination thereof. In general, the vast majority of eso-
phageal and foregut strictures can be managed with medical
therapy and endoscopic management; surgical intervention
(often viewed as a last resort) is infrequently required but
provides definitive management both in the emergent (per-
forated viscus) or elective (refractory stricture) settings.

Radiologic Studies

For most esophageal strictures, a barium or gastrograffin
swallow study is an excellent initial test to clarify the anat-
omy and localize the site of pathology. In the cases of
extrinsic compression (osteophytes, cricopharyngeal bar,
vascular impressions, etc.), a barium study will reveal the
diagnosis more readily than endoscopy. In patients with
radiation and caustic injury to the esophagus, barium and
gastrograffin studies are extremely important to rule out
complex strictures and any associated fistulas, allowing the

Fig. 6.13 Post-Whipple surgery ischemic ulcer causing gastric outlet obstruction. a CT showing gastric outlet obstruction post-Whipple surgery
and b ischemic ulcer at anastomosis post-Whipple surgery causing gastric outlet obstruction
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endoscopist to more effectively plan any endoscopic inter-
vention. Barium studies are virtually diagnostic for Schatz-
ki’s rings and esophageal webs and also provide valuable
information regarding esophageal caliber in patients with
EoE and caustic injury. In addition, a swallow study may
also provide information regarding esophageal dysmotility,
outflow obstruction and the contribution of a hiatal hernia (if
present) toward a patient’s symptoms. The lack of passage of
a 13-mm tablet at certain luminal locations in the esophagus
may provide clues regarding subtle changes in esophageal
caliber that may guide endoscopic therapy (Fig. 6.14a–c).

Cross-sectional imaging (CT scan, MRI) can be useful as
complementary tests in patients with benign strictures that
are potentially helpful in several ways:

– Sagittal or coronal sections can delineate subtle lesions
(e.g., osteophytes)

– Can rule out serious (malignant) pathology (e.g., mass
lesions)

– Can confirm or rule out leaks and fistulas (e.g., in post-
operative strictures)

– Can be used to evaluate for post-endoscopic therapy
complications.

Endoscopy

Endoscopic evaluation is typically needed for the majority of
patients who have symptomatic esophageal and foregut
strictures. Since many of these patients present with signif-
icant symptoms, endoscopy with tissue sampling is a pow-
erful tool for accurate diagnosis and for planning effective
treatment. A variety of different caliber specialized endo-
scopes with high-definition optics are available to help
navigate variable luminal diameters (5 mm–13 mm outer
diameter). Tissue sampling also helps differentiate benign
from malignant etiologies in almost all situations. It also
helps define the criteria for EoE and certain other very
specific causes of strictures (e.g., amyloidosis, eosinophilic
gastroenteritis and radiation injury).

Management of Esophageal and Foregut
Strictures

Management of esophageal and foregut stricture disease is
best accomplished using a stepwise and etiology-focused
approach. Medical therapy, endoscopic management and
surgery are the three available options for treatment. These
are detailed in Table 6.4.

Table 6.3 Investigations used to evaluate benign esophageal and
foregut strictures

Barium swallow

Barium swallow with 13 mm tablet

Gastrograffin swallow

Upper GI and small bowel follow through study

MR or CT enterography

Chest CT scan

Abdominal CT scan

Endoscopy/enteroscopy

Fig. 6.14 Barium swallow and barium pill evaluation of dysphagia. a Barium swallow revealing Schatzki’s ring, b Barium swallow revealing
radiation stricture and c barium pill hold up at aortic arch causing esophageal narrowing
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Medical Therapy

Patients with peptic esophageal and foregut strictures will
require ongoing treatment with acid suppression. Typically,
once or twice a day proton pump (PPI) therapy is initiated in
these patients. NSAIDs, alcohol use and cigarette smoking
are discouraged. GERD lifestyle modification is emphasized.

In patients with strictures due to EoE, a fluticasone
metered dose inhaler can be used to deliver a total of 880–
1760 mcg/day in adults (220 mcg � 2–4 metered dose puffs
swallowed BID). Concomitant treatment with PPI is rec-
ommended in most patients. Most patients will require
indefinite treatment since symptoms recur when medications
are stopped. Treatment response is usually rapid (within 1–
2 weeks) and side effects in general are mild/rare. Patients
are advised to swallow the entire dose of the drug to reduce
the risk of oral thrush. Budesonide liquid or viscous slurry

has also been found useful in treating EoE. Patients should
not eat or drink for at least 30 min after taking Fluticasone
or Budesonide to maximize exposure to the drug.

Long-term “maintenance” treatment with either agent is
frequently required since symptoms recur after cessation of
medical therapy. Consultation with a food allergy specialist
and consideration of an “elimination diet” are also part of
the overall strategy for treating patients with EoE [6].

Endoscopic Therapy

Endoscopic treatment remains the mainstay of therapy for a
vast majority of patients who have benign esophageal and
foregut strictures. Modern endoscopes, high-definition
imaging and novel accessories and luminal stent options
have enabled endoscopic therapy to be a highly safe and
effective modality for these patients. A variety of endoscopic
treatment options are available depending on the nature,
location, complexity of the stricture and the available
expertise and resources (Table 6.4).

Bougienage (Maloney and Savary Dilators)

Maloney (passed directly) and Savary (passed over the wire)
are types of mechanical esophageal dilators most commonly
used nowadays. Maloney dilators may be filled with mercury
or tungsten, which provides weight and flexibility to the
dilating catheter. The dilators are tapered and come in sev-
eral graduated sizes, each with a 1–1.5 mm increment to the
next size up. These dilators exert both a radial and longitu-
dinal “shear” stress upon the stricture, moving from the
proximal to the distal end of the stricture. Fluoroscopy may
or may not be used with these bougie dilators (Fig. 6.15a, b).

Table 6.4 Treatment options for esophageal and foregut strictures

Medical therapy

Oral fluticasone puff swallow (EoE)

Oral budenoside (EoE)

Proton pump therapy (GERD, EoE)

Endoscopic therapy

Balloon dilation

Bougeinage (Savary, Maloney)

Incisional (Schatzki ring, post-op stricture)

Fully covered removable stents (silicone, metal)

Surgery

Esophagectomy

Gastrectomy

Gastrojejunostomy

Other

Fig. 6.15 Savary dilation of esophageal web. a Savary dilator over guidewire seen on fluoroscopy and b blood at site of cervical web
post-dilation
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Dilating Balloons

Through-the-scope (TTS) balloon dilation catheters are
available which allow stricture dilation by providing a uni-
form radial expansion force throughout the length of the
stricture with balloon inflation. Single size per catheter or
multiple radial expansion sizes per catheter balloons are
available, ranging from about 8 mm through 20 mm in
maximal diameter when inflated. They are available in
wire-guided or non-wire-guided configurations.

Both balloon and bougie dilation are considered equally
effective, the latter is more cost-effective since the bougies
are reusable after high-level disinfection (whereas the bal-
loon catheters are disposable after single use). Bougies are
not used for gastric or duodenal strictures.

For simple esophageal strictures, a Maloney dilator can
be considered although many would prefer a Savary or
Balloon dilation approach. Complex esophageal strictures
(long strictures, tortuous anatomy, esophageal diverticulae,
etc.) require dilation under direct vision using a balloon or
bougie dilation over a guidewire (Savary) to prevent inad-
vertent esophageal perforation. In some cases, fluoroscopy
may be necessary to ensure safe and effective dilation. As a
general rule, dilation should be reserved for symptomatic
patients only. It is recommended to limit the degree of
dilation to three incremental sizes per session, starting with
the size that initiates the first effective dilation. For balloons,
the dilation is maintained for 30–60 s each. Repeat sessions
of dilation may be needed in some patients with high-grade
and/or complex strictures; acid suppression, and a modified
diet is typically maintained during this period (Fig. 6.16a–c
and Video 6.1).

The main potential complications of esophageal dilation
include significant bleeding and esophageal perforation,
although both are uncommon. The risk of perforation may
be higher in patients with high-grade strictures in the setting
of EE or radiation injury, but studies have not conclusively

shown that. Most small perforations can be managed endo-
scopically, and most bleeding is self-limited in the absence
of significant coagulopathy.

Balloon dilation of obstructing pyloric and duodenal
strictures is also feasible, but typically requires multiple
sessions with stepwise increase in dilation. In some cases,
fluoroscopic guidance is mandatory to enable wire-guided
balloon dilation, especially when the endoscope cannot tra-
verse the stricture. Effective dilation to about 15–16 mm
may provide adequate relief of symptoms of GOO
(Fig. 6.17a–d). Some reports indicate a higher risk of per-
foration with pyloric dilation beyond this diameter [15].

Dilation of duodenal strictures using balloons may be
technically more difficult and carry a higher rate of perfo-
ration. Stepwise dilation is recommended and multiple serial
sessions are typically required. There should be a low
threshold for obtaining a water-soluble contrast study or a
CT scan for post-procedure abdominal pain or if the dilation
was technically difficult or significantly traumatic.

Fully Covered Self-Expanding Stents

Fully covered self-expanding metal (SEMS) or plastic
(SEPS) stents may be used to treat benign esophageal,
gastric and duodenal strictures, especially those that are
“refractory” to bougienage or balloon dilation. The goal of
stent placement is to restore luminal patency, allow oral
nutrition, hydration and medication delivery and in some
cases provide a “bridge” to surgery in a debilitated patient.
Stents are particularly useful in the postoperative setting
when complex anastomotic strictures may be present in
conjunction with a fistula or leak.

Only fully covered SEMS or SEPS should be used to treat
benign strictures, since these are endoscopically removable
due to their plastic or silicon coating. Metal stents are typ-
ically made of nitinol or another alloy; the SEPS are made of

Fig. 6.16 Balloon dilation of esophageal stricture. a Esophageal stricture, b balloon dilation of esophageal stricture and c post-dilation blood and
mucosal tear suggesting effective dilation
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polyester or silicone. SEPS, once popular, are uncommonly
used in current practice.

Placement of stents is typically done using fluoroscopic
guidance using an over the wire delivery catheter. A variety
of lengths, diameters and flange sizes are available with
different types of stent designs [16].

The overall success rates for treatment of benign stric-
tures with fully covered stents vary depending on the
nature of the stricture, the duration of stenting and the
underlying etiology. Technical success is very high, but
treatment success is widely variable depending on the study
(Fig. 6.18a–c) [17, 18]. With fully covered esophageal

stents, the main complication is stent migration (usually
distal into the stomach), which is seen in about a third of
the patients. This issue can be mitigated by “anchoring” the
proximal stent flange using endoscopic sutures or endo-
scopic clips (Fig. 6.19a, b). Some innovative stent design
elements (e.g., Dog bone design and anti-migration struts)
have been introduced to potentially reduce the frequency of
migration [19, 20]. Chest pain after esophageal stent
placement is not uncommon, but bleeding and perforation
are rare.

Pyloro-duodenal stents may migrate back into the stom-
ach, particularly if not anchored in place. Most stents that

Fig. 6.17 Benign gastric outlet obstruction treated with balloon dilation. a Retained food in stomach from gastric outlet obstruction, b tight
pyloric stenosis, c balloon dilation of pyloric stenosis and d post-balloon dilation image of pylorus

Fig. 6.18 Benign refractory esophageal stricture treated with fully covered esophageal stent. a Refractory esophageal stricture, b stent placed
across esophageal stricture and c post-stent removal improvement of esophageal stricture seen
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migrate into the stomach can be retrieved endoscopically.
Duodenal stents may migrate further distally, which can be
problematic in terms of retrieval and the potential causing
small bowel obstruction.

Incisional Therapy

Refractory strictures (Schatzki rings and anastomotic stric-
tures) can be treated with incisional therapy using
needle-knife electrocautery, an insulation-tipped (IT) knife
or argon plasma coagulation (APC) (Video 6.1). A proper
delineation of the stricture anatomy is a critical. Circum-
ferential radial incision of the fibrotic/stenotic rim is
achieved in careful fashion, ensuring that the depth of inci-
sion is never transmural. To reduce the risk re-stenosis,
concomitant balloon dilatation or intra-lesional steroids or
APC treatment can be used. Short segment strictures
(<1 cm) have been found to have the best outcome with this
form of treatment. When compared with routine balloon
dilatation, incisional therapy has equivalent results in treat-
ment naïve cases but better long-term outcome in refractory
cases [21]. Incisional treatment is not typically recom-
mended or used for gastric or duodenal strictures.

Intra-lesional Steroid Injection

The injection of triamcinolone acetonide into the stricture
immediately after endoscopic dilation may reduce local
inflammation and collagen deposition, thereby increasing the
efficacy of dilation and reducing the frequency or need for
repeat dilations. The reports of this approach have had mixed
results, with some patients responding very well and others
not at all [22, 23]. Steroids are most likely to be effective if
there is active inflammation, and less so in patients with

severe or end-stage fibrosis. Although relatively safe, steroid
injection does have the potential to increase procedure cost
and duration, which needs to be weighed against any
potential benefits.

Surgical Treatment

Refractory strictures that do not respond to medical and
endoscopic management despite several repeat sessions of
dilation may require definitive management with elective
surgery. In general, surgical treatment is required for the
most complex, and high-grade esophageal strictures that do
not respond to aggressive endoscopic dilation or stenting and
for severe pyloric and duodenal strictures that persist despite
endoscopic therapy. Surgery is particularly attractive in
those cases where malignancy has not been (or cannot be)
conclusively ruled out, despite all efforts. In those patients,
surgical intervention is both diagnostic and therapeutic and
definitive. For esophageal strictures, partial or total
esophagectomy with reconstruction (gastric pull-up or
colonic interposition) may be required.

For pyloric strictures, a pyloroplasty or a Billroth-I or II
type surgery may be offered. For duodenal strictures, options
may include resection and primary anastomosis or a
diverting gastrojejunostomy, depending on the location of
the stricture.

Conclusion

Benign strictures of the esophagus and gastro-duodenum are
commonly encountered in clinical gastroenterology practice.
Radiologic studies and endoscopic evaluation are the
mainstay of diagnosis. Medical therapy, endoscopic man-
agement and surgery each have a role in the management of

Fig. 6.19 Fully covered plastic
esophageal stent placed under
fluoroscopy and proximal end
anchored with endoscopic
suturing. a Fully covered plastic
esophageal stent on fluoroscopy
and b endoscopic sutures placed
at proximal end of the fully
covered plastic esophageal stent
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these patients. Treatment-related complications are uncom-
mon, and most patients have excellent long-term response to
endoscopic therapy. The vast majority of patients can be
managed with a combination of medical and endoscopic
therapy. Patients with refractory strictures require definitive
surgery. A carefully considered, thoughtful multidisciplinary
team-based management plan is important to achieve the
best outcome in these patients.
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7Malignant Strictures of the Esophagus,
Stomach, and Duodenum: Evaluation
and Management

Shivangi T. Kothari and Vivek Kaul

Introduction

Malignant esophageal, gastric, and duodenal strictures are a
significant cause of morbidity mortality. The case fatality rate
for these patients is quite high, given the poor prognosis
associated with these cancers. Many of these patients present
at an advanced stage of malignancy, at which point manage-
ment options often are limited to palliation and symptom
relief. Clinical presentation can vary from an acute (e.g., food
bolus impaction above an esophageal stricture and
hematemesis) to amore chronic or subacute (e.g., gastric outlet
obstruction (GOO) and weight loss) type of scenario. Simi-
larly, the evaluation and management approach also differs
depending on the underlying cause and the clinical picture at
hand. In this chapter, we will review some of the common
causes of malignant esophageal and foregut strictures as well
as discuss the best approach to evaluation and management.

Esophageal Strictures

A variety of clinical conditions can cause malignant eso-
phageal and gastro-esophageal (GE) junction strictures.
They are listed in Table 7.1. The most common etiologies
are intra-luminal malignancies (intrinsic) but mediastinal and
thoracic (lung) malignancies can also cause infiltration into
and extrinsic compression of the esophagus (Fig. 7.1a, b). In

either of the cases, luminal narrowing and tumor infiltration
may lead to progressive dysphagia and other symptoms
(chest pain and bleeding). Dysphagia is typically the most
common presenting symptom. In some patients undergoing
endoscopy for Barrett’s surveillance (or another indication),
early lesions may be diagnosed in relatively asymptomatic
patients. In this section, we will briefly review the various
causes of malignant esophageal strictures.

Squamous Cell Cancer of the Esophagus (SCC)

The incidence of SCC varies widely across the globe, with
countries in central Asia and the far-east (India and China)
having a much higher disease burden compared to the
Western world [1]. This may be directly related to increased
tobacco and alcohol consumption, although genetic, familial,
and environmental factors have been invoked. Achalasia and
a prior history of caustic injury to the esophagus have been
associated with an increased incidence of esophageal SCC.
The overall incidence of SCC in the USA is on the decline.

Adenocarcinoma of Esophagus, GE Junction
and Gastric Cardia

Esophageal adenocarcinoma is much more common in the
USA and the Western world, compared to SCC, and is
almost always found in the setting of Barrett’s esophagus
(BE). The overall incidence of esophageal adenocarcinoma
is on the rise [2]. The presence of long-standing acid reflux,
genetic factors, race (Caucasians), and high BMI has all been
implicated as risk factors. Cigarette smoking increases the
risk further, especially in patients with BE.

Dysphagia, weight loss, retrosternal burning or discom-
fort, and regurgitation of food are the usual symptoms in
patients with malignant esophageal strictures. Patients may
also present with gastrointestinal bleeding (melena or
hematemesis) and anemia. Hoarseness and respiratory

Electronic supplementary material
Supplementary material is available in the online version of this
chapter at 10.1007/978-3-319-49041-0_7. Videos can also be accessed
at http://www.springerimages.com/videos/978-3-319-49039-7.

S.T. Kothari � V. Kaul (&)
Center for Advanced Therapeutic Endoscopy, Division of
Gastroenterology and Hepatology, University of Rochester
Medical Center & Strong Memorial Hospital, Rochester, NY
14642, USA
e-mail: Vivek_kaul@urmc.rochester.edu

S.T. Kothari
e-mail: shivangi_kothari@urmc.rochester.edu

© Springer International Publishing AG 2017
D.G. Adler (ed.), Upper Endoscopy for GI Fellows,
DOI 10.1007/978-3-319-49041-0_7

69

http://dx.doi.org/10.1007/978-3-319-49041-0_7
http://www.springerimages.com/videos/978-3-319-49039-7


symptoms (pneumonia) may suggest laryngeal nerve
involvement and/or the development of a fistula, respec-
tively, due to locally advanced, infiltrating disease.

Mediastinal and Thoracic Malignancies

Apart from intrinsic luminal disease, esophageal strictures
can also be encountered due to malignant processes that arise
in the mediastinum (lymphoma) and thorax (lung cancer).
These will typically cause “extrinsic” compression of the

esophageal lumen leading primarily to symptoms of dys-
phagia, regurgitation, and chest pain as well as weight loss
over a period of time due to poor nutrition (Fig. 7.2). In
these patients, additional clinical signs and symptoms may
coexist related to the primary pathology (e.g., superior vena
cava syndrome due to lung cancer). Primary mediastinal
tumors (germ cell, mesenchymal, neurogenic, and thymic
origin), lymphoma, and thyroid malignancies (especially
with retrosternal and substernal extension) can cause
extrinsic esophageal compression and dysphagia. In addi-
tion, some of these patients may have cough, stridor,
hemoptysis, and constitutional symptoms such as fever,
night sweats, and weight loss. The degree and severity of the
esophageal symptoms depend on the proximity of the tumor
to the esophagus, tumor size, and rate of growth. Some
patients can “adapt” remarkably well to a slow-growing
tumor and report minimal symptoms over time.

Metastatic breast carcinoma, melanoma, and neuroen-
docrine tumor can also lead to a bulky mediastinal tumor
burden and may cause a compressive “mass effect” on the
esophagus, causing focal or complex esophageal luminal
stenosis, presenting as dysphagia.

Adenocarcinoma of the lung and other primary pul-
monary malignancies with associated bulky adenopathy may
lead to significant esophageal compression on occasion,
often presenting as dysphagia. Other symptoms such as
dyspnea, hemoptysis, hoarseness, and chest pain typically
also exist in patients with such advanced stage tumors.

Esophageal Intramural Neoplasia

Carcinoid tumors and gastrointestinal stromal tumors (GIST)
of the esophagus are neoplastic lesions that can create luminal
obstruction and stenosis depending on the size, location in the
esophagus, and rate of growth. These lesions can grow in both

Table 7.1 Common causes of malignant esophageal and foregut
strictures

Esophagus

Esophageal cancer

– Squamous cell

– Adenocarcinoma

Gastric cardia cancer

GE junction cancer

Esophageal intramural neoplasia (GIST)

Extrinsic tumor compression

– Mediastinal tumors

– Lymphoma

– Lung cancer

– Metastatic

Gastroduodenum

Gastric cancer

Duodenal cancer

Pancreatic cancer

Metastatic cancer

Cholangiocarcinoma

Ampullary cancer

Fig. 7.1 a, b Malignant
strictures of the esophagus:
extrinsic versus intrinsic
etiologies. a Extrinsic mass
impression on esophagus from
mediastinal tumor. b Esophageal
cancer causing intrinsic luminal
narrowing
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directions (into the mediastinum or toward the esophageal
lumen) and create a mass effect, predominantly causing dys-
phagia and/or chest pain in most patients. Many of these
tumors are “pre-malignant,” although malignant features are
well described, and they carry metastatic potential [3, 4].

Malignant Strictures of the Gastroduodenum

Malignant strictures of the stomach and duodenum can be
due to adenocarcinoma of either organ, or secondary to
obstruction of the pyloro-duodenal channel from locally
advanced pancreatic cancer, ampullary cancer, cholangio-
carcinoma, lymphoma, or metastatic malignancy
(Table 7.1). The most common symptoms due to clinically
significant malignant foregut strictures are abdominal pain,

abdominal distension, and nausea/vomiting due to GOO
(Fig. 7.3a, b). Weight loss in these patients can be both
dramatic and rapid. These patients may also present with
anemia, gastrointestinal bleeding (melena or occult blood
loss), and anorexia. In patients with pancreatic head malig-
nancy, biliary obstruction will usually be present concomi-
tantly with GOO. In this section, we will briefly discuss the
common causes of malignant foregut (gastric and duodenal)
strictures.

Malignant Gastric Strictures

Most patients with gastric adenocarcinoma present with
advanced disease and even those undergoing surgery with
curative intent have high rates of recurrence [5]. Tumor
location in the cardia and at the GE junction as well as in the
antrum predisposes the patient to luminal obstruction sec-
ondary to malignant stricture formation (Fig. 7.4a, b).
Tumors in the gastric body are less likely to cause luminal
obstruction, unless linitis plastica or diffuse/infiltrating gas-
tric malignancy exists. Abdominal pain, early satiety, weight
loss, anemia, and GOO are the typical clinical features seen
in these patients. Any or several of these symptoms may
prompt an upper endoscopy, which typically will reveal a
locally advanced malignancy, especially if a stricture is
encountered.

Other gastric malignancies can also present with stric-
ture formation and a clinical picture similar to the one
mentioned above (Fig. 7.5). Gastric mucosa-associated
lymphoid tissue (MALT) and metastatic cancers to the

Fig. 7.2 Extrinsic compression of the esophagus caused by calcified
mediastinal tumor

Fig. 7.3 a, b Malignant gastric outlet obstruction. a Gastric outlet obstruction seen on CT imaging. b Endoscopic view of malignant duodenal
tumor causing gastric outlet obstruction
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stomach can also lead to luminal narrowing, alteration of
gastric motility and GOO.

Duodenal Strictures

Malignant primary tumors that can cause duodenal stric-
tures include adenocarcinomas, carcinoids, sarcomas, and
lymphomas. In addition, locally advanced pancreatic head
carcinoma is an important and common cause of malignant
duodenal obstruction. Ampullary cancer and cholangiocar-
cinoma can also produce duodenal obstruction. When this
occurs, concomitant biliary obstruction is usually present
(Fig. 7.6a–c). Metastatic tumor from other organs (e.g.,
renal cell, melanoma, and colorectal cancer) can also
occasionally present with malignant duodenal obstruction.
In these cases, the tumor compression can be either purely
extrinsic (“mass effect”) or there may be gross tumor
infiltration into the duodenal lumen. These patients usually
present with GOO, abdominal discomfort, weight loss, and
anorexia.

Evaluation and Management of Malignant
Esophageal, Gastric, and Duodenal Strictures

In this section, we describe the current approach to evalua-
tion and management of the various malignant esophageal
and foregut strictures discussed above. The importance of a
detailed history and review of records cannot be overem-
phasized. In most cases, the mainstay of investigation
involves radiographic (contrast studies and cross-sectional
imaging) and endoscopic evaluation.

Tissue sampling using luminal endoscopy and/or endo-
scopic ultrasound (EUS) is essential to make an accurate
diagnosis and to plan appropriate treatment. Depending on
the anatomic location of the stricture and the patient’s his-
tory and clinical presentation, one or more diagnostic tests
may be needed in a given situation. These are listed in
Table 7.2.

Depending on the nature of the malignancy, location of
pathology, extent of disease and clinical stage, and overall
condition of the patient, several different management
options can be considered. For loco-regional disease, sur-
gical management (with or without neoadjuvant
chemo-radiation) may be an option in patients who are
deemed fit to undergo surgery. For non-surgical candidates
(either due to comorbidity or advanced malignancy), endo-
scopic palliative therapy has become the first-line therapy
and provides symptomatic relief [6, 7]. Patients with
advanced disease may still be able to receive some benefits
from chemotherapy and radiation treatment concomitantly.

Radiologic Investigations

For most malignant esophageal strictures, a barium or gas-
trograffin swallow study is an excellent initial test to delin-
eate the anatomy, localize the site of pathology, and

Fig. 7.4 a, b Gastric cardia
tumor and gastric cancer on CT
scan. a Gastric cardia cancer
endoscopic (retroflexed) view.
b Gastric cancer on CT scan

Fig. 7.5 Gastric sarcoma at GE junction causing obstruction
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demonstrate the extent of luminal disease. In cases of
extrinsic compression (mediastinal and lung cancer, GIST
tumors, etc.), the esophagram will appear as a smooth nar-
rowing compared to the irregular mucosal detail seen with
intrinsic/luminal malignancy. Barium and gastrograffin
studies are extremely helpful in ruling out complex strictures
and tumor or radiation-associated fistulas (Fig. 7.7a–c). This
allows the endoscopist to plan the endoscopic intervention.
However, many patients may be referred directly for endo-
scopy if the symptoms warrant it and index of suspicion for a
malignancy is high, and thus may never undergo a swallow
study.

Computerized tomographic scans of the chest and abdo-
men are routinely performed in patients with suspected
malignancy as well as in those with a known malignancy.
Often, these may be the initial investigations that reveal a
locally advanced tumor or evidence of luminal narrowing
related to a known tumor. CT scans help stage the tumor and
define the axial extent of the tumor and luminal stenosis.

In the case of pyloro-duodenal strictures, CT scans can also
reveal the degree of GOO and the presence and severity of
gastric stasis (Fig. 7.8). This is critically important infor-
mation, since pre-endoscopic nasogastric decompression in
these patients can reduce the risk of aspiration and facilitate
a successful intervention due to better visualization. CT scan
of the chest can also help clarify the nature and extent of a
mediastinal tumor invading or compressing the esophagus.

Positron emission tomography (PET-CT) is routinely
used in patients with esophageal and gastroduodenal
malignancy. It is helpful in delineating areas of metastatic
disease that may not be easily revealed with standard
imaging (Fig. 7.9). In a patient who only has evidence of
loco-regional disease on standard imaging, a PET-CT
revealing metastatic disease can significantly influence
management decisions.

Endoscopic Evaluation

Endoscopic evaluation is the most direct tool available for
investigating malignant strictures of the esophagus and
foregut. In this realm, both luminal endoscopy and EUS
have a significant role to play.

Endoscopy not only is impactful in obtaining an accurate
tissue diagnosis, but also plays a key role in staging and treat-
ment, as will be discussed later in this chapter. EUS is routinely
used for staging esophageal and gastric malignancy, and the
patient’s clinical stage strongly correlates with their overall
prognosis (Fig. 7.10a, b). In this context, EUS is complemen-
tary to other staging modalities (CT, PET, and MRI). EUS is
less commonly used to stage duodenal malignancy, but, with
the use of fine needle aspiration (FNA), it may be helpful in
sampling any accessible liver lesions/regional lymph nodes and

Fig. 7.6 a–c Pancreatic head cancer causing duodenal and biliary obstruction. a Pancreatic cancer causing duodenal obstruction. b Distal CBD
stricture from pancreatic tumor invasion. c CBD and duodenal SEMS placed for palliation of biliary and duodenal obstruction

Table 7.2 Investigations used to evaluate malignant esophageal and
foregut strictures

Barium swallow

Gastrograffin swallow

Upper GI and small bowel follow through study

MR or CT enterography

Chest CT scan

Abdominal CT scan

PET (Positron emission tomography) scan

Endoscopy/enteroscopy

Endoscopic ultrasound (±FNA)
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also clarifying the nature of an “extrinsic” mass in the
peri-duodenal area, whether pancreatic or otherwise in nature.
High-definition endoscopes and high-resolution echoendo-
scopes allow for a detailed, direct evaluation of these malignant
strictures. Specialized ultrathin upper endoscopes can traverse
narrow esophageal, pyloric, and duodenal lumens and help
complete a foregut examination that would otherwise not be
possible using standard endoscopes.

High-quality radiologic and endoscopic diagnostic inves-
tigations set the stage for optimal management of these
patients with challenging clinical problems. In the setting of a
severe malignant stricture, standard endoscopes and echoen-
doscopes may not be able to traverse the stenosed segment
and may require balloon dilation of the stenotic area to
facilitate endoscope passage and complete the evaluation [8].

Management of Malignant Esophageal
and Foregut Strictures

Management of malignant esophageal and foregut strictures
is best accomplished using a multidisciplinary approach,
typically involving discussions with (and input from)
oncologists, surgeons, and radiation oncologists. Chemora-
diotherapy, endoscopic management, and surgery are the
three available options for treatment in these patients. These
are detailed in Table 7.3.

The best treatment algorithms are the state-of-the-art,
evidence-based, consensus-driven plans that ensure timely
and meaningful relief of symptoms in a minimally inva-
sive and efficient manner. This is critically important in
this era of personalized cancer care and cost-conscious
medicine.

Systemic Chemotherapy

This treatment approach is typically used as monotherapy
in patients with advanced malignancy, for example in stage
IV esophageal malignancy, and can be used in conjunction
with endoscopic approaches to palliate obstructive symp-
toms. Chemotherapy alone has little impact on reversing
the mechanical effects of a malignant esophageal or duo-
denal stricture, but, when used in combination with radia-
tion, it can restore luminal patency especially in the
esophagus [9].

Fig. 7.7 a–c Barium study showing malignant duodenal stricture,
intrinsic and extrinsic esophageal strictures. a Barium study delineating
malignant duodenal stricture. b Barium study revealing malignant

irregular esophageal stricture with tracheo-esophageal fistula and
tracheal aspiration. c Smooth stricture in distal esophagus seen on
barium swallow due to extrinsic compression from mediastinal mass

Fig. 7.8 Malignant gastric outlet obstruction on CT
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Combined chemo-radiation is commonly used as neoad-
juvant treatment for those patients with locally advanced
esophageal cancer who may be candidates for surgery in the
future. In non-surgical candidates, definitive
chemo-radiation is the treatment of choice if their perfor-
mance scores and medical comorbidities allow it.

In patients with proximal gastric carcinoma (GE junction
and high cardia), preoperative chemo-radiation (neoadju-
vant) is routinely used. In non-cardia cancer of the stomach,
both preoperative and adjuvant treatment with chemoradio-
therapy is recommended (particularly for N1 disease or T3
stage tumors), although more data are needed in this
population.

For patients who have undergone surgery for pancreatic
cancer, adjuvant chemotherapy is typically used, especially
if there is evidence of lymph node involvement. The role for
adjuvant treatment in duodenal carcinoma is more contro-
versial, although its use has reportedly increased in the last
few decades. Neoadjuvant chemoradiotherapy for bulky or
locally advanced duodenal carcinoma has shown more pro-
mise in one recent study [10]. For patients with duodenal
carcinoid, lymphoma, or other etiologies, specific targeted
chemotherapy is indicated, the discussion of which is
beyond the scope of this review.

Radiation Therapy

Neoadjuvant chemo-radiation is more routinely used for
patients with bulky, stricturing, or locally advanced eso-
phageal cancer. Typical protocols last about 3 months at
which point restaging determines candidacy for surgery.
Radiation treatment is particularly effective in patients with
SCC of the esophagus. For duodenal malignancies, radiation
therapy may provide pain relief and re-establish luminal
patency to some degree. It has been used both with a
pre-existing duodenal stent in place and without; however,
the role of radiotherapy alone in duodenal cancer is less
clear. In pancreatic cancer, especially in locally advanced or
“borderline resectable” cases, combined chemo-radiation is
routinely used to attempt to “downstage” the tumor in the
hopes of undergoing definitive surgery. This approach is
generally successful in about one-third of the patients [11].

Endoscopic Management

The goals of endoscopic management in patients with
malignant upper gastrointestinal stenoses are to provide
relief from obstructive symptoms, to allow the patients to

Fig. 7.9 PET CT scan: gastric
cancer

Fig. 7.10 a, b EUS evaluation
of esophageal cancer.
a Endoscopic view of distal
esophageal tumor extending into
gastric cardia. b EUS evaluation
of tumor revealing T3N1 stage
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take oral nutrition, hydration, and medications, and to
improve the patient’s overall quality of life. Ablation of
tumors (via laser, photodynamic therapy (PDT), cryoabla-
tion, and radiofrequency ablation) and/or recanalizing the
lumen via stents are the two essential endoscopic approaches
to help achieve these goals. However, definitive ablation of
tumors is not often possible, especially if there is no sig-
nificant intra-luminal component and/or if the stricture is
primarily circumferential neoplastic infiltration with
desmoplasia, especially in duodenal strictures due to pan-
creatic malignancy. In addition, use of endoluminal
cryoablation is typically limited to the esophagus and GE
junction and is discussed more fully in the chapter on BE
(Fig. 7.11a, b). PDT is expensive, carries significant

morbidity, and is not widely available nor practiced. For the
purpose of this review, the remainder of the discussion will
focus on endoluminal stenting for malignant strictures of the
esophagus and gastroduodenum.

Endoluminal Stents

In recent decades, several types of flexible and
self-expandable stents have been developed. Currently
available upper GI stents are almost exclusively
self-expandable metal stents (SEMS) for esophageal and
gastroduodenal obstruction. Self-expanding plastic stents
(SEPS) are still available but have fallen out of favor. Metal
stents, made of stainless steel and alloys such as nitinol, have
a higher degree of flexibility and are capable of generating
high radial forces to maintain stent patency and position.
SEMS are currently available in partially or fully covered
configurations, with the coating being made of a plastic
membrane or silicone. Only partially covered or uncovered
SEMS are used to palliate malignant strictures. SEMS are
typically only placed in the symptomatic patient with eso-
phageal, gastric outlet, or duodenal obstruction. The proxi-
mal flange of a stent may be “anchored” in place using
endoclips or sutures (Fig. 7.12a–e and Video 7.1).

Palliative stenting of inoperable malignant obstruction
remains the most common indication for esophageal and
gastroduodenal stenting, although preoperative stenting of
patients with esophageal cancer undergoing neoadjuvant
therapy is also widely practiced. Endoscopic and fluoro-
scopic guidance is typically used. An atraumatic guidewire is
used to traverse the stricture over which the SEMS is placed,
ensuring that the entire stricture is “bridged” with the stent.
Optimal placement requires that the proximal and distal
flanges of the stents are placed into the normal lumen, at each
end of the tumor, while bridging the entire luminal stricture.

