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Abstract

Although relatively uncommon, Dieulafoy’s lesion is an
important cause of acute gastrointestinal bleeding due
to the frequent difficulty in its diagnosis; its tendency to
cause severe, life-threatening, recurrent gastrointestinal
bleeding; and its amenability to life-saving endoscopic
therapy. Unlike normal vessels of the gastrointestinal
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tract which become progressively smaller in caliber
peripherally, Dieulafoy’s lesions maintain a large caliber
despite their peripheral, submucosal, location within
gastrointestinal wall. Dieulafoy’s lesions typically
present with severe, active, gastrointestinal bleeding,
without prior symptoms; often cause hemodynamic
instability and often require transfusion of multiple
units of packed erythrocytes. About 75% of lesions
are located in the stomach, with a marked proclivity of
lesions within 6 cm of the gastroesophageal junction
along the gastric lesser curve, but lesions can also
occur in the duodenum and esophagus. Lesions in
the jejunoileum or colorectum have been increasingly
reported. Endoscopy is the first diagnostic test, but has
only a 70% diagnostic yield because the lesions are
frequently small and inconspicuous. Lesions typically
appear at endoscopy as pigmented protuberances from
exposed vessel stumps, with minimal surrounding erosion
and no ulceration (visible vessel sans ulcer). Endoscopic
therapy, including clips, sclerotherapy, argon plasma
coagulation, thermocoagulation, or electrocoagulation,
is the recommended initial therapy, with primary hemo-
stasis achieved in nearly 90% of cases. Dual endoscopic
therapy of epinephrine injection followed by ablative or
mechanical therapy appears to be effective. Although
banding is reportedly highly successful, it entails a
small risk of gastrointestinal perforation from banding
deep mural tissue. Therapeutic alternatives after failed
endoscopic therapy include repeat endoscopic therapy,
angiography, or surgical wedge resection. The mortality
has declined from about 30% during the 1970’s to
9%-13% currently with the advent of aggressive endo-
scopic therapy.

Key words: Dieulafoy’s lesion; Gastrointestinal bleeding

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dieulafoy’s lesion is an important cause of
acute gastrointestinal bleeding. Dieulafoy’s lesions
maintain an abnormally large caliber despite their
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peripheral, submucosal, location. Dieulafoy’s lesions
typically present with severe, active, gastrointestinal
bleeding. About 75% of lesions are located in the
stomach, most commonly close to the gastroesophageal
junction, but lesions can occur in duodenum and eso-
phagus. Endoscopy is the first diagnostic test (70%
diagnostic yield). Lesions typically appear at endoscopy
as pigmented protuberances from exposed vessel
stumps, with minimal surrounding erosions. Endoscopic
therapy, including clips, sclerotherapy, argon plasma
coagulation, thermocoagulation, or electrocoagulation,
is the recommended initial therapy, with primary
hemostasis achieved in nearly 90% of cases. Mortality
of bleeding from this lesion is 9%-13%.

Nojkov B, Cappell MS. Gastrointestinal bleeding from
Dieulafoy’s lesion: Clinical presentation, endoscopic findings,
and endoscopic therapy. World J Gastrointest Endosc 2015;
7(4): 295-307 Available from: URL: http://www.wjgnet.
com/1948-5190/full/v7/i4/295.htm DOI: http://dx.doi.
org/10.4253/wjge.v7.14.295

INTRODUCTION

Although relatively uncommon, Dieulafoy’s lesion rep-
resents an important etiology of acute gastrointestinal
(GI) bleeding because of its propensity to cause
massive, life-threatening, and recurrent bleeding; and
its amenability to life-saving endoscopic therapy. It most
commonly causes upper GI bleeding™, but can also
cause middle GI bleeding (defined as bleeding localized
between the ampulla of Vater and the cecum™)®,
and rarely cause lower GI bleeding™, depending upon
the location of the lesion. Numerous, recent, small,
retrospective studies have analyzed the efficacy and
safety of individual endoscopic therapies for this lesion,
but these studies generally lack a comprehensive review
of the literature. This work comprehensively reviews the
pathophysiology, epidemiology, clinical presentation,
endoscopic diagnosis, and endoscopic therapy of
Dieulafoy’s lesions, with an emphasis on recent studies
of endoscopic therapy.

BRIEF HISTORY

Although first reported by Gallard™ in 1884, Dieula-
foy’s lesion was more precisely described 14 years
later by the French surgeon, Georges Dieulafoy™. He
reported fatal GI hemorrhage in three, asymptomatic,
young, male patients caused by large, actively bleeding,
blood vessels within the stomach associated with small
ulcers, which he called “exulceratio simplex”, as he
erroneously believed these lesions were early peptic
ulcers. Since then, a multitude of cases of Dieulafoy’s
lesions have been reported throughout the world™®,
The lesion nomenclature has been variable, including
the following alternative names: caliber-persistent
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artery, gastric arteriosclerosis, cirsoid aneurysm, and
submucosal arterial malformation'. However, the
most commonly accepted name is Dieulafoy’s lesion,
even though the term caliber-persistent artery has the
virtue of aptly summarizing its pathophysiology. The
term gastric arteriosclerosis is to be avoided because
the pathophysiology does not involve arteriosclerosis
or atherosclerosis. Likewise, the term cirsoid aneurysm
should be avoided because the pathophysiology does
not involve an aneurysm.

PATHOPHYSIOLOGY

The lesion is defined anatomically as a dilated,
aberrant, submucosal artery that erodes overlying
GI mucosa in the absence of an underlying ulcer,
aneurysm, or intrinsic mural abnormality™®. Unlike
the normal arterial tree, which like branches of a
tree, progressively narrows when approaching distal
branches, Dieulafoy’s lesion maintains constant arterial
caliber, of approximately 1-3 mm, despite its very
distal, submucosal location within the GI wall”’. This
caliber is up to ten-fold larger than the normal maximal
caliber of such submucosal vessels. The aberrant
artery can protrude through a small mucosal defect,
become susceptible to even minor mechanical trauma
(e.g., passage of food bolus in stomach or solid stool
in colon), and eventually erode into the lumen to
cause severe acute GI bleeding. Each arterial pulsation
transmits mechanical pressure that may traumatize
the fragile, thin layer of mucosa overlying the vessel.
Alternatively, enhanced blood flow through the enlarged
artery may cause hypoperfusion, ischemia, and erosion
of overlying mucosa from shunting and redistribution
of blood perfusion!!, This hypothesized “vascular
steal” phenomenon resembles that which produces
a pale mucosal halo that sometimes surrounds angio-
dysplasia'*?!. Chronic age-related mucosal wear and
tear and atrophy may explain the tendency for this
bleeding to generally present in older age'®.

About 70% of lesions occur in the stomach™®,
The proximal stomach, in particular within 6 cm from
the gastroesophageal junction and along the lesser
gastric curve, is the most common gastric location,
accounting for about 75% of all gastric lesions (Table
1) This proclivity is attributed to the blood
supply to this area coming directly from the arterial
chain running along the lesser gastric curve because
the usual submucosal, arterial anastomotic gastric
plexus is absent in this area!®’. Other common lesion
locations include duodenum (15% prevalence)”*,
distal stomach (12% prevalence)®, and esophagus
(8% prevalence)™®. However, recent publications,
consisting mostly of case reports or limited case series,
also report Dieulafoy’s lesions of the jejunum®'7”,
ileum™”?, cecum®®?, appendix™®, colon®***, rectum™®,
and anal canal®” which present with lower GI bleeding.
Figure 1 summarizes the approximate distribution of
bleeding Dieulafoy’s lesions within the GI tract. Also,
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Table 1 Clinico-epidemiologic characteristics of Dieulafoy

lesion

Anatomy
Dilated, aberrant, submucosal artery eroding overlying gastrointestinal
mucosa in absence of either underlying ulcer or local aneurysm
Location
70% of ulcers in stomach
In stomach most commonly located within 6 cm of gastroesophageal
junction along lesser curve
Can occur moderately commonly in esophagus or duodenum,
occasionally in jejunum or ileum, and rarely in colon
Epidemiology
Generally presents clinically in older age, but can occur at any age
Male:female ratio = 2:1
No known epidemiologic risk factors or clinically associated diseases
Clinical presentation
Typically presents with overt GI bleeding, often with hematemesis or
melena, or both
Bleeding typically severe
No prodromal symptoms
Typically bleeding is painless
Frequent presentation with signs or laboratory tests of hemodynamic
instability, including: tachycardia, hypotension, orthostasis, and acute
prerenal azotemia
Frequently requires transfusion of multiple units of packed erythrocytes
Frequent recurrent bleeding if undetected or not treated at initial
endoscopy

GI: Gastrointestinal.

extra-gastrointestinal locations of Dieulafoy-like lesions
can present with acute non-gastrointestinal bleeding,
such as bronchial Dieulafoy’s lesion presenting with
hemoptysis*®.

It is unknown if this lesion is inherited or acquired®®..
It has not been associated with genetic mutations.
The generally older age of patients with Dieulafoy’s
lesion might suggest an acquired defect. Contrariwise,
the propensity of these lesions to be located within 6
cm of the gastroesophageal junction might reflect a
congenital defect. While the pediatric literature suggests
that the tortuous, dilated artery with a variable course
length may represent a congenital anomaly®™”, scant
data supports familial predisposition in adultst’.

EPIDEMIOLOGY

Dieulafoy’s lesion is responsible for approximately 1.5%
of acute upper GI bleeding™*?*", and is responsible for
approximately 3.5% of jejunoileal GI bleeding'”’. For
example, in a recent, retrospective, multicenter, study
of 284 patients with suspected overt or occult small
intestinal bleeding who underwent 317 double-balloon
and 78 single-balloon enteroscopies, 10 patients (3.5%)
had Dieulafoy’s lesion in the jejunum or ileum as the
bleeding etiology"”). Most of the small bowel lesions
were located in the jejunum. Colonic Dieulafoy’s lesion
is presumably rare; less than 30 cases have been
reported since three patients with colonic Dieulafoy’s
lesion were first reported in 19852*3%33,
Epidemiologic characteristics of patients with
Dieulafoy’s lesions have been described. The lesion
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Approximate rates (%) of dieulafoy's lession distribution by
location in GI tract

70 60
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stomach stomach tract

Figure 1 Segmental distribution of Dieulafoy’s lesion within the gastroin-
testinal tract in patients presenting with acute gastrointestinal bleeding. GI:
Gastrointestinal.

is reportedly more common in males than females,
with a sex ratio of 2:1%2%3%, It can occur at any
age® although older series reported a predisposition
towards advanced age, with most cases presenting
in the sixth or seventh decades!**"!, Affected patients
often have non-gastrointestinal comorbidities such
as cardiovascular disease, hypertension, diabetes,
and chronic renal insufficiency. Also, affected pati-
ents are often administered non-steroidal anti-
inflammatory drugs (NSAIDs) or anticoagulants most
likely because these drugs promote bleeding from
underlying Dieulafoy’s lesions which results in clinical
detection™**®, No causal link has, however, been found
between Dieulafoy’s lesions and use of NSAIDs, alcohol
or tobacco; or the presence of peptic ulcer disease or
Helicobacter pylori infection!*®*>3381,

CLINICAL PRESENTATION

Patients are typically asymptomatic before presenting
with acute, profuse GI bleeding, which can manifest
as hematemesis, melena, or hematochezia**%,
Approximately half of patients present with both
hematemesis and melena™. For example, in a review
of 177 cases, 51% presented with hematemesis and
melena, 28% of patients presented with hematemesis,
and 18% presented with melena alone®”. Patients
with colonic Dieulafoy’s lesions typically present with
profuse bright red blood per rectum. The bleeding is
typically severe, attributed to the arterial nature of
the bleeding and the enlarged arterial vessel (Table
1). Patients rarely present with chronic, occult, GI
bleeding. Signs of hemodynamic instability such
as tachycardia, hypotension, and orthostasis, or
laboratory abnormalities of acute prerenal azotemia
frequently occur because of the severity and acuity
of the GI bleeding™*?, For example, 10 (50%) of 20
Mexican patients presented with signs of hemodynamic
instability*”. The mean hemoglobin on admission
for bleeding is about 9 g/dL™". The bleeding is fre-
quently recurrent, with recurrence < 72 h after
initial presentation if it is left untreated at the initial
endoscopy!”’. Recurrent bleeding is often extremely
severe, which emphasizes the importance of accurate
diagnosis and appropriate therapy at the initial
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Table 2 Diagnosis of Dieulafoy’s lesion

EGD
Small, relatively inconspicuous pigmented protuberance with minimal
surrounding erosion and no ulceration
Lesion often actively bleeding or oozing at EGD
Gastric lesions most commonly within 6 cm of GE junction along lesser
curve
Initial EGD may be nondiagnostic in up to 30% of cases due to
relatively small lesion size
Avoid endoscopic biopsies of lesion
Colonoscopy or enteroscopy
May be useful to diagnose colonic or jejunoileal lesions, respectively, if
EGD was negative in setting of severe, acute GI bleeding
Angiography
May be helpful in setting of rectal bleeding after negative EGD and
colonoscopy

EGD: Esophagogastroduodenoscopy; GI: Gastrointestinal.

endoscopy. Other GI symptoms, especially abdominal
pain, are uncommon and their presence suggests
alternative diagnoses such as peptic ulcer disease or
complications from the bleeding such as mesenteric
ischemia from hemorrhagic shock™,

The clinical presentation of patients with jejunoileal
lesions is similar to that of patients with upper GI
Dieulafoy’s lesions!”’. Among 10 patients diagnosed
with small-intestinal Dieulafoy’s lesions, all presented
with overt bleeding and all had severe, transfusion-
dependent, anemia'’’”). Eight of the ten Dieulafoy’s
lesions were actively bleeding at enteroscopy. Most
patients were elderly (mean age = 69.7 years), but the
disease occurred at younger ages as well (youngest
patient = 35 years old).

Dieulafoy’s lesion is also an important cause of
obscure GI bleeding because it frequently bleeds inter-
mittently, it occasionally involves unusual GI bleeding
sites that are relatively inaccessible to conventional
endoscopy, such as the jejunum or ileum; and the
lesions are frequently relatively small, subtle, and
inconspicuous despite repetitive use of standard diag-
nostic techniques™. Conversely, alternative diseases
can sometimes mimic a Dieulafoy’s lesion in the setting
of acute GI bleeding. For example, two recent reports
from Japan describe patients whose initial clinical
presentation and endoscopic findings suggested gas-
tric Dieulafoy’s lesions, but who were subsequently
diagnosed with GI stromal tumors!*>*¢,

Dieulafoy’s lesions are apparently not associated
with other GI vascular lesions, such as angiodysplasia
or hemangiomas. Although syndromes with multiple
vascular lesions occur with angiodysplasia (in hereditary
hemorrhagic telangiectasia), syndromes with multiple or
disseminated Dieulafoy’s lesions have not been reported,
One patient, however, had two GI Dieulafoy’s lesions™”.
Unlike the genetic mutations associated with hereditary
hemorrhagic telangiectasia®®!, no genetic mutations
have been associated with Dieulafoy’s lesions. Hereditary
hemorrhagic telangiectasia is occasionally associated
with high-output cardiac failure®®, or individual organ
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(e.g., liver) failure®™, from extensive shunting of blood.
However, Dieulafoy’s lesion is not associated with
high-output cardiac failure or individual end-organ
failure because it produces minimal individual organ
or systemic vascular shunting due to its relatively
moderate size and single lesion status.

DIAGNOSIS

Esophagogastroduodenoscopy (EGD) is usually the first
diagnostic test performed for acute, upper, GI bleeding.
Dieulafoy’s lesion is, therefore, usually diagnosed by
EGD, which reveals a pigmented protuberance from the
vessel stump, with minimal surrounding erosion and
no ulceration (visible vessel sans ulcer; Figures 2A, 3A
and 4A). The pigmented protuberance has a variable
color, including reddish, purple, blue, or greyish-white.
The protuberance is usually relatively inconspicuous at
EGD; it is approximately 10-15 mm wide and about
5-10 mm high (Table 2). Approximately 50%-60%
of identified upper GI Dieulafoy’s lesion are actively
bleeding at the initial EGD, typically with spurting or
oozing of blood from a miniscule (1-5 mm in diameter)
point source on the GI mucosa®*?. For example, in a
study of 29 patients, 66% had oozing, and 28% had
spurting bleeding at endoscopy™". Spurting bleeding is
often micro-pulsatile reflecting the underlying arterial
breach. Other patients typically have a fresh adherent
clot or visible (non-actively bleeding) Dieulafoy’s lesion
at the initial endoscopy. Dieulafoy’s lesion should
be strongly considered, when a lesion is located in
proximal stomach and/or has a small mucosal defect
connected by a narrow attachment point to an adherent
clot”. Dieulafoy’s lesion may not be detected when
covered by an adherent clot, and the lesion may
be exposed by washing away an adherent clot with
moderate endoscopic perfusion. The authors do not
recommend guillotining an adherent clot covering a
Dieulafoy’s lesion because of the risk of inducing severe
hemorrhage.

Dieulafoy’s lesion should be endoscopically dis-
tinguished from other clinical entities with a similar
clinical presentation and endoscopic appearance,
including: arteriovenous malformations, hereditary
hemorrhagic teleangiectasia (Osler-Weber-Rendu
syndrome), or vascular neoplasms. Additionally, when
located close to the gastroesophageal junction, the
lesion has to be distinguished from a Mallory-Weiss
tear, in which the bleeding originates from a superficial
mucosal tear instead of a superficial protruding blood
vessel. A history of vomiting before hematemesis may
suggest a Mallory-Weiss tear. However, given their
frequently similar anatomical location, endoscopic misdia-
gnoses of Dieulafoy’s lesions as Mallory-Weiss tears
have been reported”’. It is important to differentiate a
colonic Dieulafoy’s lesion from an adenomatous colonic
polyp to prevent massive hemorrhage from performing
“polypectomy” of a Dieulafoy’s lesion™?,

Initial EGD is diagnostic in only about 70% of cases
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Figure 2 An 86-year-old woman who had undergone two esophagogastroduodenoscopies in the prior 2 years for 2 episodes of acute upper gastrointestinal
bleeding that had not revealed any upper gastrointestinal lesions, presented with acute onset of melena and an acute hemoglobin level decline from 11.0
gl/dL to 8.6 g/dL. Esophagogastroduodenoscopy revealed an actively oozing, darkly red, 6-8 mm wide, raised, lesion without surrounding erosions or ulceration that
was actively oozing along the greater curvature of the gastric body (A), findings characteristic of a Dieulafoy lesion. The lesion was successfully cauterized using 50
watts of argon plasma coagulation at 1 L/min (note probe hovering over cauterized lesion in (B) with cessation of active oozing. The patient was discharged four days
later with no evidence of recurrent bleeding during the hospitalization and no further gastrointestinal bleeding during 4 mo of follow-up.

Figure 3 An 88-year-old woman with prior bleeding duodenal ulcer 40 years earlier, and actively administered aspirin, presented with acute onset of
hematemesis and melena, with an acute decline in the hemoglobin level from 11.2 g/dL to 9.2 g/dL. Esophagogastroduodenoscopy revealed an actively
oozing, darkly red, 8-10 mm wide, raised, lesion without surrounding erosions or ulceration that was actively oozing in the gastric cardia (A), findings characteristic
of a Dieulafoy lesion. The lesion was first injected with 7 mL of epinephrine (1:10000 solution), followed by successful placement of a single hemoclip around the
protruding vessel (B), with cessation of active oozing. The patient was discharged three days later with no evidence of recurrent bleeding during the hospitalization.

Figure 4 An 81-year-old woman presented with nausea, coffee-ground emesis, and dizziness. She underwent urgent esophagogastroduodenoscopy (EGD), despite
a normal initial hemoglobin level of 13.0 g/dL, because of the hematemesis. EGD revealed a small blood clot, overlying a lesion without surrounding ulceration, located in
proximal gastric body, which was slowly oozing red blood (A). After detachment of the blood clot with irrigation, a raised, darkly red, blood vessel was visualized consistent with
a Dieulafoy lesion (B). The lesion was treated with 4 mL of 1:10000 solution of epinephrine and thermocoagulated via heater probe 5 pulses of 30 Joules/pulse without post-
procedural bleeding (C). Patient remained stable after the EGD with no further bleeding and she was discharged 3 d later.

due to relatively small lesion size; intermittently active location underneath gastric contents, an adherent blood
bleeding; lesion location between folds; or lesion clot, or a pool of blood from massive bleeding™. For
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example, in a retrospective study of 177 patients with
Dieulafoy’s lesions causing acute GI bleeding, repeat
endoscopic evaluation was needed in 33% of cases, due
to nondiagnostic initial examinations®”). Indeed, about
6% of patients require three or more endoscopies to
establish the diagnosis™. This diagnostic yield at EGD
is significantly lower than that of about 95% for other
lesions causing upper GI bleeding®®*. Gastric insufflation
may expose a Dieulafoy’s lesion previously buried
between gastric rugae. Careful aspiration of the gastric
lake may demonstrate an underlying Dieulafoy’s lesion.
Cautious removal of an adherent clot may reveal an
underlying Dieulafoy’s lesion. Lesion identification may
require careful gastric retroflexion due to its predilection
to be near the gastroesophageal junction. As with
EGD, repeat enteroscopic examinations, after initially
nondiagnostic enteroscopy, are frequently required
to diagnose jejunoileal lesions. In one study 40% of
cases required a second or even a third enteroscopy to
establish the diagnosis"”’.

Several small reports suggest that, supplemental
methods such as endoscopic ultrasound or bleeding
provocation with intravenous heparin, may help inc-
rease the diagnostic yield of Dieulafoy’s lesions at
endoscopy®*°®. Typical endosonographic features
include an abnormally large (2-3 mm wide) caliber,
pulsatile, high-flow, submucosal artery, usually located
along the lesser gastric curve near the gastroesophageal
junction. Endosonography has been used to confirm
endoscopic hemostasis of a bleeding Dieulafoy’s lesion
by demonstrating absent blood flow after therapy™.
However, combining endoscopy with such costly, ad-
vanced technology is currently not recommended
for routine clinical practice due to insufficient data
concerning efficacy. Endoscopic biopsies of suspected
Dieulafoy’s lesion are generally contraindicated because
of the risk of inducing severe bleeding by biopsying the
exposed artery and the lack of pathologic diagnosis
from endoscopic biopsies.

Colonoscopy is usually indicated following a negative
EGD for acute GI bleeding. Multiple individual cases of
bleeding Dieulafoy’s lesion diagnosed at colonoscopy
have been reported during the past 30 years. However,
the diagnostic yield of colonoscopy for this entity is
unknown[24-27,56>61] .

Enteroscopy is often indicated for acute GI bleeding
after nondiagnostic EGD and colonoscopy. It enables
viewing of the small bowel up to about 150 cm beyond
the pylorus, to identify distal duodenal or proximal
jejunal lesions. There is limited data on the diagnostic
yield of enteroscopy for acute bleeding from small
bowel Dieulafoy’s lesions™'’?!, Single-balloon and
double-balloon enteroscopies permit intubation of more
distal small intestine, thereby permitting detection of
more distal Dieulafoy’s lesions.

Several Dieulafoy’s lesions have been diagnosed
by capsule endoscopy™*®*. While noninvasive, capsule
endoscopy lacks therapeutic capabilities, and a positive
test still requires a subsequent invasive therapeutic
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modality. Still, capsule endoscopy may be diagnostically
helpful for Dieulafoy’s lesion causing obscure GI
bleeding, especially from the distal small intestine’?.

If endoscopy is nondiagnostic, angiography may
help establish the diagnosis in the setting of acute
bleeding, especially for lower GI Dieulafoy’s lesions,
because detailed colonoscopic examination of mucosa
may be difficult to achieve due to overlying blood or
the performance of colonoscopy on an unprepared
colon because of severe, acute bleeding (Table 2)!%*>*",
No angiographic pattern is specific for Dieulafoy’s
lesions, but features such as visualization of a non-
tapering (caliber-persisting), ectatic (tortuous), artery
at the bleeding site may suggest this entity!”®*%,
Often, however, only extravasation is visualized at
an eroded site of an otherwise normal appearing
artery™®. Angiography may also suggest an underlying
Dieulafoy’s lesion when extravasation of contrast is
visualized from a point source in the proximal stomach.
Angiodysplasia, another point source of bleeding,
may be distinguished from Dieulafoy’s lesion by its
characteristic angiographic features, such as an early
filling vein, that are inconsistent with Dieulafoy’s
lesion®®®, In one study, angiography was diagnostic
in 11 of 14 patients with Dieulafoy’s lesions who
underwent nondiagnostic endoscopic examinations™”.

Technetium 99-m-labeled erythrocytes scanning is
reportedly useful to locate a bleeding Dieulafoy’s lesion
after nondiagnostic endoscopies™®®®, This test may
permit diagnosis at lower rates of active GI bleeding,
because the threshold to detect blood extravasation is
less than half that required for angiography'®..

TREATMENT

As for any severe, acute, GI bleeding, pre-endoscopic
therapy for a recently bleeding Dieulafoy’s lesion
focuses on volume resuscitation to prevent systemic
hypotension and consequent end-organ damage to
heart, brain, or kidneys from hypoperfusion. Multiple,
reliable, large-bore, intravenous lines are inserted.
Volume resuscitation is initially performed with crys-
talline solution, with normal saline or Ringer’s lac-
tate, but transfusion of packed erythrocytes is often
required, after typing and crossing of blood, as guided
by the tempo of the GI bleeding and serial hematocrit
determinations. Patients with Dieulafoy’s lesions often
require transfusion of three or more units of packed
erythrocytes due to the severity of the bleeding™. Elec-
trolyte abnormalities are assessed and appropriately
corrected. Treatment to reverse a severe coagulopathy
is important before endoscopy, particularly when endos-
copic therapy is contemplated.