Table 7.3 Management options for malignant strictures of esophagus
and foregut

Systemic chemotherapy

Radiotherapy

Brachytherapy

Traditional external beam

Stereotactic

Combined chemo-radiation

Definitive

Palliative

Endoscopic intervention

Laser ablation

Photodynamic therapy

Cryoablation

Palliative stenting

Surgery

Definitive

Palliative

Fig. 7.11 a, b Cryoablation for palliation of esophageal cancer causing esophageal luminal obstruction despite SEMS in place. a Esophageal
tumor causing luminal obstruction. b Palliation of esophageal obstruction status post-endoscopic cryotherapy of the tumor
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For malignant esophageal strictures, stent placement
immediately prior to chemo-radiation increases the risk for
distal stent migration into the stomach, although this may not
be a true complication per se and may simply be a sign that
the patient is responding to their oncologic therapy, i.e., if
the tumor shrinks, the stent may no longer be needed and
may simply pass into the stomach (where it can remain until
it is retrieved) (Fig. 7.13). On the other hand, a distally
migrated stent may be left in the gastric lumen to be
removed at the time of surgery (or never, in the case of a
terminally ill patient).

In a patient with a malignant duodenal stricture, the
presence of multiple downstream areas of obstruction (typ-
ically due to peritoneal carcinomatosis) is a relative con-
traindication to duodenal SEMS placement, as the
endoscopist may only be opening up the most proximal
stenosis but not treating the next stenosis down the line (that
may or may not even be endoscopically reachable).

In patients with significantly advanced esophageal and
foregut malignancy, multiple stents may be required to tra-
verse long tracts of luminal stricturing, using the “stent
overlap” technique, in an effort to provide the patent an
unobstructed conduit for oral nutrition (Fig. 7.14a, b and

Video 7.1). Overall, there are high technical and clinical
success rates for SEMS placement in the esophagus and
gastroduodenum [12, 13] (Video 7.1)

SEMS placement does carry a potential for complica-
tions. Intra-procedural complications include those related to
sedation, pulmonary aspiration, stent malposition,

Fig. 7.12 a–e Enteral Stent placement for palliation of duodenal
obstruction caused by duodenal adenocarcinoma. a Endoscopic view of
the duodenal stricture. b Guidewire advanced across the tumor. c Stent

advanced over the guidewire through duodenal stricture. d Stent placed
across duodenal stricture and proximal end anchored with endoclips.
e Fluoroscopic figure of duodenal stent in optimal position

Fig. 7.13 Distally migrated esophageal stent (in gastric lumen)
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perforation, and bleeding. Late complications include stent
migration, stent occlusion, fistula formation, perforation,
bleeding, and occlusion.

Overall, when compared to traditional surgical bypass
procedures such as gastro-jejunostomy, recent studies
have shown SEMS placement as less morbid, more
cost-effective, and easier on patients (especially in those
with shorter life expectancy), albeit the re-intervention
rates are higher when compared to surgical bypass [14].
However, SEMS placement has become the standard of
care for palliation of malignant obstruction in these
patients, when the local endoscopic expertise and
resources allow that.

Surgical Management

In patients who are deemed surgical candidates and when the
tumor stage allows it, surgical management represents the
definitive option for curative treatment in patients with
esophageal and gastroduodenal malignancy. It aims to pro-
vide both symptom relief and cure at the same time. How-
ever, many patients with bulky and stricturing luminal
malignant disease are not immediately candidates for sur-
gery (or never may be) and either already have more
advanced disease that precludes surgery or need to undergo
neoadjuvant chemo-radiation in an effort to “downstage”
their tumor. The majority of these patients do not undergo
curative surgery due to tumor progression despite undergo-
ing neoadjuvant treatment.

For esophageal malignancies, the traditional or newer
minimally invasive esophagectomy is the most common
operation performed [15]. This may involve a “gastric
pull-up” or (rarely) colonic interposition to re-establish the
oro-digestive luminal conduit [16].

In the case of malignant duodenal strictures, typically a
pancreaticoduodenectomy (Whipple procedure) is performed
[17]. In some cases of focal or segmental obstruction in the
distal duodenum, segmental resection or “enucleation” may
be an option, if technically feasible. In terms of palliative
surgery, a gastro-jejunostomy is the preferred operation
which allows for relief of GOO and is often performed in
combination with a biliary bypass to treat simultaneous
biliary obstruction.

For many patients with gastric cancer, surgical interven-
tion is preceded by neoadjuvant chemo-radiation, and fol-
lowed by adjuvant therapy, depending on pathologic stage.
For gastric cancer which is amenable to surgery, subtotal or
total gastrectomy with a Billroth I or II, or a Roux en Y-type
reconstruction are the standard operations. In terms of pal-
liation, a gastro-jejunostomy is the usual surgical bypass that
relieves GOO symptoms. Again, endoscopic SEMS place-
ment is much preferred nowadays for luminal palliation,
whenever possible.

Conclusion

Malignant strictures of the esophagus, stomach, and duo-
denum represent a unique challenge across different medi-
cal–surgical subspecialties. Often, these are encountered in
older patients with advanced neoplasia and comorbidities.
Optimization of oral nutrition and increased quality of life
are frequently the major goals of management. Several
options exist for accurate diagnosis, evaluation, and staging
of these tumors. Excellent options exist for both curative and
palliative managements of these patients. Multidisciplinary,
consensus and evidence-based, cost-effective, minimally
invasive management algorithms have the highest chance of
yielding the best outcomes in this patient population.

Fig. 7.14 a, b Complete metal
stenting of esophagus with
anchoring of proximal end of
stent with endoscopic sutures.
a Fluoroscopy image of complete
metal stenting of esophagus using
3 SEMS with “overlap”
technique. b Anchoring of the
proximal end of uppermost
esophageal stent with endoscopic
sutures
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8Endoscopic Appearance After Foregut Surgery

David L. Diehl and Jon D. Gabrielsen

Endoscopic Appearance After Foregut
Surgery

Since the first description of successful gastric resection by
Billroth in 1881, surgeons have described an ever-increasing
number of ways to rearrange the anatomy of the foregut. The
original methods for resecting part of the stomach and
re-establishing a conduit for passage of food came from the
need to surgically manage peptic ulcer disease. The Bill-
roth I gastroduodenal anastomosis (described in 1881) and
the Billroth II gastrojejunal anastomosis (1885) became
common surgeries both for the management of benign dis-
ease and malignancy. After the initial understanding that
such surgeries followed by creation of an anastomosis could
be done with safety and low mortality, surgeons became
more daring with the enteric resections that they could per-
form. Dr. Cesar Roux (1857–1934) described his technique
of creating an anastomosis with a loop of small intestine to
bypass a scarred pyloric channel. Allen Whipple described
the first pancreaticoduodenectomy in 1935 which was not
only a courageously aggressive pancreatic head resection,
but also necessitated creating multiple anastomoses (enteric,
pancreatic, and biliary).

The development of the first H2-blocking pharmaceutical
agent (cimetidine in 1976, released in the USA in August of
1977) greatly reduced the need for surgical management of

peptic ulcer disease [1], and the number of antrectomies with
Billroth anastomoses greatly dropped. The development of
proton pump inhibitors (omeprazole in 1990) further
decreased the need for peptic ulcer surgery, which is now a
rare undertaking. However, surgeons came up with ever
more creative ways to cure with the knife, and newer ana-
tomic (re)arrangements were described. The development of
surgical approaches to the management of obesity provided
yet another stimulus for novel foregut surgery. As endo-
scopists, we are now left to confront the various ways the
“plumbing” can be rearranged, and make sense of it on the
video screen (Video 8.1).

Peptic Ulcer Surgery

Excluding bariatric surgery, distal gastrectomy (aka antrec-
tomy) is very likely the most common postoperative change
that might be encountered in general endoscopy. In the his-
tory of surgical treatment of peptic ulcer disease, a number of
approaches were developed. The influence of cholinergic
neurons on acid secretion was discovered early. It was
ascertained that the vagus nerve had an effect on cholinergic
tone to the stomach and thus a considerable influence of acid
secretion [2]. Truncal vagotomy was often performed as an
anti-ulcer operation. Vagotomy leads to pylorospasm; thus, a
pyloroplasty must be done at the same time (Fig. 8.1). An
even more effective operation to reduce gastric acid was a
vagotomy combined with an antrectomy, which removes the
gastrin-secreting cells that reside in the antrum.

After antrectomy, the remaining mid-stomach needs to
be anastomosed to the intestine. Billroth described 2 ways
to do this: either the body of the stomach is sewn to the
duodenal bulb directly (Billroth I), or to a loop of jejunum
just past the ligament of Treitz (Billroth II) (Fig. 8.2). The
mnemonic for remembering this is that a Billroth I has one
opening from the stomach, whereas a Billroth II has two
openings. In reality, one of the openings is actually the
afferent limb, carrying pancreatic juice and bile from the
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duodenum. The other is the efferent limb (the mnemonic
here is the E in Efferent stands for Exit). A Billroth II
anastomosis can be created in an antecolic (in front of the
colon) or retrocolic fashion; however, the difference cannot
usually be detected endoscopically (Fig. 8.3).

It is fortunate that in most Billroth II cases the sur-
geon chooses a site to anastomose the stomach to the
intestine that is not too far from the ligament of Treitz.
For this reason, the ampulla of Vater is typically reach-
able, even with a duodenoscope. The afferent limb (to be
cannulated to reach the ampulla) is typically smaller and
goes “down.” The opening that is easier to get into is
usually the efferent limb. The presence of bile is usually

another clue that you are in the afferent limb, although
on occasion this is not reliable; not infrequently both
limbs need to be checked in order to identify the afferent
limb.

The appearance of a Billroth I anastomosis is somewhat
“nondescript.” Paradoxically, ERCP can be more difficult
with a BI compared to a BII because the ampulla is displaced
proximally, making proper orientation of the papilla some-
times quite difficult (Fig. 8.4). The papilla is easier to orient
properly in patients with Billroth II anatomy, but the ori-
entation of the CBD and PD is turned 180°/inverted
(Fig. 8.5), with the bile duct being below and the pancre-
atic duct above.

Fig. 8.1 a Wide open pylorus
after surgical pyloroplasty.
b Appearance of a surgical
pyloroplasty done more than
60 years previously, in a 100-year
old patient

Fig. 8.2 Diagrams showing the
difference between a Billroth I
and b Billroth II anastomosis
(A afferent limb, E efferent limb)
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Rarely a “double pylorus” can be encountered (Fig. 8.6);
this is not a postsurgical appearance, but basically a gas-
troduodenal fistula that has formed from a pre-pyloric ulcer
penetrating to the duodenal bulb.

In cases of pyloric or duodenal obstruction from post-ulcer
scarring, the gastric outlet can be very stenotic. Rather than
resection of the stenosis, a gastrojejunostomy can be created
instead. Some endoscopists have described creating a

Fig. 8.3 Endoscopic appearance
of a Billroth I anastomosis
(gastroduodenal anastomosis) and
b Billroth II anastomosis

Fig. 8.4 Fluoroscopic
appearance of ERCP scope in
a Billroth I or b Billroth II
anastomosis

Fig. 8.5 Billroth II anatomy,
view of ampulla with impacted
stone, as seen with
a forward-viewing endoscope and
b side-viewing endoscope
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gastrojejunal anastomosis using the lumen opposing Axios
stent (Fig. 8.7a–c). It is possible that with the refinement of
this technique, it might be done more commonly than
placement of a duodenal stent in cases of duodenal
obstruction.

On occasion, a repeat operation is necessary after peptic
ulcer surgery, particularly with the development of one of
the common post-gastrectomy syndromes; this is typically
conversion of a Billroth I or Billroth II to Roux-en-Y with
gastrojejunostomy. The length of the Roux limb is variable,
but a limb length of at least 50 cm is necessary for adequate
diversion of bile away from the gastric pouch. Roux limb
lengths of 50–150 cm are typically utilized, and a bil-
iopancreatic limb of another 50–100 cm can make reaching
the ampulla even more difficult than following a Billroth II,
often requiring devices to assist in deep intubation or, in
some cases, making endoscopic access to the ampulla
impossible.

Anti-reflux Surgery

There remains an important role for anti-reflux surgery
despite the widespread use and effectiveness of proton pump
inhibitors. Very large hiatal hernias can be very symptomatic
and are not uncommonly found in patients with dysplastic
Barrett’s esophagus (BE). Correction of the hiatal hernia can
improve symptoms, and many of these patients may be able
to stop taking PPIs. Patients with regurgitation particularly
benefit from a fundoplication. There is only limited long-term
data of the benefit of repairing a hiatal hernia in dysplastic BE
in terms of preventing recurrence or progression of the dys-
plasia [3]. However, it is known that after BE ablation,
recurrence of dysplasia is not a rare event [4]. So theoreti-
cally, at least, HH repair may be of benefit in patients with
dysplastic BE. In fact, Velanovich reported in his series of
patients significant improvements in recurrence of BE and
persistence of BE in patients who had a Nissen fundoplica-
tion before, at the same time as, or after ablation [5].

There are several different hiatal hernia repairs that have
been described, and each may have benefit in specific cases.
In the present day, these are almost always done laparo-
scopically [6]. The standard repair is a Nissen fundoplica-
tion, which is a 360° “wrap” of the fundus around the distal
esophagus in association with reducing the stomach down
from the mediastinum into the abdomen. A Dor fundopli-
cation is an anterior wrap generally between 90 and 180°.
This is a less robust procedure regarding control of reflux;
but, it is advantageous in situations where a tighter wrap is
not desired (i.e., patients with motility disorders). A Toupet
fundoplication creates a 270° posterior wrap. The Hill repair
recreates the angle of His and does not wrap the fundus
around at all and is largely of historical significance.

Fig. 8.6 Double pylorus; one opening is the native pyloric channel
and the other is a gastroduodenal fistula caused by a peptic ulcer

Fig. 8.7 Endoscopic gastrojejunostomy with an Axios stent. a Forward-viewing EUS scope used to identify jejunal loop, punctured with needle
and contrast injected. b Immediately after Axios placement between the stomach and the jejunum. c View of jejunum through lumen of Axios stent
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A Collis fundoplasty, or esophageal lengthening procedure,
may be required in patients with foreshortened esophagus,
where the stomach cannot be easily pulled down into the
abdominal cavity.

There are subtle differences in endoscopic appearance of
fundoplication between the different surgeries [7]. However,
the Nissen is the most common done fundoplication. It has
an appearance of “stacked coins” with a deep posterior
groove and a shallower anterior groove (Fig. 8.8). A Dor or
Toupet is similar, but the wrap does not go completely
around. It may not be obvious that a patient had a Collis
fundoplasty, as the surgical changes are typically covered by
the wrap. As mentioned above, the proper position of a
fundoplication is around the distal esophagus. Thus, endo-
scopically, the GEJ should be located beneath the pinch of
the diaphragm/top of the fundoplication (often very close
and indistinguishable from one another). If the GEJ can be
seen above this level, it likely represents some degree of

malposition of the fundoplication which can be associated
with dysphagia.

Resective Surgery for Benign and Malignant
Disease

Esophagus

Esophagectomy is pursued in resectable cases of esophageal
cancer (usually after neoadjuvant chemoradiation), and on
occasion for benign conditions (unusual cases of dysplastic
Barrett’s,orendstageachalasia).Inallofthesecases,thestomach
is “tubularized,” then anastomosed to the proximal esophagus.
Stricturing of the surgical anastomosis is, unfortunately, com-
mon, particularly if there has been a leak postoperatively
(Fig. 8.9), and usually requires multiple frequent dilation pro-
cedures and/or esophageal stenting.Occasionally, there isBar-
rett’sepitheliumremainingafter esophagectomy.

The appearance of the foregut anatomy after esophagec-
tomy can be surprisingly similar to the normal situation, with
the exception of the esophagogastric anastomosis in the
chest. The entire stomach remains, although narrower, and
there is an antrum and pylorus. Pyloroplasty is usually done
after an esophagectomy because of concern for pylorospasm
related to the obvious need for a truncal vagotomy in the
process of resection. Some surgeons will choose to do Botox
injection into the pylorus rather than pyloroplasty; current
practices in the field are in evolution [8].

In rare cases, a colonic interposition is made to create a
conduit between the upper esophagus sphincter and stomach
(Fig. 8.10). In these cases, EGD for colon cancer screening
and polyp surveillance will be necessary. Other unusual
anatomic findings after esophagectomy may include a jeju-
nal interposition or, uncommonly, creation of a “skin tube”
(Fig. 8.11).Fig. 8.8 Normal view of Nissen fundoplication with the so-called

stack of coins appearance

Fig. 8.9 a Anastomotic stricture
after esophagectomy. b After
incisional treatment with
insulated tip knife; suture material
is visible at 6 o’clock position
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Stomach

The vagotomy and antrectomy that can be performed for
PUD can also be utilized to treat malignancy of the distal
stomach. The main difference between the two procedures is
that an extended lymphadenectomy is usually done with
gastrectomy for malignancy; however, this is not apparent

endoscopically. Gastric cancer in the middle of the stomach
is resected with more of the stomach removed, but the
anastomosis is created in a similar manner to that described
above. Proximal resections, however, are often managed by
total gastrectomy (rather than proximal gastrectomy), with
esophagojejunal anastomosis [9]. Proximal gastrectomy
seems to have a higher incidence of reflux esophagitis,
anastomotic stenosis, and poor gastric emptying.

Pancreatic Head

Resection of the pancreatic head typically involves resection
of adjacent duodenum. The pancreaticoduodenectomy
(Whipple procedure) is a surgical tour de force, involving
partial or complete resection of 5 structures (stomach, duo-
denum, gall bladder, bile duct, and head of pancreas) followed
by the creation of 4 anastomoses: gastrojejunal, jejunojejunal,
pancreatic duct (pancreaticojejunostomy), and bile duct (c-
holedochojejunostomy or hepaticojejunostomy). This proce-
dure is usually performed for pancreatic head lesions (both
benign and malignant) or chronic pancreatitis, but can also be
used to treat patients with duodenal malignancy.

For a period of a few years, the “pylorus-sparing Whipple
procedure” was widely performed in an attempt to decrease
dumping syndrome from the stomach. In this operation, the
antrum and pylorus were left intact and a jejunal anasto-
mosis created just past the pylorus. The pylorus-sparing
Whipple has fallen out of favor lately because it does not
seem to confer any advantage, and may lead to gastric
emptying issues in some patients, although some surgeons
still perform this version of the operation [10].

In many cases of Whipple resection, the afferent Roux
limb may not be excessively long, making possible endo-
scopic access to the hepaticojejunostomy or pancreaticoje-
junostomy (Fig. 8.12). This access is important to treat the
occasional case of pancreatic or biliary anastomotic stricture.
Longer Roux limbs have to be traversed with a colonoscope,

Fig. 8.10 Colonic interposition after esophagectomy

Fig. 8.11 Skin tube anastomosis from hypopharynx to gastric pull-up
after esophagectomy

Fig. 8.12 a Fluoroscopic
appearance of forward-viewing
endoscope after Whipple
resection. b The
hepaticojejunostomy is open
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Spirus overtube, or single or double balloon forward-viewing
endoscopes.

Bariatric Surgery

There has been a dramatic increase in the incidence of bar-
iatric surgery for weight management. There are many
mechanisms by which bariatric surgery works to cause
weight loss, although many surgeries work via a combina-
tion of mechanical restriction of food intake and nutrient
malabsorption [11]. There are a variety of surgeries that have
been described, but there are clearly a few which will be
most commonly seen.

Roux-Y Gastric Bypass (RYGB)

The Roux-Y gastric bypass (RYGB) has historically been
the most common bariatric surgery done in the USA. In the
RYGB, the stomach is partitioned with a stapler/cutter,
creating a small pouch of the proximal stomach (Figs. 8.13
and 8.14). The small volume of this pouch leads to early

satiety. The pouch is drained by an end-to-side anastomosis
of a Roux limb of jejunum. The anastomosis or proximal
jejunum just below this point is vulnerable to ulceration
(often due to ischemia) which can be made worse in
post-bypass patients that continue to smoke, or take exces-
sive amounts of NSAIDs (Fig. 8.15). Upper GI bleeding can
occur at these sites, necessitating urgent endoscopy. Stric-
turing of the anastomosis is common but is usually managed
endoscopically with through the scope balloon dilation
(sometimes up to 20 mm in diameter) (Fig. 8.16).

P

GR

JJ

Rx

BP

CC

Fig. 8.13 Diagram of Roux-Y gastric bypass (RYGB), P pouch, GR
gastric remnant, BP biliopancreatic limb, Rx Roux limb, CC common
channel

Fig. 8.14 Endoscopic appearance of gastric pouch in RYGB

Fig. 8.15 Jejunal ulcer at anastomosis of RYGB

Fig. 8.16 Balloon dilation of a stenotic gastrojejunal anastomosis in
RYGB
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Earlier in the history of the RYGB, the stomach was
partitioned (stapled only) rather than divided (stapling plus
cutting). Over time, a fistula could occur between the gastric
pouch and the gastric remnant. This gastrogastric (G-G)
fistula was encountered in up to half of patients. The pres-
ence of a G-G fistula is usually signaled by weight regain,
loss of early satiety, or new onset of reflux symptoms
(Fig. 8.17). Some surgeons may interpose omentum between
the gastric pouch and gastric remnant to prevent the for-
mation of a G-G fistula. A G-G fistula may occur after an
undiagnosed small leak, or ulcer, even in the divided RYGB.

Sleeve Gastrectomy

There is an increasing use of sleeve gastrectomy, and it has
now become the most commonly performed weight loss
operation in the USA [11], surpassing RYGB in many
centers. Sleeve gastrectomy involves resection of most of the
corpus of the stomach, usually along the greater curvature.
The cut edges of the stomach are sewn or stapled together

over a sizing bougie, usually 38–42 French (13–14 mm),
leaving a “sleeve” of stomach. The resection typically ends
4–6 cm proximal to pylorus, so the appearance of the antrum
and pylorus is normal. Endoscopically, a small pouch may
be noted in the high fundus, then a narrow lumen, and finally
more space in the distal antrum just before the pylorus
(Fig. 8.18a, b). Weight loss is tied to increased satiety with
small meal volumes and possibly changes in levels of GI
hormones such as ghrelin.

Strictures may occur at the angularis after a sleeve gas-
trectomy. These are often managed utilizing an achalasia
balloon of at least 30 mm [12]. Leaks tend to occur at the upper
part of the stomach, near the angle of His. This location is a
transition zone from the esophagus (which lacks serosa) to the
gastric cardia and is considered somewhat of a watershed area
from a blood supply standpoint, predisposing it to potential
leaks. Sometimes, a “dog-ear” of stomach is left at this loca-
tion surgically in an attempt to avoid the leak. This small
“dog-ear” of gastric cardia/fundus represents the small pouch
noted upon entering the stomach as described above.

ERCP can be more challenging after gastric sleeve creation,
because the ERCP scope can only be held in “short position”
along the lesser curvature (the greater curvature having been
removed at the time of surgery); “long scope position,”which is
sometimes helpful for achieving optimal ampullary orientation
to facilitate cannulation, is typically not achievable.

Biliopancreatic Diversion with Duodenal
Switch (BPD/DS)

Biliopancreatic diversion with duodenal switch (BPD/DS) is
another procedure that is gaining favor as a bariatric operation in
patients with very high BMIs (>50), and may be better than the
RYGB procedure in diabetic patients because it is a “malab-
sorptive” procedure. Usually, a sleeve gastrectomy is con-
structed, but the sleeve is wider as it is created over a slightly

Fig. 8.17 Gastrogastric fistula after RYGB

Fig. 8.18 a Diagram of sleeve
gastrectomy; S gastric conduit
(“sleeve”), RS resected stomach.
b Endoscopic appearance of the
middle of sleeve gastrectomy
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larger bougie. The small bowel is divided 250 cmproximally to
the ileocecal valve. An anastomosis is created between the
proximal portion of this division and the ileum 100 cm proxi-
mal to the ileocecal valve. About 3–4 cm past the pylorus, a
duodenoileostomy is created between the distal portion of this
division and the duodenum. Patients can lose up to 90% of
excess body weight (compared to about 70% after RYGB).

Laparoscopic Band Surgery

The use of the adjustable laparoscopic band (“lap band”) as a
means for weight loss has lost momentum in recent years in
favor of the other surgical approaches described above.
Weight loss with the lap band, which restricts the amount of
food that the stomach can hold, is more modest, and ongoing
adjustments seem to be required in many patients. The lap
band is a surgically implanted saline-filled ring that is
positioned in the proximal stomach, typically 1–2 cm below
the GE junction. Endoscopically, first a pouch then a nar-
rowed segment of stomach is seen. Migration of the lap band
through the wall of the stomach has been described, neces-
sitating surgical or, rarely, endoscopic removal.

Length of Efferent Limbs of Small Bowel
in Foregut Surgery

In a standard RYGB, the efferent limb of jejunum from the
pouch is anastomosed to small intestine a variable distance
downstream. Different surgical practices utilize varying
lengths of Roux limbs; surgeons at our institution, for
example, will create a Roux limb about 150 cm in length.
Most surgeons create Roux limbs between 75 and 150 cm,
and the length of the Roux limb has minimal, if any, impact
on weight loss unless the patient has a BMI >50.

With long Roux limb lengths such as this, access to the
remnant stomach is very challenging and usually impossible,
even with the use of device-assisted enteroscopy (single
balloon, double balloon, spiral, or other device-assisted). It
may be necessary to access the gastric remnant in cases of
suspected bleeding from the remaining stomach or duode-
num, or to complete an ERCP. Several ways to do this have
been described; a detailed description of this is beyond the
scope of this chapter, but many involve surgical access to the
remnant stomach.

Complications After Bariatric Surgery

Complications after bariatric surgery can be classified as
immediate or delayed. Immediate complications include
leak, perforation, and bleeding. Immediate leaks usually

occur at the G-J anastomosis staple line; this may be due to
tension on the anastomosis and/or relative ischemia. The
second most common location of a leak is usually up high on
the staple line near the angle of His. This is a “watershed
area” as mentioned previously, potentially predisposing it to
leaks. Tension on the anastomosis can worsen blood flow to
the area creating risk of ulceration and/or staple line failure.
Bleeding from any staple line can occur in the immediate
postoperative period or at a later date.

Long-term issues with the post-bypass anatomy can also
be encountered. Strictures of the anastomosis can be seen
following healing of ulcers or independent of ulceration,
again likely due to blood supply/ischemia issues. Enlarge-
ment of the pouch or anastomosis is sometimes found and
can often be corrected surgically or endoscopically [13].
Gastrocolic (G-C) fistulas can form in the setting of an ulcer.
Patients with G-C fistulas usually have an antecolic anas-
tomosis, since the anastomosis is often close to the colon in
this configuration. Retrocolic anastomoses are less likely to
develop a G-C fistula, but have other unique potential
problems. For one, an opening needs to be created in the
colonic mesentery to allow passage of a loop of jejunum up
to the pouch. If the opening is too big, bowel can herniate
through the surgically created defect and lead to a small
bowel obstruction. If the opening is not big enough, the
Roux limb can be “pinched” and could lead to a mechanical
obstruction. In current practice, most RYGB are usually
done with the antecolic approach.

Symptomatic reflux after bariatric surgery is an increas-
ingly recognized problem [14] with treatment options more
limited than in patients without altered anatomy. Most
patients respond to some degree to proton pump inhibitor
therapy. The Stretta device has been used with some success
in these patients, and magnetic devices (similar to a magnetic
bracelet) have been placed around the LES may develop a
role in this patient population. It is possible to use the
remnant stomach to create a partial or 360 degree fundo-
plication, though data regarding this is limited currently.
Standard anti-reflux procedures are generally not possible,
since there is so little proximal stomach left, and a “wrap”
cannot be created.

Conclusions

The endoscopist must be ready to identify postsurgical
anatomy. Obtaining a good surgical history is the most
important component of being able to identify surgical
changes, but many patients are not aware of the specific
surgical details, and “figuring it out as you go” may be
your only choice. Despite the striking decrease in need for
peptic ulcer surgery since release of H2-blockers and PPIs,
these operations may still be necessary, and Billroth II
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anastomoses continue to be encountered. Endoscopy on
patients that have undergone a Whipple resection may be
required. The ever-increasing numbers of patients who
have undergone bariatric surgery represents the biggest
need in understanding postsurgical anatomy of the foregut.
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9Enteral Feeding Tubes: What Every Fellow
Should Know

John C. Fang

Introduction

GI fellows rapidly discover that they must become inti-
mately familiar with the role of feeding tubes in patients with
GI disease. Gastroenterologists are frequently called upon to
select which type of feeding tube is best, as well as where
and how it should be placed. Enteral feeding is the preferred
method of nutrition support when oral feeding is inadequate
and a functional gastrointestinal (GI) tract is present.
Endoscopic insertion of enteral feeding tubes was a major
advance in the delivery of nutrition therapy with the first
report of the percutaneous endoscopic gastrostomy (PEG) in
1980 [1]. Since that initial report endoscopic techniques for
placement of nasoenteric tubes (NET), percutaneous gas-
trojejunostomy (PEGJ), and direct percutaneous endoscopic
jejunostomy (DPEJ) have been described as well [2].

The type of enteral feeding tube selected is dependent on
many factors. Ethical considerations, risk factors related to
tube placement, the patient’s disease state, gastric and small
bowel function, short- and long-term goals, and intended
length of therapy are all weighed in the decision to feed a
patient via the enteral route. This is best performed by a
gastroenterologist who combines the cognitive expertise in
nutrition and gastroenterology together with the technical
endoscopic skills to place the appropriate type of feeding
tube. Communicating with and involving the patient/family,
dieticians, and referring healthcare providers in the decision
making process is essential for the successful delivery of
enteral feedings. Gastroenterologists should also provide the
appropriate post-placement care of feeding tubes to prevent
complications of enteral access devices. This chapter will

cover the selection, placement and management of endo-
scopic feeding tubes including: nasoenteric tubes (NET),
percutaneous endoscopic gastrostomy tubes (PEG), percu-
taneous endoscopic gastrojejunostomy tubes (PEGJ), and
direct percutaneous endoscopic jejunostomy tubes (DPEJ).

Feeding Tube Types and Selection

There are several factors that assist the gastroenterologist in
determining the optimal type of feeding tube to place.
A clear rationale for enteral feedings, potential length of
therapy and a location for enteral access placement must be
determined prior to any procedure. A thorough history
including the patient’s current and past medical and surgical
conditions (including previous upper GI surgeries) and a
focused physical assessment including the anatomy and
function of the upper airway, esophagus, and digestive tract
is imperative in the selection of the appropriate enteral
access device. Assessment of the abdominal wall for open
wounds and fistula, post-surgical scars, the presence of or
future requirements for ostomies, percutaneous or intraab-
dominal infusion devices and peritoneal dialysis catheters
are all important in the evaluation for all percutaneous tubes.

The estimated duration of enteral therapy is the main
factor in determining nasal tube placement versus percuta-
neous enterostomy. Generally, tubes used for short-term
therapy (<4–6 weeks) are placed nasally or in some cases
orally (often in critically ill ICU patients). These tubes
include nasogastric, nasoduodenal, nasojejunal, and
nasogastric-jejunal tubes and can also be placed blindly at
the bedside or fluoroscopically in addition to endoscopically
[3]. For longer-term placement, greater than 4–6 weeks,
percutaneous endoscopic enterostomy tubes (PEG, PEGJ,
DPEJ) are placed into the stomach and/or the small bowel.
When long-term percutaneous access is selected, the con-
dition of the external abdominal wall, ability to correct
coagulopathies, and patient tolerance to moderate/deep
sedation and anesthesia for endoscopy must also be
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assessed. Percutaneous feeding tubes can also be placed with
local anesthesia of the abdominal wall and intravenous
conscious sedation by interventional radiologists using
fluoroscopic guidance in patients at high risk for endoscopic
procedures.

The decision to opt for gastric or small bowel feeding is
based on gastric motility, the presumed aspiration risk,
alterations in gastrointestinal anatomy (i.e., post-surgical)
and co-existing medical conditions. Most patients tolerate
gastric feeding well with criteria for PEG feeding including a
relatively normal gastric and small bowel motility and gas-
tric anatomy acceptable to place a PEG. Patients who are
unable to tolerate gastric feedings, cannot receive a PEG as a
result of altered anatomy or motility, have gastric outlet or
duodenal obstruction, have a gastric or duodenal fistula, or
have severe gastroesophageal reflux disease should be con-
sidered for a percutaneous jejunal feeding tube (PEGJ or
DPEJ). Patients with prolonged acute and chronic pancre-
atitis are candidates for deeper enteral feeding as well.

When there is obstruction or significant gastroparesis, the
gastric port of the PEGJ (or separate PEG and DPEJ) can be
used for decompression while delivering the feeding solution
into the small bowel through the jejunal port [4, 5]. The use
of small bowel feeding to reduce aspiration pneumonia is
controversial. Meta-analyses and systematic reviews (pri-
marily with nasogastric vs. nasoenteric tubes) are conflicting
with the most recent meta-analysis showing decreased risk
of aspiration pneumonia with small bowel feeding, and the
most recent multi-center randomized controlled trial show-
ing no difference in outcomes between the two [6, 7]. Ret-
rospective studies with PEGJ (or PEG tubes for that matter)
do not clearly demonstrate decreased risk of aspiration
pneumonia.

The internal retention bolsters of percutaneous tubes are
constructed of either solid material (silicone or polyurethane)
or silicone balloons. Solid internal bolsters are more com-
mon with initial percutaneous enterostomy tube placement
due to their greater longevity. Balloon-type internal bolsters
are more common with standard and low profile replacement
devices due to their ease in placement. These balloons
generally have a lifespan of *6 months [8].

PEGJ tubes are available as single and two-piece devices
consisting of a gastrostomy with a smaller bore extension
tube that passes through the pylorus into the distal duode-
num or jejunum. Most PEGJ tubes are specifically designed
with separate gastric and jejunal lumens and ports allowing
for both jejunal feeding and gastric decompression. If the
internal bolster is of the balloon type, an additional third port
is present for balloon inflation and deflation. Of note, there
are no specific tubes manufactured for DPEJ so standard 14–
20 F PEG kits are used for this purpose.

Feeding Tube Placement Methods

Nasoenteric Feeding Tubes (NET)

Nasoenteric feeding tubes are inserted when short-term
access is indicated. These tubes can provide an opportunity
to assess tolerance of enteral feedings before placement of a
percutaneous enterostomy is decided upon (if longer-term
access is required).

Contraindications to nasogastric or nasoenteric feeding
tube placement include obstructing head, neck and esopha-
geal pathology or injury preventing safe insertion. Plain
abdominal or chest radiography after placement is often
useful to confirm depth of placement, but is not mandatory.
Nasoenteric feeding tubes are placed anywhere distal to the
pylorus while nasojejunal tubes are, by definition, placed
distal to the ligament of Treitz. Distal nasojejunal placement
is reliably achieved with endoscopic techniques with >90%
success rates reported [9].

Multiple methods have been described for endoscopic
NET placement and familiarity and repetition with one or
two techniques is often critical to successful placement. The
“drag-and-pull” method has traditionally been the standard
endoscopic technique employed. In this technique, an
endoscopic forceps advanced through the working channel
of the endoscope is used to grasp the distal end of the
feeding tube or a suture attached to the end of a feeding tube,
which is then dragged into position in the small bowel and
released, after which the endoscope is removed. Alterna-
tively, when using the over-the-guidewire technique, the
endoscope is advanced into the small bowel and a guidewire
is then passed through the working channel into the proximal
jejunum. The guidewire is subsequently advanced, while the
endoscope is withdrawn over the wire, maintaining position
of the guidewire tip in the jejunum. Since the guidewire is
traditionally passed with transoral endoscopy, an oral-nasal
transfer of the guidewire must be performed. The feeding
tube is then passed over the guidewire into position.

The over-the-guidewire technique can also be performed
with transnasal endoscopy using a small caliber (5–6 mm
diameter) endoscope to obviate the need for oral-nasal
transfer and can be performed with minimal or no sedation.
The smaller caliber endoscope passed orally or nasally may
also be used in patients with stenosis, partial obstruction,
malignancy, upper GI stents, or otherwise altered anatomy
[10]. The trade off, however, is that these ultrathin endo-
scopes are more prone to coiling limiting the distal extent
reached in the small bowel.

Coiling is problematic with each of the aforementioned
techniques and several tips can facilitate successful deep
enteral access. Stiffer guidewires can help prevent coiling to
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maximize the depth of tube placement [11]. Keeping the
stomach decompressed to minimize gastric volume can also
reduce coiling when advancing ultrathin endoscopes and is
also important when withdrawing any type of endoscope as
leaving the guidewire as straight as possible will allow
deeper placement of the feeding tube. In addition, leaving
the feeding tube less looped in the stomach will help prevent
retrograde migration after placement. Maintaining the posi-
tion of NET beyond the pylorus is often problematic because
of retrograde migration, which occurs in up to 31% of
patients [12]. Retrograde migration of the NET can occur at
the time of initial placement as the endoscope is withdrawn
or after placement if there is excessive looping of the feeding
tube in the stomach.

Use of a re-closeable clip to attach the distal tip of a
feeding tube to the small bowel mucosa can reduce the rate
of retrograde migration. In a randomized trial comparing
standard over-the-wire to clip-assisted placement (in which a
feeding tube with a non-absorbable suture affixed to the tip is
picked up in the stomach and then clipped to the duodenal
wall) spontaneous retrograde tube migration was reduced
from 4.2 to 1.4% (Fig. 9.1) [12]. The number needed to clip
(treat) to avoid one repeat endoscopy was 4.8 (95% CI 3.1–
11.3) [12]. Clip placement added 3 min to mean procedure
time and increased mean cost per patient, which may be
offset when radiographs are excluded from the clip group
[12]. A systematic review identifying 5 cohort series with 41
patients did not observe any spontaneous migration of
feeding tubes after clipping [13].

Percutaneous Enterostomy Tubes

Enterostomy tubes are placed when long-term access (>4–
6 weeks) is required. Routine pre-procedural testing of
coagulation parameters and platelets are no longer recom-
mended, but should be considered if there is concern for
abnormal coagulation due anticoagulant medication, medical
history of excessive bleeding or recent antibiotic use. Pro-
phylactic antibiotics are administered as they have been
shown to decrease peri-stomal infection rates when using
endoscopic methods [14, 15]. ASGE guidelines recommend
administration of IV antibiotics to all patients before PEG
(and PEGJ, DPEJ) tube placement [16]. The current standard
is a single dose 1 g cefazolin administered 30 min prior to
the procedure.

Endoscopic placement of a percutaneous feeding tubes
is considered a higher risk bleeding procedure by ASGE
guidelines and has been demonstrated to have up to a 2.5%
risk of severe bleeding (defined as hemorrhage requiring
blood transfusion, hospital admission, or

endoscopic/surgical intervention) [17]. Patients are catego-
rized into high and low risk for thromboembolic events.
Patients at low risk should have their anticoagulant agents
(new oral anticoagulants (NOAC) and warfarin) stopped 2–
4 half-lives before percutaneous feeding tube placement
without bridging. High thromboembolic risk patients
should have their anticoagulant agents held and bridged
with low molecular weight or unfractionated heparin.
Resumption of warfarin can occur on the same day as the
procedure and when adequate hemostasis is ensured for
patients on NOAC’s. For antiplatelet agents, the
thienopyridines (i.e., clopidogrel) should be held for at least
5–7 days before PEG placement though it is permissible to
continue NSAIDs and ASA in patients with high throm-
boembolic risk [17]. Consultation with other relevant spe-
cialists will be important to manage these risks in specific
patients. Patients can be managed with nasoenteric tubes if
a relatively short NOAC treatment duration is planned. The
reader is referred to comprehensive recent ASGE guideline
on this topic [17].

Fig. 9.1 a NET placement: clipping suture attached to nasoenteric
feeding tube to small bowel. b NET placement: Nasoenteric feeding
tube clipped to small bowel
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Percutaneous Endoscopic Gastrostomy
Tubes (PEG)

Percutaneous endoscopic gastrostomy (PEG) is the most
common technique for obtaining long-term gastric access for
enteral nutrition and is generally performed under moderate
sedation [18]. There are two general indications for PEG
placement; enteral feeding and gastric decompression.
Absolute contraindications for endoscopic PEG placement
are obstruction of the GI tract proximal to the stomach,
severe coagulopathy, active peritonitis, bowel ischemia,
hemodynamic instability and inability to identify a safe
abdominal access site [19]. Additional relative contraindi-
cations include ascites, coagulopathy, gastric varices, active
head and neck cancers, morbid obesity and neoplastic,
infiltrative or inflammatory disease of the gastric or
abdominal wall [20]. Reported success rates for PEG
placement are greater than 95% [21]. Abnormal endoscopic
findings have been identified during 10–71% of PEG pro-
cedures and have altered management in as many as 36%,
showing the value of a complete EGD even in the setting of
PEG placement [22]. Additional advantages of endoscopic
PEG placement include the ability to perform the procedure
at the bedside (i.e., in the ICU) and lack of radiation
exposure.

The “pull” and “push” techniques are the most common
endoscopic methods for PEG placement. The pull (or Pon-
sky) technique is performed much more frequently despite
no documented differences in success rates or outcomes
[23]. Air is insufflated into the stomach via an endoscope.
The optimal site for PEG placement is determined through
simultaneous endoscopic trans-illumination noted on the
abdominal wall and finger indentation at the site visualized
endoscopically. The abdominal wall is typically sterilized
with topical agents, and a surgical drape is applied. Local
anesthesia is used to reduce discomfort. A small incision is
made at this site and a needle/trocar is inserted through the
abdominal wall and into the stomach. A guidewire is passed
through the needle/trocar and grasped endoscopically (usu-
ally with an endoscopic snare) and withdrawn through the
mouth. A gastrostomy tube is then affixed to the guidewire
and pulled through the esophagus into the stomach and out
the abdominal wall. The gastrostomy tube is held in place by
a solid “mushroom”-type internal retention device and an
external bumper.

The push method is similar to the pull method except an
introducer tube with a hollow central lumen is used. After
the guidewire is placed, the introducer tube is threaded over
the guidewire. It is then advanced over the guidewire from
the mouth and pushed until it emerges from the abdominal
wall. It is then grasped manually and pulled into position as
described above.

Site selection and procedural technique are paramount to
successful and safe PEG placement. The access site should
be at least 2 cm away from the costal margin to minimize
patient discomfort during respiration post-placement.
The PEG site should also be >2 cm away from surgical scars
as intervening bowel loops tend to adhere to scar tissue
immediately deep to the scar. In addition to marking the
location on the abdominal wall where trans-illumination and
one-to-one finger indentation occurs, it is important to note
the angle and orientation of the finger during indentation and
to replicate this during the needle/trocar insertion to ensure
optimal PEG placement.

The Foutch “safe tract” technique should be used when a
finder needle or trocar is advanced through the abdominal
wall into the stomach. Steady aspiration is applied to a saline
(or 1% lidocaine) filled syringe attached to the needle to
ensure that no air bubbles or blood are seen in the syringe
prior to endoscopic visualization of the needle tip entering
the stomach. This ensures that the needle’s path does not
include adjacent vessels or bowel loops [11].

A skin incision (to potentially facilitate tube passage
through the abdominal wall) should be made the same size
or slightly smaller than the diameter of the feeding tube. This
may require extra force to pull the PEG tube through the
skin, but an overly large incision violates surgical principles
allowing for increased risk of infection and potentially
longer and poorer healing of the site.

Patients receiving PEG tubes are at high risk of aspira-
tion, especially during the procedure. Minimizing procedure
time, dedicating an assistant to airway care and suctioning,
and elevating the head of bed to 30–45° will help minimize
this risk.

The risk of the post-procedural complications of
peri-stomal infection, buried bumper syndrome (wherein the
bumper imbeds deeply in the gastric wall and may not be
identifiable endoscopically) and necrotizing fasciitis are
increased when there is excessive tension between the inner
and outer bumper of the PEG [19]. Keeping 0.5–1.0 cm of
“play” (position off the abdominal wall) at the time of
placement and at least 1 cm after stoma tract maturation can
help reduce this risk. In addition, if the patient gains sig-
nificant weight after tube placement (usually due to suc-
cessful nutritional therapy), the external bumper will need to
be additionally loosened to prevent these complications,
most notably a buried bumper.

Percutaneous Endoscopic Gastrojejunostomy
Tubes (PEGJ)

Percutaneous endoscopic gastrojejunostomy (PEGJ) may be
performed immediately or anytime after gastrostomy tube
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placement. Similar to NET placement multiple methods for
PEGJ placement have been described. Traditionally, a
guidewire is placed through the existing gastrostomy tube,
grasped endoscopically, and carried into the jejunum. The
endoscope is then withdrawn leaving the guidewire in place.
The jejunal extension tube is then threaded over the guide-
wire into the small bowel with or without fluoroscopic
assistance [24, 25]. This technique, while commonly per-
formed, frequently results in displacement of the jejunal tube
back into the stomach on withdrawal of the endoscope.

The “drag-and-clip” method (similar to that described for
NET) can be used to prevent this initial jejuna tube dis-
placement and reduce feeding tube migration for the dura-
tion the clip remains in place. In this method, a jejunal
feeding tube with a suture on its tip is inserted through the
PEG into the stomach lumen. A re-closable clip is passed
through the working channel of an endoscope and used to
grasp the suture and drag the tube into the jejunum. The
suture is then clipped to the jejunal mucosa, securing the
feeding tube to the small bowel. Withdrawing the re-closable
clip back into the working channel after grasping the suture
will facilitate advancement of the endoscope while
decreasing trauma on the bowel wall (Fig. 9.2). Multiple
clips can also be deployed on the suture to further ensure that
the position of the feeding tube is maintained. In one study,
the average procedure time using a variation of this method
was 21 min, employing both forceps and clips, which is less
than that reported when endoclips are not used [26]. A recent
retrospective study showed a 93% success rate for PEGJ
placement with the use of endoclips [26]. The mean func-
tional duration of these tube was 55 days with the primary
reason for tube replacement being clogging (as opposed to
displacement) [26].

Another means of placing a jejuna extension through a
PEG is to place the wire into the small bowel through an
ultrathin endoscope advanced directly through a PEG tube.
Advancing the endoscope through the PEG itself also miti-
gates tube displacement upon endoscope withdrawal. This
through-the-PEG placement of the jejunal extension tube
uses a combination of larger diameter 24–28 Fr PEG tubes
and ultrathin (5–6 mm) endoscopes, and has demonstrated
good success rates and acceptable tube patency. In this
method, an ultrathin endoscope is inserted through the PEG
tube into the stomach and advanced deep into the small
bowel. A guidewire is then advanced through the working
channel of the endoscope into the jejunum. The endoscope is
then exchanged over the wire while taking care to avoid
looping or kinking of the wire. The jejunal extension tube is
then passed over the wire and the proximal end seated on the
PEG tube Y-port adapter.

This technique was 99.2% successful in a recent case
series of 121 procedures [27]. Jejunal extension tube dys-
function occurred in 24% of cases, with tube kinking,

occlusion, and breakage as the most common problems [27].
The average lifespan of the tubes was 123.6 days, which
may be partially related to the larger 12 Fr tubes used in this
study [27]. Further advantages of this technique are that the
jejunal extension tubes can be placed with minimal or no
sedation with relatively short procedure times and without
fluoroscopy. Another variation of this method uses an
existing mature gastrostomy site. The PEG is removed
completely and an ultrathin endoscope advanced into the
jejunum and wire placed (Fig. 9.3). A one-piece gastroje-
junostomy tube is then advanced over the wire as described
above.

Despite high technical success rates for placement of
PEGJ, the clinical success is considerably lower with
reported malfunction rates of 53–84% [28]. Failure is most
commonly due to retrograde migration or tube occlusion
secondary to kinking or clogging of these smaller (8–12 Fr)
jejunal extension tubes [28].

Technical tips to achieve maximal depth of the jejunal
extension into small bowel can help optimize functional

Fig. 9.2 a PEGJ placement: suture loop attached to distal end of
jejunal extension tube. b PEGJ placement: clipping jejunal extension
tube to small bowel
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success. The antrum should be considered for the gastros-
tomy insertion site as this allows a shorter and straighter
track to the small intestine for the jejunal extension tube
[11]. Directing the puncture of the stomach with the
needle/trocar angled toward the pylorus will also help
achieve this goal. Minimizing dead space (i.e., excessive
intra-gastric length of the tube) reduces coiling and allows
maximal length of jejunal placement beyond the pylorus
[11]. Cutting the external length of the PEG short (<10 cm)
also allows maximal length of the jejunal tube by mini-
mizing its length outside the body [11]. Using an extension
tube of longer length will also allow for a deeper and more
stable position in the jejunum. Finally, it is important that the
jejunal extension tube should be advanced far enough into
the small bowel to minimize looping in the stomach (not
advancing far enough) without creating excess tension (ad-
vancing too far), both of which can lead to retrograde
migration. While fluoroscopy is not absolutely required for
PEGJ placement, the authors have found it useful to reduce
looping in the stomach and achieve more distal (and stable)
placement.

Direct Percutaneous Endoscopic Jejunostomy
Tubes (DPEJ)

DPEJ is indicated for jejunal feeds when an existing PEG is
not present, for persistent dysfunction of PEGJ tubes and,
most importantly, when expertise in placing a DPEJ exists.
DPEJ tubes have greater durability as the larger bore tubes
clog less and do not migrate or kink as frequently when
compared to PEGJ [28, 29]. DPEJ may also reduce aspira-
tion in high-risk patients [30]. DPEJ, however, is performed

much less frequently than PEGJ, at least in part due to the
perceived risk and need for greater technical expertise.
Direct percutaneous jejunostomy is considerably more dif-
ficult technically than percutaneous gastrostomy despite
similar methods. Success rates are lower and complications
rates are higher when compared to PEG tubes [5: 4–8].
Success rates for endoscopic jejunostomy range from 68 to
100% [31].

Direct percutaneous endoscopic jejunostomy (DPEJ) is a
modification of the pull PEG technique. A pediatric
colonoscope or enteroscope is advanced into the small
bowel. Transillumination and finger palpation is performed
over the jejunum instead of the stomach. A sounding needle
and/or trocar is passed through the anterior abdominal wall
into the jejunum. An insertion wire is advanced through the
trocar and grasped. The procedure is then completed as per
the pull type PEG (Figs. 9.4, 9.5, video 9.1) [32, 33]. Both
single balloon enteroscopy (SBE) and double balloon
enteroscopy (DBE) allow for deeper intubation of the small
bowel, compared to standard push enteroscopy, increasing
the likelihood of reaching an appropriate site for DPEJ
insertion. A recent study showed successful DPEJ placement
in 10/10 patients using the DBE under general anesthesia
(GA) after failed conventional placement with a pediatric
colonoscope using conscious sedation [34]. In another study,
Despott et al. also reported successful DPEJ tube placement
by DBE under GA in nine of the ten consecutive cases, with
failure in one case secondary to inadequate
trans-illumination [35]. The mean procedure time was
35 min, and no procedure-related complications were
reported [35]. Similarly, in yet another study single balloon
enteroscopy (SBE) demonstrated success in 11 of 12 DPEJ
procedures attempted with conscious sedation [36]. Initial

Fig. 9.3 a PEGJ placement through mature PEG stoma tract. Ultrathin
endoscope advanced to small bowel through existing gastrostomy.
b PEGJ placement through mature PEG stoma tract. Endoscope is

withdrawn leaving wire in place in small bowel. c PEGJ placement
through mature PEG stoma tract. PEGJ tube advanced over wire into
small bowel and wire is withdrawn
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Fig. 9.4 a DPEJ placement.
b DPEJ placement. From Ref.
[28]. With permission from
Elsevier

9 Enteral Feeding Tubes: What Every Fellow Should Know 97



data suggest that balloon assisted enteroscopy is a safe and
effective innovation for DPEJ.

Despite the similarity in the technique of PEG and DPEJ
placement, DPEJ is a considerably more difficult procedure.
Several technical tips can help identify a safe access site
and stabilize the small bowel to increase success. Using the
trans-illumination function on the light processor maxi-
mizes potential for localizing an access site [30]. Surgical
scars do not need to be avoided (as opposed to this case
when placing a PEG tube, where they are usually avoided).
In patients undergoing DPEJ placement, scars may repre-
sent ideal sites to attempt to access the small bowel as they
are often where adhesions fix small bowel loops to the
anterior abdominal wall [28]. Once an access site has been
identified, it is important to stabilize the small bowel. The
finder needle is inserted into the jejunum and grasped with
the endoscopic snare to anchor the jejunum to the
abdominal wall [37]. The trocar is then passed through the
abdominal wall and into the small bowel at a location
adjacent to the finder needle, and the snare is transferred
off the needle to the trocar to minimize bowel movement
and the risk of interposed bowel (Fig. 9.5). Glucagon or
hyoscine may also be administered to reduce intestinal
peristalsis. Consideration should be given to general anes-
thesia for all DPEJ placements given prolonged procedure
times (compared with the time required for PEG tube
placement) with increased aspiration risk while patients are
supine [28].

Post-Procedure Management

Skin Care

Regardless of the tube type or insertion technique, all
patients require appropriate stomal hygiene. Good stomal
hygiene is often important for reducing or even preventing
aspiration pneumonia in ventilator dependent patients or
those with a depressed level of consciousness. Patients and
caregivers may use mild soap and water to cleanse the stoma
site for percutaneous tubes. The area should be rinsed and
dried thoroughly. Routine use of antibiotic ointments or
hydrogen peroxide at the tube site is not recommended.
Dressings can be applied if there is drainage from the stoma
site; however, they should not be placed with excessive
tension which can promote infection and buried bumper
syndrome.

Prevention of Clogging

All tubes are prone to clogging. Common causes of clogging
include suboptimal flushing, not flushing between each
medication administration, accumulation of pill fragments,
and high protein/fiber formulas [24, 25]. Feeding tubes
should, in general, not be used to check residuals.

Compliance with good, intermittent flushing protocols is
essential to reduce the rate of feeding tube clogging. Water

Fig. 9.5 a DPEJ placement: finder needle snared to stabilize small bowel. b DPEJ placement: Trocar advanced into small bowel adjacent to finder
needle. c DPEJ placement: Snare transferred to trocar/wire. d DPEJ placement: Trocar removed and wire snared. e DPEJ placement: Final position
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should be used as the flush fluid of choice although other
agents can help to keep tubes patent for longer periods of
time. Two reports have demonstrated benefit to the pro-
phylactic use of pancreatic enzymes to prevent tubes
occlusion compared to standard H2O flushes [38, 39].
Medications in liquid form are less likely to clog than cru-
shed pills and should be used if available. Whether a med-
ication is in pill or liquid form, each medication should be
given separately with a water flush before and after each
medication [40].

Exchange/Removal of Enterostomy Tubes

Enterostomy tubes can be safely removed after the stoma
tract has matured, usually >2 weeks after insertion. In
patients receiving steroid medication, the immunosup-
pressed, significant obesity, or other risk factors for poor
wound healing, 4–6 weeks is often required for the tract to
mature fully. Premature removal of enterostomy tubes may
result in the stomach falling away from the abdominal wall,
allowing gastric contents to leak into the peritoneum. If this
occurs, tube replacement with the assistance of endoscopy,
interventional radiology, or surgery is required.

Although not typically supplied as part of the initial tube
placement, low profile skin level replacement devices for
PEG, PEGJ or DPEJ tubes are an excellent option for
patients who are concerned about cosmetic appearance.
These devices can also be more comfortable for the patient
who is active, sleeps in the prone position, or who only
needs intermittent therapy. Because of the need to attach a
feeding connector to the skin level device, some degree
manual dexterity or caregiver assistance is needed. Low
profile devices are usually placed as an exchange tube for a
pre-existing tube; however, low profile PEG’s can also be
inserted at the time of initial tube placement [41].

After stoma tract maturation, a standard profile or low
profile replacement tube can be placed at the bedside without
endoscopy or fluoroscopy. Removal of a PEG with a solid
silicone mushroom internal bolster is accomplished at the
bedside using simple traction. The exposed gastric tubing is
firmly grasped and pulled forcefully with the patient in the
supine position while using the other hand to brace the
abdominal wall. For devices held in place with an internal
balloon, the balloon is deflated and the tube is then gently
removed. The length of the existing stoma tract is measured
before choosing and placing the correct size of a new, low
profile device. Skin level tubes are held in place with an
inflated internal balloon or a deformable solid silicone
internal retention bolster. Correct tube position can be
checked after replacement by aspiration of gastric contents
or auscultation of insufflated air. However, these methods
are not fully reliable and if there is any concern for

misplacement correct tube position should be confirmed with
fluoroscopic or endoscopic imaging.

Complications of Feeding Tubes

Nasoenteric Feeding Tubes (NET)

Post-procedural complications include inadvertent tube dis-
lodgement, tube malfunction, tube occlusion, tube feeding
aspiration and sinus infection. Dislodgement occurs in 25–
41% of cases [42–44]. The use of a nasal bridle has been
clearly shown to decrease the tube dislodgment rate. A re-
cent report decreased the incidence of accidental dislodge-
ment from 36 to 10% using a magnet-based system to place
the nasal bridle [45]. Malfunction of nasoenteric tubes by
various means including breaking, cracking or kinking of the
tube; these events have been reported to occur in 11–20% of
patients [43, 44]. When accurately diagnosed by sinus nee-
dle puncture and aspiration, sinusitis occurs *12% of
patients with nasoenteric tubes [46]. This is believed sec-
ondary to obstruction of physiologic sinus drainage by the
nasoenteric tube itself.

Tube occlusion is a frequent problem (20–45%) often
requiring tube replacement [44, 47, 48]. Risk factors for tube
occlusion include; increasing tube length, decreasing tube
caliber, inadequate water flushing, frequent medication
delivery and use of the tube to measure residual volumes
[48]. When feeding tubes become clogged, simple flushing
with water can relieve the obstruction in about one-third of
the patients [49]. If flushing fails to clear the tube, the
installation of pancreatic enzymes can reopen an additional
50% of occluded tubes [49, 50]. Mechanical dislodgement
may also be achieved using an endoscopic cytology brush,
an ERCP catheter or a commercial corkscrew device [51].
Finally, replacing a nasoenteric feeding tube can be under-
taken as the last resort.

Percutaneous Enterostomy Tubes (PEG, PEGJ,
DPEJ)

Complications of enterostomy tubes can be divided into
procedural and post-procedural events. Procedure-related
complications and mortality are uncommon (1.5–4% and
0–2% of the time respectively) and include intraprocedural
aspiration, hemorrhage, perforation of the GI lumen and
prolonged ileus [52]. Risk factors for aspiration include
placement of the tube with the patient in the supine position,
advanced age, the need for sedation and neurologic
impairment [53].

Pneumoperitoneum as a result of the percutaneous pro-
cedure is common and in the absence of peritoneal signs is
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of no clinical consequence [54]. This can be significantly
decreased by use of CO2 for insufflation during endoscopy
[55]. Infusion of water-soluble contrast with fluoroscopic
imaging is the test of choice if peritonitis is suspected. The
procedural and long-term mortality rate directly related to
PEG placement is very low despite the up to 50% annual
mortality in patients receiving gastrostomy tubes [54]. This
very high rate is a function of the significant co-morbidities
of the patients rather than the procedure or the feeding tube
itself.

The overall post-procedure complication rate of percuta-
neous enterostomy tubes ranges from 4.8 to 10.8% [52].
Minor post-procedural complications are two to three times
more common than major ones (Table 9.1). Peristomal
infection is the most common complication of gastrostomy
placement [18, 56]. The majority of infections are mild. In
rare cases necrotizing fasciitis with high morbidity and
mortality can develop. Prophylactic antibiotics before
placement, early recognition of wound infections, treatment
with antibiotics, local wound care and debridement, if nec-
essary, are the keys to successful management [18, 20, 57].

Leakage around the gastrostomy site is a common and
under-recognized problem facing nutrition support providers
[58]. Risk factors include infection, excessive cleansing with
irritant solutions (H2O2, betadine), and excessive tension and
lateral tension on the external portion of the feeding tube
(usually from external tubing). Prompt treatment of infec-
tion, loosening of the outer bumper and stabilizing the
gastrostomy tube to prevent tension or torsion on the tube
will usually address these issues [51].

Skin care is an important adjunct to management of
peristomal leakage. Stoma adhesive powders, powdered
absorbing agents or zinc oxide can be applied to the site to
prevent and treat skin irritation and breakdown. Foam
dressings rather than gauze dressings can help to reduce
local skin irritation caused by gastric contents (foam lifts the

drainage away from the skin, whereas gauze tends to trap it).
Local fungal skin infections may also be associated with
leakage and can be treated with topical antifungal agents. It
should be stressed that wound and ostomy nurses are an
invaluable resource in the management of leaking gastros-
tomy sites.

Buried bumper syndrome results from growth of the
gastric mucosa over the internal bumper and migration of the
bumper itself out of the gastric or bowel lumen. Risk factors
include excessive tension between the internal and external
bumpers, poor wound healing and significant weight gain
(leading to thickening of the gastric wall) [59–61]. Treatment
is based on maintaining the stoma tract while restoring the
internal bumper entirely within the stomach lumen [62, 63].

Inadvertent percutaneous feeding tube removal before
stoma maturation should be addressed urgently. If a
replacement tube is not immediately available, a suitably
sized Foley or “red rubber” catheter can be used to keep the
tract open until a replacement tube can be placed. In patients
prone to pulling on their tubes (often due to confusion or
mental illness), the use of an abdominal binder, placing
mittens on the patients hands, cutting down the external tube
length to 6–8 cm, or switching to a low profile device can
reduce the risk of future removal [52].

Complications of gastrojejunal tubes and jejunal tubes are
similar to gastrostomy tubes described above. Gastrojejunal
feeding tubes are also complicated by frequent (up to 70%)
malfunction, migration and/or occlusion of the smaller
jejunal extension tube [64, 65]. Additional complications of
direct jejunostomy tubes include jejunal volvulus and/or
small bowel perforation [66]. Although often recommended
by expert opinion, there is no clear evidence that more distal
feeding with jejunal tubes markedly decreases a patient’s
aspiration risk. However, as stated earlier, recent data sug-
gest that jejunal feeding may be associated with decreased
risk of aspiration pneumonia [67–69].

Table 9.1 Major and minor
complications of PEG tube
placement

Reported frequency (%)

Major complications

Aspiration 0.3–1.0

Hemorrhage 0–2.5

Peritonitis/necrotizing fasciitis 0.5–1.3

Death (related to PEG placement) 0–2.1

Minor complications

Peristomal infection 5.4–30

Peristomal leakage 1–2

Buried bumper 0.3–2.4

Inadvertent removal 1.6–4.4

Fistuluous tracts (after PEG removal) 0.3–6.7
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Ethical Issues

There are significant ethical, religious and legal issues in
addition to the medical concerns in evaluating patients for
feeding tubes. Enteral feeding tube placement may not be
appropriate in patients with either poor quality of life or a
very short life expectancy. There are specific patient popu-
lations in which percutaneous feeding tubes have not been
shown to improve outcomes. Feeding tube placement has
not been shown to improve outcomes (pneumonia, pressure
ulcers, nutritional status) or mortality in patients with
advanced dementia or end-stage malignancy [70–75].

Enteral nutrition is a medical therapy and therefore can be
refused by a competent, informed patient or their surrogate
[76, 77]. In addition to the procedural risks, a discussion
about realistic post-procedure goals and expectations from
enteral feeding can increase patient and caregiver satisfac-
tion with their decision. Inappropriate feeding tube place-
ment can be avoided if the patient and family members
understand that in the final stages of a terminal illness
decreased oral intake is not associated with hunger or dis-
comfort [78].

Conclusions

Enteral feeding remains the feeding route of choice in the
presence of a functional gastrointestinal tract. Success
depends on the placement of the appropriate access device,
placed in the correct location of the gastrointestinal tract by
skilled endoscopists. Proper care and maintenance of these
enteral access devices with early recognition and manage-
ment of their complications is critical to successful enteral
nutrition therapy. This is best performed by a gastroen-
terologist who combines the cognitive expertise in nutrition
together with the endoscopic skills to place the appropriate
type of feeding tube. In this regard, the gastroenterologist is
part of the multidisciplinary team consisting of the
patient/family, dieticians, and primary and sub-specialty care
providers for the successful delivery of enteral nutrition in
the hospital or outpatient setting.
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10Complications of Upper Endoscopy
and Their Management

C. Andrew Kistler, Aaron Martin, Jeremy Kaplan, Joseph Yoo,
and Ali A. Siddiqui

Introduction

Esophagoduodenoscopy (EGD) is one of the most frequently
utilized procedures by gastroenterologists. In 2009, there
were close to 7 million EGD procedures performed in the
USA [1].

Although upper endoscopy is considered one of the safest
gastroenterology procedures, it is still associated with compli-
cations that must be anticipated and therefore managed appro-
priately. The overall complication rates have been reported
between 1 in 200 and 1 in 10,000 with mortality rates ranging
from 0 to 1 in 2000 [2]. These wide ranges are attributable to
differences in study populations, reporting techniques, defini-
tions of complications, and timing of follow-up reporting.

Before an upper endoscopy is conducted, both technical-
and patient-related factors must be taken into account in
attempts to minimize the risk of complications. The ASGE
2015 Quality Indicators for GI Endoscopic Procedures
Guidelines clearly state that an EGD should not be per-
formed unless the results will affect the overall management
of the patient [3]. If the results of an EGD would not affect
this management, then the EGD should not be performed or
should be reconsidered.

EGD can be used to evaluate and treat numerous conditions
including acute and chronic upper gastrointestinal bleeding
(UGIB), gastroesophageal reflux disease (GERD), dysphagia,

peptic ulcer disease (PUD), celiac disease, diarrhea, screening
and surveillance of Barretts esophagus (BE), abnormal
imaging, foreign body, and/or caustic ingestion [3].

Potential contraindications to upper endoscopy are rela-
tively few but should be reviewed prior to performing an
endoscopy as to limit the risk of complications: Some
potential contraindications include a lack of informed con-
sent, anesthesia-related contraindications, and a known
perforated viscus (except if the upper endoscopy is indicated
for potential correction/closure of the perforation). A thor-
ough checklist of potential bad outcomes should be reviewed
prior to the upper endoscopy in order to minimize compli-
cations: patient informed consent, anesthesia evaluation,
dietary history, medication history (especially including
anticoagulation, antibiotics and sedatives), concurrent med-
ical history, hemodynamics, patient positioning, availability
of staff and endoscopic products and supplies, recent labo-
ratory and imaging studies, and potentially challenging
anatomy [3].

EGDs have both diagnostic and therapeutic modalities,
each of which carry their own unique benefits and risks of
complications; their management will be discussed in this
chapter.

Complications of Diagnostic Upper Endoscopy

Complications of upper endoscopy can be secondary to
sedation/analgesia, the endoscopic procedure itself, or as a
result of therapeutic interventions performed during the
procedure. Complications occurring during diagnostic upper
gastrointestinal (UGI) endoscopy are rare and have been
reported at a rate of <0.2% per endoscopy when no thera-
peutic interventions are performed [4–6]. The majority of
complications associated with diagnostic endoscopy are
cardiopulmonary adverse events, infection, bleeding, and
perforation. Here we will review the complications of
diagnostic upper endoscopy, their respective management,
and the use of routine pre-procedural testing to prevent them.
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Cardiopulmonary Adverse Events (Table 10.1)

Most UGI endoscopies in the USA and Europe are per-
formed using sedation and/or analgesia. Cardiopulmonary
complications related to sedation and analgesia are the most
common complications of diagnostic UGI endoscopy,
comprising approximately 60–70% of all adverse events
associated with UGI endoscopy [7–9]. The reported rate of
significant cardiopulmonary adverse events during diagnos-
tic endoscopies varies widely in the literature ranging from 1
in 170 to 1 in 10,000 endoscopies [2, 4, 7–10]. This varia-
tion is largely due to differences in event reporting, varying
skill levels of endoscopists, and the definition of adverse
events used. Cardiopulmonary adverse events range from
minor changes in the heart rate or oxygen saturation to more
severe events such as aspiration pneumonia, myocardial
infarction, stroke, cardiopulmonary arrest, and death.
Sharma et al. identified several independent predictors of
cardiopulmonary adverse events that included: advanced age
(>60 y/o), increased American Society of Anesthesia
(ASA) classification (particularly an ASA >3), procedures
performed in the inpatient setting, and involvement of a
trainee in the procedure [7].

Infection

Infectious adverse events associated with UGI endoscopy
can be from an endogenous source (usually as a result of the
procedure itself) or from an exogenous source (secondary to
poor reprocessing of endoscopic devices). Infectious com-
plications of UGI endoscopy are rare. The mechanism of
endogenous infection is thought to be the result of normal GI
flora gaining access to the circulation through areas of
mucosal trauma or instrumentation during an endoscopic
procedure.

A number of studies have examined the rate of bac-
teremia following UGI endoscopy. These studies drew blood
cultures before and after an endoscopy was performed in an
effort to identify bacteremia. The reported rate of bacteremia
following diagnostic UGI endoscopy has been reported as 1–
8% [11–14]. Bacteremia observed in these studies was

usually transient, and the rate of clinically significant
infectious symptoms or sequelae (e.g., endocarditis, menin-
gitis, or abscess formation) was extremely low [15]. The
current American Heart Association (AHA) and ASGE
guidelines do not recommend the use of prophylactic
antibiotics to prevent endocarditis in patients undergoing
diagnostic UGI endoscopies [16, 17].

Infections from an exogenous source are exceedingly rare
and have nearly all occurred as a result of a breach in the
current guidelines for cleaning and disinfecting endoscopic
equipment. A 2003 review published in Gastrointestinal
Endoscopy identified 317 reported episodes of pathogen
transmission over a 36-year period. Pathogens most fre-
quently identified in these studies include Pseudomonas,
Salmonella, H. Pylori, and Hepatitis B [18]. Recent con-
cerns regarding dissemination of carbapenem-resistant
Enterobacteriaceae (CRE) infections during GI procedures
have predominantly been limited to ERCP procedures but
could theoretically be transmitted by any endoscope [19].
The inherent complexity of the duodenoscope design used
during ERCP is one of the primary factors leading to chal-
lenges with appropriate CRE disinfection [19]. As a tradi-
tional upper endoscope does not have this same level of
complexity, transmission of CRE infection during an EGD is
much less likely to occur [20].

Bleeding (Table 10.2)

Bleeding is a rare complication of diagnostic UGI endo-
scopy. Mallory–Weiss tears have been reported follow-
ing <0.5% of upper endoscopies, usually as a result of the
patient having coughing or retching during the examination
[21, 22]. Most of these tears do not result in clinically sig-
nificant bleeding. Management of Mallory–Weiss tears
involves admission to the hospital for observation, intra-
venous fluids, and serial hemoglobin testing. Thrombocy-
topenia and coagulopathies have been shown to increase the
risk of bleeding. There is no agreed upon platelet count
recommended prior to performing a diagnostic UGI endo-
scopy. Some studies have suggested that upper GI endo-
scopy is safe in patients with platelet counts >20,000/mL [4,

Table 10.1 Risk factors for
cardiopulmonary adverse events
during endoscopic procedures7

Bleeding Perforation

Gastric polypectomy 6–7.2% [95–97] 0–0.45% [9, 98]

EMR:

Esophagus 1.2% [101] 0.5–5% [102, 106]

Gastric 0–11.5% [102–105] 1% [108]

ESD:

Esophageal 4.5–15.6% [108, 115] 2.3% [108, 118, 119]

Gastric 4.5% [108, 118, 119]
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23]. Video 10.1 demonstrated control of hemostasis with
endoscopic hemoclips due to biopsy of an antral submucosal
mass after unroofing.