Hemostatic therapy is important because of the
bleeding severity from Dieulafoy’s lesion, the propensity
for bleeding to recur without therapy, especially within
72 h after an initial bleed, and the high mortality if
it is left untreated. Minimally invasive therapies are
derived from their respective diagnostic tests, including
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Table 3 Therapy for Dieulafoy’s lesion

Pre-endoscopic therapy
Secure [V access using multiple, large bore catheters
Volume resuscitation initially using crystalloid followed by transfusions
of packed erythrocytes as dictated by serial hematocrit determinations

and tempo of bleeding
Endoscopic therapies
Mechanical therapies
Hemoclips
Band ligation
Injection therapies
Epinephrine injection
Absolute alcohol
Ablative therapies
Heater probe
Electrocoagulation: Bicap, gold probe, efc.,
APC (argon plasma coagulation)
Combination therapies
Usually epinephrine injection therapy followed by:
Heater probe
Hemoclip
Or APC
Interventional angiography
Embolization
Pledgelets
Metal coils
Balloon occlusion
Surgery
Mostly salvage therapy after failure of other interventional therapies

APC: Argon plasma coagulation.

therapeutic endoscopy immediately after diagnostic
endoscopy, and therapeutic angiography immediately
after diagnostic angiography (Table 3). While no
consensus recommendations on treatment exist,
there has been increased use of endoscopic therapy
and therapeutic angiography, with decreasing use of
surgery during the last few decades!'®””. As Dieulafoy’
s lesions are relatively uncommon, most data on
treatment modalities consist of small, retrospective,
case-series, or individual case-reports”’%'%,
Therapeutic endoscopy is the primary treatment
modality for acute GI bleeding. It can achieve initial
hemostasis in about 90% of accessible lesions
with a < 10% rate of rebleeding during the next 7
dP*”*71, Therapeutic endoscopy for recently bleeding
peptic ulcers depends upon the Forrest criteria, with
endoscopic therapy recommended only for lesions
that are actively bleeding or oozing, that have a
visible vessel, or perhaps have an adherent clot™.
Endoscopic therapy is not recommended for peptic
ulcers that have a flat, pigmented spot or have a
clean, homogeneous, flat base. Contrariwise, thera-
peutic endoscopy is recommended for virtually all
Dieulafoy’s lesions, whether actively bleeding, oozing,
or without any stigmata of recent bleeding. The
difference in therapeutic strategies reflects the natural
history of Dieulafoy’s lesion as compared to peptic
ulcers. Peptic ulcers with a flat pigmented spot have
a low risk of rebleeding of about 8%-10% without
endoscopic therapy and peptic ulcers with a clean,
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homogeneous, flat, base have only about a 3% risk
of rebleeding without endoscopy therapy”*. This low
risk of rebleeding with these two types of peptic ulcers
does not justify incurring the approximately 1% or
more risk of major, life-threatening, complications
from endoscopic therapy including, gastrointestinal
perforation, massive bleeding, pulmonary aspiration,
and cardiovascular complications’. In contrast, the
risk of continued bleeding or rebleeding within 72 h
from an untreated Dieulafoy’s lesion is very high. This
high risk of rebleeding justifies undertaking the risks of
therapeutic endoscopy to prevent further bleeding from
Dieulafoy’s lesion.

Although initially developed for EGD for upper
GI Dieulafoy’s lesions, endoscopic therapy is now
performed using the same techniques and devices
during colonoscopy for colonic Dieulafoy’s lesions!*>**,
and during single or double balloon enteroscopy
for jejunoileal lesions™”). The current modalities of
endoscopic therapies include injection, ablation, and
mechanical therapy. Injection therapy most commonly
involves local injection of epinephrine, sclerosing
agents (sclerotherapy), or cyanoacrylate. Epinephrine
therapy promotes hemostasis via vasospasm and
tamponade/mechanical pressure from interstitial
injection that leads to stasis of blood and thrombus
formation. Relative contraindications to epinephrine
therapy may include severe tachycardia, cardiac
arrhythmias such as atrial flutter, unstable vital signs
from severe, uncorrected hypovolemia, and recent
myocardial infarction or unstable angina. Sclerotherapy
promotes vascular inflammation and thrombosis from
local irritation, whereas cyanoacrylate promotes gluing
to plug a bleeding artery. Ablation modalities include
thermocoagulation, electrocoagulation, and argon
plasma coagulation (APC). Photocoagulation using the
yittrium aluminum garnet laser to ablate tissue has
been discontinued due to an unacceptably high risk
of gastrointestinal perforation. Ablation modalities can
stem bleeding by destroying and devitalizing tissue.
Thermocoagulation and electrocoagulation involve point
contact with the lesion with apposition of the probe
against the bleeding vessel. Contrariwise, APC involves
hovering the probe over the lesion without lesion
contact”. Mechanical therapy, including band ligation
or endoscopic clips, can arrest bleeding by mechanically
closing off the bleeding vessel. Mechanical therapy
likely requires greater endoscopic skill and experience
than injection or ablative therapies because correct
placement of the band or clip directly around the lesion
is critical for successfully strangulating the vessel within
Dieulafoy’s lesion.

These therapies are generally effective for most
Dieulafoy’s lesions, when used individually or in
combination™’**%7*7%1  Syccessful cases of hemostasis
of bleeding Dieulafoy lesions using various modalities
of endoscopic therapy are illustrated in Figures 2-4.
Available data suggest that mechanical hemostasis may
be more effective than other endoscopic modalities in
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Table 4 Efficacy of endoscopic mechanical monotherapies for bleeding Dieulafoy’s lesions

Endoscopic procedure Lesion location Type of study Follow-up Outcome Ref.
(No. of patients)
Hemoclips
EGD (34) Stomach/duodenum Prospective 54 mo initial hemostasis 32/34 pts (94%),  [75]
3 pts (9%) rebled
EGD (18) Stomach Retrospective 36 mo 1 (5%) rebled [77]
EGD (16) Stomach/duodenum Prospective, randomized 1wk 1 (6%) rebled [78]
Mostly EGD (14) Mostly stomach/duodenum Retrospective Hospitalization No rebleeding [36]
EGD (8) Stomach Retrospective 19 mo 1 (12%) rebled [73]
Colonoscopy (1) Rectum
EGD (6) Stomach/duodenum Retrospective 47 mo 1 (17%) rebled, unclear if single/  [79]
combination therapy
Colonoscopy (3) Rectum Retrospective 5 mo No rebleeding [80]
Double balloon enteroscopy (3) Jejunum Retrospective, multicenter 14.5 mo 1 (33%) rebled 69 d after hemoclip  [17]
Single balloon enteroscopy (2) Tleum Retrospective 2 mo No rebleeding [18]
Colonoscopy (1) Colon Case report 6 mo No rebleeding [33]
Band ligation
EGD (24) Stomach 23 Retrospective 18 mo 1 (4%) hemostasis failure, 1 (4%)  [81]
Jejunum 1 rebled (jejunum)
EGD (13) Stomach Prospective 24 wk No rebleeding [82]
Esophagus
EGD (13) Stomach/duodenum Retrospective 30d No rebleeding [83]
EGD (10) Stomach Prospective 30d No rebleeding [76]
EGD (7) Stomach Retrospective 8 mo No rebleeding [84]
EGD (3) Upper GI Retrospective 19 mo No rebleeding [73]
“Mostly” EGD (2) Stomach Retrospective Hospitalization No rebleeding [75]
EGD (1) Stomach Retrospective 2d No rebleeding [35]
Colonoscopy (4) Rectum Retrospective 2-5d 2 (50%) rebled [85]
Colonoscopy (3) Rectum Retrospective 5mo No rebleeding [80]

Pts: Patients; EGD: Esophagogastroduodenoscopy; GI: Gastrointestinal.

patients with GI bleeding from Dieulafoy’s lesion”>"®,

A review of the published literature on application of
endoscopic hemoclips in 106 patients and on application
of band ligation in 80 patients as monotherapies for
bleeding Dieulafoy lesions reveals that both techniques
are almost uniformly effective to achieve initial
hemostasis and both techniques have low re-bleeding
rates, generally < 10% (Table 4)!'7:1833:36,73,75-831
They are particularly effective in the hands of expert
endoscopists with extensive experience with these
techniques. However, endoscopic band ligation may be
less desirable than clips because it can cause perforation
from banding too deep tissue. This is a particular
concern in GI segments with thin walls such as gastric
fundus, small bowel, or right colon. Also bleeding may
occur from an ulcer after the band falls off’®*®”,

A literature review of endoscopic injection en-
compassing 68 cases of epinephrine injection and 13
cases of sclerotherapy (12 with injection of absolute
ethanol and 1 with injection of ethanolamine) appears
to show a somewhat lower rate of achieving hemostasis
for injection therapy than mechanical therapy (Table
5)[33:36,40.72,73,78.88891  However, this therapy may be
particularly useful for initially treating massive bleeding.
This therapy is technically easier than mechanical
therapy and can be performed rather quickly. Also,
injection therapy, especially with epinephrine, may slow
down massive bleeding so that the lesion can be more
readily visualized to apply mechanical therapy.
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A literature review of endoscopic ablation therapies
for Dieulafoy’s lesion encompassing 40 cases, including
18 cases with thermocoagulation, 7 cases of APC, and
15 cases of electrocoagulation shows a high rate of
initial hemostasis (Table 6)™7*>3%%727781 However, the
data on efficacy for this therapy is less reliable than
that for the mechanical or injection therapies because
the individual studies on ablative therapies are all
retrospective and relatively small and the total number
of studied patients is only 40.

Combined endoscopic mechanical hemostasis with
injection or ablation therapeutic endoscopy are highly
effective therapeutic modalities (Table 7)'7:336:40:39.71
727988901 - Although combined endoscopic treatment
modalities are recommended as more effective in
the setting of non-variceal acute upper GI bleeding,
there is contradictory evidence on such practice when
it comes to Dieulafoy’s lesions; some studies found
no added benefit from endoscopic dual therapy vs
monotherapy™®>®!. The overall risk of short-term (<
72 h) recurrent bleeding after endoscopically-achieved
initial hemostasis is about 10%!"%*"*", Dieulafoy’s
lesions treated with single-modality endoscopic therapy
may be more likely to rebleed compared to lesions
treated with dual endoscopic therapy™-72.

Other potential risk factors for rebleeding after
endoscopic therapy include administration of NSAIDs,
administration of anticoagulants, and Dieulafoy’s
lesions with actively spurting blood at the time of initial
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Table 5 Efficacy of endoscopic injection monotherapy for bleeding Dieulafoy’s lesions

Endoscopic procedure Lesion location Type of study Follow-up Outcome Ref.
(No. of patients)
Epinephrine injection
EGD (16) Stomach/duodenum Prospective 1wk 2 (12%) hemostasis failure, 5 (31%) rebled [78]
EGD (11) Stomach Retrospective 22 mo 3 (27%) hemostasis failure, 4 (36%) rebled [73]
Colonoscopy (1) Rectum
EGD (11) Stomach/duodenum Retrospective 18 mo 3 (27%) hemostasis failure, 2 (18%) rebled [88]
“Mostly” EGD (8) Mostly stomach/duodenum Retrospective  Hospitalization No rebleeding [36]
EGD (8) Stomach Prospective 30d 6 (75%) rebled [76]
EGD (6) Stomach Retrospective 60d 2 (33%) hemostasis failure [40]
EGD (3) Stomach/duodenum Retrospective 14 mo No rebleeding [35]
Colonoscopy (1) cecum (1)
EGD (3) Stomach Retrospective 32mo 2 (66%) rebled [72]
Absolute ethanol injection
EGD (12) Stomach/duodenum Retrospective 69 mo 1 (8%) hemostasis failure, no rebleeding [89]
Ethanolamine injection
EGD (1) Stomach Retrospective 8 mo Rebled [72]

EGD: Esophagogastroduodenoscopy.

Table 6 Effectiveness of endoscopic ablation monotherapies for bleeding Dieulafoy’s lesions

Endoscopic procedure Lesion location Type of study Follow-up Outcome Ref.
(No. of patients)
Heater probe coagulation
EGD (6) Stomach/duodenum Retrospective 14 mo (2/3 of pts) No rebleeding [35]
EGD (6) Stomach Retrospective 36 mo 2 (33%) rebled [77]
Mostly EGD (5) Mostly stomach/duodenum Retrospective Hospitalization No rebleeding [36]
EGD (1) Stomach Retrospective 40 mo No rebleeding [72]
Argon plasma coagulation
Double balloon enteroscopy (3) Jejunum-2, Retrospective /multicenter 14 mo 1 (33%) rebled [17]
Tleum-1
EGD (3) Stomach Retrospective 2 mo No rebleeding [40]
EGD (1) Likely upper GI Retrospective Hospitalization No rebleeding [36]
Multipolar electrocoagulation
EGD (14) Stomach Retrospective 24 mo 1 (7%) hemostasis failure, 1 rebled  [82]
EGD (1) Likely upper GI Retrospective Hospitalization Rebled [36]

EGD: Esophagogastroduodenoscopy.

endoscopy“®*!, The data in Tables 4-7!'7:8:33:35.36:40,
P 77375888901 o0 jnitial hemostasis and re-bleeding
rates with single-modality and combination-modalities
endoscopic therapy for both upper and lower Dieulafoy’
s lesions should be interpreted cautiously; most
reported studies are retrospective, have relatively small
sample-size, and generally lack controls to exclude
potential confounding variables.

Recurrent bleeding after attempted endoscopic
hemostasis can be treated by repeat endoscopic
hemostasis, angiographic embolization, or surgical
wedge resection. Subtotal gastrectomy is unnecessary
if the lesion has been properly localized preoperatively
or intraoperatively. Successful hemostasis with
angiographic embolization has been reported in
scattered case reports®>®", but requires specialized
angiographic expertise. Embolization of a too large
and too central vessel feeding the Dieulafoy lesion
can occasionally cause GI ischemia leading to GI
perforation®,

The mortality of GI bleeding from Dieulafoy’s lesions
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prior to the era of flexible diagnostic endoscopy was
up to 80%, due to the frequent need for emergency
surgery for severe, refractory GI bleeding, but declined
to about 30% with the advent of flexible diagnostic
endoscopy in the 1970’s, and has declined to about
9%-13% currently with the advent of therapeutic
endoscopy™.

FUTURE TRENDS

Although the anatomic basis of Dieulafoy’s lesion and
the pathophysiology of bleeding from this lesion is fairly
well understood, the etiology of lesion formation is
poorly understood. Why does the lesion most commonly
occur within 6 cm below the gastroesophageal junction
along the lesser curve? Is this a developmental defect
during organogenesis? Do genetic mutations play
any role? Is there a familial predisposition to this
lesion? Hopefully, the molecular mechanisms and
developmental origin of this lesion will be elucidated.
Such an understanding might provide a mechanism to
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Table 7 Effectiveness of various combination endoscopic therapies for bleeding Dieulafoy’s lesions

Endoscopic therapies (No. of patients) Endoscopy: lesion location Type of study Mean length of Study outcome Ref.
follow-up
Epinephrine and polidocanol (27) EGD: stomach/duodenum Retrospective 28 mo 5 (18%) rebled [71]
Epiand heater probe (28) EGD: stomach/duodenum Retrospective 14 mo (2/3 of 2 (7%) rebled [35]
patients)
Epiand heater probe (10) EGD: stomach/duodenum Retrospective 18 mo No rebleeding [88]
Epiand heater probe (9) “Mostly” EGD; Mostly stomach/  Retrospective Hospitalization 1 (11%) rebled [36]
duodenum
Epiand heater probe (8) EGD: stomach/duodenum Retrospective 32 mo No rebleeding [72]
Epiand heater probe (6) EGD Retrospective 2 mo No rebleeding [40]
Epiand heater probe (2) Colonoscopy Retrospective 1and 7 mo No rebleeding [59]
Epi and hemoclip and ethanol injection (21) EGD: stomach/duodenum Retrospective 47 mo 1 (4%) rebled [79]
Epi and hemoclip (19) EGD: Stomach Retrospective 47 mo 1 (5%) rebled [79]
Epi and hemoclip (16) “Mostly” EGD: mostly stomach/  Retrospective During 1 (6%) rebled [36]
duodenum hospitalization
Epi and hemoclip (3) EGD: Stomach Retrospective 2 mo No rebleeding [40]
Epi and multipolar electrocoagulation (5) “Mostly” EGD: Mostly stomach/  Retrospective During 1 (20%) rebled [36]
duodenum hospitalization
Epiand banding (1) EGD: stomach Retrospective During No rebleeding [36]
hospitalization
Epiand ethanol (52) EGD: Stomach/ duodenum Retrospective 69 mo Approximately 9% hemostasis [89]
failure, 10 (20%) rebled
Epiand ethanol (11) EGD: stomach duodenum Retrospective 47 mo 1 rebled [79]
Epiand ethanolamine (5) EGD: stomach/duodenum Retrospective 32 mo 2 (40%) rebled [72]
Injection therapy and clip (2) Double balloon enteroscopy: Retrospective, 14 mo No rebleeding [17]
jejunum multicenter
Injection therapy and APC (1) Double balloon enteroscopy: Retrospective, 14 mo Rebled after 9 d [17]
jejunum multicenter
Injection and heater probe and clips (1) Colonoscopy: colon Case report NA No rebleeding [90]

Epi: Epinephrine; APC: Argon plasma coagulation; NA: Not available.

prevent lesion formation.

Currently the ideal endoscopic therapy for recently
bleeding Dieulafoy’s lesion is uncertain. Large, pros-
pective, head-to-head clinical trials are needed of
different endoscopic modalities are needed but these
are difficult to perform and complete due to the relative
rarity of this lesion. It is reasonable, therefore for
gastroenterologists to adopt particular techniques based
on personal and local experience and technologies
available within their endoscopy suite. Use of a spray
to stem bleeding is an exciting technology because of
ease of use but is experimental and unproven®,

Therapeutic angiography is likely to become a more
viable alternative to endoscopic therapy, with greater
experience with this technology for this indication,
but it is likely to remain a second option after failed
endoscopic therapy due to the easy availability of
therapeutic endoscopy at the same session when
performing the initial diagnostic endoscopy and the
very high success rate of therapeutic endoscopy. It is
expected that endoscopic therapy will evolve with even
better techniques for lesion ablation or mechanical
occlusion of vascular lesions, such as the development
of clinically applicable endoscopic micro-suturing
devices™,

Although endoscopic ultrasound may potentially
prove very useful in identifying whether a vessel
in a Dieulafoy’s lesion has active flow through it,
widespread adoption of this technique awaits lowering
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the cost of this technology, greater availability of
endosonographers, and demonstration of its clinical
benefits through clinical trials. CT angiography may
assume a greater diagnostic role after nondiagnostic
endoscopy in the face of severe, active bleeding,
but its role is likely to remain limited due to a lack of
therapeutic capabilities.

Currently, single-balloon and double-balloon en-
teroscopy are generally limited to tertiary hospitals,
but should become more available in the future with
lowering of costs. This may offer a new technology for
diagnosing and treating small bowel Dieulafoy’s lesions
that are otherwise difficult to reach and treat. Capsule
endoscopy may become more helpful in diagnosing
jejunoileal lesions with development of capsules with
active propulsion, better camera resolution, and longer-
lasting and more powerful batteries, but its role will
likely remain limited for bleeding from jejunoileal
Dieulafoy’s lesions because of a lack of therapeutic
capabilities™!.
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Abstract

Biliary strictures present a diagnostic challenge and a
conundrum, particularly when an initial work up inclu-
ding abdominal imaging and endoscopic retrograde
cholangiopancreatography based sampling are non-
diagnostic. Advances in endoscopic imaging have helped
us diagnose these strictures better. However, even with
modern technology, some strictures remain a diagnostic
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challenge. The proximity of bile fluid to the bile duct
epithelia makes it an attractive option to investigate
for bio-markers, which might be representative of the
functions/abnormal changes taking place in the biliary
system. A number of biomarkers in bile have been
discovered recently in approaching biliary strictures
with their potential future diagnostic utility, further
supported by the immunohistochemical analysis of the
resected tissue specimens. Novel biliary biomarkers
especially carcinoembryonic cell adhesion molecule 6
and neutrophil gelatinase-associated lipocalin seem
promising in differentiating malignant from benign biliary
strictures. Recent developments in lipidomic profiling of
bile are also very promising. Biliary biomarkers appear
to complement endoscopic imaging in diagnosing
malignant etiologies of biliary stricture. Future studies
addressing these biomarkers need to be incorporated
to the current endoscopic techniques to determine the
best approach in determining the etiology of biliary
strictures.

Key words: Bile; Pancreato-biliary malignancies;
Biomarkers; Cholangiocarcinoma; Pancreatic cancers;
Biliary strictures
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Core tip: Pancreato-biliary malignancies remain a dia-
gnostic challenge despite advances in endoscopy and
imaging. Serum carbohydrate antigen 19-9 which
is the most commonly used tumor marker has not
been able to complement the endoscopic techniques
effectively. Bile fluid is a better representative of the
pancreato-biliary malignancies and various tumor
markers in bile have been described recently with
advances in proteomics. Carcinoembryonic cell adhesion
molecule 6, neutrophil gelatinase-associated lipocalin
and other novel biliary markers seem promising with
high sensitivities and specificities, little affected by
the presence of inflammation or the degree of biliary
obstruction. These are potential future tumor markers
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that can complement endoscopic techniques in diag-
nosing malignant biliary strictures.
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INTRODUCTION

Pancreato-biliary malignancies are often difficult to
diagnose with the current diagnostics, and many
are detected in their advanced stages with poor
prognosist™?. Endoscopic retrograde cholangiopan-
creatography (ERCP) with brushings is often the
routine choice for the endoscopists to diagnose these
malignancies, but is limited by its low to moderate
sensitivities'**. Also, the desmoplastic nature of
cholangiocarcinoma (CCA) can make the histological
diagnosis more complicated™. Fluoroscence in situ
hybridization polysomy to increase the sensitivity
of diagnosis has also not yielded very significant
differences®’), Imaging techniques like endoscopic
ultrasound with needle aspirations have certain
limitations. Though they offer better sensitivities for
pancreatic malignancies®, they have been found to
increase the risk of peritoneal metastasis in hilar CCA
and cannot be justified for routine use, particularly
in hilar CCA®!, Advanced endoscopic-imaging options
such as use of cholangioscopes require expertise in the
field and not much data is available on their use'’.
Peroral cholangioscopy can provide direct visualization
of the bile ducts, and targeted biopsies obtained
through spyglass cholangioscopy (single operator
cholangioscopy) might help diagnose malignant le-
sions especially cholangiocarcinoma better than the
conventional ERCP brushing/biopsy techniquest™'*?.,
But they are available only in a few centers, and more
randomised trials comparing the effectiveness of
spyglass biopsies with the routine ERCP brush cytology
or forceps biopsies are necessary to justify their
advantages in routine use. Clinical and/or radiological
methods thus have not been successful in the early
detection of the biliary tract malignancies. Surgery
is the only cure for pancreato-biliary malignancies,
and early detection of these lesions is necessary.
With the limitations of the above diagnostics, several
tumor markers have been analyzed to complement
the endoscopic techniques. The relative rarity of these
biliary tract neoplasms has been a hindrance for the
progression in biomarker detection, though there have
been recent advances in the techniques of biomarker
analysis, especially the proteomics.

One of the most commonly employed diagnostic/
prognostic markers in pancreato-biliary malignancies
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is serum carbohydrate antigen 19-9 (CA 19-9), which
is also not without limitations. Firstly, in about 10%
of the patients with a negative Lewis antigen, the test
would prove futile'®’. Also there have been reports
on the limitation of serum CA 19-9 with its values
getting affected by the presence of biliary obstruction,
which can be a confounding factor in differentiation of
benign and malignant lesions™***!, Though it can be
a reasonably good prognostic marker, its diagnostic
utility is not very convincing. Hence the search for new
markers continues.

Biliary biomarkers

Serum has been more easily the choice for many
studies in identifying biomarkers, as it is easier to
obtain unlike bile which requires ERCP. The proximity
of bile to the bile duct epithelia makes it a harbor of
various substances, which might be representative
of the functions/abnormal changes taking place in
the biliary system. Bile can be obtained during the
routine diagnostic or therapeutic ERCPs performed in
patients with indeterminate biliary strictures without
imparting any additional risks apart from the baseline
risks of the procedure. Novel methods have also
been used for obtaining bile (BIDA-Bile Intraductal
Aspiration)™. Here, the biliary catheter is connected
to a central suction line through a specimen trap, and
obtaining bile can be quick and simple. In one of the
recent studies, it was found that a large proportion of
the proteins detected in bile were cellular (“secreted”
from the surrounding biliary system), stressing the
importance of bile fluid analysis™”. The fact that after
bile centrifugation, the supernatant analysis and not
the cell debris (sediments) reveals the presence of
these tumor markers could explain that it is mostly
the secreted substances in bile that are analyzed™”.
Hence, paucity of shed cells in bile should not affect
the bile analysis. The results of many of the recent
studies identifying novel bile biomarkers have been
encouraging with their potential future diagnostic
utility, further supported by the immunohistochemical
analysis of the resected tissue specimens. Table 1
summarizes the various bile bio-markers that have
been studied in biliary strictures.

Is there a new role for the traditional tumor markers?

Serum CA 19-9 and carcinoembryonic antigen (CEA)
are the tumor markers routinely used in the diagnosis
and prognosis of pancreato-biliary malignancies™®%,
The utility of these glycoprotein tumor markers in bile
has been studied too, and their diagnostic performance
has not been consistent. In a large study involving
100 patients, reasonably high sensitivity of 84% and
a specificity of 64% was obtained with biliary CEA
(levels > 20 ng/mL), but there was a considerable
overlap between the malignant and benign lesions.
Moreover, in the multivariate analysis biliary CEA
levels were not predictive of malignancy™®". The low to
moderate specificities for these markers suggest that
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they are increased in benign/inflammatory conditions
too. Multiple studies have shown that biliary CA 19-9
and CEA did not add much to the diagnostic accuracy
when compared to the serum levels, as they had high
false positive results®?*). Further supporting this
view, in an older study®®®, a reasonably high specificity
of 84% with CEA was obtained, when benign biliary
diseases due to stones were excluded from the study.
In another recent study of biliary strictures®®”?, CA19-9
levels in bile had a sensitivity of 74%, but a poor
specificity of 34%, even after eliminating patients with
cholangitis.