Perforation (Table 10.2)

While an UGI endoscopy is the most common cause of
esophageal perforation, its incidence as a result of a diag-
nostic UGI endoscopy is overall very rare. The risk of eso-
phageal perforation during diagnostic UGI endoscopy has
been reported as <0.04% [8, 9]. Risk factors associated with
esophageal perforation include anterior cervical osteophytes,
Zenker’s diverticulum, upper gastrointestinal malignancies,
and esophageal diverticula. The morality rate of esophageal
perforation is reported between 2 and 36% [2]. Early iden-
tification of esophageal perforations is essential and has been
shown to reduce the morbidity and mortality associated with
this complication [24, 25]. The most frequent symptom of
esophageal perforation includes neck, chest, or abdominal
pain [26–28]. Other frequently reported signs and symptoms
include fever, dyspnea, crepitus, and leukocytosis [26]. If
esophageal perforation is suspected, initial diagnostics
should include thoracic and cervical radiographs, which may
reveal mediastinal or subcutaneous air dissection. However,
studies have shown that radiographic findings may not be
present immediately following perforation [29]. In patients
with a high suspicion of esophageal perforation with a
normal X-ray, further confirmatory testing with a gastro-
grafin esophagram should be performed. If no site of per-
foration is identified but clinical suspicion remains high, a
dilute barium esophagram or CT scan of the chest should be
performed [30, 31]. The management of esophageal perfo-
rations depends on the clinical status of the patient and the
size/involvement of the perforation. Most perforations can
be medically managed with intravenous antibiotics, avoid-
ance of oral intake, and parenteral nutrition [32]. Surgical
intervention should be considered for patients who develop
sepsis, those with pleural space involvement, and patients
who do not improve with medical management [2]. Case

reports and studies describing the use of endoscopically
placed stents (Fig. 10.1) and clips to treat esophageal per-
forations have been published, and these techniques are
coming into more widespread use [33–35].

Prevention of Adverse Events: The Use of Routine
Testing Prior to Endoscopy

Routine pre-endoscopy laboratory testing is the practice of
ordering a set panel of tests on every patient undergoing an
endoscopy regardless of the patient’s history, physical,
and/or preexisting medical conditions. Routine laboratory
testing is often used in an attempt to prevent adverse events
that may arise during endoscopy. The use of routine labo-
ratory testing prior to endoscopy has not been validated as an
effective way to prevent complications. Many studies have
shown that routine laboratory testing rarely influences
periprocedural management and that the cost of screening
and the expense of following-up on these results outweigh
their benefit [36, 37]. The American Society of Gastroin-
testinal Endoscopy (ASGE) recommends against routine
pre-endoscopy testing in healthy patients. They recommend
screening patients based on their history, physical, and
preexisting medical conditions [37].

Table 10.2 Reported bleeding and perforation rates for various upper
endoscopic resection techniques

Risk factors Odds ratios [95% CI]

Age > 60 years old 1.8 [1.6–1.9]

ASA classification:

III 1.8 [1.6–2.0]

IV 3.2 [2.5–4.1]

V 7.4 [3.2–17.6]

Inpatient procedures 1.5 [1.3–1.7]

Involvement of trainee 1.3 [1.2–1.4]

Fig. 10.1 An esophageal perforation caused by balloon dilation of a
stricture (a) is treated by placement of a fully covered self-expanding
metal stent (b). The stent is anchored to the esophageal wall using an
Over-The-Scope Clip
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Complications of Therapeutic Upper
Gastrointestinal Endoscopy

In addition to being an important diagnostic tool, the upper
endoscopy procedure has become a widely adopted thera-
peutic modality for a wide range of GI conditions. As
expected, more invasive therapeutic maneuvers during EGD
also carry additional complications.

Complications of Dilation with Upper Endoscopy

The overall rate of reported adverse events associated with
UGI dilation with endoscopy is between 0.1 and 0.4% [2, 4,
38]. The most common adverse events associated with UGI
dilation are perforation, bleeding, aspiration, and bacteremia.
The type and frequency of adverse events differ depending
on the condition being treated. The most devastating adverse
event associated with UGI dilation is esophageal perforation.
Esophageal perforation in this setting is associated with a
high mortality rate of 4–20% [25, 39].

Dilation of Esophageal Strictures
The most common adverse events associated with dilation
of esophageal strictures are bleeding and perforation. The
incidence of perforation with dilation of esophageal stric-
tures is low; however, it is largely dependent on the
technique used and the etiology of the stricture. The rate
of perforation with the dilation of benign esophageal
stricture has been reported between 0.1 and 0.3% [4, 40–
43]. The rates of adverse events appear to be lower with
wire-guided or pneumatic dilation as opposed to that
performed with blind passage dilators [42]. Certain stric-
ture types and etiologies that are associated with a higher
risk of perforation include complex strictures (angular,
tortuous, or long), strictures from caustic ingestion or
eosinophilic esophagitis, and malignant or radiation-
induced strictures [2].

Dilation for Achalasia
Pneumatic dilation of the lower esophageal sphincter is a
frequently used treatment modality for achalasia. Endo-
scopic balloon dilation in this setting can only be called an
aggressive maneuver, with balloons being inflated to 30–
40 mm in diameter. The most severe complication of
endoscopic balloon dilation for achalasia is perforation [44].
Perforation following pneumatic dilation for achalasia was
reported to be 2% in a recent meta-analysis by Katzka et al.
Most perforations examined in this study were managed
medically with nasogastric decompression, intravenous
antibiotics, and nothing by mouth. Only 1% of esophageal
perforations required surgical intervention [45].

Dilation for Benign Gastric Outlet Obstruction
(GOO)
The most common etiology of benign GOO is PUD. Con-
servative management with acid suppression, avoidance of
NSAIDs, and H Pylori eradication when applicable is the
first-line therapy. Endoscopic balloon dilation should be
attempted only in patients who fail medical therapy. Perfo-
ration rates of pneumatic dilation for benign causes of GOO
have been reported from 1.1 to 8.0% [46–49]. The risk of
perforation is increased with active ulceration at the site of
obstruction and dilation with balloons greater than 15 mm in
diameter [47, 50].

Complications of Foreign Body Retrieval

Ingestion of foreign bodies is the second most common
endoscopic emergency behind GI hemorrhage [51]. The type
of foreign body ingested often varies based upon patient
demographics. Fish and chicken bones, as well as impacted
meat boluses, are typically seen in adults, while coins and
toys are often seen in pediatric populations [52–54]. Inten-
tional ingestion of various potentially obstructive foreign
objects can also be seen in psychiatric patients and prisoners
[55, 56]. Ingested foreign bodies can cause significant
morbidity and mortality when they become impacted in the
esophagus. Specific complications resulting from ingested
foreign bodies include inflammation, mucosal laceration,
perforation, hemorrhage, and even death [51, 57].

Though complications resulting from the endoscopic
retrieval of foreign bodies are rare, they can be difficult to
distinguish from the complications that result from ingestion
of the foreign body itself. This is demonstrated by the fact that
the most commonly reported complications of endoscopic
retrieval of foreign bodies are superficial mucosal laceration
(� 2%), GI hemorrhage (� 1%), and perforation (� 0.8%)
[2]. Factors that have been shown to increase the risk of
complications resulting from endoscopic intervention include
presentation greater than 24 h after the onset of symptoms,
sharp foreign objects, and the presence ofmultiple objects [51,
55, 58]. Sharp and irregular objects, in particular fish bones
and chicken bones, significantly increase the risk of perfora-
tion [2, 54].

Special consideration should be given to include careful
examination of the cervical esophagus as well as to tech-
nique when removing boluses of food or sharp foreign
objects in order to minimize the risk of aspiration and per-
foration. During routine upper endoscopy, passing through
the upper esophageal sphincter quickly and reaching the
middle esophagus are a common practice. However, in cases
when foreign body obstruction is suspected, extra care
should be taken to prevent secondary injury to the esopha-
gus, as foreign bodies located at the level of the cervical
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esophagus are often difficult to remove due to a limited
working space for the endoscope [51, 56]. This is com-
pounded by the fact that the majority of foreign bodies are
found in the upper esophagus [51, 55, 56, 59, 60]. Currently,
the ASGE guidelines regarding the management of food or
meat boluses by piecemeal extraction recommends consid-
eration of using an esophageal overtube and/or endotracheal
intubation in order to minimize the risk of aspiration [2].
The ASGE has previously advocated against pushing the
bolus into the stomach without first examining the esopha-
gus distal to the obstruction by passing the endoscope
around the bolus. However, 2 large published series using
the push technique reported no perforations, and this tech-
nique may minimize the risk of aspiration [55, 56]. Tools
such as an overtube or rubber hoods attached to the end of an
endoscope are tools that can be used to help minimize the
risk of perforation during removal of sharp or pointed
objects. Additionally, removing foreign objects so that the
sharp end is trailing also helps to minimize the risk of per-
foration [2, 52, 56].

After endoscopic retrieval of a foreign body, the mucosa
should be carefully assessed for complications such as
mucosal lacerations, bleeding, and especially perforation [2,
55]. In cases where retrieval was difficult, patients should be
watched closely for signs and symptoms of perforation and
should be considered for immediate radiographic contrast
studies or chest radiograph to detect any evidence of medi-
astinal air [55, 61]. While the majority of mucosal injuries and
bleeding can be managed either conservatively or with stan-
dard endoscopic hemostasis techniques, surgery may some-
times be indicated for more serious complications such as
perforation [2, 61]. Perforation, when recognized immediately
during endoscopy with no evidence of mediastinal contami-
nation, can sometimes be treated with removable plastic or
covered metal esophageal stents or with endoscopic clips [35,
61]. These strategies can be especially beneficial in patients
who are not good surgical candidates or in patients with an
underlying esophageal neoplasm [35, 61, 62]. Perforation,
when foreign body induced, recognized later by signs and
symptoms such as fever, tachycardia, chest or abdominal pain,
and crepitus involving the soft tissue surrounding the neck can
be treated with surgery if endoscopic options fail or are not felt
to be appropriate [55, 61].

Complications of Percutaneous Endoscopic
Gastrostomy (PEG) Placement

Percutaneous endoscopic gastrostomy (PEG) was first
introduced in 1980 as a means to provide long-term enteral
nutritional support to patients with a functional gastroin-
testinal system, without the need for surgical laparotomy
[63]. Currently, PEG continues to be one of the most

common endoscopic procedures worldwide [64]. It is gen-
erally considered to be a safe procedure, with an overall rate
of adverse events reported to be between 4.9 and 10.3%, and
a rate of serious adverse events reported in 1.5–9.4% of
cases [2, 64]. Minor complications of PEG placement
include tube occlusion, tube migration causing gastric outlet
obstruction, granuloma formation, pneumoperitoneum, and
peristomal leakage and/or pain. Major complications include
aspiration pneumonia, bleeding, internal organ injury, gastric
perforation, “buried bumper syndrome,” wound infection,
necrotizing fasciitis, and tumor seeding of the stoma [2, 65,
66]. Death resulting from PEG placement is very rare, and
according to one meta-analysis of 4194 PEG procedures,
PEG-procedure-related mortality was reported to be only
0.53% [65, 66].

Several different strategies for PEG placement have been
developed since it was first introduced, such as the “pull”
technique, the “push” technique, and the introducer tech-
nique. The “pull” technique is currently reported to be the
most common technique, though no significant differences in
complication and efficacy rates has been reported between
the different methods [67, 68]. Tumor seeding of the stoma
is a rare complication seen in patients with head and neck or
esophageal cancer, with only 22 cases reported [69]. Though
hematogenous spread is possible, the exact mechanism of
this phenomenon is not well established. It is generally
believed that direct seeding of the gastrostomy site can occur
when the PEG tube comes into contact with head and neck
cancer during the “push” or “pull” technique [64]. For cases
of PEG placement in patients with head and neck cancer,
greater consideration for the introducer technique can be
given as opposed to the more commonly used “push” or
“pull” techniques [65].

Peristomal wound infection is the most common infec-
tious complication following PEG placement. According to
a meta-analysis of 10 randomized clinical trials, the pooled
rate of peristomal wound infection was 26% [2, 64, 70].
Patients undergoing PEG placement are considered to be at
higher risk of developing infections as the patient population
often have significant underlying comorbidities, poor nutri-
tional intake, and advanced age [71]. Minor infections can
often be treated with topical antiseptics and local wound
care, while more serious wound infections require systemic
antibiotics [64]. A single dose of an intravenous cephalos-
porin- or penicillin-based antibiotic administered 30 min
before the procedure is currently recommended as it has
been shown in multiple randomized, controlled trials to be
effective in reducing the occurrence of peristomal wound
infections [2, 64, 70–73]. In areas where MRSA is endemic,
pre-procedure screening of patients for colonization with
MRSA, and subsequent decontamination if positive, has
been shown to be beneficial in reducing the rate of MRSA
wound infections following PEG placement [64, 71, 74, 75].
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Necrotizing fasciitis is a rare but potentially
life-threatening infectious complication of PEG placement
[76, 77]. It is characterized by the necrosis of abdominal
fascia due to a rapidly progressing infection along the fascial
planes. Two main risk factors in the development of
necrotizing fasciitis are traction and pressure on the PEG
tube; therefore, maintaining a distance of 1–2 cm between
the external bumper and the abdominal wall can help prevent
this complication [64, 78]. Additional risk factors for
development of necrosis after PEG placement include dia-
betes mellitus, atherosclerosis, alcoholism, malnutrition,
immunosuppression, and older age [2, 64, 77, 79]. Devel-
opment of necrotizing fasciitis is an emergency and requires
immediate surgical consultation for consideration of wide
surgical debridement, broad-spectrum empiric antibiotics,
and intensive care support [64].

Buried bumper syndrome is another major complication
that can occur as early as 3 weeks following PEG placement
[80, 81]. It is characterized by ischemic necrosis of the
gastric wall, believed to be caused by excessive traction on
the internal bumper and migration of the tube out of the
gastric lumen and toward the abdominal wall [2, 64]. Buried
bumper syndrome is preventable by checking tube position
regularly, leaving a small distance between the external
bumper and the skin, and rotating the PEG tube 180–360°
daily [64]. Treatment involves removal and replacement of
the PEG tube, either endoscopically, surgically, or by
external traction of the tube [64, 82, 83]. A case of “buried
bumper syndrome” is demonstrated in Fig. 10.2.

Other major complications of endoscopic PEG tube
placement include aspiration pneumonia, bleeding, and
injury to internal organs. Aspiration directly related to the
procedure of PEG placement is reported to be between 0.3
and 1.0%, though it can be difficult to determine whether
the aspiration event occurs during the procedure itself or
later during feeding via the PEG tube [2, 65, 84, 85]. The
risk factors for aspiration include supine position, advanced
age, need for sedation, and neurologic impairment. Aspi-
ration risk can be reduced by avoiding over sedation,
minimizing air insufflation, and thoroughly aspirating gas-
tric contents before PEG placement [86]. Bleeding can
occur either from traumatic erosions of the esophageal or
gastric mucosa, as well as from puncturing gastric or
abdominal wall vessels, including the gastric artery and
splenic or mesenteric veins [2, 64, 65]. Fortunately, acute
hemorrhage is a rare complication and occurs in less than
1% of procedures [2, 64, 65]. Bleeding can usually be
managed by applying direct pressure over the abdominal
wound, though endoscopic or surgical exploration may be
necessary in some cases [64]. Correcting coagulation dis-
orders and stopping anticoagulants prior to PEG placement
as much as possible are recommended to decrease the risk
of significant bleeding [87].

Injuries to internal organs and gastric tears or lacerations
are also rare complications of PEG placement, occurring in
less than 0.5–1.8% of cases, though elderly patients may
have a slightly increased risk of injury to bowels due to
laxity of the colonic mesentery [65, 88]. Generally, injury to
the colon or small bowel is more common than injury to the
spleen or liver [64]. Injury to internal organs often warrants
surgical intervention, though specific management has not
been well studied [2, 64, 89]. Diagnosis of injury to internal
organs can often be complicated by the fact that benign,
transient (up to 72 h) pneumoperitoneum is reported to
occur in 12–38% of patients undergoing uncomplicated
PEG, therefore limiting the reliability of plain films in the
diagnosis of suspected perforation of visceral organs [2, 64,
88, 90, 91]. In such cases, using a water-soluble oral contrast
with computed tomography (CT) scan is a useful alternative
in the diagnosis of possible defects in gastrointestinal
integrity [64].

Development of gastrocolocutaneous fistulas may result
if a loop of bowel is inadvertently perforated during PEG
placement, or even over time via erosion into adjacent loops
of. Asymptomatic or chronic gastrocolocutaneous fistulas
can similarly be diagnosed using computed tomography
(CT) with water-soluble contrast, and management of these
cases includes simple removal of the tube [2, 65]. Surgery is
required only in rare cases where a fistula persists after

Fig. 10.2 Patient with a “buried bumper” of his PEG tube. The old
PEG tube is removed and replaced with a new PEG tube under
wire-guided assistance
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removal of the tube [65]. Using proper technique for PEG
placement minimizes the risk of injury to internal organs and
includes measures such as adequate gastric trans-illumination,
finger indentation, and use of the “safe-tract” method during
PEG placement [2, 92].

After successful PEG placement, inadvertent dislodgment
of the PEG tube has been reported to occur in 1.6–4.4% of
cases [65]. If dislodgement occurs before a mature tract is
able to develop (usually 7–10 days), a free intra-abdominal
perforation can result as the stomach separates from the
anterior abdominal wall. If identified immediately, endo-
scopic placement of a new tube either via the same opening
in the abdominal wall, or near the original site, is appropriate
as pulling the stomach back against the anterior abdominal
wall will seal the perforation [2, 65]. If tube dislodgement is
identified late in a patient with an immature tract, manage-
ment should include placement of a nasogastric Salem sump
tube, broad-spectrum antibiotics, and new PEG placement
within 7–10 days, as long as the patient does not show signs
of peritoneal inflammation [65]. Patients who have a mature
tract that experience tube dislodgement can have a new PEG
tube placed safely through the same tract without the need
for endoscopy [64].

Complications of Therapeutic Endoscopy

Complications of Polypectomy
While upper GI endoscopy is a routinely performed procedure
with a relatively low risk of mortality and adverse events,
therapeutic interventions increase the incidence of complica-
tions including bleeding, pain, dysphagia, and perforation [4,
5, 8–10, 93]. Snare polypectomy of gastric polyps is fre-
quently performed in order to assess polyp histology for
diagnosis [94]. Bleeding is the most common complication
with an incidence of 6–7.2% [95–97]. In comparison with
colonic polypectomy, gastric polypectomy demonstrates a
much higher rate of bleeding (1% vs. 7%, respectively) [98].
Suggested risk factors for post-polypectomy bleeding include
large size (greater than 8 mm) and sessile appearance [99].
Bleeding is often effectively controlled with injection of 5–
15 mL of 1:10,000 diluted epinephrine followed by bipolar
electro-cauterization or hemoclip application [99]. Closure of
a gastric polyp defect after polypectomy of a gastric adenoma
is demonstrated in Fig. 10.3.

Endoscopic Mucosal Resection (EMR)
EMR is increasingly being used to remove benign and early
malignant lesions of the GI tract. Initially developed for the
removal of sessile or flat neoplasms confined to the mucosa
and submucosa, EMR may involve submucosal injection or
ligation assistance to lift the lesion and aid in resection
[100]. Bleeding represents the most common adverse event

associated with EMR. A single-center study including 681
patients who underwent 2513 EMRs of the esophagus
showed a rate of significant bleeding of 1.2%. The authors
defined significant bleeding as a drop in hemoglobin greater
than 2 mg/dl from baseline, bleeding requiring therapeutic
intervention or blood transfusion, and/or bleeding at a later
time requiring rehospitalization. In the 8 cases of post-EMR
bleeding, seven were treated successfully with epinephrine
injection, clips, and thermal coagulation. One patient
required surgery for adequate hemostasis. Factors including
patient age, length of Barrett’s esophagus, number of EMR
performed, and use of anticoagulants were all analyzed, and
none of which were found to correlate with post-EMR
bleeding. Bleeding occurred at a mean time of 2.5 days
following the EMR procedure [101].

Fig. 10.3 A large gastric adenoma was removed using hot snare
polypectomy (a). The ulcerated defect and bleeding from an endoscopic
mucosal resection site were closed using endoscopic clips (b, c)
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Like esophageal EMR, EMR of gastric and duodenal
lesions may also be complicated by intra-procedural bleed-
ing with reported rates of 0–11.5% [102–104]. Bleeding
following gastric tumor EMR occurred in approximately 5%
of patients based on a retrospective study of 472 patients
[105]. Bleeding can be effectively controlled with hemostatic
clipping, even in cases of spurting blood vessel from the
EMR site [102].

EMR of the esophagus may also be complicated by
perforation with reported rates ranging from 0.5 to 5% [102,
106]. The rate of perforation appears to be correlated with
physician experience. A multicenter randomized clinical trial
comparing endoscopic resection to radiofrequency ablation
for Barrett’s esophagus with high-grade dysplasia or early
cancer demonstrated a perforation rate of 5% in the first 120
esophageal EMRs performed by 6 physicians who were
provided with structured training [107]. A prospectively
maintained database of patients with Barrett’s esophagus
reported no EMR-related perforations in the study period
possibly related to operator experience [101].

Perforations due to EMR of the stomach and duodenum
appear to be uncommon. A systematic review demonstrated
the risk of perforation after EMR to be 1% [108].
A prospectively maintained database of patients who
underwent endoscopic resection of duodenal adenomas or
laterally spreading tumors demonstrated a duodenal perfo-
ration rate after EMR to be 2% [109]. Perforation rates of the
duodenum due to EMR have been shown to be related to
physician experience. Perforations can be effectively closed
using endoscopic clips in cases in which the perforation was
recognized at the time of occurrence. In delayed perfora-
tions, the patients should be managed with surgical repair
[109]. Closure of a gastric perforation using an
Over-The-Scope Clip (OTSC) is shown in Fig. 10.4.

Stenosis may occur in 6–88% of patients following EMR
of the esophagus [106, 107, 110–113]. Larger mucosal
resections and circumferential EMR are associated with
higher rates of stenosis. Strictures are typically amenable to
esophageal dilation [107, 113].

Complications of Endoscopic Submucosal
Dissection (ESD)
ESD is a technique of endoscopic resection that allows for
en bloc removal of lesions in the epithelium.
Intra-procedural bleeding is common and may be treated
with coagulation current via the ESD knife or with hemo-
static forceps [114]. Occurring in 4.5–15.6% of cases,
post-procedure bleeding is a known complication, which
occurs more frequently with gastric resections as compared
to esophageal resections [108, 115]. Risk factors for delayed
bleeding include lesion size greater than 40 mm and
resumption of antithrombotic therapy [116]. A meta-analysis
of 6 studies demonstrates a reduced incidence of delayed

bleeding after gastric ESD in patients treated with a proton
pump inhibitor compared to those treated with an H2

receptor antagonist [117].
A meta-analysis of gastric ESD reports a perforation rate

of 4.5%, while a review of a series of studies of esophageal
ESD reports a pooled rate of perforation of 2.3% [108, 118,
119]. It should be noted that a meta-analysis comparing
adverse event rates for ESD and EMR for superficial eso-
phageal cancers demonstrated a significantly higher rate of
perforation in the ESD group [120]. Treatment of perfora-
tions may be non-operative with the use of clip closure.
A Japanese study of 10 years of ESD/EMR gastric perfo-
rations describes successful closure of perforations in 98%
of cases [121].

Like EMR, ESD may be complicated by post-ESD
strictures, which most often occur in the esophagus.
Reported rates of stricture formation are 12–17% with
greater circumference of resection and length of resection
being known risk factors [122–125]. Reported treatments
include serial dilation, intra-lesional steroid injection, topical
steroid application, radial electroincision, and prophylactic
placement of self-expandable metal stents [126–128].

Fig. 10.4 Closure of a gastric perforation after endoscopic mucosal
resection of a polyp with an Over-The-Scope Clip (OTSC; Ovesco
Endoscopy GmbH, Tuebingen, Germany)
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Complications of Endoscopic Eradication Therapy
(EET) and Coagulation With an increasing incidence of
esophageal adenocarcinoma in the Western world, there has
been heightened interest in EET in the treatment of Barrett’s
esophagus [4]. Also, hemostasis during upper endoscopy is
increasingly accomplished by both contact and non-contact
thermal devices.

Complications of Argon Plasma Coagulation (APC)
APC is a non-contact thermocoagulation modality often
used to eradicate mucosal lesions. Randomized trials with
APC report bleeding rates as high as 4%, esophageal per-
foration rates as high as 2% and strictures in up to 6% of
patients, all of which appears to be higher than other ablative
modalities [129–132]. However, a Cochrane randomized
control trial comparing APC and multipolar electrocoagu-
lation for the treatment of Barrett’s esophagus demonstrated
no serious adverse events [129]. More commonly reported
are events of upper GI discomfort including pain, dysphagia,
and nausea [129].

APC may also be used in cases of gastrointestinal
bleeding and adenoma eradication. There have been case
reports of pneumoperitoneum following APC [133]. Pneu-
moperitoneum following APC may not be a sign of perfo-
ration and may simply be due to argon gas passing through
the GI tract wall into the abdomen. APC-induced ulcers may
result in gastrointestinal bleeding [134]. A large series of
2193 sessions of APC in 1062 patients demonstrated a
perforation rate of 0.2% [135].

Complications of Photodynamic Therapy (PDT)
PDT is another ablative modality that uses porfimer sodium
with a photosensitizing agent. Similar to APC, the most
commonly reported adverse event is chest discomfort and
photosensitivity. A randomized, multicenter study conducted
over 5 years reported resolution of all cases of photosensi-
tivity [136]. Another study reported pleural effusions and
fever in patients who underwent PDT [137]. Of the ablative
modalities, PDT appears to have the highest incidence of
post-procedure esophageal strictures with rates up to 35%.
However, after being followed for 5 years post-treatment for
any complications, none of the study patients reported any
long-term adverse events [136].

Complications of Radiofrequency Ablation (RFA)
RFA is commonly used in the ablation of Barrett’s esoph-
agus. RFA involves the delivery of a preset amount of
radiofrequency energy via a balloon, resulting in circum-
ferential superficial tissue destruction [138, 139]. RFA may
be associated with chest discomfort in up to 2% of patients,
which resolves within 1 week of the procedure [140].
Superficial lacerations from the procedure were reported in

6% of patients in a single trial [141]. Hemodynamically
significant bleeding is relatively rare, occurring in less than
2% of procedures [140, 142]. A multicenter study of 429
patients who underwent RFA reported no serious adverse
events. Strictures were seen in 1.8% of the participants with
other trials reporting a stricture rate of 2–8% [140–142].
These strictures are easily treated using endoscopic balloon
dilation (Fig. 10.5). Esophageal perforation successfully
treated with an endoprosthesis has been reported [143].

Fig. 10.5 Patient underwent a radiofrequency ablation for Barrett’s
esophagus (a). Patient developed a esophageal stricture (b) four weeks
later. This was treated successfully with balloon dilation (c)
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Complications of Cryotherapy
Cryotherapy in which liquid nitrogen is applied to an area of
Barrett’s esophagus is a relatively novel idea. Initially reports
demonstrate that the procedure is relatively well tolerated. In
a study of 333 treatments performed on 98 patients, there
were no serious adverse events. Two percentage of patients
reported chest discomfort, which resolved after a brief
treatment course with narcotics. Strictures were seen in 3% of
patients, all of whom underwent successful esophageal
dilation thereafter [144]. Perforation was reported in 1 patient
who had Marfan’s syndrome [145].

Complications of Enteral Stenting of the Upper
Gastrointestinal Tract

Esophageal, gastric, and duodenal stenting have become
common procedures for the management of benign and
malignant strictures [35, 146, 147]. Esophageal stents are
also used to treat benign esophageal perforations and anas-
tomotic leaks [148]. Features and design of these stents are
variable with complication rates frequently correlating with
design specifics of the stent [149]. Historically, the use of
rigid esophageal stents carried a complication rate of 20%
and a mortality rate of 9%, respectively. Complications with
these older devices included bleeding, fistula formation,
stent migration, food impaction, and tissue overgrowth
[150]. These devices are now obsolete and are not com-
mercially available.

With the advent of self-expandable metal stents (SEMS),
complication rates have significantly dropped leading to the
demise of rigid stents [151]. SEMS may be partially covered
or fully covered. Partially covered stents are more frequently
subject to tissue ingrowth and, to a lesser extent, overgrowth,
while fully covered stents are more likely to migrate as they
cannot embed in the mucosa [152–155]. Significant imme-
diate adverse events following SEMS placement may occur
in 2–12% of patients and include aspiration, respiratory
compromise, stent mal-positioning, and perforation [156–
159]. Most post-procedure adverse events are self-limiting
and include chest pain and nausea [156, 160]. More signif-
icant adverse events include tumor overgrowth, stent
migration, luminal perforation, and bleeding. Stents may
migrate and tumor overgrowth may occur in up to 27% of
patients [159, 161]. A Swedish study of 152 patients who
underwent SEMS placement for esophageal strictures
reported transient chest/pharyngeal discomfort in all
patients, stent migration in 5%, perforation in 1%, and stent
occlusion in 10% [160]. Stents placed across the esopha-
gogastric junction may result in increased rates of gastroe-
sophageal reflux [162]. Patients with stents that cross the
esophagogastric junction are often placed on prophylactic
acid suppression medication to good effect.

Stent placement is also a well-established palliative
treatment modality for malignant gastric outlet obstruction
[163]. Nonetheless, gastroduodenal stents are frequently
placed in older patients who often have multiple comor-
bidities [164]. Severe early adverse events including bleed-
ing and perforation are reported in 1–5% of patients [163,
165, 166]. A prospective study of 108 patients with malig-
nant gastric outlet obstruction who underwent stent place-
ment reported no procedure-related mortality. The most
common adverse event was stent occlusion, which was
reported in 14.8% of patients. It must be noted that the stent
used in this study was uncovered. Other reported adverse
events were GI bleeding (3.7%) and stent migration (1.9%)
[164]. Precautions must be taken to avoid aspiration during
placement of the stent as this represents a significant
periprocedural complication [167].

Complications of Upper Endoscopy Performed
for Evaluation of Upper Gastrointestinal Bleeding

Gastrointestinal bleeding (GIB) is one of the most common
diagnoses leading to hospitalization in the USA. GIB is the
principal diagnosis in up to 182 per 100,000 adults [168] and
in the top 10 GI diagnoses within a hospitalization and
causes of GI mortality [1]. Upper GIB has traditionally been
described as bleeding within the gastrointestinal tract prox-
imal to the ligament of Treitz. Upper endoscopy is fre-
quently used to diagnose and potentially treat the source of
UGIB. Based on source of bleeding and intervention per-
formed, the complications and management can vary
widely.

Complications of Endoscopic Variceal Hemostasis
Acutely bleeding esophageal varices (EV) or gastric varices
(GV) are a common indication for performing an EGD and
carry a relatively high mortality if not intervened on in a
timely manner. Prior to performing an EGD in a patient who
potentially has bleeding EV or GV, certain steps should be
considered prior to starting the endoscopy in order to min-
imize complications.

Patients should be stabilized in an intensive care unit or
other monitored setting with appropriate intravenous access
in order to maximize hemodynamic stability. Goal hemo-
globin concentration is typically 7–8 g/dL [169, 170].
Caution must be used to not over-resuscitate a cirrhotic
patient with blood products or crystalloid solutions since this
may lead to increased portal pressures resulting in increased
risk of rebleeding and mortality [170].

Additional blood products should be available before,
during, and after the endoscopy. Fresh-frozen plasma
(FFP) and/or platelets can be administered in patients with
significant coagulopathy. The data regarding the use of
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recombinant factor VIIa (rFVIIa) in cirrhotic patients with
UGIB are somewhat controversial and need further eluci-
dation before its use can be definitively recommended [170].

Intravenous or oral fluoroquinolone (norfloxacin 400 mg
po bid or ciprofloxacin 500 mg bid) or intravenous ceftri-
axone 1 g daily should be administered to the cirrhotic
patient with or without ascites with suspected UGIB for
seven days. This short-term antibiotic prophylaxis in cir-
rhotic patients with or without ascites reduces all-cause
mortality, mortality secondary to infection, rebleeding
events, hospitalization length, and over bacterial infection
rate [169–171]. Cirrhotics that are hospitalized have been
demonstrated to have a bacterial infection rate of 20%, and
up to 50% can develop an infection while hospitalized with a
GIB [170, 172]. Aside from bacterial peritonitis, these
patients also are at more risk of respiratory infections, UTIs,
and bacteremia [170]. The use of the EGD procedure with-
out the proper antibiotic prophylaxis and/or treatment doses
could potentially lead to the complication of increased risk
of infection.

If an acute esophageal variceal bleed (EVB) is suspected,
intravenous octreotide should be initiated with a bolus dose of
50 lg followed by an infusion of 50 lg/h. If the source of the
UGIB is confirmed to be from bleeding EV, then octreotide
should be continued for 3–5 days post-EGD [170].

The use of a high-dose IV infusion of proton pump
inhibitor should be considered if other etiologies of UGIB
outside of an acute variceal bleed are possible or until
confirmation of EVB during EGD.

EGD should be performed within 12 h of admission
[170]. In addition to the medical management mentioned
above, endotracheal intubation (EIT) should be considered
prior to performing an EGD. The 2014 ASGE guidelines for
endoscopic management of variceal hemorrhage suggest that
“intubation of patients before endoscopy to prevent aspira-
tion during the procedures, especially in patients with
encephalopathy” [169]. Similarly, AASLD guidelines state
that “intubation may be required for airway protection prior
to endoscopy” [170]. Despite these statements, the data are
not entirely clear on benefits of prophylactic intubation prior
to emergent endoscopy, in both variceal and non-variceal
UGIB. Some clinical studies actually suggest an increased
risk of aspiration pneumonia in patients prophylactically
intubated prior to EGD [173].

Despite maximal medical and endoscopic management,
variceal bleeding may not be controlled during initial or
rebleeding episodes. Patients who survive an episode of
acute variceal hemorrhage have a median rebleeding rate in
untreated patients of approximately 60% with 1–2 years of
initial bleed with a mortality of 33% [170]. The risk of
rebleeding is multifactorial and may occur as a complication
of EGD. Endoscopic and/or pharmacological treatments may
not control variceal bleeding on initial or recurrent episodes

in up to 10–20% of patients [170]. In these situations, TIPS
should be considered as a salvage therapy, and surgical
consultation may be warranted [170].

Complications of Endoscopic Variceal
Sclerotherapy (EVS)
EVS is successful in controlling active EVB in more than
90% of patients [169]; however, its use has been primarily
supplanted by esophageal variceal ligation (EVL) based on
its adverse event profile.

The most common sclerosing agents used during an EGD
include ethanolamine oleate, cyanoacrylate, polidocanol,
absolute alcohol, sodium tetradecyl sulfate [2]. No agent has
been shown to be more efficacious or safer [2]. Overall
adverse event rate with EVS ranges from approximately 35
to 78% along with a mortality rate between 1 and 5% [174,
175]. Minor, temporary complications that may be encoun-
tered in the first 24–48 h post-EVS include: low-grade
fevers, chest pain, and dysphagia [169, 176]. These transient
symptoms typically do not require any treatment and are
managed conservatively with symptomatic control.

Injecting the sclerosing agent can be technically chal-
lenging as the sclerosing agent needs to be injected directly
into the varix, compared with banding where the band can be
placed in the vicinity of the bleeding varix. Placement of the
sclerosing agent into the surrounding tissue can lead to
further complications and tissue damage.

Esophageal ulcerations are sometimes deemed a “com-
plication” of EVS or EVL (Fig. 10.6); however, they are
expected phenomena after successful endoscopic treatment
of bleeding EV. EVS-associated esophageal ulcers are dee-
per and heal slower compared with those secondary to
post-EVL [177]. The severity of these ulcers may also be
worsened when EVS is repeated within 1 week of the initial
session [178, 179]. These ulcers cannot be prevented with
agents such as sucralfate, H2 receptor antagonists, although
PPIs may promote ulceration healing [180]. Post-EVS ulcers
can bleed in up to 20% of patients, during which traditional
endoscopic treatments can be performed for hemostasis,
such as clipping [176].