CA 125, a marker for ovarian cancer was found
to be the most specific marker in bile for CCA
(specificity-76%, sensitivity-59%) in a study, which
could complement endoscopic methods either alone
or in combination with CEA (specificity-88%) for
diagnosing malignancy™. Summarizing, the available
studies of these tumor markers in bile are limited.
However these appear to have limited diagnostic
utility.

Proteomics

The changes that occur at protein level when a normal
cell undergoes malignant transformation form the
basis of proteomics®®, The analytical techniques in
proteomics, which are used in quantifying the proteins,
are the liquid chromatography-mass spectrometry and
nuclear magnetic resonance spectroscopy, apart from
Western blot (Immuno blot) and ELISA. Bile serves
as the direct media, which carries proteins from the
local environment (liver, biliary tract and pancreas).
This makes it a very valuable source of novel proteins
for identifying biomarkers suggestive of biliary tract
malignancy. But, one of the limitations of bile is its
complex constitution with various components, and
proteins accounting for a mere 7% of the total dry
weight; and differential fractionation (centrifugation)
could be used to reduce the complexity, concentrating
the protein component as a preparatory for mass
spectrometry'”), Delipidation and desalination of
bile to remove the abundant phospholipids and bile
salts have also been proposed™!. Protein biomarkers
might be suggestive of the possible mechanisms of
carcinogenesis, as they are reflective of the changes
taking place in DNA, but more importantly in clinical
context, might play a major role in improving the
prognosis through early detection. Alterations of
tissue proteins can occur during the early stages of
carcinogenesis, and hence proteomics could detect
cancers early®”,

Bile can be a host of various proteins, especially
those secreted from the hepatocytes/biliary epithelia
and the enzymes from the distally located pancreas.
Presence of various classes of proteins such as the
transport proteins (haptoglobulin, ceruloplasmin,
albumin, and globulin), immune proteins (complements,
immunoglobulins), and other liver and pancreatic
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Figure 1 Approach to biliary strictures through bile biomarkers. ERCP:
Endoscopic retrograde cholangiopancreatography; CEAM6: Carcinoembryonic
cell adhesion molecule 6; NGAL: Neutrophil gelatinase-associated lipocalin;
VEGF: Vascular endothelial growth factor; IGF: Insulin like growth factor.

enzymes (GGT, Adenosine deaminase, pancreatic
lipase, carboxypeptidase) are expected to contribute
to a large proportion of the proteins in bile!*. Hence to
identify the low abundance proteins that might play a
role in tumorigenesis, albumin and immunoglobulins,
were removed prior to separating the peptides with
electrophoresis and subsequent analysis by mass
spectrometry in a study™?, Also, the presence of nor-
mally occurring proteins in elevated levels could be
pathologic, suggestive of increased apoptosis/protein
catabolism occurring in malignant conditions™!, In this
study, a model for identification of CCA was based on
the differential levels of normally occurring proteins
in bile. Hence it is not always the tumor-associated
proteins that give clue regarding the possibility of
malignancies.

Potential bio-markers

Novel biliary proteins that appear promising with
supporting evidences from tissue immunochemistry
are carcinoembryonic cell adhesion molecule 6 (CEAM6)
and Neutrophil gelatinase-associated lipocalin (NGAL),
though available literatures on their biliary levels are
not many. Lipocalins are glycoproteins found to be
associated with various inflammatory conditions and
malignancies®~®, Table 1 describes the characteristics
of the potential tumor markers in bile. Figure 1 shows
the approach to the biliary strictures through bile
biomarkers.

NGAL: The presence of NGAL in bile was first reported
in a patient with CCAP', Two recent studies have
found significantly elevated biliary levels of NGAL in
pancreato-biliary malignancies®*®. In the most recent
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Bile biomarkers Cut off value Identification of

Sensitivity Specificity

Comments

CCA/pancreatic
cancer
VEGE™ 0.5ng/mL  Pancreatic cancer (vs  93.3%
benign)
05ng/mL  Pancreatic cancer (vs  93.3%
CCA)
IGF™ NA CCA NA
CEAM6™ 67.9ng/mL  Malignant (CCA + 93%
CEAMBG6 + Serum CA 19-9 pancreatic cancer)
67.9 ng/mL, 157 il
kU/L
NGAL®! 459ng/mL  Malignant (CCA+  77.3%
NGAL + Serum CA 19-9 459 ng/mL, pancreatic cancer) 91%
30.1U/mL
NGAL™ 570ng/mL  Malignant (CCA + 94%
NGAL + Serum CA 19-9 3000 ng /mL, Pancreatic cancer 85%
125U/L + GB carcinoma +
metastasis)
Hsp*"
HSP 27 2.52 ng/mL CCA 90%
HSP 70 5.67 ng/mL 80%
HSP 27 + HSP 70 10.2 ng/mL 90%
Galectin Ligands
Mac 2-BP" 853 ng/mL All malignant 69%
strictures
Fibronectin” 40 ng/pumol CCA 57%
MCM 5% 1000 (cells) CCA + Pancreatic 66%
cancer
Pancreatic Elastase/ 0.065 CCA 82%
Amylase™
Lipids™!
ON-PC 6020.1 nmol/L CCA 85.7%
S-PC 12 nmol/L CCA 83.3%
ON-PC +S-PC 6032.2 nmol/L CCA 100%
VOCs
(TMA, acetone, Logarithmic Pancreatic cancer 83.3%
isoprene, dimethyl model
sulfide, and acetaldehyde)™
(Acrylonitrile, methyl Logarithmic ~ CCA in the setting of ~ 90.5%
hexane and benzene)"” model PSC

72.7%  VEGEF level in bile in CCA was not elevated. Another study™
demonstrated increased serum VEGF in CCA-possible
88.9% basolateral secretion of VEGF in bile duct epithelia in CCA?
NA ROC (area under the curve = 1); Serum IGF levels were
similar among CCA, pancreatic cancer and benign groups
83% Biliary levels were not critically affected by bile duct
obstruction; Serum CEAME6 levels were not significantly
83% different between the malignant and benign groups
72.2%  In both the studies, serum NGAL levels were not significantly
66.7% different between benign and malignant groups; biliary
levels were independent of serum bilirubin levels. Especially
55% elevated in early well differentiated carcinomas in tissue
82%  immunohistochemistry-possible future application in PSC to
R/O early malignant lesions/dysplasias
90%  Serum levels of these markers were not significantly different
80% between CCA and benign strictures
100%
67% Serum levels were not elevated in malignancies
79% =
94% MCM 5 levels in bile were significantly more sensitive than
brush cytology (66% vs 20%; P = 0.004)
89% mRNA of PE 3B was also up-regulated in CCA tissues
80.3% =
77.8%
83.3%
81.9% =
72.7% Biliary levels of VOCs in CCA (in the setting of PSC) were

significantly lower than (benign) PSC

CCA: Cholangiocarcinoma; VEGF: Vascular endothelial growth factor; IGF: Insulin like growth factor; CEAM6: Carcinoembryonic cell adhesion molecule

6; NGAL: Neutrophil gelatinase-associated lipocalin; HSP: Heat shock proteins; PSC: Primary sclerosing cholangitis; MCM: Minichromosome maintenance

proteins; VOC: Volatile organic compounds.

study, the sensitivities and specificities of NGAL in
diagnosing malignant biliary strictures were 77% and
72% respectively when the cut off was taken as 459
ng/mL"”.. A higher sensitivity of 94% was achieved in
the other study with the cutoff of 570 ng/mL, albeit
with decreased specificity (55%)"®. Addition of serum
CA 19-9 to biliary NGAL had varying impacts on the
sensitivities and specificities in both studies, but led to
better results than obtained with biliary NGAL levels
alone. Further encouraging was biliary NGAL's low
correlation to serum bilirubin levels in both the studies,
indicating that NGAL's elevation might be independent
of the level of biliary obstruction. Significant NGAL
elevation (tissue immunohistochemistry) in early
dysplastic pancreatic lesions (including pancreatic intrae-
pithelial neoplasia-1) in addition to well-differentiated
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adenocarcinoma was observed in a study, Most
studies report biliary/tissue NGAL rather than serum
NGAL to be more representative of pancreato-biliary
malignancies® ", Prospective studies comparing both
serum and biliary NGAL levels are much needed.

The role of NGAL in cancer progression, metastasis
and potential therapy deserves mention™**?, Targeted
silencing of NGAL gene in human CCA cell lines
significantly decreased the in vitro cellular migration and
invasion, suggestive of its role in cancer metastasis,
and its potential for targeted anti-cancer therapy™*.
On the contrary, another study reported that NGAL as
a potential suppressor of invasion and angiogenesis
by suppressing vascular endothelial growth factor
(VEGF) production in pancreatic cells™?. Also in this
study, tissue NGAL was expressed only by the well-
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differentiated cells and not by the poorly differentiated
pancreatic adenocarcinoma cells. This suggests the
possible diagnostic role of NGAL in early pancreato-
biliary malignancies, such as in the setting of primary
sclerosing cholangitis which is a risk factor for the
development of CCA****, Also as most of these patients
undergo repeated ERCP stenting for biliary drainage,
obtaining bile would not be a major issue too. Future
studies on bile levels of NGAL in primary sclerosing
cholangitis (PSC) patients with suspicious strictures
would be valuable and interesting.

CEAMG: Other biliary biomarker, which seems very
promising with high diagnostic sensitivities and
specificities, is CEAM6. It is a cell adhesion molecule
belonging to the immunoglobulin super family, which
plays an important role in cell adhesion, invasion
and metastasis!*. Increased tissue expression of
CEAM6 on immunohistochemical analysis of tissues in
82/89 patients with pancreatic adenocarcinoma was
reported initially™”. In this study, it was also found
that negative expression of CEAM6 was significantly
associated with absent lymph node metastasis and
increased postoperative survival. The same group had
earlier demonstrated an increase in caspase mediated
apoptotic response and inhibited in vivo metastatic
potential of pancreatic adenocarcinoma cells with
CEAM6 gene silencing. Thus this could be a possible
therapeutic target for pancreatic adenocarcinoma®®.
Infact in a preclinical animal study, Strickland et a/*”!
targeted CEAM6 expressing pancreatic tumor cells
using anti-CEAM6 monoclonal antibody, and observed
marked inhibition of tumor growth. Its role in cancer
progression, invasion and metastasis remains obvious.

Biliary CEAMG6 levels were found to be elevated
in malignant biliary lesions from a recent proteomic
analysis of bile involving 41 patients, and the results
appear promising™®. With a cut off value of 67.9
ng/mL, the sensitivity and specificity of CEAM6 in
diagnosing malignant strictures was 93% and 83%
respectively, with area under the curve (AUC) of
0.92. The results were also not critically affected by
biliary obstruction according to the authors when the
correlation between the markers and bilirubin levels
was analyzed. Addition of serum CA 19-9 further
improved the diagnostic sensitivity, specificity and
accuracy (sensitivity-97%, specificity-83%, AUC-0.96).
The same group showed that CEAM6 was rather
secreted into bile directly as it was found in the soluble
form (supernatant) and not as a sediment along with
the cellular debris, proving the role of bile analysis in
identifying the marker.

VEGF: VEGF plays an important role in angiogenesis
in cancer by stimulating the vascular endothelial
proliferation, increasing vascular permeability and
vasodilatation™". Expression of VEGF in pancreatic and
cholangiocarcinoma has been described®***. The role
of VEGF in pancreatic cancers is especially significant
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as they are being used in clinical trials as therapeutic
targets®™*%, We recently analyzed the VEGF levels in
bile from patients with biliary strictures; and with a cut
off value of 0.5 ng/mL, we distinguished pancreatic
cancer from CCA with a sensitivity of 93.3% and a
specificity of 88.9%""., Using the same cut off value,
pancreatic cancer could be differentiated from benign
lesions with a sensitivity of 93.3% and a specificity of
72.7%. We also confirmed the pancreatic specificity
of biliary VEGF through immunohistochemical analysis
of the resected pancreatic specimens. An earlier study
found increased levels of VEGF in serum of patients
with CCA when compared to other groups, but the
levels in bile did not differ significantly among the
benign and malignant groups™®. The insignificant
levels of VEGF in bile in CCA patients could be linked
to the baso-lateral secretion of VEGF from the bile
duct epithelium, and not into the lumen. But in the
Italian study, the levels of biliary VEGF were normal
in the patients with pancreatic cancer, which contrasts
with our observations. When compared to 84%, only
30% in the Italian study had histological confirmation.
Future studies need to target the above mentioned
issues.

Insulin like growth factor: In the same study as
above, they also found biliary insulin like growth factor
(IGF) to be diagnostic of extra-hepatic CCA, with
the AUC = 1, when benign conditions or pancreatic
cancer were taken as the control®®. The levels of
biliary IGF were also not correlating with the degree
of cholestasis. IGF has been found to be associated
with many cancers such as endometrial and other
gynecological malignancies, lung cancers, and various
other cancers including pancreatic cancers® . In
a recently published study, silencing IGF 1 receptors
in human pancreatic ductal adenocarcinoma cell
lines inhibited pancreatic cell growth and metastasis
by blocking many key signaling pathways'®’!. IGF-
1R antagonists have already entered clinical trials in
patients with metastatic pancreatic cancer’®**. More
studies on biliary levels of IGF to enhance its diagnostic
significance in pancreato biliary malignancies are
needed.

Heat shock proteins: Heat shock proteins (HSP)
play an important role in protein folding and are anti-
apoptotic and favors tumorigenesis®®. A recent study
showed that by combining the biliary values of HSP27
and HSP70, the sensitivity and specificity of diagnosing
CCA was 90% and 100%, respectively®”). However
there was no significant increase of these proteins
in serum of the patients with CCA when compared
to benign lesions, though immunohistochemistry
showed increased expression of these proteins in CCA
and biliary intraepithelial neoplastic cells’®, Plasma
antibodies against HSP 70 were very recently described
as one of the potential markers of CCA®®. Expression
of HSP 27 and HSP 70 has been found to modulate the
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response of pancreatic cells to chemotherapy and hence
might be potential prognostic markers as well®”®, In a
very recent study where CCA cell lines from 78 patients
with intrahepatic CCA were treated with a combination
of HSP 90 inhibitor and a PTEN related pathway inhi-
bitor in vitro, antiproliferative and proapoptotic effects
were observed in the cell lines, demonstrating their
potential therapeutic use”". In another study HSPD1,
a heat shock protein was overexpressed in bile in
patients with CCA?., Here in this study, other markers
such as SSP411 (spermatogenesis associated protein)
and PGAM-1 (phosphoglycerate mutase) in bile were
also significantly elevated in CCA. Its sensitivity and
specificity for detecting CCA were 90% and 83%
respectively in that study. The role of these proteins,
although studied remains unclear because of low
specificity.

Galectin ligands: Galectins mediate cell to cell, cell
to matrix interactions, apoptosis and angiogenesis;
Fibronectin, Mac 2-binding protein (Mac 2-BP) and
laminin are some of the ligands'”>”*\. Koopmann et a/’®
found that biliary Mac 2-BP could differentiate benign
and malignant biliary tract lesions with a sensitivity
and specificity of 69% and 67% respectively, that was
comparable to serum CA 19-9. Similarly fibronectin,
another ligand for galectin, was found to be a biliary
diagnostic marker for CCA with a sensitivity of 57%
and a specificity of 79%, but it was also elevated in
biliary inflammation””). Future studies to validate these
observations are necessary.

Minichromosome maintenance proteins: These
are involved in DNA replication and have been found
to be associated with the carcinogenesis”®®!. The
role of minichromosome maintenance proteins
(MCM) 2 and MCM 5 proteins was studied through
immunohistochemistry prospectively on 102 consecutive
patients undergoing ERCP for biliary strictures®™. In this
study, the levels of MCM 5 in bile were also determined
by automated immunoflurometric assay and compared
with brush cytology. An additional 45% of cases of
pancreato-biliary malignancies were detected through
MCM 5 analysis in bile. With a cutoff greater than 1000,
the sensitivity and specificity were 66% and 94%
respectively, with a good accuracy (AUC 0.8).

Elastase/amylase: Increased levels of pancreatic
elastase and decreased amylase levels in bile were
detected in patients with CCA compared to benign
strictures in a study™®®. The elastase-amylase ratio
could detect CCA with a sensitivity and specificity of
82% and 89% respectively, with AUC-0.877. They also
detected increased pancreatic elastase 3B mRNA in
the CCA tissues.

Lipidomic profiling: In a pilot study, we showed
that lipidomic profiling of bile could help differentiating
benign and malignant biliary strictures®®". Oxidative
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stress in the setting of malignancy results in the
expression of oxidized phospholipids on the cancer cells,
which are recognized by the host defenses leading to
apoptosis of cancer cells®®™. The oxidized phospholipids
were analyzed using a specialized liquid chromatography
electrospray ionization tandem mass spectrometry (LC-
ESI-MS/MS) assay. Two phosphatidylcholines {ON-
PC [1-palmitoyl-2-(9-oxononanoyl)-sn -glycero-3-
phosphatidylcholine], S-PC (1-palmitoyl-2-succinoyl-
sn -glycero-3-phosphatidylcholine)} were elevated
in CCA, with ON-PC being the most diagnostic with a
sensitivity and specificity of 86% and 80% respectively
(AUC-0.86). The combination of the two yielded even
better results with a sensitivity of 100%, specificity
of 83% and area under the curve of 0.91. The
development of global lipidomics of bile could make
this more interesting in the development of specific bio-
markers for the diagnosis of CCA.

Volatile organic compounds: Our group has also
shown, from our preliminary observation, that volatile
organic compounds in bile in the headspaces (gas
above the sample) may be useful for early diagnosis
of CCA in the setting of PSC and in distinguishing
malignant from benign stricturest®*"),

About 5 mL of bile collected at the time of ERCP
is centrifuged for 8 min at 150 g and 4 'C and the
sample heated to 40 C to allow the volatile organic
compounds (VOCs) in the headspace to equilibrate with
the samples. Twenty milliliters of headspace gas was
removed and analyzed with a selected ion flow tube
mass spectrometry instrument. In a prospective cross
sectional study, we showed that the concentrations
of 6 compounds (acetaldehyde, acetone, benzene,
carbon disulfide, pentane, and trimethylamine) were
increased in patients with pancreatic cancer compared
with controls (P < 0.05)®. In another study, we
demonstrated that out of 22 analytes tested, a VOC
signature consisting of acrylonitrile, methyl hexane
and benzene, had a sensitivity and specificity of 90.5%
and 72.7% respectively, with a significantly lower level
in CCA in the setting of PSC, after accounting for all
confounding variables®™, By using receiver-operating
characteristic curve analysis, we developed a model for
the prediction and diagnosis of cholangio-pancreatic
cancer based on the levels of signature VOC's in these
two settings®®”), This might need validation from our
ongoing prospective study and results reproducible
from other centers. The extension of this to develop
biomarkers based on the concept of exhaled breath
VOC print, which could be detected by a simple test, is
intriguing as a potential non-invasive diagnostic marker
for pancreato-biliary cancer.

To compare the biomarkers in bile and to identify
the differentially expressed proteins between intra
and extra hepatic CCA would be valuable, and might
provide insight on their origin and pathogenesis. In a
recent meta analysis, Wiggers and coworkers identified
certain markers including VEGF-A, epidermal growth
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factor receptor, c-erbB-2 (HER-2/neu) through tissue
immunohistochemistry that were significantly differing
between the intra and extra hepatic CCA®®, Based on
the tumor markers, treatment strategies might also
differ between the two. Future comparative studies on
bile markers (Intrahepatic vs Extrahepatic CCA) would
be worthful.

CONCLUSION

Novel biliary biomarkers especially CEAM6 and NGAL
seem promising in differentiating malignant from
benign biliary strictures. Also in malignant strictures,
they appear to be elevated in bile rather than serum,
which is interesting and must be, evaluated in future
studies. Biliary VEGF, IGF, MCM’s, lipidomic profiles and
VOC's are new biomarkers in bile that might become
available to clinicians in the near future when facing a
challenging patient with biliary strictures. Analyses of
biomarkers in bile have yielded encouraging results with
supporting evidences from tissue immunohistochemistry
in most of the studies. In addition, with their potential
therapeutic implications, targeting the malignant
cells/receptors with the antibodies/inhibitors remains
plausible, and more future studies on establishing
their therapeutic role are also necessary. Thus, biliary
biomarkers complement endoscopic imaging in diag-
nosing malignant etiologies of biliary stricture. Future
studies addressing these biomarkers need to incorporate
endoscopic techniques to determine the best approach
in determining the etiology of biliary strictures.
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Abstract

Pancreatic neoplasms have a wide range of pathology,
from pancreatic adenocarcinoma to cystic mucinous
neoplasms. Endoscopic ultrasound (EUS) with or without
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fine needle aspiration (FNA) is a helpful diagnostic tool
in the work-up of pancreatic neoplasms. Its utility in
pancreatic malignancy is well known. Over the last two
decades EUS-FNA has become a procedure of choice
for diagnosis of pancreatic adenocarcinoma. EUS-FNA
is highly sensitive and specific for solid lesions, with
sensitivities as high as 80%-95% for pancreatic masses
and specificity as high as 75%-100%. Multiple aspects
of the procedure have been studied to optimize the rate
of diagnosis with EUS-FNA including cytopathologist
involvement, needle size, suctioning and experience
of endoscopist. Onsite pathology is one of the most
important elements in increasing diagnostic yield rate in
EUS-FNA. EUS-FNA is valuable in diagnosing rare and
atypical pancreatic neoplasms including neuroendocrine,
lymphoma and metastatic disease. As more and
more patients undergo cross sectional imaging, cystic
lesions of the pancreas are becoming a more common
occurrence and EUS-FNA of these lesions can be helpful
for differentiation. This review covers the technical
aspects of optimizing pancreatic neoplasm diagnosis
rate, highlight rare pancreatic neoplasms and role of
EUS-FNA, and also outline the important factors in
diagnosis of cystic lesions by EUS-FNA.

Key words: Endoscopic ultrasound-fine needle aspira-
tion; Pancreatic neoplasms; Pancreatic cysts; Review;
Pancreatic adenocarcinoma

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound-fine needle aspiration
(EUS-FNA) is a common, reliable way of obtaining tissue
from within the abdominal cavity. This review details
the current evidence of optimizing EUS-FNA results for
pancreatic lesions, specifically adenocarcinoma. EUS and
cytology from rare pancreatic lesions are highlighted
to demonstrate the wide variety of pancreatic lesions
and the importance of cytopathology. Also covered are
cystic lesions and the ability of EUS-FNA to differentiate
cysts based on EUS appearance and aspiration analysis
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including new DNA analysis and measurement of k-ras
mutation.

Nelsen EM, Buehler D, Soni AV, Gopal DV. Endoscopic
ultrasound in the evaluation of pancreatic neoplasms-solid
and cystic: A review. World J Gastrointest Endosc 2015;
7(4): 318-327 Available from: URL: http://www.wjgnet.
com/1948-5190/full/v7/i4/318.htm DOI: http://dx.doi.
org/10.4253/wjge.v7.i4.318

INTRODUCTION

Pancreatic neoplasms have a wide range of pathology,
from pancreatic adenocarcinoma to cystic mucinous
neoplasms. Endoscopic ultrasound (EUS) with or
without fine needle aspiration (FNA) is a helpful diag-
nostic tool in the work-up of pancreatic neoplasms. Its
utility in pancreatic malignancy is well known. Over
the last two decades it has become the procedure of
choice for tissue diagnosis and staging of pancreatic
adenocarcinoma. In this review the utility of EUS in the
diagnosis of pancreatic adenocarcinoma and technical
aspects of the procedure that can increase rates of
pathology diagnosis will be discussed. Examples of
rare and atypical lesions and the role of EUS-FNA
will be highlighted. Also reviewed are the advances
in differentiation and diagnosis of pancreatic cysts,
including new tests (DNA analysis, k-ras measurement)
that may play a role in the future discriminating
cystic lesions. The current evidence, limitations, and
complications of EUS-FNA in the evaluation of both
solid and cystic pancreatic neoplasms will be reviewed.

PANCREATIC ADENOCARCINOMA

Pancreatic adenocarcinoma remains a rising and
leading cause of cancer death in the United States.
The five year survival is less than 5%, which stems
from the fact that more than 80% of pancreatic
adenocarcinomas present as advanced disease at
time of diagnosis®®!, Often the diagnosis and stage can
be clearly established with cross sectional imaging
and patients can be taken for definitive surgical
management. However, when there is lack of clarity
in the diagnosis or stage of the disease, EUS-FNA can
play an important role. Additionally, it is useful when
neoadjuvant therapy is planning to be used and tissue
diagnosis is needed. EUS alone is a valuable tool for
staging pancreatic lesions. Figure 1 demonstrates an
endoscopic ultrasound image (Figure 1A) and typical
cytology of a pancreatic adenocarcinoma (Figure 1B
and C). EUS has been shown to be superior to other
imaging [computed tomography (CT) or abdominal
US] in pancreatic tumor detection, specifically in
tumors < 3 cm®. Earlier studies showed that EUS
may be superior to CT in staging and determining
surgical resectability. However with the advances in
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CT imaging, whether EUS still holds advantage in this
setting appears to be less clear™™. It is likely that these
two modalities are complimentary in the staging of
pancreatic adenocarcinoma.

EUS-FNA was first described in the early 1990’s and
since then it has become the standard of care in
diagnosis of pancreatic masses™. Much of the data
regarding EUS-FNA is in regards to diagnosing pan-
creatic adenocarcinoma. EUS-FNA is highly sensitive
and specific for solid lesions, with sensitivities as high
as 80%-95% for pancreatic masses and specificity as
high as 75%-100%"*®l. More recently a meta-analysis
of 41 studies of EUS-FNA found a pooled sensitivity
of 87%!"; additionally, a recent systemic review of
ten high-quality studies showed a pooled sensitivity
and specificity of 94% and 95%, respectively!?.,
When compared to CT-guided biopsy and endoscopic
retrogrograde cholangiopancreatography (ERCP) with
brush cytology, EUS-FNA has a distinct advantage.
ERCP brush cytology sensitivity is quite low ranging
from 30% to 85%"!!. CT-guided biopsy is a more
invasive procedure than EUS-FNA and has a lower
diagnostic yield. CT guided biopsy also carries the
risk of peritoneal seeding, with one retrospective
study showing rates as high as 16.3% compared to
2.2% with EUS-FNA™. Currently more centers are
performing EUS-FNA so there may be a wide range
of diagnostic yield in pancreatic masses, but the
general trend over the last 10 years is towards higher

sensitivity and specificity for pancreatic masses'.

OPTIMIZING EUS-FNA OF PANCREATIC

MASSES

Much of the research in EUS-FNA has focused on
optimizing diagnostic yield for pancreatic masses.
Multiple aspects of the procedure have been studied
including cytopathologist involvement, needle size,
providing suctioning and experience of endoscopist.
The current data regarding optimization of EUS-FNA
results will be reviewed below.

Studies have shown that the total humber of EUS-
FNA performed within a facility have been linked to
higher diagnostic yield. Additionally, the availability
of rapid on-site cytopathology evaluation (ROSE)
evaluation also significantly increased diagnostic
yield of EUS-FNA!**', ROSE has become much more
common in practice. All studies to date have shown
that ROSE improves diagnostic yield for EUS-FNA and
reduces the need for more passes and duration of the
procedure!®® ), An EUS-FNA study of 182 patients
showed that with ROSE there was a significantly
lower number of inadequate samples (1% vs 12.6%)
and a much higher diagnostic sensitivity (96.2% vs
78.2%)"%,

Cytopathologist availability may be difficult and
costly; many institutions do not have a cytopathologist
readily available to come to endoscopy suites. Two
studies have shown that having cytopathologist
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Figure 1 Pancreatic adenocarcinoma. A: Endoscopic ultrasound image demonstrating a large pancreatic adenocarcinoma; B: Pancreatic adenocarcinoma. A
crowded group of large, pleomorphic ductal cells with irregular hyperchromatic nuclei and prominent anisocytosis. These contrast well with an orderly sheet of benign
ductal epithelial cells with round, uniform nuclei (bottom) (Diff-QuikTM stain, x 100); C: Similar in appearance malignant cells in a Papanicolaou-stained preparation (<

400).

available via telepathology for rapid review is as
effective as when they are present in the room!**%,
Further studies are looking at the impact of individual
cytopathologists and cytology technicians on diagnostic
yield. Recently it was shown that providing specific
training to cytology technicians can dramatically im-
pact their personal ability to confirm accuracy and
diagnosis®®"’,

The use of optimal equipment for EUS-FNA, inclu-
ding optimal needle size, has been studied extensively.
Most commonly 22 or 25 gauge needles are used in
EUS-FNA of pancreatic masses. There have been three
randomized control studies looking at 22 gauge vs
25 gauge needles. The overall trend of these studies
was a slightly more favorable yield with the 25 gauge
needle, however none showed a statistically significant
differencet***,

Beyond choosing the appropriate needle size,
different aspects of obtaining cytology including suc-
tioning and stylet use have been studied. The role
of suctioning in EUS-FNA has been studied with two
randomized control trials showing no difference in
diagnostic yield. One study did show higher cellularity
with suctioning, however this did not lead to an increase
in diagnostic accuracy™®?!. Most experts agree that
suction does not increase diagnostic yield, and in fact
likely increases the amount of blood in specimens®”.
Use of stylet has also shown no benefit in improving
diagnostic yield, with studies showing that it also
increases the amount of blood thus leading to poorer
samples®?,

There is a definite learning curve in performing
EUS-FNA for pancreatic masses. As endoscopists
perform more EUS-FNA, sensitivity rises’®”. The current
ASGE guidelines recommend 25 supervised EUS-
FNA for the diagnosis of pancreatic adenocarcinoma,
however literature supports more experience. It has
been shown that rates of complications and number
of passes needed also decrease with more experience.
This study looked specifically at the performance of one
endoscopist over the course of the first 300 EUS-FNAs,
showing improved performance when comparing the
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last 100 procedures performed to the first 1005,

NON-ADENOCARCINOMA MASSES

Pancreatic adenocarcinoma is the most common
pancreatic mass lesion, however approximately
10%-15% masses are due to other lesions including
cystic neoplasms and neuroendocrine tumors®2. Thus,
getting an accurate diagnosis is important to devise an
appropriate management plan. Recently, primary non-
adenocarcinoma of the pancreas was found in 25%
of EUS-FNA of pancreatic masses™®, Neuroendocrine
tumors comprised 37.5% of the primary non-adeno-
carcinomas of the pancreas while mucinous neoplasms
with mixed cystic/solid components made up 25%.
In this study, masses in the tail of the pancreas were
more commonly primary non-adenocarcinoma of the
pancreas, and these masses were less likely to have
vascular invasion or malignant lymphadenopathy
when compared to adenocarcinoma™. Primary non-
adenocarcinoma of the pancreas is often difficult to
differentiate from adenocarcinoma with EUS alone.
Cytopathology becomes more useful in these cases.
The differential diagnosis for pancreatic masses should
include not only adenocarcinoma but also neuro-
endocrine tumors, lymphoma, and metastatic disease.

NEUROENDOCRINE TUMORS

Neuroendocrine tumors of the pancreas are most
commonly sporadic but some arise in context of inherited
genetic syndromes, including multiple endocrine
neoplasia type 1 and 2. Pancreatic neuroendocrine
tumors are non-functional 40%-91% of time; the most
common functioning tumors are insulinomas followed
by glucagonomas, gastrinomas (Zollinger-Ellison
syndrome) and somatostatinomas®™*. Some studies
have shown that EUS-FNA is effective for obtaining
preoperative determination of Ki-67 expression, which
is an important prognostic factor for grading pancreatic
endocrine tumors®!, EUS-FNA is highly accurate for
neuroendocrine tumors with sensitivity above 90%;
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Figure 2 Pancreatic neuroendocrine neoplasm. A: Endoscopic ultrasound image showing a 9 mm x 10 mm neuroendocrine tumor (insulinoma); B: Low-power
view shows a cellular aspirate composed of clusters of uniform cells (Diff-QuikTM stain, % 100); C: High power view shows uniform cells with high N:C ratios and
coarse chromatin (Diff-QuikTM stain, x 400); D: Papanicolaou stain highlights coarse, evenly distributed chromatin (x 400).

thus it is helpful for making a diagnosis®**®. Typical
EUS imaging of a neuroendocrine tumor and cytologic
appearance of the tumor cells are presented in Figure 2.

LYMPHOMA

Primary pancreatic lymphoma is rare, comprising
only 0.5% of all pancreatic masses®™”. In one study of
EUS-FNA, lymphoma made up to 8% of the non-ade-
nocarcinoma masses”. Most pancreatic lymphomas
are non-Hodgkin lymphomas. Making an accurate
diagnosis of lymphoma is important as treatment is
generally chemotherapy and/or radiation as opposed
to adenocarcinoma which is most often managed by
surgery'”). EUS-FNA has become more commonly used
in the diagnosis of pancreatic lymphoma. Pancreatic
lymphomas are less likely to present with jaundice.
The addition of flow cytometry has greatly improved
lymphoma diagnosis compared to cytology alone,
Figure 3 represents cytology from pancreatic follicular
lymphoma showing a cellular aspirate composed of
relatively monotonous in appearance lymphocytes with
mild atypia.

PANCREATIC GASTROINTESTINAL
STROMAL TUMOR

Primary extra-gastrointestinal stromal tumor arising in
the pancreas is exceedingly rare. There have been 21
cases reported in the English literature in the last 10
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years. The diagnosis of gastrointestinal stromal tumor
(GIST) is based on histological, immunohistochemical,
and molecular features. Microscopically the tumor
usually consists of spindle and/or epithelioid cells
typically arranged in fascicles or nests. GIST can often
have the appearance of neuroendocrine tumors on
EUS (Figure 4) thus an addition of EUS-FNA is highly
valuable for differentiating these tumor types®.
Figure 5 represents cytology from a primary pancreatic
GIST tumor. Immunoistochemical positivity of CD117
confirms the diagnosis of GIST (Figure 6).

METASTATIC DISEASE

Metastatic disease to the pancreas is uncommon. The
most common metastatic disease found with EUS-FNA
includes renal cell carcinoma, melanoma and small cell
lung cancer with renal cell carcinoma being the most
common™**%*1, Other tumors metastatic to pancreas
include papillary serous carcinoma (Figure 7), breast
cancer, and rarely, sarcoma. EUS-FNA may be helpful
in making these rare diagnoses.

NON-DIAGNOSTIC SAMPLES

Despite pancreatic adenocarcinoma being the most
common mass of the pancreas, the above examples
highlight the broad differential that exists with a
pancreatic mass. It also highlights the importance of
tissue diagnosis especially when diagnosis is not clear.
While EUS-FNA remains the procedure of choice for
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Figure 3 Primary pancreatic lymphoma. A: Endoscopic ultrasound demonstrating a 1.8 cm X 2.2 cm lymphoma in the uncinate process of the pancreas; B: Low-
power view showing a very cellular aspirate composed of discohesive lymphoid cells (Diff-QuikTM stain, x 100); C: High-power view showing an admixture of mature
lymphocytes of various sizes with no more than a minimal atypia; lymphoid aggregates resembling a germinal center are also present (bottom); D: Small mature
lymphocytes with cleaved and irregular nuclei raising suspicion for a mature B-cell lymhoma. (Diff-QuikTM stain, < 400).

Figure 4 Endoscopic ultrasound image of large, 3.5 cm x 4.4 cm, round,
hypoechoic, heterogenous mass lesion arising from the tail of the pancreas.

obtaining tissue from pancreas lesions, non-diagnostic
samples are not uncommon. Determining what to do
when FNA is non-diagnostic is difficult. Multiple studies
have shown the benefit of repeat EUS-FNA with high
diagnostic yield rates of 61% to 84%"“**. Given this
data, many authors recommend repeat EUS-FNA when
providers are faced with a non-diagnostic sample.

PANCREATIC NEOPLASMS-CYSTIC
LESIONS

EUS-FNA plays a vital role in the examination of
pancreatic cystic lesions. Pancreatic cysts are quite
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Figure 5 Cytology from a primary pancreatic gastrointestinal stromal
tumor.

common with incidental cysts being reported in range
of 2.6%-13.6% depending on imaging modality
used™*l, In one autopsy study cysts occurred in
24.3% of patients'”). The true incidence of neoplastic
pancreatic cysts is difficult to determine. Deciding which
pancreatic cysts require EUS-FNA for evaluation is one
of the first steps in management. With advances and
ease of EUS-FNA, it would be tempting for endoscopists
to perform FNA on all lesions referred to them; however
there are certain attributes on imaging which may help
to avoid FNA altogether. Magnetic resonance imaging
(MRI) and CT are valuable in assessing cystic size and
determining if cystic lesions have worrisome findings
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Figure 6 Pancreatic gastrointestinal stromal tumor, cytology demonstrates
a spindle cell neoplasm with moderate nuclear pleomorphism which stains
strongly positive for CD117 and negative for desmin, consistent with a
gastrointestinal stromal tumor arising from the pancreas. (Courtesy of
Rashmi Agni, University of Wisconsin Department of Pathology and Laboratory
Medicine).

such as connection with the pancreatic main duct. MRI
has a distinct advantage over CT in visualizing fluid,
particularly in T2 weighted series™*®!. EUS alone has a
particular advantage over other imaging modalities for
evaluation of cysts due to the close proximity of lesions.
EUS is particularly good at examining cyst morphology
including size location, internal structural features, wall
thickness, the presence of calcifications and ductal
communication.

Generally cystic lesions are divided into two cate-
gories: neoplastic cystic tumors and non-neoplastic
cystic tumors. Neoplastic cystic tumors include
mucinous cystic neoplasm (MCN), intraductal papillary-
mucinous neoplasm (IPMN), and serous cystic neoplasm
(SCN). Morphologic features are different for each cyst
type.

SCNs, often called microcystic adenoma or glyco-
gen-rich cystadenoma, are generally considered benign
lesions as they have been associated with only a few
cases of malignant conversion. On imaging, SCNs
often have a honeycomb appearance. A central stellate
scar is pathognomonic for SCN. There tend to be thin
internal septa that are hypervascular on Doppler.
Around 10% of SCNs are unilocular without an obvious
microcystic component! ],

MCNs are found almost exclusively in the distal
pancreas. They tend to occur in middle-aged women
and generally considered to have a low malignant
potential®, MCNs are characterized by two distinct
histologic components: an inner epithelial layer
composed of tall mucin-secreting cells, and a densely
cellular ovarian-type stroma™. On imaging, MCNs
are multiloculated cysts with a visible cystic wall.
Peripheral calcification (egg shell calcification) can be
seen in 10%-25% of MCNs and help to differentiate
them from SCN. It is not always possible to determine
lesions to be MCN on imaging alone thus FNA can
be helpful. Due to malignant potential, most MCNs
are removed surgically. Lesions less than 4 cm have
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low malignant potential, and in elderly patients who
are not strong surgical candidates, these lesions can
be observed™. Differentiating MCN from mucinous
cystadenocarcinoma (Figure 8) by imaging alone is
difficult; cytology and fluid analysis are both helpful in
differentiating the two.

IPMNs were first recognized in 1982 and since
then these cysts are commonly seen incidentally on
cross sectional imaging. IPMN can appear as a cyst or
a cluster of cysts in the uncinate process (Figure 9).
IPMNs are generally defined as intraductal epithelial
neoplasms of mucin-producing cells of the main duct
or side branches™". Main duct IPMNs can cause dilation
of the pancreatic duct up often > 5 cm; and have
higher malignant potential thus are generally managed
surgically™. Main duct IPMNs can create the classic “fish
mouth papilla” due to the presence of mucin within the
main duct (Figure 10).

Despite the advances of EUS in visualizing cystic
lesions, EUS alone is often not enough in determining
if malignancy is present. The addition of cystic fluid
analysis further helps differentiate cysts. Currently,
measurement of amylase and carcino-embryonic
antigen (CEA) are the most routinely used in clinical
practice. Amylase is often used in differentiating
cystic neoplasms from pseudocysts, with amylase
< 250 U/L being highly specific for SCN and MCNS
(98%). In a review of 12 studies, the median values
of amylase in pseudocysts, SCN, MCN and mucinous
cystadenocarcinoma were 11000, 250, 8000 and 150
IU/L, respectively™?.

Multiple tumor markers have been studied to help
differentiate mucinous neoplasms from non-mucinous
neoplasms. These markers include CEA, CA 19-9, CA
72-4 and CA-125; ultimately CEA was determined to
be the most useful in this setting™. A cut off of 192
ng/mL for CEA was first demonstrated by Brugge et
al® as providing the greatest area under the curve
(0.79) for differentiating mucinous vs nonmucinous
cystic lesions. Additionally, a CEA > 800 ng/mL has
been shown to be 79% accurate for mucinous lesions
(MCN or mucinous cystadenocarcinoma)™®*. Higher CEA
levels are more often associated with malignant lesions.
Cyst fluid cytology can also be helpful in determining if
there is an underlying mucinous cystadenocarcinoma
although sensitivity is not high (sensitivity of 48% for
malignant cystic lesions)™>. Brugge et al** showed the
sensitivity of cytology for MCN to be as low as 34.5%
with a specificity of 83%. Figure 11A and B represents
cytology from a mucinous neoplasm; mucinous cystic
neoplasm and intraductal papillary mucinous neoplasm
are indistinguishable cytologically. Most centers
combine amylase and CEA measurements and fluid
cytology to establish the diagnosis of mucinous cystic
neoplasm.

Recently DNA analysis and k-ras mutation have also
been shown to be useful to determine pancreatic cyst
type and the presence of malignancy. In the PANDA
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Figure 7 Metastatic high-grade serous carcinoma of the ovary. A: Endoscopic ultrasound image of a metastatic high-grade serous carcinoma of the ovary; B:
Low-power view showing a cellular aspirate with a necrotic background (Diff-QuikTM stain, % 100); C: High-power view showing groups of malignant cells with large
nuclei and prominent nucleoli. These cells are difficult to distinguish from a primary pancreatic ductal adenocarcinoma; however, necrotic background is not common
in a primary tumor (Diff-QuikTM stain, % 400); D: Papanicolaou stain showing a cannon ball shaped group of malignant cells with large, round nuclei and prominent
nucleoli, characteristic of serous ovarian carcinoma (x 400).

Figure 8 Endoscopic ultrasound image demonstrating a
cystadenocarcinoma.

study, using the criteria of a high amplitude k-ras
mutation followed by allelic loss showed a maximum
specificity of 96% for malignancy. Additionally, this
study was able to demonstrate that all malignant cysts
that were negative by conventional cytologic evaluation
could be diagnosed as malignant by using DNA
analysis™, Recently two studies have used microRNAs
(miRNA) with good success differentiating pancreatic
cystsP**”! with one study showing a panel of miRNA
being able to distinguish MCN from SCN, branch duct-
IPMN, main duct-IPMN, and adenocarcinoma with a
sensitivity and specificity of 100%.
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Figure 9 Endoscopic ultrasound image demonstrating an intraductal
papillary-mucinous neoplasm.

COMPLICATIONS

One of the biggest concerns when considering aspir-
ation of a cystic lesion is the introduction of infection.
Although rare, multiple aspirations increase this risk.
The current guidelines recommend one aspiration for
cysts to minimize this risk, followed by 48 h of antibiotic
therapy™®. Another complication when aspirating cysts
is intracystic hemorrhage, also rare, endoscopists
should be aware of this complication. Most patients
with intracystic hemorrhage can still be managed on an
outpatient basis with antibiotics™.
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Figure 10 Endoscopic view of “fish mouth papilla” due to the presence of
mucin within the main duct.

The overall rate of complication with EUS alone or
EUS-FNA is quite low. Complications other than infection
and bleeding include perforation and the unique risk of
pancreatitis. Perforation with EUS is rather rare. In a
survey study, cervical esophageal perforation occurred
in only 16 of 43852 reported upper EUS procedures
at a frequency of 0.03%. Most of these patients were
elderly, and most of the EUS procedures were done by
trainees or personal with limited experience (less than
1 year)®, Experts agree that EUS is associated with
a similar rate of perforations compared with standard
endoscopy™®.

Pancreatitis is a unique complication associated
with EUS-FNA for aspiration of both masses and
cysts. Reported rates of pancreatitis associated with
pancreatic EUS-FNA range from 0% to 2%"%. In one
study where two cases of pancreatitis were reported,
both were mild and both patients had a recent history
of pancreatitis. Authors concluded a history of recent
pancreatitis could be potential risk factor for procedure-
induced pancreatitis®™".

CONCLUSIONS

EUS-FNA is a safe and effective procedure for the
evaluation of solid and cystic lesions of the pancreas.
Ways to optimize diagnostic yield for pancreatic masses
continue to be investigated; overall the availability of
ROSE seems to have the biggest impact on results.
Optimal needle size appears to be 22 or 25 gauge, while
suctioning and stylet do not have a positive impact
on performance. EUS-FNA is helpful in differentiating
adenocarcinoma from other more rare lesions including
neuroendocrine tumors, lymphoma and metastatic
lesions, and whenever diagnostic uncertainty exists;
EUS-FNA should be pursued. In the evaluation of
cystic lesions, EUS-FNA is a safe and effective way of
classifying lesions. Measurement of cystic fluid CEA,
amylase and cytology remain valuable in routine
aspiration. Studies on DNA markers show promise
in optimizing the detection of cystic malignancies,
although currently routine use of DNA markers is not
recommended. Whether it is evaluating a solid or cystic
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Figure 11 Pancreatic mucinous neoplasm. A: Low-power view of pancreatic
mucinous neoplasm showing copious thick, colloid-like mucin (Diff-QuikTM
stain, % 100); B: High-power view of pancreatic mucinous neoplasm showing
sheets of only mildly atypical columnar cells containing intracytoplasmic mucin;
these cells are very difficult to distinguish from benign gastric or duodenal
epithelium (Diff-QuikTM stain, x 400).

pancreatic lesion, EUS-FNA plays a pivotal role, as
technology improves this role will continue to grow.
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Abstract

Colonoscopy is the gold standard test for colorectal
cancer screening. The primary advantage of colonoscopy
as opposed to other screening modalities is the ability
to provide therapy by removal of precancerous lesions
at the time of detection. However, colonoscopy may
miss clinically important neoplastic polyps. The value of
colonoscopy in reducing incidence of colorectal cancer
is dependent on many factors including, the patient,
provider, and facility level. A high quality examination
includes adequate bowel preparation, optimal colo-
noscopy technique, meticulous inspection during
withdrawal, identification of subtle flat lesions, and
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complete polypectomy. Considerable variation among
institutions and endoscopists has been reported in the
literature. In attempt to diminish this disparity, various
approaches have been advocated to improve the quality
of colonoscopy. The overall impact of these interventions
is not yet well defined. Implementing optimal education
and training and subsequently analyzing the impact
of these endeavors in improvement of quality will be
essential to augment the utility of colonoscopy for the
prevention of colorectal cancer.

Key words: Colonoscopy; Quality improvement; Cecal
intubation rate; Adenoma detection rate

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Quality is a measure of actual performance
compared to the defined standard as outlined by the
medical community. Important quality measures in
colonoscopy include informed consent, adequate bowel
preparation, cecal intubation, withdrawal time, adenoma
detection rate, appropriate screening and surveillance
follow-up recommendations, and adverse events. The
above quality measures could affect patient outcomes
and therefore should be implemented and monitored
regularly.

Atia MA, Ramirez FC, Gurudu SR. Quality monitoring in
colonoscopy: Time to act. World J Gastrointest Endosc 2015;
7(4): 328-335 Available from: URL: http://www.wjgnet.
com/1948-5190/full/v7/i4/328 . htm DOI: http://dx.doi.
org/10.4253/wjge.v7.i4.328

INTRODUCTION

In 1998, the Institute of Medicine identified significant
variations in practice, safety, and lack of accountability
in healthcare, thereby highlighting the necessity
of quality assurance!!, Endoscopy is an important
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modality in the diagnosis and management of digestive
diseases. High quality endoscopy ensures that a patient
receives an appropriately indicated procedure that is
properly and effectively delivered with minimal risk.
This satisfies the three parameters of quality outlined
by the institute of medicine: safety, practice consistent
with medical knowledge, and customization'.

More than 14 million colonoscopies were performed
in the United States in 2002, making it one of the
most common procedures performed!. Colonoscopy
is largely safe, effective, and well tolerated by patients
with a major indication for colonoscopy of colorectal
cancer screening and surveillance!. Colonoscopy is
the only cancer-screening test that can both provide
diagnosis and therapy as the adenoma-carcinoma
sequence renders most colorectal cancer preventable
by the identification and removal of adenomatous
polyps™.

The outcomes of health care are intimately linked
to its quality. Many studies have shown that the quality
of colonoscopy is directly linked to interval cancer,
likely the result of missed lesions®®. A high quality
colonoscopy requires involvement of three different
factors in order for the exam to be adequate: the
patient (bowel preparation), the structure (facility,
equipment), and the provider (competence). Each
component is critically important to ensure that a
malignancy or adenoma is detected. The efficacy to
reduce colon cancer requires adequate visualization of
the entire colon, diligence in examining the mucosa,
and patient compliance. Based on the available litera-
ture and expert consensus, a joint task force of the
American College of Gastroenterology (ACG) and
the American Society for Gastrointestinal Endoscopy
(ASGE) has proposed several quality measures to
establish competence!.

MEASURES OF QUALITY IN
COLONOSCOPY

Pre-procedure
Prior to examination, potential risk factors that may
increase complications should be identified. This
includes use of antithrombotic therapy or significant
medical comorbidities (heart disease, lung disease,
renal failure). The American Society of Anesthesiology
(ASA) classification is the most commonly employed
system to identify patients at higher risk of developing
endoscopy (and sedation) related complications.
Those with a higher ASA class (Il or above) should
be performed in a hospital as opposed to outpatient
setting with consideration for anesthesia support.
Informed consent with discussion of risks, benefits,
and alternatives should be discussed and documented.
The risk of missed lesions may also be addressed, as
no examination in medicine is infallible!*®, Tandem
colonoscopy has demonstrated miss rates up to 27%
for lesions < 5 mm. Even for adenomas = 1 cm, the
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miss rate has been calculated to be as high as 6%

Quality of bowel preparation

Complete examination of the colon is feasible only with
an adequate bowel preparation™. Inadequate bowel
cleansing is associated with increased healthcare
expenditure between 12% to 22% given altered
recommendations for earlier follow-up™. Education on
the importance of sufficient bowel cleansing should be
addressed!"***!, Patients with a lower socioeconomic
status (and decreased health literacy)™, history of
constipation™”, diabetes!®, those on chronic narcotics,
or prior history of inadequate bowel preparation have
an increased probability for poor bowel preparation
and should be recognized early. These patients should
have modifications to their regimen such as following
a low residue diet'®, and/or extended (two day) bowel
preparation. Split-dose preparation yields improvement
in bowel quality and should be universally applied to all
patients™”,

Documentation of the bowel preparation is fun-
damental to the overall quality of the procedure™™, The
effectiveness of the bowel cleansing can be described
with qualitative terms ranging from poor to excellent.
An adequate preparation is defined by the ability to
detect lesions = 5 mm'!!. However, this format is not
validated and subject to operator bias. Integration of a
validated scale such as the Boston Bowel Preparation
Scale® may reduce bias and aid in consistent and
objective documentation.