EV rebleeding rates are generally higher in patients
treated with EVS compared to EVL. Rebleeding rates
range from approximately 33% [181] to 42% [170]. This
higher rate of rebleeding may be due to an increase in
portal pressure observed in patients treated with EVS but
not EVL [182]. Immediate bleeding may occur in up to
6% of patients [183] and can be treated with endoscopic
clipping and banding; however, repeat injection of scle-
rosing agents should be used with caution and may put the
patient at increased risk of further complications. Delayed
bleeding occurs in between 19 and 24% [184] of patients
and can be treated with repeat endoscopy (endoscopic
clipping, banding) and the appropriate pharmacological
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treatment such as high-dose IV PPI infusions. Delayed
bleeding can occur from post-EVS ulcers, esophagitis, or
recurrent esophageal variceal bleed. Intramural hematoma
occurs in up to 1.6% of patients undergoing EGD with
EVL and typically resolve spontaneously and requires no
intervention [185].

Esophageal strictures occur in up to 20–26% of patients
undergoing EGD with EVS and potentially is associated
with total number of EVS sessions and volume/type of
sclerosant used [185–188]. EVS-induced strictures will
typically improve with dilation [169].

Perforation has been reported in 0.5–5% of patients
undergoing EGD with EVS [185] and is typically initially
managed conservatively. Depending on the patient’s clinical
status, they may require further advanced endoscopic pro-
cedures such as placement of esophageal stents or surgical
consultation and intervention.

Aspiration pneumonia occurs in up to 5% of patients but
usually during emergent procedures [187, 188] and is typi-
cally medically managed with antibiotics and respiratory
support as needed.

A rare yet still important complication of EVS includes
the possible extension of thrombus into the portal and
mesenteric venous system causing mesenteric or splenic
infarction; however, there are limited reports of this [189–
192]. Among the available sclerosing agents, alcohol and

cyanoacrylate have been reported to cause systemic emboli
to the spleen, portal vein, and lung [192–194].

Transient bacteremia has been reported anywhere from 0
to 53% of patients undergoing EGD with EVS [176, 195].
Prophylactic antibiotics are recommended if the patients are
acutely bleeding; however, patients undergoing elective
EVS are not recommended to have prophylactic antibiotics
administered [170]. Patients with potential transient bac-
teremia should be watched closely, and further management
would be dictated by their clinical status.

Complications of Endoscopic Variceal Ligation
Endoscopic variceal ligation (EVL) is preferred over EVS
secondary to improved safety profile and superior efficacy
[169, 170]. The overall complication rate for EVL is about
14% [170]. The most common adverse events are transient
and include dysphagia and chest discomfort and are man-
aged conservatively and will typically stop within 24–48 h
post-EVL. If other more serious causes of chest discomfort
have been ruled out, this post-EVL chest discomfort can be
treated with a 50:50 mixture of lidocaine–antacid mixture or
similar compounds. These patients can also initially be
placed on a clear liquid diet until the discomfort dissipates.
Post-EVL patients should not typically complain of fever or
findings consistent with mediastinitis; therefore, these find-
ings should be closely investigated for another etiology if
present.

Rebleeding rates after EVL can be between 21.7% [181]
and 32% [170]. Early rebleeding can be re-treated endo-
scopically with additional EVL. After initial hemostasis,
EVL sessions can be repeated at approximately 7- to 28-day
intervals until variceal obliteration, which typically requires
2–4 sessions. Once eradicated, an EGD is usually repeated
every 3–6 months or as per the treating physician.

Esophageal ulcers are expected after successful EVL.
These ulcers are typically less severe than those found
post-EVS. Post-EVL ulcers are limited to the mucosa and heal
quicker (less than 3 weeks), unlike EVS-related ulcers which
are often deeper [2, 177]. PPIs have been shown to help heal
these ulcers, but not prevent them [170, 196]. Bleeding from
post-EVL esophageal ulcers can occur in up to 14% of patient
and can be treated with standard endoscopic modalities such
as clipping [169]. Risk factors for EVL-associated ulcer
bleeding include high platelet ratio index (APRI) score,
esophagitis, and prior variceal bleeding [197].

Esophageal strictures occur in only 0–2% of patients
following EVL and are usually due to excessive scarring and
have been treated with endoscopic dilation [174, 185, 187].
Perforation is exceedingly rare during EVL, with rates less
than 1% [174, 185]. Initially perforations are managed
conservatively with making the patient nothing by mouth,
and administering IV fluid and antibiotics. Repair of the

Fig. 10.6 Banding of an esophageal varix (a) that led to a superficial
ulcer on surveillance endoscopy 3 weeks after the initial banding (b)
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esophageal perforation with endoscopic stenting is an option
along with surgical consultation.

There is some controversy on whether EVL or EVS
contributes to increased portal hypertensive gastropathy
(PHG) and gastric varices (GV) as a result of increased
gastric blood flow [198, 199]; however, many of these
studies are limited by sample size and patient population.
Therefore, there are no formal guidelines on how to treat
post-EVL PHG aside from typical treatments.

Aspiration pneumonia after EVL has been reported in 1%
of patients [187, 200] and is medically managed with
antibiotics and respiratory support if necessary. Bacterial
peritonitis has been reported in 4% of patients undergoing
EVL [187, 200]. Management includes appropriate antibi-
otics, evaluation of ascitic fluid for spontaneous bacterial
peritonitis and initiation of secondary prophylaxis with an
antibiotic upon completion of treatment doses and duration.
Transient bacteremia has been reported in 3–6% [195] of
patients undergoing EVL, which is significantly less than
with EVS.

A comparison of endoscopic variceal sclerotherapy
(EVS) and endoscopic variceal ligation (EVL) complication
rates is illustrated in Table 10.3.

Complications of Endoscopic Non-variceal
Hemostasis
Major adverse events associated with upper
endoscopy-directed non-variceal hemostasis are less than
0.5% [2, 201]. There are a series of general steps to assist in
preventing complications. Intravenous metoclopramide or
erythromycin administered 20–120 min before upper endo-
scopy decreased the need for a repeat endoscopy to deter-
mine the site and cause of bleeding by approximately 45%
[201]. This reduction in the need for repeat endoscopy could
hypothetically reduce the risk of exposing the patient to
unnecessary procedure-related risks in the future. As with
acute variceal bleeding, endotracheal intubation should be
considered prior to upper endoscopy although the data are
not definitive with respect to its benefits [202, 203].

Continuous infusion of a high-dose proton pump inhibitor
for 72 h should be considered in patients with an acute
peptic ulcer bleed as it significantly reduces rebleeding rates
and mortality in patients with ulcers with high-risk stigmata
(active bleeding, adherent clot, non-bleeding visible vessel)
treated endoscopically [201].

Injection of 1:10,000 dilutions of epinephrine has been
associated with hypertension, arrhythmias, tachycardia, of
which there appears to be dose dependence based on the
volume injected [204]. However, these effects are typically
transient and have limited clinical significance. Rare reports
of tissue necrosis, worsening of bleeding or perforation after
injection with cyanoacrylate, polidocanol, ethanol, or
thrombin during EGD have been documented [2]. Multipolar
electrocautery or heater probe has perforation rates up to 2%
[2] but can increase to up to 4% when repeated heater probe
treatments are applied within 24–48 h of the initial EGD.
Induction or exacerbation of bleeding occurs in up to 5% of
thermal hemostasis cases [205].

Although generally of similar risk, dual therapy (epi-
nephrine with endoscopic clipping, another injection agent
or thermal probe) in patients with high-risk stigmata may
have a higher risk of certain adverse events when compared
to monotherapy including perforation, necrosis, and throm-
bosis when sclerosing agents were used with epinephrine
[205, 206].

There have been no reported adverse events from the use
of endoscopic clips for hemostasis in non-variceal upper
GIB [205, 207].

Conclusions

The upper endoscopy procedure will undoubtedly continue
to be one of the most common procedures conducted by
gastroenterologists in the present and future. As there are
more advances and innovations in the endoscopic technol-
ogy readily available to gastroenterologists, EGDs may have
their diagnostic and therapeutic roles further expanded. As

Table 10.3 Comparison of
endoscopic variceal sclerotherapy
(EVS) and endoscopic variceal
ligation (EVL) complication rates

Endoscopic variceal sclerotherapy
(EVS)

Endoscopic variceal ligation
(EVL)

Overall complication rate 35–78% [174, 175] 14% [170]

Mortality rates in acute bleeding
case

24.6%–32% [174, 181] 22.8% [181]

Rebleeding rates 33–42% [170] 21.7–32% [170]

Post-therapy bleeding rates Up to 20% [176] Up to 14% [169]

Esophageal strictures 20–26% [185–188] 0–2% [174, 185, 187]

Esophageal perforation 0.5–5% [185] <1% [174, 185]

Aspiration pneumonia <5% [187, 188] <1% [187, 200]

Transient bacteremia 0–53% [176, 195] 3–6% [195]
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these roles expand, there will be a need for hypervigilance in
identifying, limiting, and treating complications that may not
have been previously reported or anticipated.
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11Pediatric EGD

Keisha R. Mitchell and Douglas S. Fishman

Introduction/History

Pediatric endoscopy has been an exciting and dynamic
procedural field since its inception in the 1970s. With
advancement in techniques, equipment and sedation, it has
become a common, safe and effective procedure for the
diagnosis and therapy treatment of common pediatric gas-
trointestinal and hepatobiliary disorders. This chapter will
focus on upper endoscopy in pediatric patients. Although the
procedure is very similar to that of adult endoscopy, there
are specific pediatric considerations needed to ensure suc-
cess. These include but are not limited to: the size of the
patient, variety of equipment, differences in upper gastroin-
testinal tract anatomy, procedural preparation and sedation
needs. In addition, there are specific disease states that are
more likely to present in the pediatric age range when
compared to adults, and appreciating the indications for the
procedure is essential.

Basil Hirschowitz pioneered the fiberoptic endoscope in
1957, and with subsequent advances, it has been widely used
for medical diagnostics in the adult population [1]. It was not
until nearly two decades after its introduction when the first
reports were published about the use of the endoscope in the
pediatric population [2–6]. Prior to the 1970s, diagnostic
studies for children mainly involved contrast radiologic
studies. Video endoscopes have now become the mainstay
of pediatric gastrointestinal endoscopy worldwide.

The numerous advancements in equipment, technology
and pediatric-specific endoscopy suites have made this
procedure both safe and reliable in the diagnosis, manage-
ment and therapeutic treatment of pediatric upper gastroin-
testinal diseases. This chapter will discuss pediatric-specific
entities regarding this procedure.

Equipment

Anatomic and Developmental Differences

The neonatal esophagus ranges from 8 to 10 cm in length
and 5 mm in diameter [7]. The range in length of the older
pediatric esophagus continues to be variable prompting
research studies to develop mathematical equations to pre-
dict [8]. In addition to esophageal length, the anatomic
connections differ than that in adults. There are sharper
angulations in the pediatric antrum making it more difficulty
to view the pylorus than in an adult patient. This requires
more deflection with the gastroscope to place it into view,
and retroflexion to visualize the cardia can be challenging
[9]. Similarly, the small intestine of newborns is much nar-
rowed (10–15 mm) compared to adults. The turns of the
proximal duodenum are also more acute in a smaller cir-
cumferential area making certain therapies more difficult
(e.g., bleeding control for duodenal ulcers).

Equipment Types

In general, there is a universal “standard adult”-sized gastro-
scope (forward-viewing endoscope) that can be used for most
adults. [It should be noted there are different categories of
endoscopes, but for the purpose of this discussion, we will
only be discussing the gastroscope]. The insertion tube lengths
range from 925 to 1100 mm, the endoscope diameter ranges
from 4.9 to 12.8 mm and the instrument’s working channel
size ranges from2.0 to 3.8 mm [9]. Given the differing age and
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sizes of pediatric patients, there is not a “one size fits all”
gastroscope that can be used in all pediatric patients.

The decision on the type of gastroscope to be used in
patients depends on numerous factors including the size,
height and weight of the patient and the nature of the
intended procedure (i.e., diagnostic vs therapeutic). The
major size restrictions are due to the smaller upper esopha-
geal sphincter and the narrower pylorus. Typically, an
“adult” gastroscope can be used for patients weighing in
excess of 10–15 kg. However, smaller diameter endoscopes
are recommended for patients under 10 kg [10] (Table 11.1).
Most endoscopic manufacturers have created “ultrathin” or
“neonatal” devices with smaller working channels and outer
diameters (Table 11.2).

There is a caveat regarding selecting an endoscope solely on
weight because the actual procedure type must be considered.
This is due to certain drawbacks that are created when the size
of gastroscope is decreased. There is a trade-off with smaller
endoscope size that translates to a smaller working channel.
Smaller gastroscopes with smaller channels may limit suction
which would be vital during a procedure for upper GI bleeding
to adequately and efficiently view the source for diagnosis and
therapeutic intervention. Similarly, the water pumpmay not be
attached to the smaller gastroscopes.

Indications

As in adults, there are numerous indications for endoscopy
(EGD) in children. However, there remain some differences.
These can be seen in Table 11.3 [10]. Many of the differ-
ences are related to the difference in developmental ages in

children and caused by accidental events, i.e., foreign body
and caustic ingestions. In some cases, the endoscopy then
becomes not only diagnostic but therapeutic.

Adverse Events

Adverse events in pediatric upper endoscopy occur infre-
quently (0–4%). In a multicenter experience of 10,236 pro-
cedures from the PEDS-CORI network, the immediate
complication rate was reported to be 2.3% [11]. The majority
were related to hypoxia (66% of total) and were reversible.
Bleeding was more commonly reported during therapeutic
procedures (1.5%). Younger age, higher ASA class, female
sex and use of IV sedation, and the presence of a fellow were
all significantly associated with increased adverse event
rates. Other reported events that have been reported during
pediatric EGD include: abdominal distention, perforation
and unintended medication effects.

Disease-Specific Considerations

Gastrointestinal Bleeding

Pediatric gastrointestinal (GI) bleeding is a relatively com-
mon problem which carries a substantial risk of morbidity
and mortality. A small series from Montreal demonstrated a
1.6% rate of gastrointestinal bleeding in ICU patients, but
only limited characterizations of endoscopic interventions or
other management strategies have been described in
non-variceal GI bleeding [12]. Upper GI tract bleeding has
been described in numerous conditions, commonly due to
erosions, ulcers or vascular malformations (Figs. 11.1, 11.2,
11.3 and 11.4). However, across pediatric age groups, the
etiologies of GI bleeding may differ (Table 11.4). It is also
important to note that it is not uncommon to have lower
gastrointestinal bleeding in children due to an upper GI
source.

Current management of pediatric gastrointestinal
bleeding employs a variety of medical, transfusion and

Table 11.1 Endoscope size

Weight (kg) EGD

<2.5 <6-mm gastroscope

2.5–10 <6-mm gastroscope preferred; standard
adult gastroscope can be considered
especially if therapeutic intervention required

>10 Standard adult gastroscope

Adapted from Barth et al. [9]

Table 11.2 Neonatal and
pediatric gastroscopes

Manufacturer Model Insertion tube length/diameter
(mm)

Biopsy channel/diameter
(mm)

Olympus GIF-N180 1100/4.9 1/2.0

GIF-XP180 N 1100/5.5 1/2.0

Fujinon EG530 N 1100/5.9 1/2.0

EG530NP 1100/4.9 1/2.0

Pentax EG1690 K 1100/5.4 1/2.0

EG1870 K 1050/6.0 1/2.0

Adapted from Barth et al. [9]
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endoscopic strategies. Red blood cell transfusion is also
often necessary in the setting of acute blood loss caused by
GI bleeding and should be available in the operating room.
Additionally, fresh frozen plasma, platelets and other agents
may be required. The major limitations in managing these
cases are the size of the tools used for bleeding control. The
majority of equipment including hemostatic clips and mul-
tipolar coagulation probes do not fit through the working
channel. Also, the typical variceal band ligation cap (typi-
cally used in adults) is difficult to pass in children under
10 kg in size. Commonly used strategies for bleeding control
in smaller patients may include an injection needle that can

pass through a 2.0-mm channel or the argon plasma probe
which can also pass through a smaller channel (Video 11.1).
Alternatively, an attempt at using a larger caliber endoscope
can be considered depending on the anticipated treatment. In
our experience, we typically make a diagnostic assessment
with the smallest appropriate endoscope and change endo-
scopes if needed for an intervention.

Table 11.3 Common indications for pediatric EGD

Diagnostic Dysphagia

Odynophagia

Complicated or chronic GERD

Hematemesis

Persistent epigastric pain

Weight loss, failure to thrive

Chronic diarrhea/malabsorption

GI bleeding

Caustic ingestion

Evaluation of celiac disease (abnormal serologies,
family history)

Eosinophilic esophagitis (food impaction, atopic
history)

Evaluation of Helicobacter pylori

Therapeutic Foreign body removal

Stricture dilation/stent placement

Esophageal variceal ligation

Upper GI bleeding control

Polypectomy/tumor Removal

Adapted from Lightdale et al. [10]

Fig. 11.1 A fourteen-year-old with Helicobacter gastritis. Diffuse
nodularity is frequently seen in pediatric patients

Fig. 11.2 A twelve-year-old with long segment Barrett’s esophagus.
(Courtesy of Dr. V. Enemuo)

Fig. 11.3 A twelve-year-old with blue rubber bleb nevus syndrome

Fig. 11.4 A nine-year-old with Helicobacter gastritis and deep
duodenal ulcer in the posterior bulb. (Courtesy of Dr. R. Himes)
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Celiac Disease

Celiac disease (CD) is an autoimmune condition involving
the inability of the small intestine to properly respond to the
breakdown and absorption of gluten. In celiac disease, the
host’s immune system is activated with the ingestion of
gluten causing local inflammation, damage and destruction
of the small intestine. Over time, this can lead to classic
symptoms of celiac disease including failure to thrive,
weight loss, diarrhea, abdominal pain and malnutrition.

This disease is particularly important to pediatric gas-
troenterologists because the classic symptoms typically
begin during the childhood and adolescence. Studies per-
formed in the USA and Europe estimate the prevalence to be
3–13/1000 or 1:300–1:80 of children between 2.5 and
15 years of age [13]. This understanding of the epidemiol-
ogy of CD has greatly changed over the past few decades
due to serologic tests in addition to advances in endoscopy.
Until recently, it was not appreciated that a large majority of
individuals can have a more chronic and insidious onset with
milder symptoms than the classic, historical presentation
thus making the diagnosis much more difficult [14].

Along with the changing epidemiology of CD, the diag-
nosis has also been a topic of numerous changes specific to
endoscopy. Prior to the 1960s, the diagnosis of celiac disease
was based solely on symptoms. In 1969, the European
Society for the Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) developed the first diagnostic criteria
for celiac disease. This included: (1) “structurally abnormal
jejunal mucosa when taking a diet containing gluten,”
(2) “clear improvement of villous structure when taking a
gluten-free diet,” (3) “deterioration of the mucosa during
challenge.” With these criteria there was a minimum of three
sets of biopsies required over a period of at least one year.
The initial biopsy was performed to demonstrate damage,
the second biopsy was performed after one year on a

gluten-free diet to document healing and the third biopsy
was performed after a few months of gluten re-introduction.
Further revisions in 1990 stated that demonstrating the
recurrence of histologic abnormalities after a gluten-free diet
and gluten challenge was unnecessary as a part of the
diagnostic criteria [15].

Histopathology remains the mainstay of the diagnosis for
celiac disease. A clinical diagnosis alone was shown to be
incorrect in >50% of cases [13]. In addition, celiac disease is
a chronic condition involving a lifelong abstinence from
gluten-containing products. Therefore, it is highly recom-
mended that the diagnosis be confirmed with endoscopy and
histologic evaluation before the treatment plan is initiated.
Although symptoms may be “classic” there are other condi-
tions that may manifest with similar symptoms. A recent
report from ESPGHAN proposes a possibility of deferring
biopsy if the serology is abnormal, and the patient has a
specific HLA haplotype [16]. This was evaluated in a
Canadian cohort that challenges this concept as an alternative
diagnosis may be missed if strictly adhering to the proposed
European guidelines [17]. Thus, the North American Society
for Pediatric Gastroenterology, Hepatology and Nutrition
(NASPGHAN) continues to recommend upper endoscopy
with intestinal biopsy for confirmation of celiac disease.

Biopsy Technique

Celiac disease is patchy in nature with differences in severity
at different locations in the small bowel [18]. For this reason,
multiple duodenal biopsies need to be obtained in order to
increase the probability of accurately confirming a diagnosis.
Important locations to biopsy from include: the duodenal
bulb, as well as distal segments of the duodenum, and
duodenal–jejunal junction. At least six duodenal biopsies
including at least two bulb biopsies should be performed to

Table 11.4 Causes of upper
gastrointestinal bleeding in
pediatric patients

Age Common Rare

Birth to 1 year Swallowed maternal blood
Maternal breast inflammation
Vitamin K deficiency
Infectious esophagitis (Candida, HSV)
Reflux esophagitis
Gastritis or ulcer
NSAID-induced gastritis or ulcer
Duodenitis

Coagulation and bleeding diathesis
Vascular malformations
Duplication cysts
Maternal NSAID use
Pyloric stenosis
Esophageal and gastric varices
Foreign body
Aortoesophageal fistula
GVHD

Children and adolescents
(1–18 years)

Esophagitis
Esophageal and gastric varices
H. pylori-induced ulcer
NSAID-induced gastritis or ulcer
Mallory–Weiss tear
Inflammatory bowel disease
Emetogenic gastritis

Vascular malformations
Tumors (e.g., leiomyoma)
Hematobilia
GVHD
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appropriately evaluate for celiac disease. This may be even
more important in patients with early disease or milder
symptoms, as their small intestinal architecture may not be
evident endoscopically (Video 11.1).

Gross Pathology

Endoscopic features of CD can be varied. In a patient with
mild disease, the mucosa may appear to be completely
normal. However, in patients with severe disease, it is not
uncommon to visualize diffuse disturbances in duodenal
architecture. The most common macroscopic findings of
duodenal villous atrophy include the absence of mucosal
folds (Fig. 11.5a), scalloping (Fig. 11.5b) and submucosal
blood vessels and a mosaic pattern of the mucosa [13].
Although these are most common, it is again important to
note that affected patients may need subtotal to total villous
atrophy for these to become visible endoscopically. In
addition, the phrase “all that scallops is not celiac disease”
has been coined to illustrate that celiac disease is only one of
the disease states implicated with these gross abnormalities.

Histopathology

An experienced pediatric pathologist with specific experi-
ence with the evaluation of gastrointestinal mucosa should
perform the evaluation of any obtained biopsy specimens;
this increases the likelihood of an accurate diagnosis. The
modified Marsh criteria (Table 11.5) are widely used for
classifying histologic changes. It reveals four categories:
pre‐infiltrative (type 0), infiltrative (type 1), infiltrative‐hy-
perplastic (type 2) and flat‐destructive (type 3) and the
atrophic‐hypoplastic (type 4) lesion [19]. These criteria
establish a grading severity for mucosal destruction and are
not specific to celiac disease. However, with the appropriate
clinical correlate, a diagnosis of celiac disease can be made.

Characteristically there are increases in intraepithelial lym-
phocytes (>30 lymphocytes/100 enterocytes), decrease in
goblet cells, brush border abnormalities and villous
flattening.

Eosinophilic Esophagitis

Eosinophilic esophagitis (EE) is a disorder isolated to the
esophagus associated with eosinophilic infiltration in asso-
ciation with upper gastrointestinal symptoms. It is a rela-
tively newly described disorder, and the incidence has
increased over the past 20 years. As studied by Noel et al.
[20] in the early 2000s, there was a fourfold increase in
pediatric EE prevalence in the Midwest United States with a
relative incidence of *1/10,000 children per year. It is not
uncommon for a patient to be initially (and incorrectly)
diagnosed with gastroesophageal reflux (GERD) but then
found not to respond to typical anti-reflux medications
including proton pump inhibitors and H2 receptor antago-
nists [21].

EE can present in either childhood or adulthood; how-
ever, there are generally differences in the presentations [22].
Adults commonly present with intermittent dysphagia (29–
100%) and food impaction (25–100%) [20]. Children may
have nonspecific symptoms due to the inability to describe
the sensation in the esophagus. Mostly commonly, the pre-
senting symptoms are similar to GERD including heartburn
or regurgitation. Other presenting symptoms in children that
differ from adults include emesis, abdominal pain, failure to
thrive, and diarrhea. Food impaction may occur more fre-
quently as a presenting finding in adults, but this is not
uncommon in the pediatric population. The pathologic pro-
cess is unknown; however, it seems to be separate from
GERD given that it does not lead to mucosal destruction or
ulceration even in severe cases. Unlike GERD, which when
progressive can lead to esophageal adenocarcinoma, there
does not seem to be a link between EE and carcinoma.

Fig. 11.5 A four-year-old with
celiac disease. Endoscopic
findings include scalloping,
nodularity, loss of folds and
absence of a discrete villous
appearance
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Biopsy Technique

In the past, it was common that in the absence of endoscopic
findings of esophagitis only distal esophageal biopsies were
obtained to evaluate EE (if at all). Newer recommendations
advise the utility of biopsies in additional areas of the
esophagus (mid and proximal) [22]. From these recent
studies, it has been found that histopathologic abnormalities
are common in biopsy specimens of even normal appearing
mucosa. For this reason, it is also recommended that biop-
sies be taken in multiple levels of the esophagus even if it is
grossly normal. In addition, biopsies should also be obtained
from the stomach and duodenum to assess for other disease
entities such as eosinophilic gastroenteritis and inflammatory
bowel disease.

Gross Pathology

Eosinophilic esophagitis, as with many other GI diseases,
can have completely normal mucosa grossly. This does not
exclude the diagnosis of EE. When there is more severe
disease, there are common features seen on endoscopy.
These include vertical lines, linear furrowing, white exu-
dates, circular rings aka “felinization” or “trachealization,”
and strictures (Figs. 11.6 and 11.7). These are not pathog-
nomonic of EE but can be helpful in diagnosis in the correct
clinical context.

Histopathology

The key diagnostic criterion for diagnosing EE is based on
the number of intraepithelial eosinophils. There has been
much debate over the decades about the exact number of
eosinophils that are sufficient to diagnosis EE. Recently, the
criterion for diagnosis has been proposed as � 15 intraep-
ithelial eosinophils per high power field (HPF). Although
some biopsy specimens may have <15 intraepithelial eosi-
nophils per high power field (HPF), only 1 specimen is
required to make the diagnosis [22]. For this reason, multiple

biopsy specimens are taken in order to increase the sensi-
tivity. As above, the average number of biopsies suggested is
4–5 from different areas.

Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) represents a class of
autoimmune disorders affecting primarily the small intestine
and the colon. This chiefly includes ulcerative colitis and

Table 11.5 Modified Marsh
criteria

Marsh type Intraepithelial lymphocytes/100 enterocytes Crypts Villi

0 <40 Normal Normal

1 >40 Normal Normal

2 >40 Increased Normal

3a >40 Increased Mild atrophy

3b >40 Increased Marked atrophy

3c >40 Increased Absent

Adapted from Antonioli [19]

Fig. 11.6 A six-year-old with eosinophilic esophagitis. Furrowing and
nodularity is prominent

Fig. 11.7 A twelve-year-old female on tacrolimus with eosinophilic
esophagitis. Furrowing and early trachealization is present
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Crohn’s disease, but there are other forms including
inflammatory bowel disease-unspecified or indeterminate
colitis which do not classically fit into either category.
Distinguishing between ulcerative colitis and Crohn’s dis-
ease is essential as it has therapeutic and prognostic impli-
cations. Ulcerative colitis involves continuous involvement
starting in the rectum, whereas Crohn’s disease has more
patchy involvement. Although the prime involvement is in
the lower tract, there can be some upper GI tract involve-
ment, especially in Crohn’s disease. In adults, there is strong
link between inflammation within the terminal ileum, colon
or perianal area and upper GI tract involvement in CD;
therefore, routine upper endoscopy is not always recom-
mended or warranted [23]. However, in the pediatric popu-
lation, there is not as strong of an association between upper
and lower tract disease especially in Crohn’s disease and
indeterminate colitis. Studies have shown than isolated
upper GI tract abnormalities, specifically granulomas, may
be present in 12–28% of patients newly diagnosed with IBD
with completely normal colonoscopies [24]. This includes
patients that have no symptoms of upper GI disease. This
discrepancy between adult and pediatric IBD has prompted
the recommendation that all pediatric patients with presumed
IBD should undergo both upper endoscopy and colonoscopy
as part of a full diagnostic evaluation.

Biopsy Technique

There is no current consensus on the number of upper gas-
trointestinal biopsies that should be taken in order to have
the best sensitivity for making a diagnosis of Crohn’s dis-
ease. However, it is recommended that multiple biopsies be
taken from the upper and lower esophagus, stomach and
duodenum. In one study, as many as 67% of patients had
inflammation within the stomach, which is the most common
area for abnormalities in the upper tract [25].

Polyposis Syndromes

Pediatric patients often undergo EGD for the management of
polyposis. Specific recommendations and guidelines are in
place for several disorders. Patients with Peutz–Jeghers
syndrome, a hamartomatous polyposis syndrome, are rec-
ommended to have EGD with colonoscopy beginning at age
8 for evaluation and treatment of polyps and every three
years if polyps are detected [26]. In our experience, patients
may need an initial upper endoscopy prior to age 8 to
decrease the risk of intussusception and bleeding. In patients
with familial adenomatous polyposis (FAP), EGD is rec-
ommended when colonic adenomas are detected. This is
appropriate for related syndromes as well such as Gardner

and Turcot syndrome [27, 28]. A side-viewing duodeno-
scope should be used to evaluate for ampullary adenomas in
some polyposis syndromes, i.e., FAP, but the timing for the
index examination is not well validated, but should be done
by age eighteen. Patients with juvenile polyposis syndromes
are recommended to have their first upper endoscopy at age
12 (and every 1–3 years thereafter) along with colonoscopy
[27].

Therapeutic Interventions

Foreign Body Removal

Foreign body ingestion (FBI) is one of the major indications
for pediatric endoscopies and can also be one of the most
challenging. The majority of patients are <3 years of age
[29]. There are many critical determining factors involving
this procedure including object ingested, location of object,
timing of the removal (emergent = <2 h, urgent = <24 h,
elective = >24 h) versus watching waiting/observation, etc.
(Video 11.1).

The presentation can range from patients who are com-
pletely asymptomatic to those severe symptoms including
stridor, drooling and respiratory distress [30]. It is routinely
stated that objects that are lodged within the esophagus
require removal. 60–80% of FBIs are radiopaque making
X-ray the first diagnostic step, but this clearly leaves a large
number of patients with foreign bodies that are completely
invisible on X-ray [29].

When foreign bodies are located in the stomach, this
produces another difficult clinical scenario because the
decision to intervene is solely based on the provider’s clin-
ical judgment to determine the likelihood of it moving past
the duodenal bulb and only monitoring with serial X-rays.
Other factors to consider are the reliability of a history given
by family. If the family did not witness the exact object
ingested, this again produces more clinical difficulty when
deciding whether or not to endoscopically intervene.

Ingested Object

In contrast to adults, most FBIs in children are accidental
and involve common household objects. The type of object
ingested is of the utmost importance. Coins are the most
common. Other objects include: magnets, button batteries,
sharp objects and food [30].

• Coins (and other blunt objects): Coins are very com-
mon ingested foreign bodies in children. Even if an
ingested coin is thought to be lodged in the esophagus, it
is important to perform both AP and lateral X-rays to rule
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out tracheal impaction. In the AP position, the face of the
coin is usually visualized if positioned in the esophagus
whereas the side of the coin is usually front facing if
lodged in the trachea [29]. This is only a general rule of
thumb and there are exceptions.
The 3 sites in the esophagus that a coin can be impacted
include the upper esophageal sphincter/thoracic inlet
(60–70%), the mid-esophagus at the level of the aortic
notch (10–20%) and the lower esophageal sphincter
(20%). Coins at these locations should be removed
within 12–24 h. Gastric coins are not routinely removed
unless they remain present and do not pass spontaneously
when observed by X-ray for 4–6 weeks. The family can
also screen the stool for passage, although in practice this
is often easier said than done [30] (Figs. 11.8 and 11.9).

• Magnets: The incidence of magnet ingestion has
increased with the increasing incidence of incorporation
of magnets into children’s toys, the growing trend of
adolescents with piercings (i.e., tongue or lip), and the
increasing number of adult toys and desk objects that
may contain many high-powered neodymium magnets.
Magnets have the potential to cause the formation of
enteroenteric fistulae between 2 or more magnets in
bordering bowel loops; this can also lead to bowel per-
foration, necrosis and peritonitis.
Determining the number of magnets ingested is vital
(Fig. 11.10). If only one magnet is ingested, then it may
be treated like a standard ingested foreign body based on
its shape and size and, in many cases, observation may be
ideal. However, if there are 2 more magnets, if the
magnets are adherent, or if there is uncertainty about the
number of magnets, then removal is needed urgently. If
the magnet can be reached endoscopically, then endo-
scopic removal should be performed as first-line therapy

Fig. 11.8 AP and lateral views
of a multi-coin ingestion in a
20-month-old (esophageal and
gastric)

Fig. 11.9 Esophageal stricture after coin ingestion in a two-year-old
with developmental delay. (Courtesy of Dr. C. Jensen)

Fig. 11.10 Neodynium magnets in the gastric wall of a
twelve-year-old child
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[30]. However, if there is evidence of bowel entrapment
or ischemia then a surgical consult should be performed
concurrently. Many consensus papers have been written
discouraging the production of toys with neodymium
magnets, and since 2014 these have been banned in the
USA, although many still exist and can be purchased on
the secondary market.

• Button Batteries: Button batteries (BB) pose the highest
risk to patients when they become lodged in the esopha-
gus. An ingested button battery has become the leading
cause for emergent endoscopic intervention in a patient
with a swallowed foreign body. The mechanism of the
injury is related to chemical or caustic injury to the mucosa
via hydroxide radicals (alkaline) that cause an elevated
pH. The main mechanism is not related to thermal burns as
has been previously suggested. Animal models have
shown a rise in pH from ingested button batteries can
develop as early as 15 min after ingestion [29].
The most dangerous button batteries are lithium batteries
as they have recently been manufactured in sizes with a
larger diameter that makes them easier to lodge within the
esophagus and to simultaneously have higher a conduc-
tance (Fig. 11.11). Severe complications that can develop
following button battery ingestion include esophageal
ulceration, perforation, development of tracheoesophageal
fistula, aortoesophageal fistula and death (Fig. 11.12).
Ingested button batteries that have passed through the
esophagus and are now in the stomach present a different
challenge. There is no universal consensus on how to
proceed in a patient with an intragastric button battery as
some would argue to observe and others were perform
endoscopic removal.
A clinical report by NASPGHAN recommends to “con-
sider observation of patients with intragastric button
batteries only if the following factors are present: <2 h
duration since ingestion, battery <20 mm, absence of
clinical symptoms and child 5 years of age or younger”
[30]. However, in some studies esophageal damage had
already occurred prior to the button battery settling in the
stomach. Thus, there is a role in these patients to perform
endoscopy, not only to remove the battery, but also to
evaluate the integrity of the esophageal mucosa. Most
agree that if a gastric battery has not passed after >48 h
then it should be removed.

• Sharp objects: Sharp objects are not commonly ingested
in the pediatric population. Adult gastroenterologists
usually encounter them with patients that may have
ingested the object intentionally (i.e., patients with psy-
chiatric disease, prisoners, etc.). As a general rule,
ingested sharp objects undergo endoscopic removal to
reduce the risk of perforation and peritonitis. Most sharp
objects can be removed with the sharp edge in the trailing

position as stated in the oft-repeated phrase “leading
points perforate and trailing points don’t.” Sharp objects
that children ingest include pens, pencils, pen caps and
safety pins [29, 31].