Cecal intubation rate

Depth of maximal insertion should be documented in
the text with support of endoscopic photographs. Cecal
intubation with complete inspection of the cecal caput
is imperative given the fact that many interval cancers
occur in the proximal colon™?*, Two major landmarks
confirm visualization of the cecum: the appendiceal
orifice and ileocecal valve. A careful inspection of
the cecal floor behind the ileocecal valve is very
important. Current guidelines expect cecal intubation
in = 90% of cases overall and in = 95% of screening
colonoscopies™. In a large population based study,
colonoscopy performed at an office or private setting
in contrast to a hospital or academic institution was the
strongest predictor for an incomplete examination®'.

Adenoma detection rate

Adenoma detection rate (ADR) is perhaps the most
important quality metric of colonoscopy. It is defined as
the percentage of colonoscopies in which at least one
adenoma was identified and removed per colonoscopy.
The prevalence of adenomas varies by age and
gender. According to current recommended guidelines
on quality indicators, among healthy asymptomatic
patients undergoing screening colonoscopy, adenomas
should be detected in = 25% of men and = 15% of
women®?¥1 A landmark study by Kaminski et a/*®’

April 16,2015 | Volume 7 | Issue 4 |



Atia MA et al. Essential quality metrics for colonoscopy

Table 1 Colonoscopy screening and surveillance guidelines

Finding Advised interval
No polyps/adenomas 10 yr

Single first degree relative with cancer (or adenomas) = 60 yr 10 yr (begin age 40)
Two or more first degree relatives with cancer (or adenomas) or one first degree relative diagnosed < 60 yr 5 yr (begin age 40)
Few (1-2), small tubular adenomas (< 1 cm) 5yr
Advanced adenomatous lesions (> 1 cm or villous histology or high grade dysplasia) or >3 adenomas 3yr

Numerous (> 10) adenomas

HNPCC

Sessile adenomas > 2 cm, removed piecemeal
Post cancer resection surveillance

Individualized approximately < 3 yr
1-2 yr (begin age 20-25)
2-6 mo
Clear colon, then 1 yr, then 3 yr, then 5 yr

Joint guidelines from the American Cancer Society, the United States Multi-Society Task Force on Colorectal Cancer, and the American College of

radiology. HNPCC: Hereditary nonpolyposis colorectal cancer.

validated that ADR is an independent predictor of the
risk of interval cancer if ADR is less than 20%. Missed
lesions have been hypothesized to be a principal
contributor for interval cancer after colonoscopy'”,
again highlighting the necessity of monitoring the ADR
among individuals and the institutions.

The current benchmarks for ADR may be setting
the standard too low. Multiple studies have shown
much higher rates of adenoma detection®®7% with
significant variation among individual endoscopists.
The endoscopist performing the procedure may have
a stronger correlation with ADR more than previously
identified traits such a patient’s age or gender",

Unfortunately, despite the obvious strengths of
this metric, it has some limitations. It is time intensive
to calculate this measure because it requires manual
integration of the endoscopy and pathology reports.
ADR cannot be calculated in real-time as pathology
findings are not available at the time of endoscopy.
Hence, PDR has been advocated in some studies to be
a surrogate for ADR®**¥, The proposed benchmarks
for PDR are 40% for men and 30% for women™?., This
method is certainly more convenient; however given
high prevalence of hyperplastic polyps in the recto-
sigmoid area and non-neoplastic polypectomy, there
is risk for gaming the system by falsely inflating one’s
PDR.

The primary goal of screening and surveillance
colonoscopy is detection and removal of all neoplastic
colon polyps. However, ADR fails to distinguish
endoscopists who identify more than one adenoma.
Because every adenoma has risk of malignancy,
endoscopists who are able to identify more adenomas
per colonoscopy may be providing greater protection
for colorectal cancer. Hence, novel scoring systems
such as ADR-Plus®®"! or mean adenoma per procedure
(MAP)P*! have been proposed to provide greater
discriminating ability among endoscopists. These
models do provide more detail compared to ADR,
however they carry the same burden of calculation,
without clear benefit on outcomes.

Withdrawal time
Withdrawal time is the time at which the cecum is
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reached to when the colonoscope is withdrawn from
the anus. The majority of detailed inspection of the
colonic mucosa occurs during this phase. A landmark
study by Barclay has demonstrated that there is
increased detection of significant neoplastic lesions
if the withdrawal time exceeds six minutes®®. As a
result, the United States Multi-Society Task Force
on colorectal cancer recommends that withdrawal,
excluding time for biopsy and polypectomy, should
average between six to ten minutes™. Although this
quality measure has been validated in some respects,
it has significant limitations. For instance, an inefficient
endoscopist may spend much longer than 6 min
on withdrawal without complete visualization of the
mucosa missing critical area between the haustral
folds. A comprehensive examination includes careful
examination of mucosa proximal to folds and flexures,
better colonic distension, and washing of debris
from the colon™. Ideally, rather than a quantitative
requirement, focus should instead be on clear and
effective visualization.

Screening and surveillance intervals

Screening and surveillance interval guidelines after
colonoscopy have been published by the United
States Multi-Society Task Force and are summarized
in Table 1©®. Compliance (with documentation) with
these guidelines is an important quality measure.
Adherence to guidelines is emphasized to decrease
overuse of colonoscopy, which leads to increased
exposure to potential procedural harm and drains
resources that could be more effectively used. The
efficiency and cost-effectiveness of colorectal cancer
screening by colonoscopy is dependent upon the ability
of the endoscopist to confidently follow established
guidelines. For reasons unclear, studies have shown that
postpolypectomy surveillance colonoscopy is frequently
performed at shorter intervals®™. Nonetheless, there are
instances when repeat colonoscopy recommendations
require an individualized approach based on clinical
judgment that may differ than conventional guidelines;
procedures performed at shorter or longer intervals than
advised should be supported by written documentation.
The variation discussed above underscores the need for
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Table 2 Healthcare quality improvement projects'*!

Plan-Do-Study-Act (P-D-5-A)
Employs cycles of planning (P), small scale pilot testing (D), analysis of test results and lessons learned (S), followed by incorporation and maintenance
of new processes into practice (A)
Useful when resources and time are limited and rapid stepwise improvement is desired
Lean method
Seeks to increase efficiency and reduce waste by excluding all processes, steps, or inputs that fail to contribute value to the end product
Useful when existing practices are deemed to be inefficient and cumbersome, with bottlenecks and excessive rework
Employs collaborative team input and process revision through value stream mapping
Six Sigma method
Intensively data driven approach to minimizing variation and thereby reducing defects or errors to improve quality
Use a cyclic approach referred to as the Define-Measure-Analyze-Improve-Control method
Employs more rigorous analytical tools and process control charting under the guidance of local experts
Especially appropriate for repetitive high frequency processes

quality monitoring of this aspect of colonoscopy. further assessing the outcomes of the interventions
taken. As mentioned previously, there is marked
Adverse events variation in quality in colonoscopy. As a result, conti-

Risk of complication is inherent to any procedure but nuous quality improvement is essential to the success
endoscopists should be competent and proficient of colonoscopy.

in their skills in order to maximize benefit while Continuous tracking of performance for high vo-
minimizing potential harm. Once a complication occurs lume procedures can be challenging. Monitoring
however, it is important to document and monitor quality metrics is time intensive and costly because it
trends to ensure quality control. If rates exceed the often requires data collection from multiple sources.
established guidelines for an endoscopist or institution, Automated data collection via modern electronic
investigation should be pursued to assess patient endoscopic databases assist with this process, yet
risk factors and procedure complexity to amend this some deficiencies still exist. This includes integration

situation. of pathology findings to determine ADR, an important

Postpolypectomy bleeding is the common com- quality metric. Infrequent and delayed occurrences
plication of a colonoscopy™®. Typically, the risk of such as adverse events are also difficult to capture.
bleeding increases with increasing size of polyps, Episodic audits of sequential procedures on a monthly,

especially those located in the proximal colon. While quarterly, or annual basis are one option to accruing
the overall risk for postpolypectomy bleeding is around representative data samples!“.

1%'***], for polyps larger than 2 cm, bleeding rates Methods used in quality improvement projects are
are as high as 10%""\. Bleeding can occur immediately  oytiined in Table 2. The essential elements include
or within 14 d of the procedure. Most bleeding stops collecting information about standards, assembling
spontaneously, however some patients require endo- data about current practices, identifying gaps in
scopic evaluation. Therapy includes injection, cautery, or performance, executing a performance strategy,
clipping. Data thus far is conflicting regarding the role of followed by reassessment, and further testing.

use of clips prophylactically™*4,

Perforation is the most serious complication. The
incidence of perforation due to colonoscopy is variable FUTURE AREAS FOR IMPROVEMENT
in the literature ranging between 1 in 500 to less than
1 in 1000"*; about 5% of colonoscopic perforations are
fatal*?!, During a diagnostic procedure, perforation
can occur due to mechanical rupture with insertion
primarily though the sigmoid colon, or may be secon-
dary to barotrauma causing a rent in the cecum.
Perforation can also occur with attempts to traverse a
stricture. The greatest risk of perforation occurs with
large polypectomies in the proximal colon where the
walls are thinner.

There are several patient-related, procedural-related,
and endoscopist performance-related factors that
account for inconsistency. In an editorial by Douglas
Rex, he tabulated multiple questions to improve
detection during colonoscopy!*”’. Review of this editorial
provides important hypotheses that warrant further
investigation to improve quality.

Patient related improvements include health liter-
acy on the benefits of colorectal cancer screening.
Increasing awareness leads to increased attendance
for screening examinations*®!. Better compliance

THE PROCESS OF QUALITY with bowel cleansing will have innumerable benefits
as poor bowel preparation prolongs procedure time,
IMPROVEMENT reduces detection of polyps, and increases likelihood

Quality improvement refers to monitoring the perfor- of an incomplete procedure!**!, Education on quality
mance, making continuous refinements, and then markers will encourage patients to seek high quality
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endoscopists.

One procedural related method that may improve
the quality of colonoscopy includes the use of the
water method. Rather than the use of air insufflation,
which causes sharp angulations, water infusion results
in the straightening of the sigmoid colon and other
angulations easing insertion. Studies have shown aid
with technically difficult colonoscopies®™, decreased
pain, and lower requirements for sedation™, Future
prospective studies are needed to assess the true value
of water immersion. Another technique proposed is use
of a cap-fitted colonoscopy. A cap may ease insertion
by creating a distance between the instrument tip and
colonic mucosa, thus facilitating navigation through
angulation™. Data has shown shorter intubation times
as well as avoidance of a failed or incomplete procedure
with use of this method™®. Cap-fitted colonoscopy
may also assist with detection of lesions between the
haustral folds though studies have had conflicting
results in regards to overall adenoma detection®* %,

Technology to aid with adenoma detection includes
chromoendoscopy and the Third Eye Retroscope
(Avantis Medical, Sunnyvale, California, United States).
Chromoendoscopy has been advocated for use in order
to identify subtle flat lesions®”), Chromoendoscopy
includes use of a colored dye that is sprayed into
the colon or electronic light variation such as narrow
band imaging (Olympus America, Center Valley,
Pennsylvania, United States). Studies thus far have
shown marginal benefit with only an improvement in
the detection of diminutive lesions®®*”, The Third Eye
Retroscope is passed down the colonoscope channel
and provides a continuous retrospective view on a
second monitor®. A randomized control trial showed
improved adenoma detection however with a longer
withdrawal time'®®. This technology also requires
accessing the accessory (and suction) channel making
it a bit tedious in practice. One recent development
is known as the full spectrum endoscopy (FUSE;
EndoChoice, GA, United States). While a standard
forward viewing colonoscope visualizes 170° of the
colon, the FUSE instead has a more comprehensive
view with the capability to capture 330° of the mucosa.
This is accomplished by the addition of imagers on the
sides of the tip of the scope to provide three images
on adjacent monitors. The result is a lower miss rate
of adenomas (7% vs 41%; P < 0.00001)®*. Thus
far, these technologies are not yet supported for
incorporation into routine care. They may however,
have a role for patients with increased risk for malig-
nancy and/or endoscopists with low adenoma detection
rates.

The quality of the examination by the proficient
endoscopist is a significant predictor of adenoma
detection therefore should be the focus of quality
improvement efforts®, Internal audits are necessary
to identify weaknesses in the practice. For instance,
several studies have found that physician fatigue
has an impact on adenoma detection with less
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adenomas found during afternoon procedures®. This
phenomenon improves if endoscopists work in shorter
shifts such as half-day blocks™®®. Direct observation
and feedback has had variable results on outcomes'®”.,
In a study by Imperiali et al'®, less experienced
endoscopists had more time dedicated to endoscopy
with intermittent supervision, and their skills were
regularly audited. Completion rates improved, varia-
bility between endoscopist polyp detection decreased,
but no change in overall adenoma detection was
observed®,

A controversial issue is the endoscopic training
of nongastroenterologists. The suggested threshold
number for competence in colonoscopy is 200 proce-
dures'!, However, this quota may be misleading,
as most trainees require many more procedures
than dictated to achieve competence. Studies have
shown an increase in interval cancer among nongas-
troenterologists”®. This issue should be resolved
through a collaboration of gastroenterology and nongas-
troenterology training programs to define uniformity to
grant involvement in endoscopy.

In accordance with the changing paradigm of
healthcare, rather than the fee-for-service model which
rewards volume, a pay-for-performance reimbursement
method will become the primary financial incentive
with a focus more on value”". Within this model,
satisfying national quality metrics may have a role in
compensation as well. Several national endoscopic
benchmarking programs are now in effect around
the world. For instance, the GI Quality Improvement
Consortium is a non-profit collaboration between the
ASGE and ACG. This program facilitates data submission
to various institutions, including the Physicians
Consortium for Performance Improvement®,

CONCLUSION

Quality measurement and improvement are essential
components of a colonoscopy program. Quality is
a multifactorial and dynamic process that requires
regular monitoring to ensure adherence to national
standards. Although several challenges exist, develo-
pment and implementation of educational tools and
improved endoscopic technology are imperative to
enhance the benefits of colonoscopy, thereby reducing
the incidence and mortality attributed to colon cancer.
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Abstract

The formation of a bezoar is a relatively infrequent
disorder that affects the gastrointestinal system.
Bezoars are mainly classified into four types depending
on the material constituting the indigestible mass of the
bezoar: phytobezoars, trichobezoars, pharmacobezoars,
and lactobezoars. Gastric bezoars often cause ulcera-
tive lesions in the stomach and subsequent bleeding,
whereas small intestinal bezoars present with small
bowel obstruction and ileus. A number of articles have
emphasized the usefulness of Coca-Cola® administration
for the dissolution of phytobezoars. However, persimmon
phytobezoars may be resistant to such dissolution
treatment because of their harder consistency compared
to other types of phytobezoars. Better understanding of
the etiology and epidemiology of each type of bezoar
will facilitate prompt diagnosis and management.
Here we provide an overview of the prevalence, classi-
fication, predisposing factors, and manifestations of
bezoars. Diagnosis and management strategies are
also discussed, reviewing mainly our own case series.
Recent progress in basic research regarding persimmon
phytobezoars is also briefly reviewed.

Key words: Bezoars; Gastrointestinal endoscopy; Persim-
mon phytobezoar; Trichobezoar; Endoscopic removal;
Gastric ulcer; Ileus

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Among the gastrointestinal bezoars, phytobe-
zoars, which consist of indigestible plant materials, are
the most common. An administration of Coca-Cola®
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is believed to be the primary choice for phytobezoar
treatment because it is safe, inexpensive, and effective.
However, persimmon phytobezoars (diospyrobezoars)
are often resistant to Coca-Cola® dissolution and may
require different treatment. Endoscopic fragmentation
or surgical removal should be applied in urgent cases,
such as those manifesting gastrointestinal bleeding and/
or ileus, and in patients with refractory bezoars.

Iwamuro M, Okada H, Matsueda K, Inaba T, Kusumoto
C, Imagawa A, Yamamoto K. Review of the diagnosis and
management of gastrointestinal bezoars. World J Gastrointest
Endosc 2015; 7(4): 336-345 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v7/i4/336.htm DOI: http://dx.doi.
org/10.4253/wjge.v7.i4.336

INTRODUCTION

A bezoar is an indigestible conglomeration trapped
in the gastrointestinal tract. This indigestible mass
can be formed by a variety of materials that were
intentionally or accidentally ingested. Representative
substances forming bezoars include plant materials
such as fibers, skins and seeds of vegetables and fruits
(i.e., phytobezoars), ingested hair (i.e., trichobezoars),
medications (i.e., pharmacobezoars), and milk protein
in milk-fed infants (i.e., lactobezoars)™, Bezoars can
be formed and found in any part of the gastrointestinal
tract, but the stomach is the most common. Once the
diagnosis of bezoar is made, the bezoar is generally
dissolved or removed because it can cause gastric
outlet obstruction, ileus, ulcerations due to pressure
necrosis, and subsequent gastrointestinal bleeding.
Here we review relevant clinical studies, case reports
and basic research findings, using mainly our recent
studies®™, for a better understanding of the etiology
and epidemiology of this disease entity.

PREVALENCE

Bezoars of the gastrointestinal tract are a relatively
rare disease entity, with a variable incidence among
studies”. In 1978, Kadian et al® reported that they
found six cases of gastric bezoars in a four-year
period during which time 1400 gastroscopies were
done (0.43% of the gastroscopies). In 1987, Ahn et
al”! reported a similar incidence of 0.43% (14/3247
esophagogastroduodenoscopy examinations) over a
seven-year period. More recently, Mihai et a® noted
that there were 49 cases of gastric bezoars over a
period of 20 years (0.068% of all endoscopies).
Although the majority of bezoars are found in the
stomach, bezoars sometimes move from the stomach
into the small intestine, or they can be primarily formed
in the small intestine. Such small intestinal bezoars
occasionally cause small bowel obstruction and ileus.
Yakan et al”! reviewed 432 cases of small bowel
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obstruction treated within 10 years; of these, 14 (3.2%)
cases were caused by phytobezoars. In a meta-
analysis by Ghosheh et al™” reviewing 19 reported
studies published from 1994 to 2005, laparoscopy
was attempted in 1061 patients presenting with acute
small bowel obstruction, and bezoars represented the
5" most common cause, accounting for 0.8%™,

Overall, bezoars can be found in the stomach in
less than 0.5% of individuals undergoing esophago-
gastroduodenoscopy examinations and in the small
intestine in 0.4%-4.8% of all cases presenting with
intestinal obstruction®**!. However, the prevalence
of bezoars likely varies among ethnic groups and
geographic locations, since the occurrence rate of phyto-
bezoar, the most common type of bezoar, is mostly
reflected by food cultures. For example, multiple cases
of persimmon phytobezoar (diospyrobezoar) have been
reported in regions where the residents frequently
consume fresh persimmon fruits and dried persimmons,
such as South Korea, Japan, Israel, Spain, Turkey, and
Southeastern United States®'*",

BEZOAR CLASSIFICATION

Phytobezoar

Among the four types of bezoars, phytobezoars are
the most common™”, Celery, pumpkins, grape skins,
prunes, raisins and, in particular, persimmons are
representative causatives of phytobezoars**. Some
of these foods contain high amount of cellulose, hemi-
cellulose, lignin, and tannins (leucoanthocyanins and
catechins), and these nondigestible food materials are
the main components of phytobezoars™ %, Persimmon
phytobezoars, i.e., diospyrobezoars, are formed after a
frequent consumption of persimmons (Figure 1). The
skin of unripe persimmons contains high concentrations
of the persimmon tannin. Upon reaction with stomach
acid, persimmon tannin is believed to polymerize and
form a conglomerate in which cellulose, hemicelluloses,
and various proteins are accumulated™®?*, For
example, Holloway et af*"! investigated the plant fiber
content in a gastric phytobezoar by using the acid and
neutral detergent method. The gastric phytobezoar was
composed of approx, 11% cellulose, 5% hemicellulose,
and 2% lignin. In a thin-layer chromatography analysis,
phytobezoar tissue contained only polymerized tannins,
without tannin monomers. Maki et al*¥ succeeded in
generating an artificial mass in vitro that mimicked
a phytobezoar by using persimmon skin pieces,
hydrochloric acid, and high-molecular-weight organic
polymers. In light of the basic research findings, we
speculate that persimmon tannin plays a vital role in
the formation of phytobezoars acting as cementing
agents that hold undigestible plant fibers together.
However, the precise mechanism of the emergence of a
phytobezoar is still unknown.

Trichobezoar
A trichobezoar is a hair ball trapped in the gastroin-
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testinal tract, mainly in the stomach. Trichobezoar is
a rare condition, nearly always diagnosed in young
females™®?%, Psychiatric comorbidities that involve
strong urges to pull out one’s own hair (trichotillomania)
and eat it (trichophagia) are observed in these patients.
Due to its enzyme-resistant properties and smooth,
slippery surface, human hair cannot be digested and
it can be stagnant in the gastrointestinal system.
Consequently, eaten hairs retain and accumulate
between the gastric mucosal folds and finally lead to
the formation of a hair ball together with food and
mucus®. In some cases, the hair ball extends from
the stomach into the small intestines and colon. This
condition is named Rapunzel syndrome, which was first
described by Vaughan et a*"! in 196832,

Pharmacobezoar

Pharmacobezoars are an uncommon complication
caused by conglomerations of medications or medica-
tion vehicles in the gastrointestinal tract. Bulk-
forming laxatives, e.g., perdium and psyllium, and
guar gum appear to contribute to the formation
of pharmacobezoars because of their hygroscopic
properties and bulk-forming nature™*?”), Extended-
release drug products are other candidate causatives
for bezoars®®*%. The development of time-release
technology enabled drug tablets/capsules to be slowly
dissolved and gradually release active ingredients of the
medication. Extended-release drugs, e.g., nifedipine
and verapamil, are coated with cellulose acetate, a
synthetic chemical compound derived from the plant
substance cellulose. Cellulose acetate may aggregate
and lead to bezoar formation in the gastrointestinal
tract. Enteric coatings, which use a polymer barrier
to stabilize drug tablets at the highly acidic pH found
in the stomach, are dissolved at a less acidic pH in
the small intestine. Because of the insolubility of
the carrying vehicle of enteric-coated medications,
e.g., aspirin, they can also be responsible for bezoar
formation®™?.

Lactobezoar

A lactobezoar is an undigested mass composed of
milk and mucus components“!!, In clear contrast
to the other types of bezoars, virtually all patients
affected with a lactobezoar are milk-fed infants. The
pathogenesis is likely multifactorial and includes
both exogenous risk factors (i.e., the composition of
synthetic milk, medications lowering gastric motility
and secretion, and methodologies of feeding) and
endogenous risk factors (i.e., dehydration, premature
birth, and the subsequent insufficient activity and
capacity of the digestive tract)"**, Heinz-Erian et
al*? reviewed 96 published cases since the first report
in 1959 and noted that most cases were published
in the period 1975-1985, whereas only 26 cases
have been reported since 1986. The reasons for the
infrequency of lactobezoar cases in recent years have
not been revealed, but the improvement of synthetic
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milk composition and advances in premature infant
management have probably affected the prevalence.

Other types of bezoar

Varieties of substances other than those responsible for
the aforementioned four types of bezoars (i.e., plant
materials, hair, medications, and artificial milk) have
been reported as a source of bezoars. Such bizarre
materials include plastic™®!, metals*®!, parasitic worms
(ascaris)*”), and even toilet paper®®. Theoretically,
all indigestible food materials and foreign bodies can
cause a mass formation together with mucus and
semi-digested foodstuffs.

STRUCTURE OF PERSIMMON
PHYTOBEZOAR

Compared with other phytobezoars, persimmon
phytobezoars are more difficult to dissolve or break
up into small pieces due to their hard consistency.
In addition, persimmon phytobezoars usually have a
black or darkish-brown color (Figure 1). We recently
investigated persimmon phytobezoar fragments
by microscopy, transmission electron microscopy,
energy dispersive X-ray spectroscopy, and infrared
spectroscopy and revealed the unique structure
and components that cause the characteristic hard
consistency and dark color. In this section, we briefly
introduce our analysis regarding the microstructure of
persimmon phytobezoar fragments.

First, the bezoar fragments were analyzed by
scanning electron microscopy (SEM). The SEM analysis
revealed a high-density, continuous layer approx.
20- to 50-pm thick that formed the exterior of the
phytobezoar. Close-up observation revealed that
aggregated microgranules constituted the exterior
surface. These microgranules were stuck together
and created an almost seamless structure with a
few slits. In contrast, the density of the inner part
of the persimmon phytobezoar was low. The inner
part consisted of sheet-like structures with curved or
wavy shapes. The wiggly arrangement of the sheet-
like structures resulted in unoccupied areas existed
between the sheets. These microscopic features
indicate that the persimmon phytobezoar’s resistance
to mechanical and chemical forces was rendered by
almost seamless, dense layers of the exterior surface.