• Food Impaction: Food impactions are far more common
in adults than children. When they occur in children,
food impactions are likely due to primary esophageal
pathology such as eosinophilic esophagitis, strictures,
etc. Food impactions should be treated endoscopically,
both allowing for relief of obstruction and evaluation of
the esophagus for underlying pathology [29]. Endoscopy
in this setting can usually be performed electively unless
the patient cannot control their secretions, in which case
it should be performed urgently. The food bolus can
either be removed in a retrograde manner or gently
advanced into the stomach via the so-called push tech-
nique [30]. The push technique is not validated in
children as there may be an undiagnosed stricture

Fig. 11.11 Lithium battery ingestion in a three-year-old child. Note
the two layers within the battery differentiating it from a coin. (Courtesy
of Dr. M. Munden)

Fig. 11.12 Esophageal stricture after lithium battery ingestion in a
two-year-old male
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beyond the food bolus, although in many patients this is
used as some boluses are not amenable to retrograde
removal. As eosinophilic esophagitis may be the
underlying cause, endoscopic biopsies are recommended
at the time of foreign body or food impaction
removal [22].

Caustic Ingestions

The accidental ingestion of inedible and caustic substance is
another serious problem in the pediatric population with
potential severe long-term complications. Patients are gen-
erally between the ages of 1 and 4 years old, when they first
become mobile and are curious of their environments [32].
The type of injury and whether or not to intervene depends
on a multitude of factors including, but not limited to, the
substance ingested, the volume of the ingested substance,
clinical symptoms and time course since ingestion.

Type of Substance Ingested

In most patients with caustic ingestions, injury to the
esophagus occurs secondary to a chemical reaction. Ingested
substances are generally classified as alkali or acidic. Alkali
substances (aka bases) with pH of >11 or acids with a pH of
<3 cause the most severe forms of injury. Commonly
ingested products are listed in Table 11.6 [33].

Alkalis in liquid form are tasteless; therefore, they are can
be swallowed with less difficulty and tend to cause more
distal injuries. Injury is usually caused by liquefactive
necrosis with diffusion of the caustic agent into and through
the mucosa, sometimes affecting more distal layers of the
esophageal wall. Acids, in general, have a poor taste, cause
oral burning and are less well tolerated. Acids are much
more difficult to swallow and may be regurgitated. Acids are
less likely to cause distal injuries. Children are more likely to
choke or aspirate when ingesting acids; this can lead to
damage to the upper airway. The mechanism of injury with
ingested acids is via coagulative necrosis which forms an

eschar which generally prevents seepage of the offending
agent into deeper tissue layers.

The degree of esophageal injury from caustic ingestions
is measured by the endoscopic appearance. The Zargar
grading system was described mainly in adults in 1991
(Table 11.7) [34].

The concept behind the grading system was to predict
outcomes and future complications. Patients with a stage 2b
or higher (circumferential) burn have a high likelihood of
developing strictures. Therefore, it is recommended that these
patients have nasogastric (NG) tubes placed with endoscopic
visualization to prevent further erosive damage [32].

Clinical Manifestations and Therapy

Clinical presentations of patients with caustic injuries range
from asymptomatic to complete airway occlusion requiring
artificial airways and mechanical ventilation. Common
symptoms include vomiting, cough, wheezing, shortness of
breath, drooling and difficulty managing secretions. Patients
who are completely asymptomatic can be observed in a
controlled medical setting in order to monitor for late
complications. Symptomatic patients should undergo
endoscopy.

Late Complications

Esophageal strictures are the main complication of caustic
ingestions. These can appear as early as three weeks after the
index ingestion [33]. For this reason, all children with grade
2 burns or more should have a barium swallow within 2–
3 weeks after injury to evaluate for any nascent strictures.
Nearly all patients with grade 3 burns will develop strictures.
The treatment of choice is balloon dilation to alleviate
symptoms. This is generally a temporary solution as most
patients will require repeat dilations and some progress to
the point of stenting or, rarely, esophagectomy with colonic
interposition.

Table 11.6 Common caustic ingestion agents [32]

Type Example

Alkali (bases) Oven cleaners, liquid drain cleaners,
disk batters, hair relaxers, household
cleaners, dishwasher detergents

Acid Toilet bowl cleaners, swimming pool
cleaners, rust removers

Bleaches and others Bleach, peroxide

Adapted from Lupa et al. [32]

Table 11.7 Zargar’s mucosal injury classification [34]

Grade Endoscopic visualization

0 Normal examination

1 Edema and hyperemia of the mucosa

2a Friability, hemorrhages, erosions, blisters,
whitish membranes, exudates and superficial
ulcerations

2b Grade 2a + deep discrete or circumferential
ulcerations

3a Small scattered areas of necrosis

3b Extensive necrosis
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Other Strictures Intervened upon by Upper
Endoscopy

Congenital anomalies such as tracheoesophageal fistula are
usually repaired surgically in infancy. These surgeries can
commonly lead to esophageal strictures, which may present
in a delayed manner. These strictures can typically by
managed with endoscopic dilation; however, the use of self
expanding stents has been reported as a treatment for these
strictures and is often highly effective. Patients with
moderate-to-severe forms of epidermolysis bullosa can also
have significant esophageal strictures (Fig. 11.13). These
patients may undergo numerous dilation procedures during
the course of their life (Video 11.1).

Sedation for Pediatric Upper Endoscopy

There are three main types of sedation for GI procedures in
pediatric patients: general anesthesia, deep sedation provided
and moderate sedation (previously referred to as conscious
sedation). The latter two are typically administered by a
gastroenterologist or more commonly a practitioner trained
in pediatric sedation; the former is administered by an
anesthesiologist or a nurse anesthetist.

Unlike adults who may only undergo moderate sedation
for common GI procedures, there are other considerations in
pediatric endoscopy. In the early years of endoscopy, the
gastroenterologist performing the procedure performed
almost all sedation in parallel with the endoscopy. How-
ever, as patients who needed endoscopic procedures became
smaller (premature infants) and endoscopic technology
became more advanced and procedures more lengthy, the
need for general anesthesia has become a more common
route [26]. General anesthesia decreases in the amount of
interruptions during the procedure and allows for continu-
ous endoscopic therapy. In addition, the airway is com-
pletely protected, making accidental intubation of the
airway with the endoscope difficult (although if this occurs
there is usually no injury to airway structures). There are

significant costs to general anesthesia, especially when
performed in an operating room. Many endoscopists will
perform routine endoscopies outside of the operating room
in a procedure suite via other means of sedation, greatly
minimizing costs.

Pediatric Procedural Considerations

The procedural environment for pediatric patients under-
going endoscopy must have special modifications in order
for a safe and relaxed experience for the patient and
family. Unlike adults who will fully understand the rea-
soning for the specific procedure, children are generally
apprehensive and not fully aware of the happenings of the
day. For this reason, the procedural suite must be a
comfortable place for both the patient and family. Nurses
and technicians with pediatric training should endeavor to
create a positive environment for children. Responsible
staff should have PALS (Pediatric Advanced Life Support)
or equivalent certification.

Pre-procedure

In the pre-procedure area, there must be adequate space for
both the patient and the family. Parents or guardians should
always be allowed to accompany the child until the last
moment prior to the beginning of the procedure. This creates
a sense of trust and also provides solidarity in that the child
sees the parent/guardian in agreement with the medical team.
Since patients will be fasting for many hours prior to the
procedures, children are more apt than adults to suffer from
dehydration, and therefore, intravenous fluid supplementa-
tion should be considered.

Reducing anxiety is also a high priority. There are various
methods including involving pre-procedural tours of the
procedure area, early introduction of child life experts and
pre-procedural anxiolytics. Child life colleagues will have
expertise in calming an anxious child with distraction tech-
niques such as video games, demonstrations on dolls and
deep breathing techniques.

Intra-procedure

As with all procedures, efficient and timely completion of
the endoscopic task at hand should be the goal. Patient
positioning is dependent on the mode of sedation; however,
upper endoscopy can easily be performed in the supine or
left lateral position. Care should be taken to have different
scope sizes available in the event that equipment needs to be
changed for the specific patient depending on needs dictated

Fig. 11.13 Esophageal stricture and multiple blebs in a child with
epidermolysis bullosa. (Courtesy of Dr. L. Karam)
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by size or endoscopic maneuver. Having differing sizes of
equipment available in the room allows for shortened time
lapses in the room. In addition, the appropriate media for
biopsy specimens should always be available in the event
that biopsies that were not previously planned should be
taken. Care should be taken to limit insufflation and to fre-
quently remove air from the stomach and bowel. Abdominal
distention due to overinflation can lead to cardiovascular
instability or challenges with ventilation. A recent modifi-
cation in endoscopic practice has utilized CO2 (carbon
dioxide) gas for insufflation, which may decrease some of
these effects.

Post-procedure

A pediatric patient should always awaken to a familiar face
as this allows for less disorientation and anxiety. For this
reason, families should be allowed into the recovery area as
soon as possible after the completion of endoscopy. In
addition, careful attention should be made to the proper
positioning of the head and neck (especially in neonates and
infants) as they have a tendency to obstruct the airway
secondary to redundant posterior pharyngeal tissue. The
recovery area should always be in direct view of staffing
member (nurse or MD) who is able to visualize complica-
tions early in order to intervene quickly.

Quality Assessment in Pediatric
Upper Endoscopy

Although there are no specific recommendations for the
assessment of quality for pediatric upper endoscopy, some
parallels can be drawn from both adult gastroenterology and
that of pediatric colonoscopy. NASPGHAN training guide-
lines recommend at least 100 EGDs be performed as part of
the fellowship training, along with at least 10 foreign body
removals [35]. Complex endoscopic maneuvers such as
endoscopic stent placement and hemostasis are less com-
monly performed, and trainees may have difficulty com-
pleting these in sufficient numbers prior to the completion of
their training [36]. Trainees should also have a dedicated log
for all endoscopic procedures. This will be needed at the time
of completion of fellowship training as well as for future
credentialing as an attending physician.

Conclusion

Performing EGD in pediatric patients requires an under-
standing of general endoscopy and an understanding of
pediatric patients and disease states. A key difference

between pediatric and adult upper endoscopy is the need to
use smaller equipment for smaller patients. Advances in
endoscope and accessory technology will increase the ability
to care for this unique population. Furthermore, improving
safety and decreasing adverse rates is an ongoing task which
can improve with a focus on quality assessment.
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12Evaluation and Management of Mucosal
and Submucosal Lesions in the Foregut

Dino Beduya and Gulshan Parasher

Introduction

“Submucosal lesion” is a loosely applied term, often used to
describe a bulge or prominence seen on endoscopy when the
lesion has overlying normal mucosa encountered during
gastrointestinal (GI) endoscopy. A more appropriate term
would be “subepithelial lesion” (SEL) since submucosa is a
distinct histologic layer in the gastrointestinal wall and such
lesions can arise from any layer, although the term “sub-
mucosal lesion” remains in widespread use. The majority of
these lesions are located within the gut wall (intramural),
although these prominences may be extramural in 15–30%
of cases, as a result of impressions made by surrounding
structures [1]. In the foregut, these extramural structures
include normal organs such as the liver, spleen, gall bladder,
kidney, vertebra, and blood vessels (Fig. 12.1) [2]. Extra-
mural pathologic conditions include pancreatic cysts and
pseudocysts, splenic artery aneurysms, enlarged lymph
nodes, mediastinal masses, duplication cysts of GI or bron-
chogenic origin, and lung cancer [2–4]. This chapter will
focus on intramural subepithelial lesions in the foregut,
including endoscopic diagnosis and management.

Incidence and Clinical Presentation

Subepithelial lesions are encountered in 0.3–3.5% of upper
endoscopies [5, 6]. The majority of these lesions are in the
stomach (51.6–75.5%), followed by esophagus (18.5–
41.3%), and duodenum (6–7.1%) [5, 7]. Because a biopsy is
not performed or warranted for most SELs, histologically
confirmed diagnosis is not available in a majority of cases
[1]. A presumptive diagnosis is made based on appearance
on endoscopy, endoscopic ultrasound (EUS), and other
imaging modalities [1, 2, 4, 8].

Among cases with a histologic diagnosis, 41.8–63.8% are
confirmed to be gastrointestinal stromal tumors (GISTs),
21.9–34.3% are leiomyomas, 1.4–10.4% are lipomas, 2.9–
8.7% are granular cell tumors, 7.5% are heterotopic pan-
creas, 3.0–5.5% are cysts, including duplication cysts, and
2.6% are carcinoid tumors [1, 4, 7, 8]. The proportion of the
different types of foregut SELs vary based on location. For
example, in a study which included only gastric SELs,
30.5% were GISTs, 30.1% were heterotopic pancreas,
15.5% were leiomyomas, 5.8% were lipomas, and 2.2%
were schwannomas [9]. Other diagnoses include heterotopic
liver, leiomyosarcoma, lymphoma, bronchial carcinoma, and
metastasis (renal cell primary, ovarian primary). Of note, in
the studies on SEL with histologic confirmation, reasons for
tissue acquisition included hypoechogenicity on imaging,
size >10 mm, increase in size by >25%, and worrisome
endosonographic changes. This indicates that the above
incidence rates for the different types of SELs cannot be
applied to SELs as a whole.

The majority of small SELs do not increase in size or
develop worrisome endosonographic features. In a retro-
spective study of gastric SELs � 30 mm followed for up to
13 years (median 7 years), only 8.5% (84 of 989) showed a
significant increase in size, developed ulceration, and/or had
their appearance on EUS change over a median period of
24 months [10]. Twenty-five lesions underwent resection or
enucleation; 19 of the 25 (76%) were found to be GISTs
[10]. Of 65 hypoechoic foregut SELs (size 7–29 mm)

Electronic supplementary material
Supplementary material is available in the online version of this
chapter at 10.1007/978-3-319-49041-0_12. Videos can also be
accessed at http://www.springerimages.com/videos/978-3-319-
49039-7.

D. Beduya � G. Parasher (&)
Division of Gastroenterology and Hepatology, University of New
Mexico School of Medicine, Albuquerque, USA
e-mail: gparasher@salud.unm.edu

D. Beduya
e-mail: dbeduya@salud.unm.edu

© Springer International Publishing AG 2017
D.G. Adler (ed.), Upper Endoscopy for GI Fellows,
DOI 10.1007/978-3-319-49041-0_12

139

http://dx.doi.org/10.1007/978-3-319-49041-0_12
http://www.springerimages.com/videos/978-3-319-49039-7
http://www.springerimages.com/videos/978-3-319-49039-7


prospectively followed for up to 9 years (median 2.5 years),
16 (25%) increased in size. Nine had a tissue diagnosis, 6 of
which were GISTs [7].

Most foregut SELs are asymptomatic and incidentally
discovered during upper endoscopy or abdominal surgery
for an unrelated indication. If present, symptoms are often
related to the location and size of the lesion. Dysphagia is
mostly reported in cases of esophageal SELs when the
size of the lesion is >1 cm. Vomiting or other obstructive
symptoms can be the presenting symptom for large gastric
SELs near the pylorus (Fig. 12.2). Duodenal SELs can be
complicated by jaundice and, rarely, pancreatitis [2, 4,
11]. Other presenting symptoms of foregut SELs include
GI bleeding (overt, with hematemesis or melena, or occult
resulting in anemia), abdominal pain, and chest
discomfort.

Diagnosis

A diagnosis cannot be made for all SELs solely based on
endoscopic visualization. However, upper endoscopy is 95%
accurate in identifying a subepithelial lesion as solid, cystic,
or vascular [12]. Also, for lipomas, indentation with a closed
biopsy forceps during endoscopy (the “pillow sign”) is

98.8% specific [1]. Upper endoscopy can be used to biopsy
suspected lipomas in a tunneled manner—if this reveals

Fig. 12.1 Splenic artery.
Endoscopy shows a pulsatile
prominence in the posterior
gastric wall. Varying views on
EUS shows a tubular, also round
anechoic structure. Doppler
examination shows pulsatile flow

Fig. 12.2 Giant antral lipoma causing intermittent obstruction of the
pylorus in a 61-year-old woman with intermittent vomiting. Image
courtesy Douglas G. Adler MD
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adipose tissue this is termed the “naked fat” sign. Also upper
endoscopy has a sensitivity of 87–98%, but a low specificity
of 29–64% in determining whether the lesion is intramural or
extramural [1, 2].

Endoscopic ultrasound (EUS) plays an important role in
the diagnosis and management of SELs. It is superior to
endoscopy in determining whether a lesion is intramural or
extramural, with a sensitivity of 92% sensitive and speci-
ficity of 100% [2]. EUS helps narrow the differential diag-
noses of an SEL based on the echogenicity and layer of
origin (Table 12.1). EUS imaging alone is sufficient for
diagnosing lipomas, simple cysts, and varices [13, 14].
However, a presumptive diagnosis by EUS without per-
forming biopsy is correct in only 45.5–48% of cases [1, 15].
This is because several SELs (GIST, leiomyoma, schwan-
noma, heterotopic pancreas) have overlapping endosono-
graphic features. EUS is also helpful in predicting risk of
malignancy. Large size (>3 cm) and irregular margins in
hypoechoic SELs [16], as well as the presence of perile-
sional lymphadenopathy, correlate with malignancy or
indeterminate malignant potential. EUS allows evaluation
for candidacy for endoscopic resectability of an SEL.
Findings which indicate that a tumor is generally not
amenable to endoscopic resection include (1) extension to
the muscularis propria, (2) the presence of lymphadenopa-
thy, and (3) size >2 cm [17, 18].

EUS is frequently used to perform tissue acquisition,
usually by EUS-guided fine-needle aspiration (FNA).
Diagnostic rate for EUS-guided FNA or biopsy ranges from
34 to 91% [14]. In a recent meta-analysis which included 17
studies from 2004 to 2014, the overall diagnostic rate was
found to be 59.9% in 978 cases. There was no difference in

the diagnostic rate among fine-needle aspiration, needle
biopsy, and trucut biopsy, as well as 19-gauge, 22-gauge,
and 25-gauge needles. Only studies which used ability to
perform immunohistochemical staining as a parameter for
specimen adequacy were included [14]. Other techniques
(mucosal incision or unroofing, resection, and dissection) are
available which allow for acquisition of more tissue.

Endoscopic mucosal resection (EMR) is a technique
which allows not only deeper sampling but also complete
removal of a small, superficial lesion via endoscopy. EMR is
essentially a variation of the technique of standard
polypectomy as performed during colonoscopy and involves
submucosal injection of a fluid, usually saline or saline
diluted with epinephrine to create a submucosal cushion,
followed by band ligation and removal of the lesion via
electrocautery with a polypectomy snare (Fig. 12.3). A le-
sion is considered amenable to EMR if it is less than 2 cm,
not invading the musclaris propria, and with no surrounding
lymphadenopathy [17, 18]. Endoscopic submucosal dissec-
tion (ESD) is another technique that allows en bloc lesion
removal, for lesions >2 cm. Margin-negative (curative)
resection can be achieved and surgery avoided via ESD,
allowing preservation of the native organ. Compared to
EMR, ESD has a higher risk of bleeding and perforation a
longer procedure duration and is limited to referral centers
[19]. Endoscopic full thickness resection can also be per-
formed for deeper lesions (involving the muscularis propria),
but this procedure also limited to only a few tertiary centers
[20, 21].

Other imaging modalities have been used to characterize
SELs. These include computed topography (CT) scan,
magnetic resonance imaging (MRI), and magnetic resonance

Table 12.1 EUS features of different SELs

Echogenicity Layer of origin Homogeneity Margin

Lipoma Intensely hyperechoic SM Homogenous Distinct

Heterotopic
pancreas

Hypoechoic or mixed Mainly SM, also MM and
MP

Heterogenous Mostly indistinct

Carcinoid Isoechoic or slightly
hypoechoic

Mainly SM, also MP Homogenous Distinct

Duplication cyst Anechoic Any Homogenous Distinct

GIST Hypoechoic or mixed Mainly MP, rarely MM,
SM

Homogenous or heterogenous Mostly distinct
(irregular margins
suggest intermediate or
high risk of
malignancy)

Leiomyoma Hypoechoic Mainly MP, also MM Mostly homogenous Distinct

Schwannoma Hypoechoic Mucosa, SM, MP, serosa Homogenous Distinct

Granular cell
tumor

Hypoechoic Mucosa, MM, SM, MP Homogenous or mildly
inhomogenous

Distinct

SM submucosa, MM muscularis mucosa, MP muscularis propria
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pancreatography (MRCP). Both CT and MRI take advantage
of fat content and are able to specifically diagnosis lipomas
[22, 23]. Overall accuracy of multidetector CT in detecting
and classifying SELs is 85.3% and 78.8%, respectively [24].
While EUS is generally better than CT in detecting foregut
SELs, rarely, CT can show a lesion not visualized on EUS if
it is too far from the gut wall to be seen clearly [24].

Management

Management of foregut SELs depends on the presence of
symptoms attributable to the lesion, as well as concern for a
malignant or a potentially malignant condition. Symptomatic
lesions should, in general, be treated by endoscopic or sur-
gical resection or enucleation. For duplication cysts, mar-
supialization is also an option but is rarely required. For
asymptomatic lesions, the decision of whether or not to
biopsy can be individualized.

If a lesion appears yellow in hue and the “pillow sign” or
the “naked fat” signs are positive, the lesion is likely a
lipoma and further biopsy is not typically warranted. If a
lesion appears vascular (such as a varix, which is often
serpiginous and has a bluish hue) or cystic, endoscopic
biopsies should not be performed until the target lesion is
further evaluated by EUS. On EUS, a varix appears as a
round or tubular anechoic structure, usually deep to the
submucosa, and Doppler examination shows flow in the

structure [25]. If an SEL appears solid, forceps biopsy
should be considered. Forceps biopsy is low yield [4, 5, 26]
but is often sufficient for carcinoid tumors since these lesions
tend to invade the mucosa [27]. If the biopsy of a
solid-appearing lesion is non-diagnostic, EUS should be
pursued. Alternatively, repeat endoscopy in 1 year can be
considered if the lesion is <1 cm and the patient is not
enthusiastic about further evaluation. If EUS shows con-
cerning features such as a hypoechoic mass >3 cm in size,
referral for surgery should be considered. For hypoechoic
lesions less than <3 cm, deeper biopsy (endoscopic mucosal
resection, EUS FNA or biopsy, mucosal dissection) may be
performed [28].

Foregut SELs

Lipomas

Gastrointestinal lipomas are benign, slowly growing tumors
[29]. They can occur in any part of the GI tract but are most
commonly found in the colon (65–75%). Four to eight
percent of GI lipomas are found in the stomach [23, 29].
Microscopically, they are made up of a fibrous capsule
containing mature adipose tissue lobules and thin regular
fibrovascular septa [22].

Lipomas are often asymptomatic and incidentally found
during endoscopy. Rarely, large lipomas can present with

Fig. 12.3 Endoscopic mucosal
resection of a gastric carcinoid.
Lesion is suctioned with a
cap-fitted endoscope and band
ligation is performed, followed by
snare resection
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intussusception, GI obstruction, acute, and chronic bleeding,
manifesting with anemia.

Prior to the advent of CT and endoscopy, the diagnosis of
a lipoma was usually made after surgical intervention [23,
30]. Gastrointestinal lipomas are seen as a fatty density with
distinct margins on CT. On MRI, they are characterized by
hyperintensity on T1-weighted images [23]. Endoscopy
usually shows a yellow to red-orange smooth-surfaced mass.
Indentation with a closed biopsy, the “pillow sign,” is 98.8%
specific. However, this sign is only 40% sensitive for lipo-
mas [1]. In such cases, EUS can be used for further evalu-
ation. On EUS, GI lipomas usually appear as a homogenous
hyperechoic lesion with distinct margins (Fig. 12.4). In
some cases, they can have a more atypical and heteroge-
neous appearance. Approximately 90–95% arise from the
submucosal layer, the rest from the subserosa [31]. EUS
features are characteristic, and no further diagnostic inter-
vention is usually needed [12]. Biopsies are generally
unnecessary and should be limited only to cases with atyp-
ical imaging [29].

GI lipomas have essentially no malignant potential.
Surveillance and treatment are not indicated for incidental
lipomas. For symptomatic lipomas, surgical or endoscopic
resection can be performed. Removal by endoscopy is
contraindicated if EUS shows layer of origin is the serosa or
if there is infiltration of the muscularis propria [31].

Pancreatic Rests

A pancreatic rest AKA heterotopic pancreas is pancreatic
tissue outside of its normal location. It can be seen anywhere
in the GI tract but can be found outside it as well (pelvis,
thorax, mesentery, spleen). These lesions are found in up to
2% of the population [32]. Pancreatic rests have been
reported in 0.2% of surgical operations involving the upper
GI tract and 0.6–13% of autopsies [33]. Heterotopic pan-
creas can be found in patients at any age but is most often
discovered in the fifth and sixth decades of life, more

commonly in males. In the GI tract, it is most frequently
seen in the gastric antrum, along the greater curve, in the
prepyloric space [33].

Pancreatic rests are often asymptomatic. The most com-
mon complaint in symptomatic patients is abdominal pain.
Other symptoms include GI bleeding, gastric outlet
obstruction, biliary obstruction, and weight loss [31, 32].
Pancreatitis, pseudocyst, and cystic neoplasms can arise in
heterotopic pancreas rarely [32, 33].

The classic appearance of heterotopic pancreas on endo-
scopy is a smooth subepithelial lesion with central umbili-
cation, which corresponds with the opening of a partial or
complete ductal structure. This umbilication is found in
approximately half of cases. Size ranges from 0.1 to 5 cm,
usually 0.6–3 cm [34]. Heterotopic pancreas is usually
found in the antrum, 2–6 cm from the pylorus, in the 3–7 o’
clock position [35]. Compared with gastric mesenchymal
tumors (GISTs, leiomyomas, schwannomas), size <3 cm and
location in the middle or lower third of the stomach is 92%
sensitive and 78% for heterotopic pancreas [36].

On EUS, a pancreatic rest frequently has a hypoechoic or
mixed echogenicity [13, 26, 34, 37]. Margins are indistinct
in 72–80% of cases, owing to the lobular structure of the
acinous tissue at the margin [24, 26, 37]. The layer of origin
is mainly the submucosa, although these lesions can also
(less commonly) originate from the muscularis propria and
muscularis mucosa [13, 37]. Anechoic areas within a lesion
can be seen corresponding to ductal or cystic structures
[26, 37].

Histologic diagnosis of heterotopic pancreas is often
difficult using endoscopic biopsy forceps [26]. Up to 12.5%
of heterotopic pancreas can be diagnosed by endoscopic
biopsy alone [32], 36% with biopsy or snare [35]. EUS FNA
of pancreatic rests is rarely indicated.

Management of pancreatic rests remains controversial.
Malignant transformation has been reported but is excep-
tionally rare, and an invasive approach is generally not
recommended in asymptomatic patients [37]. Tissue acqui-
sition may not always be required, particularly for lesions

Fig. 12.4 Lipoma
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with a typical appearance on endoscopy or EUS [35]. It is
proposed that a pancreatic rest should be removed when it is
enlarging or the diagnosis is in doubt, besides lesions
causing symptoms [34]. Endoscopic resection appears safe
and effective in small-sized lesions (*1 cm) [35].

Spindle Cell Lesions: GIST and Leiomyoma

GISTs are the most common soft tissue sarcoma of the GI
tract. They can arise anywhere along the digestive tract, the
stomach being the most common primary site (60%) fol-
lowed by jejunum and ileum (30%). Duodenal GISTs
account for 4–5% and rectal GISTs 4% [38, 39].

GISTs have an incidence of 14–20 per million. They are
typically found in older adults (median age of 60–65 years).
There is a slight male preponderance. Cases are extremely
rare in patients younger than 21 years [40].

Close to a third of GISTs are asymptomatic and found
incidentally during surgery, imaging, or endoscopy. Of those
with symptoms, most present with ulcer-like symptoms or
GI bleeding [40].

All GISTs are potentially malignant. Risk of metastases
depends on tumor site, size, and mitotic index. For GISTs
with malignant behavior, the most common sites of metas-
tases are the liver and peritoneal cavity [40]. Lymph node
metastases are extremely rare [39]. It can take up to several
years before a primary GIST metastasizes [40].

Most gastrointestinal smooth muscle tumors referred to in
the older literature as leiomyomas, leiomyosarcomas, and
leiomyoblastomas would now be considered GISTs [38].
However, there remains a subset of GI smooth muscle
tumors referred to as leiomyomas (or “true” leiomyomas),
leiomyosarcomas, and leiomyoblastomas which are distinct
from GISTs. Whereas all GISTs are considered to have
malignant potential, leiomyomas are essentially invariably
benign [41]. They are more common than GISTs in the
esophagus [38]. They stain positive for desmin and negative
for c-KIT (CD117) antigenic stain, in contrast to GISTs

which stain positive for c-KIT and negative for desmin
[42, 43].

On EUS, GISTs and leiomyomas appear as hypoechoic,
well-marginated tumors, mostly arising from the muscularis
propria, but they can also originate from the muscularis
mucosa (Fig. 12.5, Video 12.1) [9, 44]. Compared to
leiomyomas, GISTs are sometimes more hyperechoic rela-
tive to the surrounding muscle echo. Marginal halo and
hyperechogenic foci are also found more commonly in
GISTs [41].

Biopsy of a primary GIST is needed before preoperative
therapy at most institutions [39]. Needle aspiration or biopsy
using EUS is preferred over the percutaneous route due to
risk of intra-abdominal tumor dissemination, although per-
cutaneous biopsy can be used to confirm metastasis [39].
Ninety-five percent of GISTs express the tyrosine kinase
c-KIT (CD117). Immunohistochemical staining for CD 117
confirms the diagnosis. For c-KIT-negative GISTs,
immunostaining for DOG1, a chloride channel protein, can
be used [39]. Tissue obtained via needle aspiration or biopsy
is not always adequate for immunostaining. Other tech-
niques (such as incision or unroofing before biopsy) can be
employed to increase tissue acquisition [45]. EUS core
needle sampling is often superior to routine cytology with
regard to obtaining adequate tissue for immunostaining.

CT with intravenous contrast is the initial imaging
modality of choice for biopsy-proven GISTs. It allows for
evaluation of extent of disease and the presence of metas-
tases, thus conveying overall staging. A patient with a GIST
can subsequently undergo surgery if there are no metastases
and resection does not carry a significant risk of morbidity. If
there is increased surgical morbidity (such as with pancre-
aticoduodenectomy for duodenal GISTs or esophagectomy
for esophageal GISTs), preoperative imatinib or sunitinib
scan be administered to allow for potential downstaging
prior to surgery [39]. If there is response, resection should be
considered. For progressive disease, options include
radiofrequency ablation, embolization or chemoemboliza-
tion, dose escalation of imatinib, and palliative radiotherapy

Fig. 12.5 Gastrointestinal
stromal tumor
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[39]. Endosonographic surveillance every 6–12 months is an
option for gastric GISTs <2 cm without high-risk EUS
features such as irregular border, cystic spaces, ulceration,
echogenic foci, and heterogeneity, and many patients select
observation, especially if they have other comorbidities that
would make surgery high risk [39].

Carcinoid Tumors

Neuroendocrine aka carcinoid tumors are slow-growing
tumors that arise from neuroendocrine cells and can occur
anywhere in the body. The majority of these tumors (86%)
are found in the GI tract [46]. Based on SEER registry data,
the incidence of neuroendocrine tumors has increased from
1.09 per 100,000 in 1973 to 5.25 per 100,000 as of 2004,
likely as a result of the explosive growth and use of endo-
scopy which identifies many of these lesions [46]. Gastric
and duodenal carcinoids are most often diagnosed in the
seventh decade of life [46, 47].

The most common site for digestive tract carcinoids is the
rectum (29.8% of GI carcinoids), followed by jejunum and
ileum(23.2%), stomach (10.4%), colon (6.9%), andduodenum
(6.6%) [46]. This is a shift from earlier studies which showed
the appendix as the most common site (42.7–49.4%) [47].

Most GI carcinoid tumors are asymptomatic. If present,
symptoms include abdominal pain, vomiting, and GI
bleeding [48]. Carcinoid syndrome (diarrhea, flushing,
abdominal pain) is more common with extra-gastrointestinal
primary (such as lung or bronchi) but can occur with GI
carcinoids in the setting of liver metastases [49]. Primary GI
carcinoids alone do not cause carcinoid syndrome as the
biologically active metabolites are destroyed on first pass
metabolism through the liver.

On endoscopy, carcinoid tumors can have varying
appearances. In some cases, a carcinoid tumor appears as a
smooth, round, subepithelial mass with yellowish hue,

sometimes with a central depression. In other cases, the
lesion can appear to be mucosal in nature. Most carcinoid
lesions are firm when probed with a closed biopsy forceps.
Most GI carcinoids are small (75% <1 cm) [48], but a tumor
size of 23 cm has been reported [50]. EUS often shows a
homogenous isoechoic or slightly hypoechoic mass, arising
mostly from the submucosa layer (Fig. 12.6) [12]. It can also
originate from the muscularis propria or even the mucosa
[51]. Forceps biopsy is usually diagnostic [27].

Microscopically, carcinoid tumors show a typical pattern
of small round or cuboidal cells with uniform dark nuclei,
forming nests or islands and cords, in stroma made up of
fibrous tissue and blood vessels [48]. Most stain positive for
chromogranin A and synaptophysin [52].

Management of foregut carcinoids depends on several
factors including tumor site, size, disease extent, and patient
status (particularly surgical risk). Contrast-enhanced CT
scans of the chest, abdomen and pelvis are recommended to
evaluate for metastases [49]. For locoregional carcinoids in
the duodenum, endoscopic resection is recommended if
feasible, followed by surveillance endoscopy. EUS helps
assess candidacy of a GI carcinoid for endoscopic resection.
Extension into the muscularis propria, the presence of per-
ilesional lymphadenopathy, and size >2 cm are findings that
indicate a tumor is likely not amenable to resection via
endoscopy [18].

In the management of gastric carcinoids, gastrin level
needs to be measured to determine its type. For
non-metastatic type 1 gastric carcinoids (associated with
atrophic gastritis) with solitary or multiple tumors <2 cm,
treatment options are endoscopic resection or observation.
Endoscopy every 6–12 months for the first 3 years or
annually thereafter should be performed, and if new lesions
arise or tumor size increases, antrectomy should be consid-
ered [49]. For type 2 gastric carcinoid, which is associated
with a true gastrinoma of the pancreas or the duodenum, the
gastrin-producing tumor should be resected or enucleated.

Fig. 12.6 Carcinoid tumor
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Proton pump inhibitors should be given to manage gastric
hypersecretion and its attendant complications including
diarrhea, peptic ulcer disease, reflux, and esophagitis. Type 3
gastric carcinoids are true sporadic lesions that arise in the
setting of a normal serum gastrin level. These lesions are
usually treated by primary gastric resection with lym-
phadenectomy as they tend to have a more aggressive nature.
However, for a small (<2 cm) intraepithelial tumor, endo-
scopic or wedge resection may be considered [53].
Annual CT or MRI up to 10 years post-resection should be
considered for type 3 gastric carcinoid [49].

Schwannoma

Schwannomas are rare mesenchymal tumors originating
from nerve cell sheaths. They comprise 7.8% of mes-
enchymal tumors in the GI tract [54]. Most cases are found
in individuals 30–50 years old (age range 10–90 years) [55–
57]. GI tract schwannomas are more common among
women, with varying female predominance [56].

The stomach is the most common site of GI tract
schwannomas. Esophageal and small bowel schwannomas
are rare [55, 56, 58]. Most gastric lesions are asymptomatic
[56, 59]. Of those with symptoms, the most common com-
plaint is abdominal pain. Gastric outlet obstruction can also
occur with large lesions. Among patients with esophageal
schwannoma, the predominant symptom is dysphagia [60].
A schwannoma in any site of the foregut can present with GI
bleeding [55–58]. Reported lesion diameters range from 0.5
to 15.5 cm [56]. On endoscopy, a central depression or ulcer
can be seen [54, 58].

EUS usually reveals a hypoechoic, well-defined lesion,
similar to other mesenchymal tumors. The layer of origin for
most GI schwannomas is the submucosa or the muscularis
propria [54, 56], but they may also arise from the mucosa
and serosa [55, 56].