Secondly, to investigate the chemical components
that constitute the surface structure and the inner
part of the persimmon phytobezoar, we performed an
infrared spectroscopy analysis. The surface layer and
the inner part of the persimmon phytobezoar were
manually segmented with a surgical knife. Both parts
were air-dried and analyzed by infrared spectroscopy.
The spectra obtained from the surface and the inner
parts of the persimmon phytobezoar were quite
similar to that of persimmon juice. The persimmon
juice was extracted from green, unripe persimmon
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Figure 1 Endoscopic images of a persimmon phytobezoar. A: A large, black bezoar is seen in the gastric fundus; B: A peptic ulcer is also observed in the gastric
angle; C: Fragmentation of the bezoar was performed by endoscopy forceps and polypectomy snares; D: The fragments were removed by a retrieval net device and

used in the subsequent in vitro analysis.

fruits that contained plenty of tannin. This juice can be
commercially purchased in Japan as a natural dyestuff
and as a coating material for fabric, paper, and wood.
The striking resemblance of spectra between the
persimmon juice and the phytobezoar fragments
indicates that a quite high concentration of persimmon
tannin exists in a phytobezoar. It also suggests the
importance of persimmon tannin in the pathogenesis of
phytobezoars.

Thirdly, to compare the elemental composition of
the surface and the inner part of the phytobezoar, we
used S4800 scanning electron microscopy and energy
dispersive X-ray spectroscopy (EDX) (EDAX Genesis
APEX2 system, Ametek, Paoli, PA). The net intensity
of each element was measured at five different
points on the surface and the inner part, respectively.
We analyzed the spectrum of the EDX results using
Genesys software (Ametek). The amount of each
element was quantified by the standardless EDAX ZAF
quantification method. As a result, higher amounts of
sulphur and iron were detected in the surface layer
compared to the inner part (Table 1). We speculate
that the iron deposition and resulting compound,
iron(Ill) tannate, are responsible for the black color
of the persimmon phytobezoar surface. In our study,
yttrium, aluminum, and osmium were detected in
the persimmon phytobezoar, in addition to the major
elements such as carbon, oxygen, sodium and sulfur.
Generally, edible plants have yttrium at a concentration
of 20-100 ppm™, The seeds of woody plants have high
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amounts, up to 700 ppm. Aluminum is also contained
in foods and food additives. Osmium was probably
contaminated during the process of sample preparation
for the SEM analysis, because it was used as a fixing
agent.

A limitation associated with our study is that the
phytobezoar examined was obtained from a single
patient. Since the structure of phytobezoars presumably
varies among patients, an analysis of the ultrastructure
would ideally include phytobezoars extracted from
several different patients. Another subject of great
interest is the structure and components of other types
of bezoars (i.e., trichobezoars, pharmacobezoars,
and lactobezoars). Although the formation of bezoars
is a relatively infrequent disorder, further in vitro
investigations could provide findings that contribute to
the management of phytobezoars.

PATIENT SUSCEPTIBILITY

Bezoars are believed to form as a complication of
delayed gastric emptying. Predisposed risk factors
include prior gastric surgery such as partial gastre-
ctomy, vagotomy and pyloroplasty, peptic ulcer
disease, chronic gastritis, Crohn’s disease, carcinoma
of the gastrointestinal tract, dehydration and
hypothyroidism**®!. These conditions lead to reduced
gastric acidity, gastric stasis, loss of pyloric function,
and/or pyloric stenosis. Elderly individuals and diabetic
patients with neuropathy or myotonic dystrophy have
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Table 1 Net intensity of elements determined by energy-

dispersive X-ray spectroscopy in a persimmon phytobezoar

Surface layer Inner part P value
C 52.91 +13.88 62.30 £ 15.77 0.35
O 2242 +5.95 43.71 £ 14.56 <0.05
Na 12.77 £5.09 21.24 £ 6.26 <0.05
Al 9.98 +2.55 13.01 £ 2.64 0.1
Y 160.62 +29.73 209.37 +38.48 0.06
S 16.96 + 3.22 5.27 £1.95 <0.01
Fe 9.88 £ 1.69 2.02+1.17 <0.01
Os 45.02 +3.96 60.35 + 6.26 <0.01

For comparisons, statistical analyses were performed by ¢ tests. C: Carbon;
O: Oxygen; Na: Sodium; Al: Aluminum; Y: Yttrium; S: Sulfur; Fe: Iron; Os:
Osmium.

impaired gastric motilityt*>>>,

In our previous study, we reviewed 19 Japanese
patients with gastrointestinal bezoars and presented
their clinical characteristics’®. To date, we have
collected an additional 12 cases. A summary of the 31
cases (13 males and 18 females) is shown in Table 2.
In accord with previous studies, the histories of our
patient series included diabetes mellitus (n = 3, 9.7%)
and surgery of the gastrointestinal tract (n 11,
35.5%). Notably, except for the 10-year-old patient
with a trichobezoar, all patients were 61 years of age
or older. Consequently, the potential development
of bezoars in elderly individuals and patients with
underlying disease that causes poor gastric motility
should be borne in mind by clinicians.

MANIFESTATIONS AND DIAGNOSIS

Bezoars can be asymptomatic or present with a
variety of gastrointestinal symptoms. In our series of
31 patients with gastrointestinal bezoars, pain (n = 11),
bloody or tarry stool (n = 5), abdominal fullness (n = 5),
discomfort (n = 5), anemia (n = 4), difficulty swallowing
(n = 3), hematemesis (n = 3), nausea (n 3),
anorexia (n = 1), and fainting (n = 1) were observed as
initial presentations (Table 2). In contrast, bezoars were
coincidentally found in asymptomatic patients (n = 5) by
esophagogastroduodenoscopy or computed tomography
(CT) scans performed during a health check-up or
follow-up of other diseases. Symptoms related to
gastrointestinal bleeding such as hematemesis, bloody
or tarry stool, anemia, and fainting are the result of the
development of ulceration in the gastric mucosa due to
pressure necrosis induced by the bezoar'’. As shown
in Table 2, gastric ulcers were observed in 20 of the 31
patients (64.5%) by esophagogastroduodenoscopy. Lee
et al® also documented a high rate of gastric ulcers
as a complication of bezoars (41.2%, 7/17 cases).
Obstruction of the gastrointestinal tract is another vital
manifestation caused by bezoars, particularly by small
intestinal bezoars.

Endoscopic examinations play the most important
role in the detection of gastric bezoars, as well as in
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Table 2 Clinical characteristics of bezoar patients

n (%)
Total 31
Female 18 (58.1)
Median age (yr, range) 74 (10-93)
Past histories
Diabetes mellitus 3(9.7)
Surgery of gastrointestinal tract 11 (35.5)
Symptoms
Pain 11 (35.5)
Bloody or tarry stool 5(16.1)
Abdominal fullness 5(16.1)
Discomfort 5(16.1)
Anemia 4 (12.9)
Difficulty of swallowing 3(9.7)
Hematemesis 39.7)
Nausea 309.7)
Anorexia 1(3.2)
Faint 1(3.2)
None 39.7)
Bezoar location
Stomach 29 (93.5)
Small intestine 2 (6.5)
Diagnosis modality
Esophagogastroduodenoscopy 23 (74.2)
Computed tomography 8 (25.8)
Complications of bezoar
Gastric ulcer 20" (64.5)
Tleus 3'(9.7)
Reflux esophagitis 1(3.2)
Acute gastric mucosal lesions 1(3.2)
Duodenal ulcer 1(3.2)
None 6(19.4)

'One patient presented with both gastric ulcer and ileus.

the treatment of this disease. A phytobezoar is typically
observed in the gastric fundus as a single mass, but
it can be multiple. The color is diverse depending on
the materials constituting the phytobezoar, ranging
from beige, tan, ocher, yellow green, to black™.
As described above, the black color of persimmon
phytobezoar’s surface is probably imparted by iron(III)
tannate (Figure 1A)®.,

CT scanning is useful to detect both gastric and
small intestinal bezoars. Phytobezoars are visualized
by CT scan as an ovoid or round occupational mass
in the gastrointestinal tract with air bubbles retained
inside and a mottled appearance®***!. A CT scan is
particularly valuable in patients requiring the surgical
removal of small intestinal bezoars, not only because
it demonstrates the obstructed site of the intestines; it
also enables the visualization of multiple bezoars!!.

TREATMENT OF BEZOARS

Overview

The currently available treatment options for a gastric
phytobezoar include dissolution of the bezoar by Coca-
Cola®, removal by endoscopic devices, laparotomy, and
laparoscopic surgery. It should be noted that persimmon
phytobezoars are often resistant to chemical dissolution
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Figure 2 Photographs of the in vitro experiment. A: Endoscopically extracted fragments of the gastric bezoar were used; B: Representative photographs of
the bezoar fragments incubated at 37 °C with gentle swirling for 12 h with double-distilled water; C: Bezoar fragments after incubation with Coca-Cola®; D: Bezoar
fragments after incubation with Coca-Cola Zero®; E: Bezoar fragments after incubation with a digestive enzymes supplement including cellulase; F: Bezoar fragments
after incubation with papain. The bezoar fragments were clearly more softened and more fragmented after 12-h incubation with Coca-Cola® or Coca-Cola Zero® than

with the other agents.

because of their hard consistency, and they are thus
usually removed endoscopically or surgically™**,

Intestinal bezoars are generally removed by a
surgical procedure, since patients with this type of
bezoar often present with intestinal obstruction and
ileus.

Coca-Cola

The first successful treatment achieved with Coca-Cola®
lavage was reported in 2002 by Ladas et a/*®. In a
recent review by Ladas et al*®!, they summarized 24
publications including 46 patients and noted that Coca-
Cola® administration resulted in phytobezoar resolution
in 91.3% of the cases, either as a sole treatment
or in combination with an endoscopic procedure®”.
The protocol for Coca-Cola® administration has varied
among authors™’. Ladas et a/*® performed gastric
lavage via nasogastric tubes with 3000 mL of Coca-
Cola® administered over 12 h. Hayashi et a/t*”
reported that the peroral intake of 500-1000 mL/d of
Coca-Cola® for 3 wk resulted in a decrease in size and
softened structure of the phytobezoar. Mihai et a/i*
described 12 patients treated with 4800 mL of Coca-
Cola® ingestion over 12 h (100 mL every 15 min);
complete dissolution of the bezoar was observed in 5
patients (42%), and fragmentation of the bezoar was
found in 5 patients (42%). In the latest review, Ladas
et al*® recommended gastric lavage with 3000 mL of
Coca-Cola® for 12 h, or drinking 3000 mL of Coca-Cola
® over 12 h. The adequate dose and timing of Coca-
Cola® administration should be investigated, because
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no standard protocol for bezoar treatment has been
established to date.

In our recent paper, we investigated persimmon
phytobezoar dissolubility by Coca-Cola® in vitro™. A
gastric persimmon phytobezoar was fragmented by
endoscopy forceps and polypectomy snares (Figure 1C)
and extracted with a retrieval net device (Figures 1D
and 2A). A fragment and hydrochloric acid-potassium
chloride buffer (pH 2.0) was put into each of several
tubes. Double-distilled water, Coca-Cola®, Coca-Cola
Zero®, a digestive enzyme supplement containing
cellulase, or papain supplement was added to the tube.
After a 12-h incubation, the contents of the tubes were
gently decanted into 100-mm polystyrene dishes, and
photographs of these dishes were taken. Representative
images of each group at post-incubation are shown in
Figures 2B-2F. The particles of broken bezoar were
fewest in the control (Figure 2B).

By contrast, more particles of the broken bezoar
were observed after incubation with Coca-Cola® (Figure
2C) or Coca-Cola Zero® (Figure 2D), even compared
to cellulase (Figure 2E) or papain (Figure 2F). Next,
the undissolved bezoar fragments were extracted,
and their weights were measured after 30 min of air-
drying and compared the values with the weight at
pre-incubation. The phytolytic activities of the solvents
are summarized in Figure 3. Bezoar fragments showed
significantly better dissolubility in Coca-Cola Zero®
(16.1% = 0.4%) than in water (7.0% % 5.3%) (P <
0.05, t test). The dissolubility in Coca-Cola® (18.5%
+ 5.8%) was also higher than that in cellulase (10.1
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Figure 3 The dissolubility of bezoar fragments. The mean dissolubility
of bezoar fragments was highest by Coca-Cola®, but the difference between
Coca-Cola® and water was not significant (P = 0.06) due to the relatively large
standard deviation. NS: Not significant. °P < 0.05.

£ 4.5%), papain (9.5% £ 6.5%), and water, though
the difference between Coca-Cola® and water was not
significant (P = 0.06) due to the relatively large standard
deviation. Overall, our study obtained the first evidence
of the comparative benefits of Coca-Cola® beverages.
In addition, Coca-Cola® and Coca-Cola Zero® showed
equal phytolytic activities in vitro.

Although the mechanism has not been fully eluci-
dated, it has been speculated that some ingredients in
Coca-Cola® play a key role in bezoar dissolution. Such
hypotheses include enhanced bezoar digestion by the
mucolytic effect of sodium bicarbonate and/or by the
acidifying effect of carbonic acid and phosphoric acid.
Destruction of the bezoar may also be assisted by the
carbon dioxide bubbles, which penetrate into the bezoar
through the microscopic pores on its surfacel>?**%8%,
Diet Coke®, Coca-Cola Light®, and Coca-Cola Zero® all
contain these ingredients. Since the clinical success of
bezoar dissolution by Diet Coke®, Coca-Cola Light®, and
Coca-Cola Zero® was documented in previous reports,
several authors have speculated that these sugar-free
beverages have the same effect of bezoar dissolution
as the regular version of Coca-Cola®®*, Although our
study was conducted using the phytobezoar obtained
from a single patient, the results confirmed this specu-
lation, revealing almost equal bezoar dissolubility
between Coca-Cola® and Coca-Cola Zero®. A future
study should determine whether or not other carbonated
beverages such as Pepsi-Cola® and carbonated water
have the same lytic action against phytobezoars.

Despite the number of reports describing a
successful treatment outcome of phytobezoars, however,
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persimmon phytobezoars may not be dissolved by
Coca-Cola® beverages alone because of their hard
consistency. For example, Lee et al®® reported that
complete dissolution by Coca-Cola® administration
was observed in 4/6 patients (66.7%) with non-
persimmon phytobezoars, whereas Coca-Cola® was
completely ineffective in all 11 patients with persimmon
phytobezoars (0%) in whom this method was attem-
pted. For such phytobezoars that are resistant to
chemical dissolution, endoscopic fragmentation and
removal in combination with or without Coca-Cola®
dissolution is generally effective’™.

Papain

Papain, an enzyme extracted from the Carica papaya
plant, has been used as an alternative enzymatic
therapy for bezoars. Generally, papain rapidly hydrolyzes
a variety of proteins based on the proteolytic activity.
Several authors have described bezoar dissolution by
the oral administration of Adolph’s Meat Tenderizer
or gastric lavage with the tenderizing agent™®". How-
ever, papain is no longer included in Adolph’s Meat
Tenderizer, because the manufacturer changed the chief
ingredient from papain to bromelain, which is another
proteolytic enzyme contained in pineapples. Papain
is currently used in other products for tenderizing
meat, in clarifying beer, and in biochemical research
involving the analysis of proteins. Papain is thus still
commercially available, but physicians should keep in
mind that adverse events such as gastric ulceration
and esophageal perforation following papain therapy
have been documented*®*,

In our previous study, papain powders were extra-
cted from a capsule of dietary supplement, but the
bezoar dissolubility in papain was not significantly higher
than that in water (Figures 2 and 3)™. The insufficient
dissolubility of bezoars in papain is contradictory to the
previous successful clinical outcomes. We speculate that
this might be due to the small dose size of the active
enzymes in a dietary supplement capsule. An excess
doses of papain supplement may be effective for the
dissolution of bezoars, but it is impractical in a clinical
setting because the maximum dose of papain for safe
ingestion have not been elucidated.

Cellulase

Cellulase has been widely used for phytobezoar
treatment, since vegetables and fruits contain large
amounts of cellulose. The enhancement of phyto-
bezoar digestion by cellulase may originate in its
degradation activity against cellulose by cleaving
the glycosidic bond. A successful outcome of bezoar
treatment with tablet-form gastroenterase (containing
pepsin, pancreatic enzyme concentrate, cellulase, and
dehydrocholic acid) was described in the 1970s!%*¢,
However, these tablets have been discontinued.
Additionally, in many countries, cellulase is not readily
available for ingestion as a commercial product, or even
as a medication under prescription®™”. For example,
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in the United States, cellulase is only available as a
dietary supplement in combination with other digestive
enzymes. In our previous study, however, one capsule
of cellulase supplement was not effective for the lysis of
bezoar fragments (Figures 2 and 3)™*.

Endoscopic removal
Endoscopic fragmentation has often been applied
for gastric bezoars. Various types of endoscopy
devices including biopsy forceps, alligator forceps,
a polypectomy snare, a basket catheter, an argon
plasma coagulation device and an electrohydraulic
lithotripsy device have been used for fragmentation™.
Kurt et al®® recently reported the first patient with a
gastric bezoar successfully treated with a bezoaratom,
an oval polyfilament snare device specifically designed
for the treatment of bezoars. Endoscopic spraying or
the endoscopic injection of Coca-Cola® into bezoars
probably assists fragmentation via lytic activity for
gastrointestinal bezoars™®®’!, It should be noted
that persimmon phytobezoars may require multiple
sessions of endoscopic treatment to be completely
broken down because of the hard consistency'.
Trichobezoars are resistant to enzymatic degradation
and pharmacotherapy. Endoscopic fragmentation is
generally ineffective due to the high density of the
hair conglomerate. In a review of the 40 reported
trichobezoar cases, endoscopic removal was successful
in only two of the cases; the other cases required
laparotomy or laparoscopic surgery™®. In our ex-
perience, however, we achieved fragmentation of
trichobezoar in one patient by using an electrosurgical
knife!®!, Electrosurgical knives developed for endoscopic
submucosal dissection may thus be useful for treating
trichobezoars.

Surgical removal

Surgical removal is inevitable for cases presenting
with ileus or patients with refractory bezoars. Bezoars
were traditionally managed by open surgical retrieval
(laparotomy). Recent papers emphasized the impor-
tance of a minimally invasive surgical approach by
laparoscopy in the management of gastrointestinal
bezoars™®*7%, Intraoperative endoscopic removal has
also been reported™,

Other treatment strategies

In some patients, the administration of prokinetic
agents was reportedly effective in resolving the
gastric bezoar™®. As described above, a reduction in
the evacuation of indigestible foods due to insufficient
gastric motor activity can lead to bezoar formation.
Prokinetic agents such as itopride, mosapride, and
metoclopramide may improve gastric emptying and
facilitate the break-down of a bezoar by enhancing
contractions of the gastrointestinal tract and increasing
their frequency, if the bezoar is soft enough to be
digested with gastrointestinal peristalsis.
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Spontaneous disappearance of a bezoar under the
absence of specific treatment was also observed in
some patients™®. The etiology of the bezoars and the
mechanisms underlying how the bezoars were digested
in these patients remain to be determined. However,
careful follow-up without any specific treatment is a
possible option in the management of bezoar patients,
if they are in stable condition™.

CONCLUSION

We reviewed the prevalence, classification, structure,
predisposing factors, manifestations, diagnosis, and
treatment strategies of gastrointestinal bezoars.
Endoscopy and CT play key roles in the detection and
management of bezoars. The administration of Coca-
Cola® is currently the primary choice for phytobezoar
treatment because it is safe, inexpensive, and effective.
Endoscopic fragmentation or surgical removal should
be applied in urgent cases, such as those manifesting
gastrointestinal bleeding and/or ileus, and patients
with refractory bezoars.
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Abstract

Type I gastric neuroendocrine tumors (TI-GNETS) are
related to chronic atrophic gastritis with hypergas-
trinemia and enterochromaffin-like cell hyperplasia. The
incidence of TI-GNETs has significantly increased, with
the great majority being TI-GNETs. TI-GNETs present
as small (< 10 mm) and multiple lesions endoscopically
and are generally limited to the mucosa or submucosa.
Narrow band imaging and high resolution magnification
endoscopy may be helpful for the endoscopic diagnosis
of TI-GNETs. TI-GNETs are usually histologically classi-
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fied by World Health Organization criteria as G1 tumors.
Therefore, TI-GNETs tend to display nearly benign
behavior with a low risk of progression or metastasis.
Several treatment options are currently available for
these tumors, including surgical resection, endoscopic
resection, and endoscopic surveillance. However, debate
persists about the best management technique for TI-
GNETs.

Key words: Gastric neuroendocrine tumor; Narrow band
imaging; Magnifying endoscopy; Endoscopic submucosal
dissection; Endoscopic surveillance

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The incidence of type I gastric neuroendocrine
tumors (TI-GNETs) has significantly increased, TI-
GNETs are the most frequently diagnosed of all GNETSs,
accounting for about 70%-80%. Endoscopically, TI-
GNETs are present as small (< 10 mm), polypoid lesions
or, more frequently, as smooth, rounded submucosal
lesions. Especially, narrow band imaging and high
resolution magnification endoscopy may be helpful
for the endoscopic diagnosis of TI-GNETs. TI-GNETs
tend to display a nearly benign behavior and a low risk
of progression or metastasis in spite of submucosal
invasion. Therefore, endoscopic submucosal dissection
is a feasible technique for the removal of TI-GNETs.

Sato Y. Endoscopic diagnosis and management of type I
neuroendocrine tumors. World J Gastrointest Endosc 2015;
7(4): 346-353 Available from: URL: http://www.wjgnet.
com/1948-5190/full/v7/i4/346.htm DOI: http://dx.doi.

org/10.4253/wjge.v7.14.346

INTRODUCTION

Neuroendocrine tumors (NETs), originally termed
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Table 1 Characteristics of gastric neuroendocrine tumors

Characteristic Type I GNETs Type 11 Type III GNETs
GNETs
Proportion of all 70%-80% 5%-10% 10%-15%
GNETs
Associated disease ~ Chronic atrophic ~ MEN type None
gastritis 1/ZES
Gender Women > men Women=  Women < men
men
Tumor number =1 =1 1
Tumor size <10 mm <10mm  Often > 20 mm
Tumor location Fundus or corpus  Fundus or Any region
corpus
Histology Well Well From well
differentiated  differentiated to poorly
differentiated
Invasion depth Mucosa or Mucosa or Any depth
submucosa submucosa
Serum gastrin level High High Normal
Gastric pH Low High Normal
Metastasis risk 2%-5% 10%-20% >50%
Tumor-related death 0 <10% 25%-30%
Prognosis Excellent Good Poor

GNET: Gastric neuroendocrine tumor; MEN: Multiple endocrine
neoplasia; ZES: Zollinger-Ellison syndrome.

carcinoid tumors, arise from neuroendocrine cells of
the diffuse neuroendocrine system!!. NETs are rare
neoplasms; however, the incidence of gastrointestinal
NETs (GNET) is gradually increasing with all NETs"?,
while the ratio of GNETs to all GI NETs has increased
according to the latest reports™?. This increase in the
incidence of GNETs reflects the true increase (that
the incidence of GNET is increasing); however, this
also might be related to improvements in diagnostic
technology including endoscopy and increased GNET
awareness. Because of the increasing incidence and
prevalence, GNETs represent a substantial clinical
problem.

GNETs are classified into three distinct subgroups:
types I to ", Table 1 shows the clinical charac-
teristics of these three types"'*°!. Type I GNETs (TI-
GNETs) arise in patients with chronic atrophic gastritis
(CAG), including autoimmune gastritis (AIG; i.e., type-A
gastritis) and Helicobacter pylori (H. pylori)-associated
atrophic gastritis. Most TI-GNETs are small (< 10 mm),
multiple, located within the gastric fundus or corpus,
and limited to the mucosa or submucosa. TI-GNETs
comprise the great majority (70%-80%) of GNETs.
TI-GNETs are generally considered benign, with low
metastasis rates and a 100% long-term survival rate.

Type I GNETs, which account for 5%-6% of all
GNETs, are associated with the gastrin-secreting
neoplasms in multiple endocrine neoplasia-Zollinger-
Ellison syndrome (MEN-ZES). Therefore, hyperacidity-
induced peptic ulceration is often seen in patients
with type II GNETs. Type II GNETs are also small,
multiple, and considered benign. However, the survival
rate of patients with type I GNETs is lower than that
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of patients with type I because of the course of the
gastrinoma™,

On the contrary, type I GNETs are sporadic tumors
whose development is unrelated to gastrin conditions.
Type Il NETs are often single and large, have a
diameter around 20 mm, and comprise approximately
10%-15% of all GNETs. These GNETs behave more
aggressively and are usually metastatic and spread to
the regional lymph nodes or liver.

This review focuses on TI-GNET pathogenesis,
endoscopic diagnosis, and management.

TI-GNET PATHOGENESIS

TI-GNETs are associated with CAG, which leads to
hypergastrinemia and enterochromaffin-like (ECL)
cell hyperplasia. The loss of fundic glands seen in CAG
results in a lack of acid production (achlorhydria).
In response to achlorhydria, antral G-cells undergo
hyperplasia and secrete more gastrin, resulting in
hypergastrinemia. Gastrin stimulates gastric epithelial
cell proliferation and acts as a trophic factor for ECL
cells and leads to ECL cell hyperplasia. Therefore,
hypergastrinemia results in the progression to TI-GNET
development.

In either AIG- or H. pylori-associated gastritis, under
the CAG condition, a lack of gastric acid production
results in hypergastrinemia and leads to TI-GNET
progression. In the AIG, anti-parietal cell antibody
acts on gastric parietal cells, leading to acid secretion
disorder and resulting in more gastrin secretion by
antral G-cells. The role of H. pylori in TI-GNET deve-
lopment is unclear. However, it is well known that H.
pylori infection induces hypergastrinemia**?. H. pylori
induces gastric mucosal atrophy, resulting in low acid
output'®®, The negative feedback loop created by this
low acid output causes hypergastrinemia. One possible
mechanism is that antibodies against H. pylori may
act like those against parietal cells®* 2., Furthermore,
H. pylori lipopolysaccharide stimulates DNA synthesis
in ECL cells, suggesting that it may contribute to ECL
cell hyperplasia®”’. Some reports have suggested that
H. pylori infection might be a risk factor for TI-GNET
in humans due to hypergastrinemia®®**!. However, a
minority of patients with CAG had TI-GNETs; therefore,
it has been proposed that other cofactors (i.e., Reg™”,
mcl-1%", MEN-1 gene mutation®”) might play a role in
TI-GNET development.