Histologic analysis of schwannomas usually shows spin-
dle cells with a lymphocytic peritumoral cuff [54, 56]. The
hallmark for diagnosis is strong reactivity to S100 protein on
immunohistochemistry [55]. Schwannomas also stain posi-
tive for neuron-specific enolase and Leu 7 antigen [55].

Reported cases of malignant foregut schwannomas are
rare. Most investigators consider a mitotic index of 5 or
more per 50 high power fields as the most reliable histologic
factor that correlates with malignancy [61]. However, not all
schwannomas with high rates of mitoses per high power
field are malignant [56]. Clinically, malignancy should be
suspected if there is an increase in size of the lesion over
time or if symptoms are present [61]. Given that these cases
are rare, the degree of size increase is considered significant

although the optimal timing of surveillance endoscopy is
unclear. Surgical resection or enucleation is satisfactory in
most patients with symptomatic schwannomas. Endoscopic
removal (via snare, tunneling resection, excavation, or full
thickness resection) has been reported for lesions up to
2.5 cm [21, 55]. A more extensive surgery (esophagectomy,
partial gastrectomy) is preferred if there is evidence of
non-metastatic malignancy [61].

Granular Cell Tumor

Granular cell tumors (GCTs) are tumors of neurogenic (Sch-
wann cell) origin that can occur in different sites of the body.
About 5–11% are found in the GI tract [62]. They are often
diagnosed in the fifth decade of life. One-fourth to one-third of
digestive tract GCTs occur in the esophagus [62, 63].

Most foregut GCTs are asymptomatic [62, 64]. Esopha-
geal GCTs >1 cm can present with dysphagia [62]. GCTs
appear as a firm white-gray to yellow nodule or plaque on
endoscopy [64, 65]. They are usually solitary [62, 64, 66].
Size ranges from 0.1 to 10 cm [62, 66]. The majority (up to
75%) of GCTs are <1 cm in size [62, 64]. On EUS, they
appear as a hypoechoic, homogenous, or mildly inhomoge-
nous lesion, with smooth margins (Fig. 12.7) [12, 64, 67].
Most arise from the muscularis mucosa or submucosa.
Rarely, the muscularis propria is involved [64, 66, 67].

Microscopically, a GCT consists of sheets of cells with a
small, centrally located nucleus and a fine granular eosino-
philic cytoplasm, hence the name [62]. Immunohistochem-
ical staining is positive for S100 protein, neuron-specific
enolase, laminin, and various myelin proteins [62].
Ninety-three to one hundred percent express CD56 [66].
Forceps biopsy can be diagnostic in 50–59% of foregut
GCTs [66, 67]. Yield increases to 95% with snaring [67].
Most gastrointestinal GCTs are benign. Approximately 2–
4% of GCTs are malignant. In general, distinction between
benign and malignant GCTs cannot be made based on his-
tology [62].

There is no universal agreement regarding the manage-
ment of asymptomatic digestive tract GCTs. Symptomatic
cases should be resected. Options for resection include
EMR, ESD, submucosal tunneling endoscopic resection
(STER), and surgery [63, 64]. In patients with esophageal
GCTs without dysphagia, some authors do not recommend
routine follow-up endoscopy; however, patients should be
advised to contact their physicians should dysphagia develop
[62]. Other authors recommend periodic follow-up with
EGD and EUS. When the tumor is seen invading the deeper
layers of the gut wall, surgical resection is warranted [67].
Optimal follow-up interval and duration are unclear.
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Duplication Cyst

Congenital cystic malformations are rare lesions of the GI
tract. These are most commonly duplication cysts of gas-
trointestinal or bronchogenic origin. These cysts vary in their
cyst lining and wall contents, suggesting different embryonic
origins. Other differentials for cystic lesions in the GI tract
include mesenteric cysts, pancreatic cysts, choledochal cysts,
and splenic cysts [11, 68].

Proposed theories regarding the development of dupli-
cation cysts include errors of recanalization and fusion of
longitudinal folds, adhesion of notochord and embryonic
endoderm, and persistent embryological diverticula. No
single theory may be satisfactory [69].

Symptomatic duplication cysts are found more commonly
in children (majority in the first 3 months of life) and rarely
in adults [69, 70]. Many adults with duplication cysts have
these identified as incidental findings on endoscopy or
imaging performed for other reasons. The reported age range
for duplication cysts is from newborn to 83 years [11, 69,
71]. Female-to-male ratio is 1:1–3:1 [11, 68, 69].

Duplication cysts can occur anywhere in the digestive
tract. Fifteen to forty-two percent are found in the esopha-
gus, 2–12% in the duodenum, and 2–8% in the stomach [11,
69, 71, 72]. Most patients with esophageal and gastric
duplication cysts are asymptomatic, although esophageal
duplication cysts can cause dysphagia and/or chest pain [70,
73]. Duodenal duplication cysts present with non-specific
complaints including abdominal pain, nausea, and vomiting
[11, 74]. Up to 53% of duodenal duplication cysts are
complicated with pancreatitis [11], possibly by intermittent
blockage of the pancreatic duct by the cyst or cyst contents
[11, 74]. Spontaneous cyst infection can also occur [11, 73].

Duplication cysts appear as a soft, round, or ovoid
subepithelial lesion on endoscopy [68, 74]. The overlying
mucosa is usually normal appearing. Size ranges from <1 to
13 cm. Most duodenal cysts are to 2–4 cm in diameter [11].

On EUS, a duplication cyst appears as a well-defined,
homogenous, anechoic structure. Cyst wall layers can also
be appreciated, often allowing them to be diagnosed just
based on EUS alone [51, 68].

Duplication cysts can be demonstrated on CT and MRI.
CT shows a well-circumscribed, walled lesion with a fluid or
homogenous low density [69, 74]. On MRI, cysts appear
hyperintense on T2-weighted images. The cyst content
typically does not enhance, but wall enhancement can be
seen when a cyst is infected [70, 73]. Gastric and duodenal
duplication cysts sometimes communicate with the bile duct
or pancreatic duct, and this can be demonstrated by an
MRCP. Duplication cysts can be diagnosed prenatally with
ultrasound.

Biopsy and aspiration of a duplication cyst should, in
general, be avoided due to risk of infection and obliteration
of the surgical fields [72]. In some cases, duplication cysts
can mimic other solid lesions and undergo FNA. If this
occurs, patients can be treated with prophylactic antibiotics
to reduce the risk of cyst infection. For symptomatic cases,
organ-sparing surgical resection is preferred [11, 68, 71].
Endoscopic treatment (submucosal dissection, marsupial-
ization, incision, and snare) is also an option [11, 68, 75].

It should be noted that malignancy can arise from a
duplication cyst in rare cases [76]. Management of asymp-
tomatic duplication cysts is controversial [71]. Some authors
recommend treatment to prevent complications [11]. Others
recommend watchful waiting [71].

Conclusion

A variety of mucosal and submucosal lesions are commonly
encountered on upper endoscopy. Some of these lesions are
completely benign with no malignant potential, while others
warrant more aggressive investigation and, ultimately,
removal. While EUS is not mandatory in the evaluation of

Fig. 12.7 Granular cell tumor
(hypoechoic spindle-shaped
lesion between the arrows)
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all of these lesions, EUS combined with standard upper
endoscopy can often allow for more definitive characteri-
zation of many of these lesions.
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Introduction

Enteroscopy is defined as direct endoscopic examination of
the small intestine, extending into the jejunum and/or the
ileum with use of a fiberoptic endoscope [1]. While capsule
endoscopy is often used to evaluate the small intestine,
enteroscopy is needed for interventions. Due to the long
length (*450 cm) and tortuous nature of the small intestine
without significant anchoring points, deep enteroscopy has
remained more challenging than routine endoscopy which
includes esophagogastroduodenoscopy (EGD) and colono-
scopy. Recent innovations in endoscopy and introduction of
newer device-assisted deep enteroscopic techniques have
made examination of entire small intestine possible. Such
devices include double-balloon enteroscopy (DBE),
single-balloon enteroscopy (SBE), spiral enteroscopy (SE),
and the most recent through-the-scope balloon-assisted
enteroscopy.

History of Enteroscopy

About 30 years ago, the modalities available to examine the
small bowel were imaging techniques including small bowel
follow-through and small bowel enteroclysis, and if any
lesion was identified, the patient was taken to surgery for

intraoperative enteroscopy. Intraoperative enteroscopes
(IOE) with rigid sigmoidoscope passed through operative
laparotomy were initially used in the 1950s [2]. Then in the
1970s, flexible endoscopes were available for intraoperative
enteroscopy with or without enterotomy. IOE had a high
diagnostic yield, but was accompanied by high surgical
morbidity [2, 3].

Sonde enteroscopy was first proposed as a non-operative
way to examine the small intestine [4, 5]. The sonde
enteroscope (Olympus SIF-SW) (Fig. 13.1) was introduced
in 1986 and claimed as a better tool than small bowel
imaging available at that time in management of small bowel
diseases [6, 7]. It is a thin floppy scope with a balloon tip
which is generally passed transnasally and advances by
exploiting intestinal peristalsis [5, 8]. Endoscopic examina-
tion of the small bowel is performed during withdrawal of
the scope. It has no biopsy or therapeutic channel and,
therefore, is solely a diagnostic tool. Due to prolonged
procedure time, poor tolerance by the patient, limited visu-
alization due to lack of tip deflection, uncontrolled nature of
withdrawal, and lack of biopsy/therapeutic capabilities,
sonde enteroscopy never became very popular and is obso-
lete now. However, by proving that better evaluation of
small bowel was possible than conventional imaging, it led
to innovations with future enteroscopic devices [9–11].

In the 1990s, push enteroscopy (PE) was introduced as
an alternative using a specifically designed enteroscope with
or without an overtube, or a colonoscope without an over-
tube [13]. PE is limited to examining the proximal 100–
150 cm of the small intestine, compared with the overriding
advantage of sonde enteroscopy which was capable of
examining the entire small intestine [14]. The combination
of push and sonde enteroscopy has been proven valuable in
the evaluation of obscure gastrointestinal bleeding [15]. The
diagnostic yield of push enteroscopy ranges from as low as
3% to as high as 70%, with the majority of findings being
vascular lesions [16–18]. The main disadvantages of PE are
looping of the enteroscope, patient discomfort, and the
inability to examine the distal small bowel.
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The landscape changed dramatically in 2001 with the
introduction of wireless video capsule endoscopy
(VCE) [19, 20] which revolutionized small bowel endo-
scopic imaging making sonde enteroscopy a rarely used
procedure and PE often limited to patients with proximal
small bowel lesions seen on VCE.

Currently, three different VCEs (PillCam, Covidien Inc.,
Dublin, Ireland; Endocapsule EC-10, Olympus America
Inc., Center Valley, PA, USA; and MiroCam Intromedic Co
Ltd, Seoul, Korea) are commercially available. Once swal-
lowed, their battery last for 8–10 h and all three can take
approximately 2 pictures every second. We have over a
decade of experience using VCE, and the diagnostic yield is
around 60% [21–23]. If an abnormality is detected with
VCE, deep enteroscopy is then performed. As VCE was
widely adopted, identification of small bowel lesions led to
innovations in enteroscopes with the development of DBE in
2001 [24], SBE in 2007 [25], SE in 2008[26], and most
recently through-the-scope single-balloon enteroscopy
(TTS-SBE) in 2013[27].

Indications for Deep Enteroscopy

Deep enteroscopy has both diagnostic and therapeutic
applications. The most common indication for deep entero-
scopy is evaluation of obscure gastrointestinal (GI) bleeding
[28]. Other indications include evaluation of imaging
abnormalities, anemia, small bowel Crohn’s disease, stric-
tures, ulcers, polyps, masses, foreign bodies, lymphoma,
other infiltrative diseases, and jejunal feeding tube placement
(Table 13.1). While any procedure performed with a gas-
troscope or colonoscope can be accomplished with an
enteroscope, due to looping and difficulty in advancing tools
out of the biopsy channel, it may be challenging to perform

more complex therapeutics such as endoscopic mucosal
resection and endoscopic submucosal dissection.

Double-Balloon Enteroscopy (DBE)

DBE is a novel enteroscopy technique first reported in Japan
by Hironori Yamamoto in 2001 [24], and commercially
developed by Fujinon Corporation (Tokyo, Japan). This is
also known as ‘push-and-pull enteroscopy’ [55], which
uses a novel method whereby an endoscope and a soft
flexible overtube, each of which has an inflatable balloon
attached to its distal end, are employed together and an
external pump system aids in inflating the balloons; both
balloons can be inflated and deflated separately [56]. There
is a standard 200-cm-long DBE scope (Fujinon EN-450P5)
with 8.5 mm outer diameter and 2.2 mm channel size
(Fig. 13.2) and also a couple of therapeutic DBE scopes
(Fujinon EN-450T5 and Fujinon EN-450T5/W), which
accommodate both endoscopic retrograde cholangiopancre-
atography (ERCP) and colonoscopy accessories with 2.8 and
3.2 mm working channels. The slim Fujinon EN-450P5 aids
smooth antegrade insertion enabling visualization for diag-
nostic purposes, whereas the Fujinon EN-450T5 and Fujinon
EN-450T5/W scopes allow the use of almost all therapeutic
accessories including the argon plasma coagulation
(APC) probe, hemoclip, and diathermic coagulator.
A shorter 152-cm-long therapeutic DBE scope with 2.8 mm
working channel (Fujinon EC-450BI5) is primarily used for
cases of incomplete colonoscopy and for ERCP in patients
with surgically altered anatomy (Table 13.2).

Once the DBE with the overtube is inserted in the usual
fashion into the small bowel, the endoscope is advanced
through the overtube with the inflated balloon on the over-
tube acting as an anchor maintaining a stable position
(Fig. 13.3). Once the enteroscope has been advanced as far
as possible, the enteroscope balloon is inflated, the overtube
balloon deflated, and the overtube advanced along the
enteroscope. Then the overtube balloon is inflated followed
by reduction of loops by pulling back on both the overtube
and the enteroscope. The enteroscope balloon is deflated to
allow further advancement of the enteroscope. The process
is repeated until the entire small bowel is visualized or the
farthest extent is reached at which point tattoo should be
applied (see Video 13.1). Either the enteroscope balloon or
the overtube balloon or both are kept inflated at all times to
maintain anchorage in the small intestine, enabling the
steady insertion of the enteroscope (Fig. 13.3). DBE is used
in the retrograde approach as well as with intubation of the
ileum. The depth of insertion is greater with the antegrade
than with the retrograde approach (360 ± 178 cm versus
182 ± 165 cm from the pylorus, p < 0.0001) [58].

Fig. 13.1 Sonde enteroscope [12]
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Table 13.1 Common indications for deep enteroscopy

1. Obscure GI bleeding—evaluation and control [29]

2. Evaluation of abnormal lesions noted in imaging (VCE, CT, CTE, MRE)—small bowel tumors/polyps [30–34]

3. Work-up of iron-deficiency anemia [35, 36]

4. Placement of jejunal feeding tube [37, 38]

5. Evaluation of symptoms in patients with altered GI anatomy—e.g., Roux-en-Y gastric bypass and Billroth-II [39–41]

6. Evaluation of NSAID-related small bowel injury [42]

7. Evaluation of Crohn’s disease [43]

8. Evaluation of malabsorption and celiac disease [44, 45]

9. Stricture balloon dilation [46, 47]

10. ERCP in altered anatomy [48–52]

11. Polyp surveillance in patients with familial adenomatous polyposis (FAP) [53]

12. Foreign body retrieval [54]

Fig. 13.2 Double-balloon enteroscope (Courtesy Fujinon Corporation)

Table 13.2 Double-balloon endoscope specifications

EN-450P5 EN-450T5 EN-450T5/W EC-450BI5

Field of view 120° 140°

Distal end diameter (mm) 8.5 9.4

Bending capcity

Up/down 180°

Left/right 160°

Forceps channel diameter (mm) 2.2 2.8

Working length (mm) 2000 1520

Total length (mm) 2300 1820
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DBE is superior to PE with a higher success rate for deep
small bowel intubation and an increased diagnostic yield
[59]. The diagnostic yield using DBE is between 40 and
80% leading to a subsequent change in management in 57–
84% of patients [58–61]. On a review from 66 studies, Xin
et al. noted an overall rate of positive findings of 68% with
the highest diagnostic yield (86%) occurring for the indi-
cation of small bowel obstruction. Inflammatory lesions
were most commonly identified in overall 33% of cases
followed by vascular lesions in 29% and neoplasms in 23%
[62]. For the indication of small bowel GI bleeding, vascular
lesions were most frequent in 40% followed by inflamma-
tory lesions in 30% and neoplastic lesions in 22%.

Although the detection rate for obscure GI bleeding with
VCE is superior to DBE, these procedures are complemen-
tary. An initial diagnostic imaging employing VCE might be
followed by therapeutic and interventional DBE [63]. The
time index, defined as lesion location as a percentage of the
mouth–cecum time [64], from VCE helps in choosing the
best insertion route (antegrade vs. retrograde) for DBE [65],
and also VCE-directed DBE increases the diagnostic yield in
obscure GI bleeding [66]. It has been suggested that the
retrograde DBE approach should be the initial approach
when the lesion is at a location greater than 75% of the
timeline of the capsule study (i.e., time index >0.75) [64].

The success rate of total enteroscopy ranges widely from
20 to 44% with 98% of the successful cases requiring both
an antegrade and a retrograde approach [62, 67] Given such
low-to-average success rates of total enteroscopy with DBE,
endoscopists should remember to set expectations not only
to patients, but also to themselves to avoid disappointment
and to avoid unduly prolonging the procedure.

The complication rates with DBE range from 2 to 9% [62,
67] and apart from the usual expected complications, which
include perforation, bleeding, and aspiration pneumonia,
pancreatitis is seen in some cases (0.5%) [68, 69]. The cause
for pancreatitis in DBE (when ERCP is not performed) is
thought to be prolonged inflation of the balloon near the
ampulla. Of note, perforation is significantly higher (3%) in
patients with post-surgical anatomy, especially with the
retrograde approach (10%) [68].

Relative Contraindications for DBE

As with any other endoscopic procedure, DBE should not be
performed whenever a small bowel perforation or high-grade
intestinal obstruction is suspected or the risks of the proce-
dure outweigh the potential benefits. DBE involves forceful
distention and traction, and therefore, conditions with

Fig. 13.3 Principle of push-and-pull enteroscopy or DBE. a Endo-
scope inserted through the overtube. b Endoscope balloon is inflated
and overtube advanced along the endoscope. c Overtube ballon inflated
and ‘endoscope overtube’ pulled back for loop reduction. d Endoscope
balloon is deflated, e Endoscope is advanced deeper in the small

intestine. f Endoscope balloon is inflated and overtube advanced along
the endoscope. g Overtube balloon is inflated, and after a pull back of
‘endoscope overtube’ to straighten the scope, endoscope balloon is
deflated and endoscope advanced further [57] (Reproduced with
permission)
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pre-existing weakened intestinal wall, such as recently cre-
ated intestinal anastomosis, severely ulcerated small intes-
tine, and small bowel lymphoma undergoing active
chemotherapy is susceptible to perforation with DBE [70].

Learning Curve for DBE

As with other procedures, technical skill in performing DBE
improves with experience. While some studies show no
learning curve for antegrade DBE [71], others demonstrate a
significant decline in overall procedural time and fluoro-
scopy time after the initial 10 DBE cases [58]. The average
time taken for adequate insertion is long and reported as
102 ± 38 min [58]. The improvement in procedure duration
was observed only for anterograde cases, and not with ret-
rograde examinations. About 30 retrograde cases are
required for stable overtube intubation into the ileum [71].
More than 150 DBE procedures are necessary for increased
rate of total enteroscopy and helpful DBEs that provide
definitive explanation of symptoms or imaging abnormality,
therapy, or guide management [72].

Single-Balloon Enteroscopy (SBE)

The SBE system was first introduced in 2007 by Olympus
Corporation [25, 56]. SBE uses an enteroscope with a
2.8 mm working channel and an overtube which is equipped
with a silicone balloon at its tip that can be inflated and
deflated (Fig. 13.4) [25]. There is no balloon attached to the
enteroscope. The basic insertion technique is similar for both
SBE and DBE. However, in SBE the scope tip is deflected to
anchor onto the small intestine, rather than using a second

balloon. The overtube is advanced to the distal portion of the
scope at which point the overtube balloon is inflated. The
enteroscope tip is subsequently returned to luminal view and
advanced as far as possible. At this point, the enteroscope
scope is deflected for anchoring, the overtube balloon is
deflated, and the overtube advanced over the enteroscope.
The overtube balloon is inflated, the tip of the enteroscope is
straightened, and both the overtube and enteroscope are
reduced. This pleats the small intestine onto the overtube,
and the enteroscope can be advanced again. This sequential
technique of advancement and withdrawal is repeated until
the scope can no longer be advanced or the target lesion is
reached (Fig. 13.5) (see Video 13.1). When compared to
DBE, SBE is technically easier to perform and appears to
provide similar diagnostic and therapeutic yield [73, 74].
With SBE, a mean distance of 203.8 ± 87.6 cm from the
pylorus with the antegrade approach and 72.1 ± 41.1 cm
from the ICV with the retrograde approach can be achieved
[74]. Both SBE and DBE are useful in performing ERCP in
patients with surgically altered anatomy [40, 75, 76].

Spiral Overtube-Assisted Endoscopy (SE)

Spiral enteroscopy, which was originally designed as a uri-
nary catheter in 2006, is a newer technique for deep small
bowel intubation that uses a special single-use overtube
[Discovery Small Bowel (DSB)] with soft spiral coils to
pleat small bowel and facilitate antegrade small bowel
enteroscopy. The DSB is 118 cm long with 16 mm outer
diameter and 9.8 mm inner diameter, which accommodates
an enteroscope or pediatric colonoscope [78]. The proximal
end of the overtube has two handles for rotation, a locking
device, and a port for lubrication. Using the DSB overtube
over enteroscopes was first reported in 2008, [26] and DSB
was also FDA approved in 2008 as an overtube (Endo-Ease
Discovery SB, Spirus Medical, Stoughton, MA) that facili-
tates endoluminal advancement through the small intestine
(Fig. 13.6). The overtube is lubricated and locked onto the
enteroscope with the distal end of the overtube ending 25 cm
proximal to the tip of the scope. If general anesthesia is used,
the endotracheal balloon should be deflated as the DSB is
advanced into the esophagus. Once the enteroscope is distal
to the ligament of Treitz, the overtube is unlocked and the
scope advanced forward. The overtube is then advanced to
the tip of the scope, locked in place, and clockwise rotation
of the Discovery SB is performed, similar to the mechanism
used with a corkscrew. This pleats the small bowel onto the
overtube. Then the overtube is unlocked, the enteroscope
advanced forward, and the handles rotated counterclockwise
to release the mucosa from the overtube. The Discovery SB
overtube should be fixed to the enteroscope for spiral

Fig. 13.4 Single-balloon enteroscope (Courtesy Olympus America
Inc. Center Valley, PA, USA)
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advancement or unlocked when conventional manipulation
of the endoscope is needed.

The maximum depth of insertion beyond the ligament of
Treitz (approximately 250 cm) for SE is comparable with
DBE and SBE [79–81]. While the procedure time of about
60 min does not significantly differ between SBE and DBE,
the mean procedure time is significantly less with SE
(41 min) than with DBE or SBE [74, 82]. Recent prospec-
tive studies concluded that the only advantage of SE is that it

involves significantly shorter examination times, but that SE
was no better than DBE with regard to the depth of insertion
or the rate of complete enteroscopies achieved [81, 83].
Complication rates with SE are similar to that of DE [84].

Spiral enteroscopy can be performed in post-gastric sur-
gery patients and used for ERCP in surgically altered anat-
omy. Spiral-assisted ERCP (SE-ERCP) in patients with
Roux-en-Y anatomy is comparable with SBE-assisted ERCP
in terms of successful cannulation (40 and 48%, respec-
tively) and therapy (89 and 100%, respectively), procedure
time, and complications [85].

Spiral enteroscopy can be used in a retrograde approach
to visualize the ileum. A newer modification of the overtube,
Endo-Ease Vista Retrograde (Spirus Medical, Stoughton,
MA), was demonstrated to have high success rate in intu-
bation of the terminal ileum [86]. In a recent study of 22
patients who underwent retrograde spiral enteroscopy, the
terminal ileum was intubated in all patients with median
depth of insertion from the ileocecal valve of 100 cm (range
50–150 cm) [86]. Similar to DBE and SBE, prior VCE
results seem helpful in determining the route of SE and
increasing the diagnostic yield for spiral enteroscopy [87].

Fig. 13.5 Principles of insertion in SBE [1]. Insert enteroscope as
deep as possible [2]. Angulate the enteroscope to anchor it on the
intestinal wall and deflate the balloon [3]. Advance the overtube along
the enteroscope [4]. Inflate the balloon to fix the tube to the intestinal

wall [5]. Release the angulation [6]. Withdraw the overtube and
enteroscope to shorten the intestine. From Kawamura et al. [77], with
the permission from Elsevier

Fig. 13.6 Spiral enteroscopy–endo-ease discovery SB system (Cour-
tesy of Spirus Medical)
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Through-the-Scope Single-Balloon
Enteroscopy

In 2013, a novel through-the-scope (TTS) single-balloon
enteroscope system (NaviAid™ AB Advancing Balloon,
Pentax Medical, Tokyo, Japan) was introduced. Through-
the-scope balloon-assisted enteroscopy (TTS-BAE) is a
novel technique that utilizes a standard endoscope with a
3.7 mm working channel without the need for an overtube.
The TTS balloon system includes a single-use latex-free
balloon catheter designed for anchoring in the small bowel
and a balloon inflation/deflation system. Once the ligament
of Treitz or the terminal ileum is reached, the balloon is
advanced in front of the endoscope until resistance is felt.
The balloon is then inflated and the endoscope is advanced
forward while applying traction on the balloon [88]. Once
the balloon is reached by the endoscope, it is deflated and
this push-and-pull technique is repeated to advance through
the small bowel. The catheter may be removed and rein-
serted to allow for therapeutic intervention while maintain-
ing the endoscope position [89] (Figs. 13.7 and 13.8).

Procedure time to point of maximal insertion is much
shorter (*15.5 min) than the other forms of deep entero-
scopy (*45–60 min) with comparable diagnostic yield
(45%) and depth of insertion (*158 cm from the pylorus or
110 cm proximal to the ileocecal valve) [27, 89, 90]. No
complications have been reported to date in the few studies
of TTS-BAE [89, 90]. It may be particularly useful in
assisting ERCP and metallic stent deployment in patients
with strictures.

Comparison Among Different Enteroscopic
Methods

The two most commonly used enteroscopic methods in
current practice are double-balloon enteroscopy and
single-balloon enteroscopy. Both of these not only have
excellent depth of insertion, but also stabilize the intestine
for good endoscopic control during interventions. There
are numerous head-to-head studies comparing these two;
however, many of these studies are not well done and
difficult to compare. Most studies show that DBE can be
advanced a bit further than SBE, but this is still debatable
(Table 13.3) [73, 74, 81, 83, 91]. Procedure duration is
shorter for SE than for DBE and SBE. Although the rate
of successful complete enteroscopy appears superior for
DBE compared with SE and SBE, this result does not
necessarily translate to an increase in diagnostic or ther-
apeutic yield.

A retrospective study of 250 patients compared the
antegrade to retrograde approach. There were 182 antegrade
procedures (91 SBE, 52 DBE, and 39 SE) and 68 retrograde
approaches (23 SBE, 37 DBE, and 8 SE). The ante-
grade approach provided higher diagnostic and therapeutic
yield than the retrograde route in patients with suspected
small bowel disease [94].

Overall, the studies suggest that DBE, SBE, and SE have
comparable diagnostic and therapeutic yields. Therefore, the
endoscopist should choose the method based on availability
and his/her experience after considering the basic charac-
teristics of these techniques (Table 13.4).

Fig. 13.7 TTS-BAE—once the
endoscope has passed the
ligament of Treitz, the
through-the-scope balloon
catheter is inserted through the
biopsy channel, advanced ahead
of the endoscope until resistance
is encountered, and the balloon is
inflated. From Ali et al. [89].
With the permission from
Elsevier
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Conclusion

Enteroscopic techniques have evolved significantly over the
past two decades. Deep enteroscopy should be used as a
complement to VCE. The time index of identified lesions on
VCE should be utilized to select the appropriate approach for
enteroscopy. All the currently available enteroscopic

modalities have their own advantages and limitations.
Although there are fine differences among the different
enteroscopic modalities, the yield (both diagnostic and
therapeutic) is quite comparable. Therefore, the selection of
the enteroscopic technique should be based on the avail-
ability and technical experience of the endoscopist. Though
deep enteroscopy is a well-tolerated procedure, care should

Fig. 13.8 TTS-BAE—once the balloon is inflated, anchoring the
bowel, the endoscope is advanced by pushing it forward while pulling
the catheter back until the balloon is reached. The balloon is then

deflated and the previous push-and-pull technique is repeated. From
Ali et al. [89]. With permission from Elsevier

Table 13.3 Comparison of outcomes among different enteroscopic methods

Study Design N Procedure time, min Depth of insertion,
cm from pylorus

Diagnostic yield % Therapeutic yield %

DBE vs SBE

Efthymiou et al. [74] RCT 66 vs. 53 60 vs. 60 234 vs. 204 53 vs. 57 26 vs. 32

Domagk et al. [73] RCT 65 vs. 65 105 vs. 96 253 vs. 258 43 vs. 37 9 vs. 5

May et al. [82] RCT 50 vs. 50 67 vs. 54a – 52 vs. 42 72 vs. 48

DBE vs SE

Rahmi et al. [80] P 191 vs. 50 60 vs. 55 200 vs. 220 – –

Messer et al. [83] RCT 13 vs. 13 60 vs. 43a 346 vs. 268a 46 vs. 69 92

May et al. [81] RCT 10 vs.10 65 vs. 43a 310 vs. 250a – –

Frieling et al. [92] P 17 vs. 18 42 vs. 47 260 vs. 250 47.1 vs. 33.4 –

SBE vs SE

Khashab et al. [93] R 52 vs. 53 53 vs.47 222 vs. 301a 59.6 vs. 43.4 33 vs. 15

DBE double-balloon enteroscopy; SBE single-balloon enteroscopy; SE spiral enteroscopy; RCT randomized controlled trial; P prospective study;
R retrospective study
aStatistically significant p < 0.05
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be taken to remember some of the practical points as given
in Table 13.5 to ensure a successful procedure without
complications.
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14Quality in Upper Endoscopy

Imran Sheikh and Jeffrey Tokar

Introduction

Upper endoscopy (EGD) is a diagnostic and therapeutic tool
that is used widely in the management of esophageal, gas-
tric, and small bowel disorders. In 2009, nearly seven mil-
lion upper endoscopies were performed in the USA at an
estimated cost over $12 billion [1]. Quality was defined by
the Institute of Medicine in 1990 as “the degree to which
health services for individuals and populations increase the
likelihood of desired health outcomes and are consistent with
current professional knowledge” [2]. Current trends in
healthcare delivery indicate that “value” of medical services,
including endoscopic services, will be a major driver of
reimbursement in upcoming years. A formula that is fre-
quently used to calculate or estimate value between two or
more providers of similar service is quality divided by cost.
Using this equation, it becomes clear that the value of a
service offered by a provider (or group of providers with
shared resources and aligned goals) can be increased by
increasing the quality (numerator) related to how they deli-
ver a service, decreasing the costs (denominator) associated
with their provision of the service, or doing both. Quality has
been receiving increasing attention by healthcare institu-
tions, payors, and regulatory agencies.

The quality of health care can be measured by comparing
the performance of an individual or a group of individuals to
a benchmark. The parameter that is used for comparison

(e.g., how often a provider instructs patients with peptic
ulcers to take proton pump inhibitors) is termed a quality
indicator and can be reported as a ratio between the inci-
dence of correct performance and the opportunity for correct
performance, as in the following equation: [3–5].

Quality indicator ¼ incidence of correct performance
opportunity for correct performance

� 100%:

This chapter discusses quality indicators (QIs) that have
been identified by the various GI societies in the USA (the
ASGE, ACG, and the AGA) as they pertain to the practice of
upper endoscopy in 2016. In addition, in 2015, a joint task
force known as the ASGE/ACG Task Force on Quality in
Endoscopy published a series of articles discussing quality
in endoscopy [3, 6–9]. These documents are perhaps the
most systematic and concise reviews of a complex topic. It is
imperative for trainees in gastrointestinal endoscopy,
regardless of medical specialty, to familiarize themselves
with the content of these documents.

For organizational purposes, the ASGE/ACG Task force
divides the list of “quality indicators in endoscopy” into
three distinct time periods: pre-procedure, intra-procedure,
and post-procedure [3]. The ensuing discussion focuses on
quality measures regarding diagnostic and therapeutic upper
endoscopy as it relates to a practicing general gastroen-
terologist and the gastroenterology fellow in training.

Pre-procedure Quality Indicators (QIs)

The “pre-procedure” time period includes the points of
contact pertaining to the upper endoscopy that occur
between the patient and the endoscopy team prior to the
delivery of sedation. In chronological order, this often begins
with the initial consultation between the patient and his or
her endoscopist, during which time an appropriate indication
for upper endoscopy is identified and the upper endoscopy is
suggested. A discussion and documentation of informed
consent must occur during the pre-procedure period.
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Depending on the practice setting and framework within
which the physician practices, this may be performed in
detail at the time of the initial evaluation, on the day of the
procedure, or a combination of both. In the modern practice
of gastroenterology, many upper endoscopic examinations
are performed in an “open-access” manner, with the endo-
scopist meeting the patient on the day of the procedure.

It is imperative that the upper endoscopy be performed by
an appropriately trained and credentialed individual and that
the following items are documented in the patient chart: a
directed/focused history and physical, assessment of the
patient’s procedure-related risks, discussion of the timing of
the upper endoscopy (which often immediately follows the
history in the open-access setting), sedation plan, and
pre-procedure preparation (including management of medi-
cations such as anticoagulants and antibiotics). Finally,
immediately prior to the upper endoscopy, the performance
of a “time-out” should be performed and documented [3, 6].

QI: Appropriate Indication

Generally speaking, medical and surgical procedures are
indicated when diagnostic information is obtainable and/or
the therapeutic potential of the procedure will improve the
patient’s outcome. Conversely, medical and surgical proce-
dures are not indicated when the risks associated with them
outweigh any perceived benefit [6]. For gastrointestinal
endoscopy, the ASGE Standards of Practice Committee
initially published a list of appropriate indication for endo-
scopic procedures in 2000 [10] and updated this list in 2012
[11]. Practicing endoscopists should familiarize themselves
with this and future updated versions of this ASGE docu-
ment. Of particular note, upper GI endoscopy is generally
not indicated for routine surveillance of healed benign dis-
ease (excluding premalignant conditions) and is generally
contraindicated when adequate patient cooperation or con-
sent cannot be obtained or when a perforated viscus is
known or suspected unless the purpose of the endoscopy is
to close the perforation itself [12].

The ASGE/ACG Task force suggests that providers
achieve this quality indicator (i.e., frequency with which
upper endoscopy is performed for an appropriate indication)
using a “performance target” over 80% and recommends that
appropriate indication(s) are documented for each procedure,
justifying the use of any nonstandard indication(s) in the
medical record as well [6]. Studies have demonstrated that
significantly more clinically relevant findings are obtained
when GI endoscopy is performed for appropriate indications.
This applies to both colonoscopy [13] and EGD [14]. As
such, an important quality improvement goal of every

endoscopist should be minimization or elimination of pro-
cedures without appropriate indications.

QI: Appropriately Trained and Credentialed
Endoscopist

Multiple training and credentialing guidelines have been
published by the ASGE regarding the basic levels of com-
petency and credentialing required to perform endoscopy.
These emphasize the importance of using objective measures
of an endoscopist’s performance, in particular comparing
performance to validated benchmarks (whenever possible).
Ideally, competency for all endoscopists, regardless of sub-
specialty (e.g., GI and surgery), should be measured with
comparable validated benchmarks, thereby establishing and
documenting an endoscopist’s ability to perform, at a min-
imum, the therapeutic interventions specific to a given
endoscopic procedure. A high-quality upper endoscopy is
one which is performed by an endoscopist who has met
objective measures for competency whereby the desired
objectives have been met and the potential for adverse events
are minimized [6, 15–17].