Proton pump inhibitors (PPI) create hypergastrinemia
secondary to gastric hypoacidity. Therefore, PPI treat-
ment causes ECL hyperplasia in rats®***. In humans,
there are some case reports of GNETs that developed
after long-term PPI treatment'*?®, and one revealed
disappearance of the tumors after PPI treatment
discontinuation®®, However, the number of reports
about GNETs compared to those on PPI users remains
very small, and it is generally accepted that continual
PPI use is not associated with GNET development in
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Figure 1 Type I gastric neuroendocrine tumor. A: Conventional endoscopic image taken under white light. A hemispherical reddish polyp with a central depression
is visible; B: Magnifying endoscopic image taken with a narrow band imaging system. Gastric pit-like structures present on the tumor’s surface, except for the central
depression. In the central depression, the pit-like structure was not present, whereas dilated blackish-brown subepithelial vessels with cork-screw capillaries are
visible; C: Endoscopic ultrasound showing a hypoechoic intramural structure in the second layer of the tumor; D: Histological appearance. Magnification (40 x) of a
hematoxylin-and-eosin-stained section of the tumor revealing a gastric neuroendocrine tumor limited to the mucosa.

humans.

TI-GNET DIAGNOSIS

Clinical features
Most patients with TI-GNETs have no specific sym-
ptoms related to “carcinoid syndrome”**” such as
flushing, tachycardia, and diarrhea. However, those
with TI-GNET have nonspecific symptoms (nausea,
abdominal pain, dyspepsia)*t or pernicious anemia
complicated by AIG. Therefore, TI-GNETs are detected
incidentally during esophagogastroduodenoscopy.
TI-GNETs are more prevalent in women™**®!, a
finding that is attributed to the fact that AIG occurs
more commonly in females*?. AIG is also substantially
more common in patients with other autoimmune-
related diseases (type 1 diabetes mellitus'*®!, autoim-
mune thyroiditis™, and primary biliary cirrhosis™**)
than in the healthy population. Therefore, the existence
of TI-GNETs should be also appropriately investigated
in patients with those diseases. Moreover, under the
condition of CAG, the stomach becomes unable to
produce sufficient amounts of pepsinogen and pepsin
due to gastric chief cell injury. Therefore, patients with
CAG show the low pepsinogen I level and pepsinogen I
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/1 ratio on serological testing™*®, while the mea-

surement of pepsinogen I level and pepsinogen I /1l
ratio might be helpful for distinguishing TI-GNETs from
the other two GNET types.

Serum chromogranin A (CgA) levels are increased
in patients with TI-GNETs", However, an elevated
serum CgA level is not specific to GNETs. Therefore,
measuring CgA is not recommended as a routine
screening but rather as a surveillance marker for
monitoring GNET progression.

Endoscopy

TI-GNETs are often small (< 10 mm), multiple, and
found in the gastric corpus or fundus. Endoscopically, TI-
GNETs present as polypoid lesions or, more frequently,
as smooth and rounded submucosal lesions™®”! and
may appear yellow or red in color. A depression can
sometimes be seen at the center of the tumor. The
use of high-resolution magnifying endoscopy (ME)
and narrow band imaging (NBI) might be helpful for
the endoscopic diagnosis of GNETs*®!, The ME with
NBI approach provides very clear images of the fine
superficial structure and microvasculature of the
gastric mucosa. Endoscopic TI-GNET images are
shown in Figure 1. Endoscopy with white light revealed
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Table 2 Histological grading of gastrointestinal neuroendocrine
neoplasms

ENETS Mitotic index Ki-67 WHO dlassification
grading (x 10 HPF) proliferation 2010

index (%)
Gl <2 <2 NET G1 (carcinoid)
G2 2-20 3-20 NET G2
G3 >20 >20 NEC GS3; large-cell

or small-cell type

ENETS: European neuroendocrine tumor society; HPF: High power field;
NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma.

a hemispherical reddish polyp with or without a central
depression (Figure 1A). Most of the GNET surface
is covered with normal mucosa; therefore, gastric
pits can be visualized in ME using the NBI system.
However, in the area of the central depression, gastric
glands vanish, so the gastric pits cannot be visualized.
The tumor grows expansively beneath the epithelium;
therefore, abnormally dilated subepithelial vessels with
blackish-brown or cyan corkscrew-shaped capillaries
are visible (Figure 1B). This finding reflects the fact
that the tumor grew beneath the epithelium without a
gland structure. Differential diagnoses include gastric
lymphoma and metastatic lesions (breast cancer,
lung cancer, and melanoma), which also present as
protruding tumors covered with nhon-tumorous mucosa.

Endoscopic ultrasonography (EUS) is useful for
judging GNET invasion depth™*’. On EUS, GNETs are
commonly seen in the second (deeper mucosa) or
third (submucosa) echo layer and have a hypoechoic
intramural structure (Figure 1C). The tumors generally
have a hypoechoic structure with uniform echotexture.
The tumor margins are typically well defined and
smooth, and the overall shape is round and oval. A 20
MHz frequency ultrasound probe is generally useful for
the evaluation of small GNETs; however, lesions > 20
mm may require the use of a lower frequency (12 MHz)
probel”,

Additionally, as documented above, the greater
portions of these tumors are covered with normal
mucosa; therefore, the collection of adequate endo-
scopic biopsy specimens in the deeper cut is required
for diagnosis. Sampling biopsy should be taken of not
only the TI-GNET lesion but also each antrum and
corpus/fundus to assess for the presence of atrophic
gastritis and hyperplastic/dysplastic proliferation of ECL
cells as TI-GNET precursors™,

Histology

TI-GNETs are composed of small uniform cells in nests
and infiltrating strands with a ribbon-like, tubular, or
acinar pattern (Figure 1D). According to the European
Neuroendocrine Tumor Society (ENETS) consensus
proposal in 2006, NETs are classified by counting
mitosis and Ki67 index (Table 2)P?. Based on this
grading method, in 2010, the World Health Organization
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(WHO) classification™, histological classification of
NETs is based on proliferation and differentiation: G1
NET, G2 NET, neuroendocrine carcinoma (NEC), mixed
adenoneuroendocrine carcinoma, and hyperplastic and
pre-neoplastic lesions. A G3 tumor classified by ENETS
criteria would correspond to NEC on WHO criteria.
Histologically, most TI-GNETs are G1 NETs.

Other imaging

Computed tomography or magnetic resonance imaging
can provide useful information about local spread and
distal metastasis to aid with tumor staging. The role
of fludeoxyglucose positron emission tomography is
unclear in the assessment of TI-GNETs™*. Findings of
somatostatin receptor scintigraphy, also known as an
octreoscan, are often negative in TI-GNETs"™ because
this method cannot usually identify small GI-NETs.

TI-GNET MANAGEMENT

The clinical management and treatment of TI-GNETs
depends on tumor size and the presence of risk
factors such as muscular wall infiltration, increased
proliferation, and/or metastasis. Simple surveillance or
endoscopic resection (ER) is generally recommended
for TI-GNETs < 10 mm that have not invaded the
muscularis propria or otherwise metastasized. The
treatment of TI-GNETs 10-20 mm that are limited
to the submucosa is controversial: ENETS guidelines
recommend ER, whereas National Comprehensive
Cancer Network (NCCN) guidelines®® recommend
both ER and endoscopic surveillance. Patients with
TI-GNETs measuring > 20 mm, or those that have
invaded beyond the submucosa, or have multiple
lesions that are unsuitable for ER generally require
surgical resection.

Endoscopic resection

Hitherto, endoscopic mucosal resection (EMR) has
been recommended and is performed, as it is the most
useful method of mucosal resection for local TI-GNETSs.
However, TI-GNETs frequently invade the submucosa;
therefore, they are difficult to remove completely, even
when small, using snare polypectomy or conventional
EMR. In contrast, endoscopic submucosal dissection
(ESD) is a feasible technique for the removal of tumors
such as TI-GNETs within the submucosal layer. Recent
reports have shown that the complete resection rate of
GNETs using ESD was superior to that using EMRP7>81,

Surgical resection

Surgical resection is generally recommended for TI-
GNETs > 20 mm in diameter or those that have
invaded beyond the submucosa®>**, Moreover, surgery
should also be performed in the presence of lymph
nodal, distant disease spread, or poorly differentiated
neoplasms®. For surgical therapy, local resection
and/or antrectomy to reduce gastrin levels should
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be chosen. Antrectomy removes G-cell-mediated
hypergastrinemia; however, it might not effectively
prevent recurrence and/or metastasis™". This suggests
that TI-GNETs can grow autonomously independent
of gastrin and beyond the gastrin responsive growing
point. In the case of TI-GNET recurrence or persistence
after local resection and antrectomy, total gastrectomy
would be needed.

Medical management

Somatostatin analogs (SSAs) act on G-cells to inhibit
gastrin secretion and play a role in reducing ECL cell
hyperplasia. SSA treatment effectively reduces TI-
GNET number and size®®®%, However, its use cannot
be recommended due to its short-term effects (i.e., the
tumor recurs after its cessation)® and its relatively
high cost. Recently, natazepide (YF476), a peripheral
gastrin (CCK-B) receptor antagonist, has been reported
to suppress gastric acid output and ECL cell proliferation
and reduce TI-GNET size and number®”, However,
there is no study on the long-term administration or
large studies on CCK-B receptor antagonist treatment
for TI-GNETs.

TI-GNET PROGNOSIS AND FOLLOW-UP
STRATEGY

Patients with TI-GNETs generally have an excellent
prognosis; in fact, disease-specific survival approaches
100%P240298065741 " Tymor size and depth predict
lymph node metastasis for GNETs"””, and presence of
metastasis was the only factor that influenced long-
term prognosis of patients with GNETs!“®). Moreover,
histological tumor grading is well correlated with
patient survival®, Therefore, the assessment of tumor
metastasis, size, depth, and histological grade may
predict patient prognosis. In fact, metastatic TI-GNETs
are related to tumor size = 1 cm, an elevated Ki-67
index, and high serum gastrin levels”’®. On the other
hand, TI-GNET recurrence rates are relatively high;
however, recurrent lesions are small, indolent, and
unrelated to prognosist®*7,

Post-treatment ENETS guidelines propose that
endoscopic surveillance be provided every 12 mo for
patients with recurrent TI-GNET and every 24 mo
for patients without recurrence®!!. NCCN guidelines
recommend that patients with small (< 20 mm) TI-
GNETs who did not require ER or treatment be evaluated
using patient history and a physical examination every
6-12 mo'®l. The guidelines also recommend that
follow-up endoscopy be performed every 6-12 mo for
the first 3 years and annually thereafter if no evidence
of recurrence or progression is seen®™, However, an
optimal follow-up schedule as a clinical standard has
yet to be established.

CONCLUSION

The incidence of NETs has increased significantly, and
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the vast majority of NETs are TI-GNETs. TI-GNETs
present as small (< 10 mm) and multiple lesions that
are generally limited to the mucosa or submucosa.
TI-GNETs tend to display a nearly benign behavior
and a low risk of progression or metastasis. Several
treatment options are currently available for TI-GNETSs;
however, their optimal management has not yet been
established. Further studies on TI-GNETs are needed
to develop new promising management strategies for
patients with TI-GNETSs.

In routine clinical practice, the careful observation
of the gastric mucosa in CAG and the knowledge of
the endoscopic characteristic of TI-GNETs would be
required for detection of TI-GNETs. When it exists, it
would be important to choose appropriate treatment
after the assessment of the size, invasion, metastasis
and histological grading of the tumors.
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Abstract

Endoscopic ultrasound (EUS) guided drainage of
pancreatic fluid collections (PFC) has become increa-
singly popular and become first line management option
in many centers. Use of therapeutic echoendoscopes
has greatly increased the applicability of EUS guid-
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ed transmural drainage. Drainage is indicated in
symptomatic PFCs, PFC related infection, bleed, luminal
obstruction, fistulization and biliary obstruction. EUS
guided transmural drainage of PFCs is preferred in
patients with non bulging lesions, portal hypertension,
bleeding tendency and in those whom conventional
drainage has failed. In the present decade significant
progress has been made in minimally invasive endo-
scopic techniques. There are newer stent designs,
access devices and techniques for more efficient
drainage of PFCs. In this review, we discuss the EUS
guided drainage of PFCs in acute pancreatitis.

Key words: Acute pancreatitis; Pancreatic fluid collec-
tions; Endoscopic ultrasound-guided drainage

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound guided drainage
has become first line option in the management of
pancreatic fluid collections in acute pancreatitis. There
are many new stent designs and techniques available
that has made the procedure and its outcome more
impressive. In this manuscript we present a concise
review on this topic.

Puri R, Thandassery RB, Alfadda AA, Kaabi SA. Endoscopic
ultrasound guided drainage of pancreatic fluid collections:
Assessment of the procedure, technical details and review of
the literature. World J Gastrointest Endosc 2015; 7(4): 354-363
Available from: URL: http://www.wjgnet.com/1948-5190/full/

v7/i4/354.htm DOI: http://dx.doi.org/10.4253/wige.v7.i4.354

INTRODUCTION

Acute pancreatitis (AP) is sometimes accompanied by
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Table 1 Classification of pancreatic fluid collections as per

revised Atlanta classification

Acute pancreatitis
Interstitial edematous pancreatitis
Necrotizing pancreatitis (pancreatic necrosis and/ or peripancreatic
necrosis)
Sterile necrosis
Infected necrosis
Fluid collections during acute pancreatitis
<4 wk after onset of acute pancreatitis
Acute peripancreatic fluid collection
ANC
= 4 wk after onset of acute pancreatitis
Pancreatic pseudocyst
WOPN

ANC: Acute necrotic collection; WOPN: Walled-off pancreatic necrosis.

local complications in the form of fluid collections and
necrosis. The local complications seen with AP include
acute pancreatic fluid collections (PFCs), pancreatic
pseudocysts, acute necrotic collections (ANCs), and
walled off pancreatic necrosis (WOPN). The nature
and sites of PFCs are diverse as are the management
options. The recent revision of Atlanta classification has
reclassified these fluid collections™. Acute PFCs develop
in the early phase of interstitial edematous AP, and they
lack a wall and are confined by the fascial planes (Table
1). They are generally not complicated and usually
resolve without intervention™™. PFCs that persist for
longer than 4 wk usually develop a defined wall and
are described as pancreatic pseudocysts. Pseudocysts
are less commonly seen with AP; they are more
common with chronic pancreatitis. ANC refers to those
developing in cases of necrotizing pancreatitis. When
the ANCs persist for more than 4 wk they develop
into WOPN. ANC and WOPN have variable amount of
necrosis and the chances of infection and complications
are higher. PFCs are also seen with post-operative
complications and abdominal trauma™®., In this review,
we will confine the discussion to AP related PFC.

There have been a lot of controversies in identifying
PFCs that require intervention. The recent data indi-
cate drainage in PFCs that are symptomatic. Other
indications include PFC related infection, bleed, luminal
obstruction, fistulization, and biliary obstructiont” ™,
Size alone is not a criterion for drainage of PFCs, but
those larger than 6 cm are usually symptomatic. The
methods of drainage include, percutaneous radiologic,
endoscopic and surgical. Each of these modalities has
advantages and disadvantages. A recent retrospec-
tive study comparing the two nonsurgical techniques;
percutaneous radiologic vs endoscopic drainage (con-
ventional transluminal drainage by forward-viewing
endoscopy or endoscopic ultrasound-guided drainage)
in PFC showed no significant difference between
technical success rates!'?. However, percutaneous
drainage was associated with a higher re-intervention
rate, longer hospital stay, and increased number of
subsequent abdominal imaging studies™™?. The authors
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concluded that, overall endoscopic drainage should
be the preferred method. Another recent prospective
randomized controlled trial regarding surgical drainage
vs endoscopic ultrasound (EUS)-guided drainage for
symptomatic PFCs revealed that both groups were
comparable in treatment success, complications, or
re-interventions. But the duration of hospitalization
was less, the physical and mental health scores were
better, and the total mean costs were lower for the
EUS group[13]. There was also no recurrence in PFCs
following endoscopic drainage, thereby showing that
surgical drainage is not superior in outcome. The
authors concluded that, In view of less invasiveness,
lower costs, lower re-interventions, and lower morbidity
endoscopic drainage should be considered as the first-
line method in the management of PFCs.

Endoscopic drainage is performed by transmural
route or endoscopic retrograde cholangiopancreatogra-
phy (ERCP) guided transpapillary route. Transmural
drainage is done for PFCs close to the lumen and
can be performed by conventional method (using
duodenoscope) or under EUS guidance™*!. The
specific advantages of EUS guided intervention are: (1)
EUS can confirm the presence of PFCs and distinguish
it from cystic neoplasms, true cysts, gall bladder and
other lymphovascular structures'®!; (2) EUS can
identify the presence of solid necrotic material inside
the collection. Extensive necrotic debris warrant more
aggressive debridement; (3) EUS can identify the
presence of any intervening vessels or organs that can
be damaged at the time of puncture of PFC!*’*l; and (4)
EUS is of extreme importance in localizing “non-bulging”
PFCs and determining the correct site of approach into
these lesions. Non-bulging PFC are present in 40% of
cases™®?", Clinical success occurs in 70% to 87%, and
complications in 11% to 34% of patients undergoing
EUS drainage!”***, Improvement in techniques,
availability of new accessories, stent designs and
development of exchange free access devices have
increased the safety and efficacy of EUS guided PFC
drainage. Disadvantages of EUS drainage include the
complications in the form of bleed, secondary infection,
luminal perforation and stent migration. Multiloculated
collections may fail to resolve completely with
conventional EUS draining techniques. Lesions not close
to luminal wall may not be accessible to EUS drainage.

Prerequisites for EUS drainage

The PFCs are considered for endoscopic drainage when
they are symptomatic, demonstrate a well-formed
wall and are located in an endoscopically accessible
location (within 1 cm of the luminal wall)V**). Computed
tomography (CT) or magnetic resonance imaging is
performed before drainage. They help in delineation of
the anatomy and PFC. With expertise PFCs that have
failed drainage by other methods and those in unusual
locations are also considered for drainage"”'**, Many
experts recommend assessment of the main pancreatic
duct at the time of PFC drainage with ERCP as uniden-
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Figure 1 Endoscopic view of intragastric bulge due to pancreatic fluid collections (A), endosonographic view of pancreatic fluid collections (B), Dilation of
fistula with Controlled radial expansion (CRE™) catheter balloon (C), Placement of double pigtail plastic stents through the fistula (D).

tified pancreatic duct stricture or leak may result in
failure of resolution or recurrence of PFC!®2%],

TECHNIQUE OF EUS GUIDED DRAINAGE
OF PFC

EUS guided PFC drainage is performed under conscious
sedation in the left lateral position or under general
anesthesia (Figures 1 and 2). Most endoscopists prefer
fluoroscopy suite for procedure, since in some cases
the radiologic view can be helpful either for insertion
of the stent or for completing the drainage with cyst
irrigation and/or additional stent placement. After
identification of cyst in relation to luminal wall, evaluate
the cyst with the linear array echoendoscope (with a
channel size of at least 3 mm to allow placement of 10
French stents) looking for a site with optimal contact
with the gastric or duodenal wall, assess with doppler
to eliminate interposition of large vessels, evaluate
distance of PFC to the gut wall, presence of solid
debris inside the cyst, evidence of portal hypertension,
communication of the cyst with the pancreatic duct and
presence of coexistent biliary disease (such as common
bile duct stones)'*®!. After this, identify an adequate
point to puncture; where there are no intervening
blood vessels and the distance between the gut lumen
and the PFC is less than one centimeter. Thereafter a
19 G needle (Wilson-Cook, Winston-Salem, NC, United
States) is introduced through the working channel of
the endoscope and pseudocyst is punctured under
real-time guidance, it is preferable to have a fixed and
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straightened position of echoendoscope. After removing
the needle stylet, aspirate at least ten cc of pseudocyst
contents for Grams stain, culture and analysis for
determination of amylase, carcino embryonic antigen
levels, and other tests as per the clinical indication.
Afterwards, introduce a guide-wire (Jagwire, Boston
Scientific Corp, Natick, MA, United States) through
the needle under real-time ultrasonographic and
fluoroscopic guidance. Without losing the endoscope
position we remove the needle, leaving the guide-wire
in place, and a 6 F cystotome is passed over guide-wire
to puncture bowel wall and cyst wall, this establishes
a fistula. Some authors have used tapered cannula or
needle knife. This fistula track is further dilated with
either a 6 or 8 mm biliary balloon dilatation catheter
(Hurricane Rx, Boston Scientific Corp, Cork, Ireland)
over the wire or 12-15 mm CRE balloon (Boston
Scientific Corp, Cork, Ireland) under endoscopic or
EUS view™®. After obliteration of waist, the balloon is
deflated and a lot of pseudocyst contents usually drains
into the stomach and it must be aspirated. Once there
is a clear vision of the fistula, a double pigtail stent
(Solus, Cook Medical, Limerick, Ireland) are inserted
over the wire and placed through the fistula, connecting
the pseudocyst and the gastric lumen or appropriately
sized self-expandable metal stents (SEMS) are
placed depending on cyst contents. In order to insert
more stents, we have to re cannulate the fistula and
again insert the guide wire into the cyst to be able to
introduce a second stent or a nasocystic catheter. We
repeat this maneuver as many times as the number of
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Figure 2 Placement of double pigtail plastic stent and nasocystic drain (A), computed tomography view of pancreatic fluid collections after insertion of
stent and nasocystic drain (B), endosonographic view of pancreatic fluid collections before drainage (C), computed tomography view of pancreatic fluid
collections before drainage (D), Placement of NAGI stent into pancreatic fluid collections (E), computed tomography view after placement of NAGI stent (F).

stents we want to place.

Normally 2 to 3 stents, 10 F diameter and 5 cm
long are placed into the PFC. The patient resumes
oral feeding several hours after the exploration and
is discharged 48-72 h later if there are no procedure-
related complications. Patients needs follow up on four
weekly basis with cross sectional imaging. All the stents
can be removed after confirmation of the resolution
of collection and after ensuring the integrity of pan-
creatic duct™®!. We routinely remove stent at three
months and SEMS at 8 wk. New accessories include
modified access needles (19 G needle, Grosse, Daldorf,
Germany, loaded with a modified 7- or 10-Fr stent and
a Teflon pusher catheter, Wilson-Cook)*>*!, exchange
free access design, NAVIX (Xlumena Inc., Mountain
View, CA, United States)®®! and Giovannini Needle
Wire Oasis a needle wire device (Cook Endoscopy,
Winston-Salem, NC, United States)®®!. Some authors
recommend placement of a nasocystic catheter in the
presence of solid debris inside the cyst that allows
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nasocystic lavage™”.