QI: Informed Consent

The initial ASGE guidelines on informed consent for GI
endoscopy were published in 1988 [18] and have since been
updated, calling for a performance target (i.e., frequency
with which informed consent is obtained and documented)
exceeding 98% [6, 19]. According to these guidelines, the
burden of legally obtaining adequate informed consent from
the patient lies with the endoscopist prior to performing the
endoscopic procedure [19]. If the patient is unable to consent
due to incompetence or incapacitation, then their legal
guardian or surrogate must consent on their behalf.

In the USA, the process of obtaining informed consent
legally requires that the physician discloses information to
the patient, enabling the patient to understand the procedure,
evaluate the risks, benefits, and alternatives, and authorize a
specific intervention [20]. Two standards of disclosure exist,
and endoscopists are required to learn the applicable stan-
dard in the state they practice in.

The “physician-based” standard requires that the endo-
scopist discloses to the patient the amount of information
that a reasonable, similarly situated endoscopist would. On
the other hand, the “reasonable patient” standard requires the
endoscopist to provide information that a reasonable
layperson would consider material and significant when
consenting to a proposed intervention [19].
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It is prudent for an endoscopist to consult with the legal
team within the confines of their practice setting when
determining the informed consent standard they should use,
the informed consent documentation they should complete,
and the appropriateness of any audiovisual aides they may
wish to use to facilitate the informed consent process.

In general terms, information regarding the indication,
risks, benefits, alternatives, limitations, and personnel that
will be involved in the endoscopic procedure should be
disclosed. Patients should be aware of what occurs before,
during, and after the procedure. Medications that are likely
to be administered should be discussed with the patient. If an
anesthesiology team will be present to deliver the sedation or
anesthesia, a separate consent should be obtained by the
anesthesia provider. It is not possible to anticipate and dis-
close every conceivable risk or complication of an invasive
procedure; efforts should, therefore, focus on substantial
risks that would influence a reasonable person’s willingness
to consent for a procedure. Reasonable alternatives to the
endoscopy should be discussed, including those that may be
more invasive or carry a riskier adverse event profile.
Patients should also be counseled if no alternative exists and
of the potential outcomes of declining endoscopy [19].

While informed consent is almost always necessary, there
are four recognized exceptions to obtaining informed con-
sent for surgical procedures. The clinical situations in which
these are evoked are generally rare, especially as they relate
to the performance of upper endoscopy. The first exception
is when the patient has a life-threatening emergency with
inadequate time available to obtain consent. Another
exception is the invocation of therapeutic privilege: when the
physician determines that providing the patient information
would harm the patient. The third exception is when the
patient, while knowledgeable and understanding of their
right to informed consent, waives that right in writing. The
final exception is the presence of a legal mandate in the form
of a court order or statute where the patient’s and/or public’s
welfare may overshadow the informed consent process [19].

QI: Documentation of Directed History
and Physical Examination

The ASGE/ACG Task force and the American Society of
Anesthesiologists (ASA) recommend that a pre-procedure
assessment be documented prior to endoscopic procedures
[6]. This documentation typically includes pertinent clinical
history, medications, allergies, adverse reactions to prior
anesthetics or sedatives, history of substance use or abuse,
time of last oral intake, and a directed physical examination.
Various organizations that accredit hospital endoscopy

centers and ambulatory surgical centers, as well as
third-party payors, may stipulate that this information be
documented independent of the endoscopic procedure
report. Endoscopists should familiarize themselves with
local and institutional requirements and protocols for the
documentation of the pre-procedure history and physical
examination. The task force recommends a performance
target over 98% for successful completion of the required
documentation [6].

QI: Risk Assessment

Before sedation is administered, an assessment of potential
adverse events associated with sedation should be performed
and documented in the chart, based on the information
gathered during focused history and physical examination
discussed in the previous section [6]. Patients should be
risk-stratified based on their individual ASA and Mallampati
scores [6, 21], and the information obtained should be
considered in the decision-making process regarding the
endoscopic procedure. The Mallampati score assesses the
upper airway using a visual scale in which an increasing
score correlates with increasing difficulty encountered during
endotracheal intubation. The ASA score takes into account a
patient’s comorbidities and ranks them on a scale from 1 to 6
(Table 14.1). The use of the ASA scoring system has been
shown to predict adverse events related to sedation in
endoscopy [22]. The ASGE/ACG Task force recommends a
performance target over 98% for the documentation of risk
assessment prior to endoscopy [6].

QI: Formulation and Documentation
of a Sedation Plan

The ASGE/ACG Task force recommends a performance
target over 98% for the formulation of a sedation plan prior
to endoscopy. In the USA, upper endoscopy is typically
performed with moderate sedation (also known as conscious
sedation), deep sedation, or under general anesthesia. Rarely,
upper endoscopy can be performed without sedation, often
with the use of transnasal ultrathin endoscopes.

Moderate sedation is often delivered by an endoscopy
nurse under the supervision and direction of the endoscopist.
Moderate sedation involves administration of certain drugs to
induce depression of consciousness to a degree in which
patients are able to respond purposefully to verbal commands
with or without light tactile stimulation. In moderate seda-
tion, the patient is able to independently maintain a patent
airway as well as maintain cardiovascular function [6].
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Deep sedation and general anesthesia are typically
administered by the anesthesia team that works in conjunc-
tion with the endoscopy team. Deep sedation is a
drug-induced depression of consciousness to a degree in
which patients cannot be easily aroused but can respond
purposefully after repeated or painful stimulation. In deep
sedation, a patient’s ability to independently maintain their
ventilator function may become impaired and they may
require assistance maintaining a patent and protected airway.
Cardiovascular function, on the other hand, is usually
maintained under deep sedation. General anesthesia is a
drug-induced loss of consciousness during which patients
cannot be aroused, even by painful stimulation. Under
general anesthesia, a patient’s ability to independently
maintain their ventilatory function is frequently impaired
and they frequently require ventilator support. Furthermore,
cardiovascular function may be impaired during general
anesthesia [6].

QI: Management of Pre-procedure Medications

Multiple medications that patients may be receiving prior to
the day of upper endoscopy are of particular relevance and
decisions regarding whether to continue or temporarily dis-
continue them must be considered on a case-by-case basis,
guided by on the patient’s history, indication for the upper
endoscopy, and timing of the proposed procedure. A few
examples of important medication-related pre-endoscopy
decisions that occur frequently in clinical practice include
whether to hold or continue any of the broad array of cur-
rently available antithrombotic therapies that many patients
are receiving, when to administer prophylactic antibiotic
therapy (e.g., endoscopy for PEG tube placement or endo-
scopy in the cirrhotic patient with acute upper GI bleeding),
the use of vasoactive drugs prior to EGD for patients with
suspected variceal bleeding, and the use of proton pump
inhibitor (PPI) therapy when peptic ulcer bleeding is
suspected.

QI: Antithrombotic Medications

Antithrombotic therapy includes antiplatelet agents as well
as anticoagulant agents that are used to reduce the risk of
thromboembolic events in patients with various cardiac,
hematologic, neurologic, and vascular conditions such as
embolic cerebrovascular accident, atrial fibrillation, venous
thromboembolic disease, acute coronary syndrome, hyper-
coagulable conditions, and the presence of various indwel-
ling endoprostheses. There has been significant development
of novel pharmacotherapeutics over the last decade, and
endoscopists should familiarize themselves with the recent
ASGE Standards of Practice Committee guidelines which
include recommendations for the management of these
medications in the peri-procedural period [23].

Generally, diagnostic upper endoscopy is considered low
risk for causing procedure-related bleeding, and the cessation
of antithrombotic therapy is not routinely warranted. Some
therapeutic upper endoscopic procedures, however, are con-
sidered high risk for procedure-related bleeding and may
require cessation of certain antithrombotic medications.
Patients at high risk for thromboembolic adverse events
include those with atrial fibrillation associated with other
specific cardiac conditions or a history of thromboembolism,
mechanical mitral valve, coronary artery stents placed within
one year in the setting of acute coronary syndrome, or
non-stented percutaneous coronary intervention after myocar-
dial infarction. Such patients may require consultation with
their cardiologist, initiation of bridge therapy, or deferment of
endoscopic evaluation until a management plan is established
[6]. Of note, in many cases, endoscopy can be performed while
maintaining antithrombotic or antiplatelet medication usage.

Most diagnostic upper endoscopic procedures can be
performed safely without discontinuing aspirin prior to the
procedure, and most patients can and should continue to take
aspirin following their upper endoscopy. Patients who
undergo certain endoscopic therapies, however, may require
temporary cessation of antithrombotic therapy. Reinitiation
of antithrombotic therapy in this group of patients should be

Table 14.1 ASA physical status
classification system

ASA classa Definition

I A normal healthy patient

II A patient with mild systemic disease

III A patient with severe systemic disease

IV A patient with severe systemic disease that is a constant threat to life

V A moribund patient who is not expected to survive without the operation

VI A declared brain-dead patient whose organs are being removed for donor purposes
aThe addition of “E” denotes emergency surgery whereby a delay in treatment would lead to a significant
increase in the threat to life or body part
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individualized based on the type of endoscopic therapy they
received and their individual risk of thromboembolism. The
ASGE/ACG Task force recommends that antithrombotic
medication use by the patient be recorded and that a plan
regarding peri-procedural management of antithrombotic
medications is both documented and communicated to the
patient and the healthcare team [6].

QI: Prophylactic Antibiotic Therapy Prior to PEG
Tube Placement

Prophylactic antibiotics are indicated prior to upper endo-
scopy with PEG tube placement [24], and their use should be
discussed with the patient in the informed consent and
documented in the medical record [19]. Antibacterial agents
that cover cutaneous sources of bacterial infection, such as
cefazolin, should be administered to patients undergoing
PEG tube placement 30 min prior to the procedure (unless a
contraindication to the use of cephalosporins exists or there
is a high level of suspicion for cephalosporin-resistant
organisms based on the patients prior to bacteriologic history
and/or regional antimicrobial resistance patters) [24–26].
The ASGE/ACG Task force recommends a performance
target over 98% for the administration of prophylactic
antibiotic therapy prior to PEG tube placement [3].

QI: Prophylactic Antibiotic Therapy in a Cirrhotic
Patient with Acute Upper GI Bleeding

Prophylactic antibiotics are indicated in patients with cirrhosis
and acute upper GI bleeding. Oral fluoroquinolones or intra-
venous ceftriaxone should be administered independent of
performing an upper endoscopy with the latter group of
antibiotics reserved for patients with advanced cirrhosis,
inability to take oral medications or in areas with high fluoro-
quinolone resistance [27–29]. The ASGE/ACG Task force has
identified the frequency with which appropriate prophylactic
antibiotics are given in this setting to be a “priority” quality
indicator and recommends a performance target over 98%
(priority indicators were selected from among all of the indi-
cators discussed because of their clinical relevance and impor-
tance, evidence that significant variability exists in how
frequently (or infrequently) the indicator is performed in clinical
practice, and the feasibility of measuring the indicator) [3].

QI: Use of Vasoactive Drugs Prior to Upper
Endoscopy for Patients with Suspected Variceal
Bleeding

The use of vasoactive medications and their analogues (such
as terlipressin and octreotide) has been associated with a

significant improvement in hemostasis as well as with
decreased mortality in patients presenting with variceal
upper GI bleeding. At the present time, however, terlipressin
is not approved for use in the USA [28]. Octreotide is often
administered with an initial IV bolus of 50 mcg followed by
a continuous infusion of 50 mcg per hour for a total of
3–5 days. The ASGE/ACG Task force recommends a per-
formance target over 98% for the administration of vasoac-
tive drugs prior to upper endoscopy for patients with
suspected variceal bleeding [3].

QI: Use of Proton Pump Inhibitor (PPI) Therapy
When Peptic Ulcer Bleeding Is Suspected

PPI therapy, if started when a patient presents with bleeding,
has been found to reduce the proportion of high-risk stig-
mata seen at index endoscopy and the need for endoscopic
therapy [30]. The ASGE/ACG Task force has identified the
frequency with which PPI therapy is used for suspected
peptic ulcer bleeding as a priority quality indicator, with a
goal performance target over 98% [3].

QI: Team Pause (aka Time-Out)

A team pause, commonly referred to as a “time-out,” should
be performed prior to the administration of sedation and
before insertion of the endoscope in all cases and should be
performed even in patients undergoing unsedated endo-
scopy. During this pause, the endoscopy team reviews and
records pertinent patient identifiers (e.g., name, date of birth,
and medical record number), confirms the type of procedure
to be performed and that all required equipment is available,
and discusses whether pre-procedure medications are
required and if they have been administered (e.g., prophy-
lactic antibiotics). The purpose of the pause is to verify that
the correct patient is undergoing the correct procedure. In the
USA, the performance of a team pause is now mandated
nationally by the Centers for Medicare & Medicaid Services
as well as several other accrediting organizations. The pause
provides an opportunity for the team to reassess, if neces-
sary, pertinent aspects of the patient’s history, including
medication allergies, laboratory test, or radiologic data that
may affect the safe and successful performance or safety of
the endoscopic procedure. It may also provide an opportu-
nity for the endoscopist to inform team members of planned
interventions, the administration of certain pre-procedure
medications, and confirmation of patient transportation from
the endoscopy center after awakening from anesthesia. The
ASGE/ACG Task force recommends a performance target
over 98% for the frequency with which a team pause is
conducted and documented [6].
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Intra-procedure Quality Indicators

As defined by the ASGE/ACG Task Force on Quality in
Endoscopy, the intra-procedure time period extends from the
administration of sedation, or the insertion of the upper
endoscope when no sedatives are used, up until the removal
of the endoscope. This time period includes all the technical
aspects of the procedure including any diagnostic and ther-
apeutic maneuvers performed by the endoscopist as well as
patient monitoring. Issues within this time period include
patient monitoring, documentation of a comprehensive
examination, and specific indicators related to the endo-
scopic management of Barrett’s esophagus, peptic ulcer
disease, upper GI bleeding, and celiac disease [3, 6].

QI: Patient Monitoring During Endoscopy

Monitoring of pulse oximetry, heart rate, respiratory rate,
and blood pressure provides a means to detect potentially
deleterious changes in a patient’s cardiopulmonary status
during sedation. Such recommendations have been set forth
by ASA Task Force on Sedation and Analgesia by
Non-Anesthesiologists and the ASGE Standards of Practice
Committee [31, 32]. Such measures should be recorded at
least every 5 min. With the advent of monitored anesthesia
care in endoscopy, the use of deep sedation in upper endo-
scopy has increased, and while capnography monitoring has
been linked with reduced hypoxemia in patients undergoing
endoscopy with deep sedation, data supporting the routine
use of capnography monitoring in patients undergoing
moderate sedation are still limited [33]. The ASGE/ACG
Task force recommends a performance target over 98% for
the frequency with which patient monitoring during sedation
is performed and documented.

QI: Documentation of a Comprehensive
Endoscopic Examination

A complete upper endoscopy includes a comprehensive
examination of the esophagus, stomach, and duodenum (see
Video 14.1) with appropriate photodocumentation, espe-
cially when any clinically significant abnormality is
encountered. At any point, if adequate visualization of any
portion of the upper GI tract is impaired due to mucous,
debris, blood, or other material, efforts to clear view are
required to achieve a high-quality examination. If excessive
food or luminal contents are found, the examination may
need to be aborted.

Examination of the esophagus begins at the level of the
upper esophageal sphincter. In light of the increased inci-
dence of gastric cardia cancers in recent years, documenta-
tion during upper endoscopy should include a careful and
“up-close” retroflexed inspection of the gastroesophageal
junction (see Figs. 14.1 and 14.2) and cardia [34]. With the
exception of gastric outlet obstruction, the upper endoscopy
should proceed to the second portion of the duodenum and
procedure documentation should confirm the extent of the
examination (see Fig. 14.3). Other areas that may warrant
photodocumentation include the pylorus (see Fig. 14.4) and
the duodenal bulb (see Fig. 14.5). The ASGE/ACG Task
force recommends a performance target for achieving a
complete examination of the esophagus, stomach, and duo-
denum, including retroflexion in the stomach in over 98% of
cases.

QI: Specific Indicators Related to the Endoscopic
Management of Barrett’s Esophagus

Specific quality indicators related to the endoscopic man-
agement of Barrett’s esophagus (BE) include the frequency
with which BE is appropriately measured and the frequency
with which biopsy specimens are obtained in cases of sus-
pected BE. In patients found to have salmon-colored mucosa
suspicious of BE during upper endoscopy, it is imperative
that the changes within the esophagus be characterized. This
characterization includes a detailed examination of suspi-
cious areas exhibiting nodularity, ulceration, depression, and
changes in vascularity, along with the objective measure-
ments of the extent that the salmon-colored mucosa extends
into the tubular esophagus. A validated tool that can be used
to measure the extent of BE is the Prague classification,

Fig. 14.1 Forward viewing examination of the gastroesophageal
junction
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which describes both the circumferential and maximal extent
of the BE.

The Prague classification defines the distance from the
top of the gastric folds to the most proximal extent of the BE
(including tongues of BE) as the maximal (M) extent of the
BE. The distance from the top of the gastric folds to the most
proximal extent of the circumferential involvement of the
BE is the circumferential (C) measurement [35]. Thus, for
example, a patient with Prague C3M4 has circumferential
salmon-colored mucosa extending 3 cm above the top of the
gastric fold (TGF) and the top of the most proximal tongue
of salmon-colored mucosa extends 4 cm above the TGF.
A diagnosis of BE requires documentation of salmon-
colored columnar epithelium extending into the tubular
esophagus and histologic confirmation of specialized (Bar-
rett’s) intestinal metaplasia.

Care should be taken to avoid labeling patients in whom
biopsies from an “irregular Z-line” or gastroesophageal
junction show intestinal metaplasia as having Barrett’s
esophagus. Some of these patients have gastric intestinal
metaplasia or “junctional” metaplasia, rather than BE.
Intestinal metaplasia of the Z-line, without dysplasia, is not
known to carry sufficient cancer risk, and the ASGE/ACG

Task Force on Quality in Endoscopy advocates against rou-
tine surveillance unless actual Barrett’s esophagus is
demonstrated via careful documentation of landmarks [3, 36].

While the optimal frequency with which biopsy speci-
mens should be obtained in cases of suspected BE has not
been fully defined, four-quadrant biopsies every one to two
centimeters throughout the length of the BE segment are
currently recommended [3, 37]. The most recent ACG
guidelines suggest that in patients with suspected BE, at least
eight random biopsies be obtained to maximize the yield on
histology. For patients with a short segment of BE (under
three centimeters), in whom eight biopsies are unattainable,
at least four biopsies per centimeter of circumferential BE,
and one biopsy per centimeter in tongues of BE, should be
taken [38]. In a recent study, the average time an endoscopist
spends inspecting BE (the Barrett’s inspection time, or BIT)
correlates directly with the detection of concerning lesions.
Patients who underwent endoscopies with longer BITs were
significantly more likely to have endoscopically suspicious
lesions than patients in whom BITs were shorter, and were
more likely to receive a diagnosis of high-grade dysplasia
or BE carcinoma. If confirmed by subsequent studies,
BIT could conceivably be incorporated into future guideli-
nes on quality examination for patients with BE [39].

Fig. 14.2 Retroflexed view of the gastroesophageal junction and
cardia

Fig. 14.3 Photodocumentation of the second portion of the duodenum
showing the extent of examination

Fig. 14.4 Photodocumentation of the pylorus

Fig. 14.5 Photodocumentation of the duodenal bulb
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The use of electronic chromoendoscopy can also aid in the
diagnosis and surveillance of BE (see Fig. 14.6) [38]. The
use of a transparent cap on the tip of the endoscope can
facilitate inspection of BE segments (see Figs. 14.7 and
14.8), particularly in patients with significant tortuosity,
angulation, or esophageal motility. Still, the use of a trans-
parent cap is not widely practiced at this time.

QI: Specific Indicators Related to the Endoscopic
Management of Peptic Ulcer Disease

The specific quality indicators related to the endoscopic
management of peptic ulcer disease can be divided into the
management of non-bleeding gastric ulcers and the man-
agement of gastric ulcers associated with bleeding. In
patients with non-bleeding gastric ulcers, obtaining adequate
and appropriate biopsy specimens from gastric tissue is
paramount for the histological evaluation of underlying
malignancy. While the optimal number and type of biopsy
specimens has not been defined, it is worth noting that while
single biopsy specimens may not detect malignancy in up to
30% of patients with gastric cancer, four or more biopsy
specimens can detect over 95% of patients with gastric
cancer [3, 40].

In upper endoscopy revealing peptic ulcer disease, at least
one of the following ulcer stigmata should be noted: active
bleeding, a non-bleeding visible vessel (pigmented protu-
berance), an adherent clot, the presence of a flat spot, or an
ulcer with a clean base. These stigmata provide prognostic
information on rebleeding rates and need for subsequent
intervention. They help determine management strategies
including the need for endoscopic therapy and the level of
patient monitoring required after the endoscopic procedure
(e.g., ICU, hospital ward and outpatient management).
Endoscopic hemostasis should be performed in patients with
spurting ulcers, oozing ulcers, and with non-bleeding visible
vessels. The ASGE/ACG Task force identifies the frequency
with which, barring any contraindications, endoscopic ther-
apy is delivered for ulcers with active bleeding or with
non-bleeding visible vessels as a priority quality indicator
with a goal performance target over 98% [3]. In patients with
ulcers and an overlying adherent clot, attempts to dislodge
the clot may allow identification of underlying stigmata of
hemorrhage that can be treated. If attempts at dislodgement
are unsuccessful, the lesions can still be considered for
endoscopic therapy.

Patients with bleeding peptic ulcer disease treated endo-
scopically should generally not be treated with epinephrine

Fig. 14.6 Proximal extent of BE
as seen using white light (a) and
electronic chromoendoscopy (b)

Fig. 14.7 A transparent cap can be fitted to the endoscope to aid
visualization of Barrett’s esophagus

Fig. 14.8 Subtle nodular area detected in patient with Barrett’s
esophagus using electronic chromoendoscopy and a transparent
cap. Endoscopic mucosal resection specimen of this area demonstrated
high-grade dysplasia
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injection as monotherapy. When epinephrine injection is
used, combination with a second treatment modality (ther-
mal or mechanical therapy) provides superior results.
Commonly used second modalities include heater probe
thermal coagulation, multipolar coagulation, argon plasma
coagulation, and endoscopic clipping. The effect of such
treatments should be clearly documented in the endoscopy
report [3, 41].

QI: Specific Indicators Related to the Endoscopic
Management of Upper GI Bleeding

In the evaluation of any patient with upper GI bleeding, one
of the first tasks the endoscopist is faced with is to locate and
define the location of the bleeding lesion. Localization is
often possible after a careful examination, but in cases with
residual blood or continued bleeding impairing visualization,
the cause of bleeding may not be identified. In these
instances, a promotility agent (e.g., intravenous ery-
thromycin) or attempts to reposition the patient may be
helpful. Once the bleeding site is located, it’s precise loca-
tion and a description of the lesion should be detailed in the
endoscopy report, such that a subsequent endoscopist (or
interventional radiologist or surgeon) can locate the site if
necessary [3, 42].

A second intra-procedural quality indicator regarding the
endoscopic management of upper GI bleeding that was
defined by the ASGE/ACG Task force is the frequency with
which achievement of primary hemostasis of upper GI
bleeding lesions is obtained [3]. The third intra-procedural,
upper GI bleeding-related quality indicator provided by the
task force states that variceal ligation should be the first
endoscopic modality applied to patients with bleeding from
esophageal varices. The use of octreotide has been discussed
above and is a vital adjunct therapy in patients with acute
variceal bleeding. Definitive therapy, however, is generally
delivered endoscopically; variceal band ligation is preferred
over sclerotherapy because of its greater safety and efficacy
profile [43]. The task force recommends a performance
target over 98% for the frequency with which variceal
ligation is used as the first endoscopic treatment modality for
esophageal varices [3].

QI: Specific Indicators Related to Endoscopy
in Patients with Suspected Celiac Disease

In patients with suspected celiac disease, duodenal biopsies are
instrumental in ascertaining the diagnosis and can be used to
guide response to therapy in those with known celiac disease.

Because of the potentially patchy nature of the disease,
patients undergoing upper endoscopy with suspicion of
celiac disease should have multiple biopsy specimens
obtained from the duodenum. The AGA currently recom-
mends at least one or two biopsies be obtained from the
duodenal bulb (see Fig. 14.9) and at least four biopsies of
the more distal duodenum [3, 44].

Post-procedure Quality Indicators

The ASGE/ACG Task force defines the post-procedure
period as the interval between when the endoscope is
removed from the patient to subsequent follow-up and
includes activities such as communication with the patient
and referring physician, providing the patient instructions,
procedure documentation, recognition and documentation of
adverse events, and pathology follow-up. Post-procedure
quality indicators defined by the task force which are
specific to upper endoscopy involve initiation of appropriate
medications based on findings at upper endoscopy, making
plans for subsequent testing based on findings at upper
endoscopy or the patient’s course after upper endoscopy,
and the documentation of adverse events following upper
endoscopy [3].

Various medications may need to be initiated based on
findings at upper endoscopy. The task force currently rec-
ommends performance targets exceeding 98% for recom-
mending PPI therapy in patients who undergo dilation for
peptic esophageal strictures. They also recognize the fre-
quency with which plans to test for Helicobacter pylori
infection for patients diagnosed with gastric or duodenal
ulcers are documented as a priority quality indicator with a
goal performance target over 98% [3].

Finally, while endoscopic therapy delivered during the
index upper endoscopy is often adequate, there are instances

Fig. 14.9 Endoscopic view of the duodenal bulb. Black oval markers
correspond to the 9 o’clock and 12 o’clock positions where bulbar
biopsies can be obtained in the evaluation of celiac disease
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whereby rebleeding occurs. Selective repeat upper endo-
scopy for recurrent bleeding is effective and is supported by
the quality in upper endoscopy task force. However, routine
repeat or “second-look” endoscopy is not advocated [3, 45].

Conclusion

We are currently living in the era of quality in medicine, and
endoscopy is no exception. Quality indicators for upper
endoscopy have been carefully crafted and exist to provide a
guide for best practices. Fellows and practicing endoscopists
should be familiar with the quality indicators for upper GI
endoscopy and incorporate them into their daily practice.
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neonatal and pediatric gastroscopes, 126t

eosinophilic esophagitis, 129–130
biopsy technique, 130, 130f
gross pathology, 130

gastrointestinal bleeding, 126–127
indications, 126, 127t
inflammatory bowel disease, 130–131
biopsy technique, 131

polyposis syndromes, 131
Gardner syndrome, 131
Turcot syndrome, 131

therapeutic interventions, foreign body removal, 131–132
Pediatric upper endoscopy, sedation for, 135

intra-procedure, 135–136
pediatric procedural considerations, 135
post-procedure, 136
pre-procedure, 135
quality assessment, 136

Peptic strictures, 55, 56f
Peptic ulcer surgery, 81

antrectomy, 81, 82f
Billroth I patents, 82–83, 83f
Billroth II patents, 82, 83f
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double pylorus, 83, 84f
repeat operation, 83
truncal vagotomy, 81, 82f

Percutaneous endoscopic gastrostomy (PEG), 91, 92
PEG tubes, 94
Foutch safe tract technique, 94
pull and push techniques, 94

Percutaneous feeding tubes
complications, 99–100
buried bumper syndrome, 100
local fungal infection, 100
major and minor, 100t

DPEJ tubes, 96–98
modified pull PEG technique, 96
placement, 97f, 98f

ethical issues, 101
PEG tubes, 94
Foutch safe tract technique, 94
pull and push techniques, 94

PEGJ tubes, 94–96
drag-and-clip method, 95

post-procedure management
exchange/removal of enterostomy tubes, 99
prevention of clogging, 98–99
skin care, 98

Percutaneous gastrojejunostomy (PEGJ), 91, 92
PEGJ tubes, 94–96
drag-and-clip method, 95

placement, 95–96, 95f
jejunal extension, 95f
through mature PEG stoma tract, 96f

Perforation, as upper endoscopy complication, 107, 107f, 107t
gastrocolocutaneous fistulas, 110–111

Photodynamic therapy (PDT), 76
complications of, 113

Plummer–Vinson syndrome, 56
Portal hypertensive gastropathy (PHG), 116
Prague classification, 168–169
Priority quality indicators, 167, 170, 171
Proton pump inhibitors (PPIs), 11–12
Pull technique, 36, 36t, 109, 157, 158f
Push enteroscopy (PE), 151

and DBE, 154
Push technique, 36, 36t, 94, 109, 133
Push-and-pull enteroscopy. See Double-balloon enteroscopy (DBE)
Pyloro-duodenal stents, 65–66

Q
Quality in endoscopy, definition, 163
Quality indicators (QIs), in EGD, 10
Quality indicators, intra-procedure, 168

endoscopic management of Barrett’s esophagus, 168–169
documentation, 168
patient monitoring during, 168

gastroesophageal junction
forward viewing examination of, 168f
retroflexed view of, 169f

photodocumentation of
duodenal bulb, 169f
duodenum, 169f
pylorus, 169f

Quality indicators, post-procedure, 171–172
Quality indicators, pre-procedure, 163–164

antithrombotic medications, 166–167
appropriate indication, 164
documentation
of comprehensive endoscopic examination, 168
of directed history, 165
of sedation plan, 165–166

informed consent, 164–165
management of pre-procedure medications, 166
physical examination, 165
prophylactic antibiotic therapy
cirrhotic patient with acute upper GI bleeding, 167
prior to PEG, 167

risk assessment, 165, 166t
team pulse, 167
trained and credentialed endoscopists, 164
use of
PPI therapy, 167
vasoactive drugs, 167

R
Radiation-induced strictures, 57–58, 58f
Radiofrequency ablation (RFA), 16–17, 47–48, 51–52, 113

BARRX balloon catheter, 47
initiation of, 48f
post-RFA treatment care, 48

Recombinant factor VIIa (rFVIIa), 114
Reflux esophagitis, 7
Refractory strictures

incisional therapy, 66
intra-lesional steroid injection, 66
surgical treatment, 66
team-based management plan, 67

Resective surgery for benign and malignant disease
esophagus, 85
anastomotic stricture, 85f, 86f

pancreatic head, 86–87
hepaticojejunostomy, 86f

stomach, 86
Roux-Y gastric bypass (RYGB), 87

balloon dilation of stenotic gastrojejunal anastomosis in, 87f
diagram of, 87f
endoscopic appearance of gastric pouch in, 87f
gastrogastric fistula after, 88f
jejunal ulcer at anastomosis of, 87f

S
Salvage therapy, 25–26

balloon tamponade, 25
self-expanding metal stents, 25

Savary dilators, 63
of esophageal web, 63f

Schatzki’s ring, 56, 57f
Schwannomas, 146
Self-expandable metal stents (SEMS), 25, 64, 76–78, 114. See also

Endoluminal stents, for malignant esophageal strictures
for obstruction, 78

Self-expanding plastic stents (SEPSs), 64, 66f
Single-balloon enteroscopy (SBE), 96, 151, 155, 155f

comparison with DBE and SE, 157–158, 158t
principles of insertion in, 156f
through-the-scope, 157

Sleeve gastrectomy, 88, 88f
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Sonde enteroscopy, 151, 152f
Spindle cell lesions, 144–145

gastrointestinal stromal tumor, 144, 144f
leiomyoma, 144–145

Spiral enteroscopy (SE), 151
comparison with DBE and SBE, 157–158, 158t
SE-ERCP, 156
spiral overtube-assisted endoscopy, 155–156, 156f

Squamo-columnar junction, 4
Squamous cell cancer (SCC), 69
Stenosis, 58, 77, 83, 112

esophageal luminal, 70, 73
and luminal obstruction, 70
pyloric stenosis, 65f
re-stenosis, 66

Stigmata of recent haemorrhage (SRH), 12, 13t
adherent blood clots, 12, 13f
spurting or oozing, 12, 13f

Stomach
biopsy, 8
dyspepsia, 8
Helicobacter pylori, 8–9

examination of, 4
gastric body and antrum, 4
pylorus and incisura, 4

identifying curvature, 4
pyloric intubation, 5
pyloric orifice with converging folds, 5f

retroflexion in, 4–5, 4f
Strictures

esophageal strictures, 55
causes of benign strictures, 56t
caustic injury-related, 60f
food bolus impaction, 56f
and foregut stricture, management of, 62–63

extrinsic causes, 58
aortic aneurysm causing, 58f
cervical osteophyte causing, 59f

gastric and duodenal strictures, 60
peptic strictures, 55, 56f
postoperative (iatrogenic), 58–59
post-endoscopic mucosal resection, 59f
post-esophagectomy, 59f

radiation-induced strictures, 57–58, 58f
Subepithelial lesion (SEL), 139

EUS features of, 141t
foregut SELs
carcinoid tumors, 145–146, 145f
duplication cysts, 147–148
granular cell tumors, 146, 147f
lipoma, 142–143, 143f
pancreatic rests, 143–144
schwannomas, 146
spindle cell lesions, 144–145

Submucosal lesion, 139
diagnosis, 140–142
incidence and clinical presentation, 139–140
giant antral lipoma, 140f

management, 142
splenic artery, 140f

Submucosal tumor. See Submucosal lesion
Submucosal tunneling endoscopic resection (STER), 146

T
Therapeutic channel end, 6
Therapeutic endoscopy complications

APC, 113
coagulation, 113
cryotherapy, 113–114
endoscopic eradication therapy, 113
endoscopic mucosal resection, 111–112
gastric perforation after, 112f

endoscopic non-variceal hemostasis, 117
endoscopic submucosal dissection, 112
endoscopic variceal hemostasis, 114–115
endoscopic variceal ligation, 116–117
endoscopic variceal sclerotherapy, 115–116
enteral stenting, 114
PDT, 113
polypectomy, 111, 111f
RFA, 113
upper endoscopy, 114

Through-the-scope (TTS) enteroscopy, 157–158
balloon-assisted enteroscopy (TTS-BAE), 157, 157f, 158f
balloon dilation catheters, 64

TIPS (transjugular intrahepatic portosystemic shunt), 24, 25, 26, 27,
115

U
Ulcer, gastric, 9
Ultra-thin endoscopes, 6–7
Unintentional ingestion, 31, 39
Upper endoscopy. See also Esophagogastroduodenoscopy (EGD)

adverse events, prevention of, 107
complications of, 105
bleeding, 106, 107t
cardiopulmonary adverse events, 106, 106t
dilation, 108
foreign body retrieval, 108–109
infections, 106
PEG placement, 109–111
perforation, 107, 107f, 107t
therapeutic endoscopy (see also Therapeutic endoscopy compli-

cations), 108
Upper esophageal sphincter (UES), 3–4
Upper gastrointestinal bleeding (UGIB), 11, 105

nonvariceal (see Nonvariceal UGIB)
variceal (see Variceal UGIB)

V
Variceal hemorrhage, acute esophageal, 23–24, 26–27

endoscopic sclerotherapy, 24
endoscopic variceal ligation, 24–25
active bleeding from, 24f
post-banding ulcers, 25f
varix post banding, 25f

Variceal UGIB
esophageal varices, 21–22, 22f
endoscopy, 21
natural history of portal hypertension, 22f
primary prophylaxis, 22–25, 22f
salvage therapy, 25–26
secondary prophylaxis, 26
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gastric varices, 26
primary prophylaxis, 26–27
salvage therapy, 27
secondary prophylaxis, 27

Video capsule endoscopy (VCE), 152
and DBE, 154

Video endoscopes, 125
Vitamin K, 12

W
Warfarin, 93
Whipple resection, 86, 90

fluoroscopic appearance of forward-viewing endoscope after, 86f

Z
X-rays (plain radiography), 32

abdominal, showing coin, 34f

Z
Z line, 4

irregular Z-line, 169
Zargar’s mucosal injury classification, 134, 134t
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