REVIEW OF LITERATURE

There are reports of PFC drainage through stomach
that date back to early 1990s (Table 2). Grimm et a/*"
successfully created a fistula between the stomach and
a cyst with a linear echoendoscope. Binmoeller et af*
in 1995 had reported a series (n = 27) of EUS guided
drainage of pancreatic pseudocysts with a success rate
of 78%. Over years the technique and accessories
evolved and with the advent of the therapeutic linear
echoendoscope with larger working channels of 3.7
or 3.8 mm, successful drainage with placement of
multiple large-bore stents without changing the
scope became feasible. In 2001, Giovannini et a/lt*?
reported 88.5% success rate (n = 35) in patients
undergoing the drainage of pseudocyst or pancreatic
abscess. One patient had pneumo-peritoneum that
resolved with conservative care and four had failure
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Table 2 Summary of technical success, clinical success and complications with endoscopic ultrasound-guided drainage of pancreatic

fluid collection

Ref. (number of cases) Type of study Technical Clinical Complications Complications
Success (%)  Success (%) (%)
Grimm et al®™, 1992 (1) Retrospective 100 100 0 Nil
Binmoeller et al®, 1995 (27) Retrospective 93 78 7 Bleeding (1 = 2)
Giovannini et al®, 2001 (35) Prospective 100 89 3 Pneumoperitoneum (n = 1)
Azar et al™, 2006 (23) Retrospective 91 82 4 Pneumoperitoneum (1 = 1)
Antillon et al™”, 2006 (33) Prospective 94 87 15 Bleeding (1 = 4),
pneumoperitoneum (1 = 1)
Kriiger et al™, 2006 (35) Prospective 94 88 0 Nil
Kahaleh et al™, 2006 (46) Prospective 100 93.5 20 Superinfection (n = 4), bleeding (n = 2),
pneumoperitoneum (1 = 2) stent migration (n = 1)
Hookey et al™, 2006 (32) Retrospective 96 93 9 Pneumoperitoneum (1 = 2), bleeding (1 = 1)
Lopes et al®, 2007 (51) Retrospective 94 84 4 Pneumoperitoneum (1 = 1), migration (n = 1)
Varadarajulu et al™, 2007(21) Prospective 100 95 0 None
Barthet et al™, 2008 (28) Prospective 100 89 18 Superinfection (1 = 5)
Varadarajulu et al™, 2008 (24) Randomized 100 96 0 Nil
controlled trial
Park et al”, 2009 (31) Randomized 94 89 7 Minor bleeding (1 = 1), stent migration (1 = 1)
controlled trial
Zheng et al*", 2011 (21) Retrospective 90.5 90.5 19 Stent blockade (1 = 2),
Infection (n = 2)
Varadarajulu et al'*?, 2011 (148) Prospective 100 98 5 Infection (1 = 4), perforation (1 = 2), bleeding (n = 1),
stent migration (n = 1)
Bakker et al'**!, 2012 (10) Randomized 90 80 20 Pancreatic fistula (n = 1), death from multiorgan
controlled trial failure (n = 1)
Seewald et al™, 2012 (80) Retrospective 97 84 26 Bleeding (1 = 12), perforation (1 = 7), portal air
embolism (1 = 1), ogilvie syndrome (n = 1)
Fabbri et al®, 2012 (22) Prospective 100 77 14 Superinfection (1 = 1), superinfection and stent
migration (n = 1), failed stent removal (1 = 1)
Itoi et al™, 2012 (15) Retrospective 100 100 7 Stent migration (1 = 1)
Berzosa et al''”}, 2012 (7) Retrospective 100 100 0 None
Penn et al*¥, 2012 (20) Prospective 100 85 15 Superinfection (n = 2), pancreatitis (1 = 1)
Mangiavillano et al*”, 2012 (21) Prospective 85.7 81 4.8 Bleeding (1 = 1)
Weilert et al™, 2012 (18) Prospective 100 77.8 5.6 Tract dehiscence (1 = 1)
Gornals et al™, 2012 (9) Prospective 89 89 11.1 Tension pneumothorax (1 = 1)
Puri et al®, 2012 (40) Prospective 100 97 5 Pneumoperitoneum n-1, infection (n = 1)
Siddiqui et al®™, 2013 (87) Retrospective 99 79 18 Stent occlusion (1 = 16)
Lin et al®, 2014 (93) Retrospective 95 95 12 Secondary infection (n = 11)

Table modified from the tables described by Fabri et al'® and Singhal et al™.

requiring surgery®?, None of the patients developed

bleed. In 2006, Azar et al**! using a therapeutic
linear echoendoscope described a new technique
of introducing a 19-gauge needle and guide-wire
into the PFC followed by creation of a fistula with a
cystoenterostome. Maximum upto four stents were
placed through the tract after balloon dilation. They
reported successful drainage (n = 23) of pancreatic
pseudocysts in 91.3% patients with only a single case
of significant pneumo-peritoneum. Another study by
Kriiger et al®¥ described EUS-guided drainage with
placement of 8.5 Fr stents (n = 34). The procedure was
successful in 88%. There was recurrence (12%) over
next 2 years, and cyst resolution of pseudocyst was
increased in 30% with cyst irrigation. Hookey et a/**!
described EUS-guided drainage of PFC (n = 116) which
included acute pseudocysts, necrosis, and abscess.
They noted 29/32 (90.6%) success. Of these patients,
20 had non bulging lesions. 4 (12.5%) patients had
recurrence and 3 (9.4%) had complications®®?.,
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In 2006, Kahaleh et a/* reported a prospective
comparative study of non EUS guided vs EUS guided
drainage. 53/99 patients underwent non EUS guided,
and rest EUS guided drainage. Those with visible bulge
and no portal hypertension were included in the former
group. The outcomes at 6 mo (84% vs 91%) and
overall complications (18% vs 19%) were comparable
in the two groups. They reported that the choice
between these two techniques, therefore, depends
on individual patient characteristics and availability
of skilled EUS intervention. They recommended EUS
guided drainage for non-bulging collections and those
at risk for bleeding™. Another study by Varadarajulu
et al®® in 2008 compared EUS and conventional
transmural drainage of pancreatic pseudocysts.
Only 5/15 patients had successful drainage with the
conventional method, and all of them had complete
drainage on cross over to EUS. Major procedure related
bleed was seen in 2 patients in the conventional
drainage group. The authors concluded that EUS
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guided drainage should be the first option.

In a prospective randomized controlled trial by Park
et al*”, patients with pancreatic pseudocysts (n = 60)
were randomly allotted to conventional drainage (n =
29) and EUS guided drainage groups (n = 31). In an
intention-to-treat analysis, the technical success of the
procedure was more for EUS guided drainage (94%)
than for conventional drainage (72%, P = 0.039). With
the failure of conventional drainage (n = 8), crossover
to EUS guided drainage was made, which was
successful in all. Complications in both groups were
comparable (7% vs 10%, P = 0.67). Long term clinical
success on per protocol analysis was comparable in
both groups (89% vs 86%, P = 0.69). The authors
concluded that EUS guided drainage, and conventional
transmural drainage can both be considered first-line
methods, but with non bulging cysts the former should
be preferred.

In another study by Varadarajulu et ai*? (n = 148)
to evaluate complications in patients undergoing EUS-
guided PFC drainage, authors reported low rates of
complications; perforation (n = 2) bleeding (n = 1)
infection (n = 4) and stent migration (n = 1). Both
cases of perforation occurred in pseudocysts in uncinate
process. Most of the patients could be managed
conservatively, 2 with perforation and 2 with infection
required surgery. They concluded that most of the
complications during EUS drainage can be managed
successfully, and EUS guided drainage should be the
first option in places with expertise.

Seewald et ai™* in a retrospective analysis of 80
patients with symptomatic PFC (mean diameter: 11.7
cm, range 3-20 cm; pseudocysts: 24/80, abscess:
20/80, infected WOPN: 36/80) observed clinical
success in 83% initial for PFC drainage. The long-
term clinical success over 21 mo followup was 72.5%.
There was recurrence in 9 patients due to failure of
endoscopic treatment of pancreatic duct abnormalities.
They concluded that EUS drainage is safe and effective.
They emphasized that EUS guidance is important for
reduced bleeding related complications, and surgical
or endoscopic treatment of pancreatic ductal lesion is
extremely important for complete resolution of PFCs.

We had studied the role of combined EUS-guided
drainage (with placement of double pigtail stents)
and nasocystic drainage in a series of 40 patients
who had non bulging pancreatic pseudocysts, 32 had
no evidence of infection and 8 had infection. All 32
patients without infection and 7 out of 8 patients with
infection had complete drainage. One patient had to
undergo surgery due to bleeding in the pseudocyst””.
Siddiqui et a/’® reported drainage of pseudocysts
with viscous solid debris by combination of stents and
nasocystic tubes (n = 63) vs stents alone (n = 24).
They found three times higher short-term success rate
for combined group with both stents and nasocystic
tube (P = 0.03). After 1 year of follow up, they found
that with nasocystic drain there was higher occurrence
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of complete resolution (79% vs 58%, P = 0.59),
lower occurrence of stent occlusion (13% vs 33%, P
= 0.03)"". Authors recommended combining both
nasocystic drain and transmural stents in EUS guided
drainage of pseudocysts with viscous debris-laden fluid.

Lin et @™ in a retrospective study to define the
number of stents required for successful drainage
of PFCs evaluated 93 patients [acute pseudocyst (n
= 67), chronic pseudocyst (n = 9), and WOPN (n
17)]. There was no difference in the outcome based
on the type of collection. Clinical success for single-
stent drainage was 93.9% (46/49) vs 97.4% (37/38)
for multiple stent drainage (P = 0.799). The occurrence
of secondary infection for single-stent drainage was
18.4% (9/49) vs 5.3% (2/38) for multiple-stent
drainage (P = 0.134). Secondary infection for stent
diameter less than or equal to 8.5 F was 3.4% (1/29).
It was 17.2% (10/58) for stent diameter larger than or
equal to 10 F (P = 0.138). The authors concluded that
during EUS-guided transmural drainage of PFCs, single-
stent transmural drainage of PFCs is sufficient, and the
number of stents or its size does not seem to influence
clinical success or occurrence of secondary infection.
In a similar study Bang et al®® retrospectively studied
122 patients; 45 (36.9%) had 10Fr stents of which 30
patients (66.7%) had more than one stent, 77 (63.1%)
patients had 7 Fr stents of which 56 (72.7%) had more
than one stent. The overall treatment success was
94.3%. On multiple logistic regression analysis, the
stent size (OR = 1.54; 95%CI: 0.23-10.4) and number
of stents inserted (OR = 1.15; 95%CI: 0.25-5.25)
were not associated with the number of interventions
required for treatment success. Authors concluded
that the number of interventions required and stent
characteristics in patients undergoing endoscopic
transmural drainage of uncomplicated pancreatic
pseudocysts does not influence the clinical outcome®?.,

Panamonta et a/®* reported a meta-analysis of
(2 randomized-controlled trials and two prospective
studies, 229 patients) comparing conventional
transmural drainage and EUS guided drainage They
found that the technical success rate was significantly
higher for EUS group than for conventional drainage
group (RR = 12.38, 95%CI: 1.39-110.22). A crossover
to EUS drainage with failure of conventional drainage
of non-bulging lesions (n = 18) was successful in all
16 cases. All patients with portal hypertension and
bleeding tendency underwent EUS guided drainage
to avoid severe complications. The authors found
that the outcome of EUS drainage was comparable to
conventional drainage in terms of short-term success
(RR = 1.03, 95%CI: 0.95-1.11), long-term success
(RR = 0.98, 95%CI: 0.76-1.25) and occurrence of
complications (RR = 0.98, 95%CI: 0.52-1.86). They
concluded that, either EUS drainage or conventional
drainage are equally good for bulging pseudocysts and
EUS guided drainage should be preferred for those
with non-bulging pseudocysts, portal hypertension, or
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coagulopathy.

The promising results of these studies on EUS
drainage has increased the application of EUS guided
PFC drainage world over. Yusuf et al®® reported the
results of a web-based survey of United States and
International members of the American Society
for Gastrointestinal Endoscopy. Of the 266 replies
they received 198 performed pseudocyst drainage.
A baseline CT scan was performed by 95% of
responders. Endoscopic ultrasound was used before
drainage by 70% of United States endoscopists and
59% of International endoscopists and EUS guided
drainage was used by 56% and 43% of endoscopists
respectively. The most common access route was
transgastric (65%), and 1 to 5 stents were placed for
drain.

USE OF COVERED SELF-EXPANDING
METAL STENTS

Most of the studies reported the use of plastic double
pigtail stents of varying size and nasocystic drains?®>>°.,
There are a few studies that have reported the use of
metal stents for drainage of PFC. They are wide bore
stents and tend to stabilize the pseudocyst wall at the
site of insertion by applying radial expansive force.
Talreja et al*” reported drainage of PFC (n = 18) with
covered self-expandable metal stents (covered SEMS;
VIABIL; Conmed, Utica, NY, United States). Seventeen
patients had a successful response, and 14 achieved
complete resolution of their fluid collection (median
number of sessions, n = 1, range 1-4). There were
only a few complications in the form of superinfection
(5), bleeding (2), and inner migration (1). There was
no group with plastic stents for comparing the results.
Fabbri et al**! reported 22 patients with infected
PFC (mean size, 13.2 cm) of which 20 underwent
EUS guided transmural drainage with covered SEMS.
Early complications (superinfection, n = 1 and stent
migration, n = 1) were seen in 2 patients. In the
remaining 18 patients, stents could be removed easily
in 17 patients (after a median of 26 d). In one patient
stent had to be removed surgically due to inflammatory
tissue in growth. Resolution of PFC was achieved in
17 patients (mean follow-up of 610 d) with only one
symptomatic recurrence. Penn et a*® reported use
of combining double pigtail stent with covered SEMS
(n = 20) to prevent migration of the latter. Partial
migration occurred in 2 patients and the double pigtail
prevented complete migration of covered SEMS. Initial
success was reported in 17/20patients (1 patient had
complete migration), with recurrence of PFC in three
patients after stent removal. Weilert et a*”! in another
study of 18 patients reported a success rate of 14
(78%) with the use of fully covered SEMS and only
1 patient required repeat stent placement. There are
no randomized controlled trials that have shown the
superiority of these stents over plastic stents.
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NEW DEVELOPMENTS IN ACCESS
DEVICES STENTS AND TECHNIQUES

One limitation of EUS guided drainage in many settings
is dependence on fluroscopy and anesthesia. Schneider
et al®® evaluated the short and long-term outcomes
of PFC drainage with endoscopic ultrasound guidance
without fluoroscopy or anesthesia support. They
studied 80 consecutive patients with symptomatic fluid
collections (< 6 cm in size and located < 2 cm from the
gastrointestinal wall). PFCs were approached through
gastric or duodenal wall, and those with estimated
> 40% debris were excluded unless the features of
sepsis. EUS was performed under conscious sedation
with midazolam (2.5-10 mg) and fentanyl (100-300
ug). Procedural success was achieved in 74/80 (93%)
with re-interventions in 16/74 (22%) cases and
complications in only 11% (2 severe bleeding, 4 free
perforations, 1 stent-related pressure ulcer, 1 minor
bleed, 1 stent migration).

NAVIX access device is a multifunction, exchange-
free system. It has a 3.5 mm switch blade to provide
easy access across through the luminal wall. It has an
8 mm anchor balloon to maintain the catheter position
in the pseudocyst, a 10-mm dilating balloon, and 2
guide-wire ports™’. It was described for successful
placement of fully covered SEMS (n = 18 patients) for
drainage of PFC'*”). Gornals et al*® used NAVIX system
and reported a shorter median procedure duration (22
min; range, 10-30) compared to exchange devices (40
min; range, 25-55)*,

Anchoring covered SEMSs have been recently
introduced for improved drainage of PFCs. Itoi et a/*!
first reported the use of Xlumena Mountain view CA
(AXIOS) stent; a lumen-apposing fully covered, 10-mm
diameter, nitinol, braided stent. The cyst wall and
luminal wall are held together by anchoring flanges.
This study involved 15 patients with symptomatic
pancreatic pseudocysts who underwent 12 transgastric
and three transduodenal pseudocyst drainage
procedures. They showed that the AXIOS stents were
successful in all cases with just one case of migration
into stomach without any complications (median follow-
up time of 11.4 mo). NAGI stent, a novel covered
self-expanding metallic stent (Taewoong-Medical Co,
Seoul, South Korea, with a 10 mm diameter in the
center and 20 mm ends, for an endoscopic cystogastric
anastomosis) prevents stent migration and ensures
safe and effective of PFCs. It can be deployed in a
single step procedure and a larger fistula diameter in
the endoscopic cystogastric anastomosis. Téllez-Avila
et al*” reported the use of NAGI stent in successful
drainage of PFC and reported complete resolution of
the PFC at 6 mo follow up. In another study AXIOS
stent was compared with plastic double pigtail stents
and found similar technical and clinical success
rates®®, But with multiple plastic stents, they noted
increased number of adverse events, use of increased
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number of stents and increased mean procedure
duration. One patient however developed a tension
pneumothorax secondary to trans-esophageal AXIOS
placement. AXIOS stent placement in esophagus is
technically challenging due to its large size. These
new stents provide stent stability, minimize the risk of
migration due to the anchoring effect, and maintain
the larger SEMS lumen which helps in easy passage of
echoendoscope into the cavity of PFC.

The different studies described so far followed
single transluminal gateway drainage using transmural
stenting (single or multiple plastic stents or SEMSs). It
is usually successful in complete resolution of unilocular
or uncomplicated PFCs. In the presence of multilocular
or huge infected PFCs, particularly WOPN, a new
approach by multiple transluminal gateway drainage has
been described®*®Y, In this technique, the caudal part
of the WOPN is first drained initially with two 7Fr stents.
For WOPN between 6-12 cm only one transluminal tract
and those between 12 and 15 cm atleast 2 transmural
tract and those more than 15 cm multiple tracts (3-6)
are made. An 18 Fr nasogastric tube is placed in cranial
part of collection to help irrigation®®. Combination of
transluminal and percutaneous drainage techniques can
help in accessing all the subcavities in certain cases.
Patients who fail to respond clinically to these drainage
methods require endoscopic necrosectomy or surgery.
Dhingra et alf®® has recently described percutaneous
endoscopic necrosectomy (PEN) in patients with
infected pancreatic necrosis who had failed to per-
cutaneous catheter drainage. In their study 14 of 15
patients improved (mean of 5 sessions) after single
or multiport PEN, with only minor side effects in two
patients (self-limiting bleeding and pancreatic fistula in
1 patient each) and death in one patient.

CONCLUSION

The use of EUS in drainage of pancreatic fluid col-
lections has increased over the last few years. Many
new techniques and stent designs have increased the
applicability of this method. Compared to conventional
transmural drainage there are some clear advantages
for EUS-guided drainage over as in accessing non-
bulging cysts and in patients with portal hypertension
and bleeding tendency. Covered SEMS and anchoring
covered SEMS are shown to drain PFCs successfully.
Prospective randomized trials are required to establish
the exact role of covered SEMS as compared to the
plastic stents. Further experience will enable us to
utilize EUS guided techniques for more successful
drainage of PFCs with fewer complications.
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Abstract

Percutaneous endoscopic gastrostomy tube placement
is an invaluable tool in clinical practice that has an
important role in the palliative care of patients with
gastrointestinal cancer. While there is no extensive
data regarding the use of this procedure in patients
with gastrointestinal malignancy, inferences can be
made from the available information derived from
studies of similar or mixed populations. Percutaneous
endoscopic gastrostomy tubes can be used to provide
enteral nutrition for terminal malignancies of the upper
gastrointestinal tract as well as for decompression
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of malignant obstructions. The rates of successful
placement for cancer patients with either of these
indications are high, similar to those in mixed popu-
lations. There is no conclusive evidence that the
procedure will help patients reach nutritional goals for
those needing alimental supplementation. However, it
is effective at relieving symptoms caused by malignant
obstruction. A high American Society of Anesthesiologist
physical status score and an advanced tumor stage
have been shown to be independent predictors of
poor outcomes following placement in cancer patients.
This suggests the potential for similar outcomes in
the palliative care of patients with advanced stage
gastrointestinal cancer who may be in relatively poor
physiologic condition. However, this potential should not
preclude its use in patients with terminal gastrointestinal
cancer considering the high rate of successful tube
placement, the possible benefits and the ultimate goal
of comfort in palliative care.

Key words: Percutaneous endoscopic gastrostomy tube;
Palliative care; gastrointestinal cancer; Nutritional sup-
plementation; Gastrointestinal decompression

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Percutaneous endoscopic gastrostomy tube
placement may be used in the palliative care of patients
with gastrointestinal cancer for supplemental nutrition or
to decompress distal obstructions. There is a high rate
of successful placement in cancer patients. It has been
shown to relieve symptoms of malignant obstruction
and has the potential to help patients reach nutritional
goals. While poor physiologic condition and advanced
tumor stage have been associated with a higher risk
of worse outcomes, this should not preclude its use in
these patients considering the high rate of successful
placement, potential benefits and the goal of comfort in
palliative care.
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INTRODUCTION

The use of gastrostomy tubes to gain enteral access
has been implemented since the late 19™ century.
The Witzel or Stamm techniques, either open or
laparoscopic, have been the standard of care for
surgical gastrostomy through the 1970s"!, In 1980,
Gauderer et al'? first described the percutaneous
endoscopic gastrostomy (PEG) method for enteral
access in children with swallowing disorders™. Since
that time, the use of PEG has been extended broadly
to patients with dysphagia, either physiologic or obstru-
ctive, for the provision of enteral nutrition. PEG tube
placement can be performed quickly at the bedside
and requires only local anesthesia and minimal se-
dation resulting in substantial time and cost savings
compared to surgical gastrostomy®!. Additionally,
it has been successfully used to decompress the
stomach and/or proximal gastrointestinal tract in
the setting of malignant obstructions distal to the
pylorus™. PEG placement has become an important
and frequent procedure performed by surgeons and
gastroenterologists. In a review 20 years following its
initial description there were estimated to be greater
than 216000 PEG procedures performed annually in
the United States™’.

This endoscopic procedure has also been utilized
with a palliative intent as a means to provide enteral
nutrition or relieve intestinal obstructions. The World
Health Organization characterizes “palliative care” as
“an approach that improves the quality of life of patients
and their families facing the problem associated with
life-threatening illness'®”. More concisely, “palliative
care” provides “care alleviating symptoms without
curing the underlying disease””. It was a surgeon,
Balfour Mount, who originally coined the term “palliative
care” in 1975%. Since that time, as the elderly popu-
lation and the prominence of chronic disease have
increased, the need for palliative care has increased in
kind®., Palliative medicine is an essential component
to the care of patients with gastrointestinal cancer,
encompassing any malignancy from the mouth to the
anus, and PEG tube placement is an invaluable tool in
the field. In the palliative care of patients with terminal
gastrointestinal cancer, PEG may be used either as a
method to provide enteral nutrition in patients with
an obstructing upper gastrointestinal cancer or as a
means to decompress the upper gastrointestinal tract
in patients with malignant bowel obstructions.

The purpose of this review is to better understand
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roles (uses) and goals (outcomes) of palliative PEG
tube placement in patients with gastrointestinal cancer.
Unfortunately, the use of this type of palliative PEG for
patients with terminal gastrointestinal cancer has not
been extensively studied. There are no clear guidelines
regarding the role of PEG placement in the palliative
care of these patients. However, an understanding of
the use, broad outcomes and complication incidence
of PEGs placed in all cancer patients for nutritional
support or bowel decompression may provide insight
into its roles and goals in the palliative care of patients
with gastrointestinal cancer. While the need to decom-
press a gastrointestinal obstruction is a clear indication
for intervention, PEG tube placement for nutritional
purposes in the setting of palliative care raises
multiple ethical issues. This review will focus on better
understanding the risks and benefits of the procedure
in these situations in order to properly guide the
patient towards an informed decision.

ROLES

Enteral nutrition

The most common indication for PEG tube placement is
provision of enteral nutrition for patients with neurologic
disorders, head/neck cancer and trauma™®', with
respect to gastrointestinal cancer, PEG tube placement
in patients with obstructing oropharyngeal, esophageal
or stomach cancer is designed to provide enteral
nutrition. In a recent retrospective review of all patients
within a cancer institution who underwent PEG, roughly
half of the patients had head/neck cancer; 22% of
the patients had a different gastrointestinal cancer.
The most common indication for PEG was nutritional
supplementation!?, Similarly, another retrospective
study of all cancer patients found that 73% of the
patients received a PEG tube for enteral access and
nutritional supplementation while the remaining 27%
had it placed for bowel decompression!*.,

Decompressive PEG

Malignant bowel obstruction is an important consi-
deration in patients with gastrointestinal cancer. It is
particularly relevant to palliative care as its occurrence
often serves as a harbinger of worsening disease or
recurrence™. Though the rates of obstruction vary in
the literature, the incidence of malignant obstruction for
colorectal cancer has been reported to be between 10%
and 28.4%!"*. In the setting of metastatic disease its
identification is particularly ominous and often signals
the need for end-stage palliation®.

Obstruction of the gastrointestinal tract by a ma-
lignancy leads to a complex pathophysiologic pro-
cess that involves aggregation of bowel gas and
secretions, impaired motility, decreased absorption
and inflammation!”), The result is malnutrition and
debilitating nausea, vomiting and abdominal pain. PEG
tube placement is a method to decompress the stomach
and proximal bowel to alleviate these symptoms™®.
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For patients ineligible for definitive surgical treatment,
other management strategies for malignant bowel
obstruction include medical therapy, nasogastric tube
decompression, stent placement in colorectal cancer and
surgical resection. Medical treatment is targeted both at
resolution of obstruction and symptom management.
In addition to their antiemetic effect, a Cochrane review
showed that corticosteroids have the potential to aide in
the resolution of intestinal obstruction'®!. The medical
armamentarium also includes other antiemetics, anti-
cholinergics, somatostatin analogues and opiates,
all of which may be of limited benefit!****?!, The
initial management of malignant obstruction usually
involves nasogastric tube decompression. However,
long-term use of nasogastric tubes is not feasible
considering patient discomfort and the potential
erosion of the nasal pathways!*'”). For patients with
colorectal cancer, stents have been used to relieve
obstruction. A systematic review of self-expanding
metal stents found a median clinical success rate of
92% however complication rates of stent migration and
re-obstruction were both > 10%"?. Given the mixed
success and complication rates of these strategies, the
role of decompressive PEG tube placement should be
considered.

In a retrospective review of all PEG tubes placed at a
medical center, 6% were performed for decompressing
a malignant obstruction™. When limited to cancer
patients excluding those with head/neck and thoracic
malignancies, Keung et a/'**! found that 27% of
PEGs were performed for gastric decompression/
management of obstructive symptoms. This proce-
dure has the ability to both alleviate obstructive
symptoms and permit patients to participate in the
culturally important act of eating, albeit non-nutritive,
that can dramatically improve the quality of life of
patients undergoing palliative care. The success and
complication rates of both decompressive PEG and
those placed for nutritional supplementation in patients
with gastrointestinal malignancy is considered below.

GOALS

Outcomes

In patients with head and neck cancer, PEGs placed for
enteral alimentation is well studied and has clearly been
shown to improve both nutritional status and quality of
life™**1, Similarly, the use of decompressive PEG in
patients with malignant bowel obstruction secondary
to advanced gynecologic cancer has been shown to
effectively ameliorate obstructive symptoms!*®2527,
While the use of PEG in these scenarios has been
well studied, there has been relatively little data
regarding the outcomes of PEG in patients with primary
gastrointestinal malignancy outside of the oropharynx.
As mentioned above, several recent studies have
looked at PEG placement in all cancer patients who
may benefit from PEG as a palliative measure either
for nutritional support or decompressing malignant
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obstructions™?.

There is a high rate of success for PEG placement
in patients with cancer. Three retrospective studies
analyzing PEG in cancer patients reported success
rates > 95%!**?*°1_ One of these studies found a
98.9% success rate despite 51.9% of their patients
having had prior abdominal surgery'®. The success
rate for PEG placement in cancer patients is similar
to that of the overall population. This suggests that
cancer is not necessarily a physiologic or technical
limitation. For cancer patients who had successful
PEG placement, studies have found varied median
survival times. A 2013 retrospective study of 218
cancer patients who underwent PEG found a median
survival time of 10.2 mo (8 d-5.7 years); the 30-d
mortality rate was 13%"?. This is comparable to a
14% 30-d mortality rate reported by Zera et a*® in a
similar patient population®®. Interestingly, a study that
excluded patients with head/neck and thoracic cancer
found a slightly higher 30-d mortality rate of 18.5%"..
It is important to note that Keung et ai*! additionally
assessed the achievement of nutritional goals following
PEG. Among all cancer patients (those who received
PEG for nutritional support and those who received
decompressive PEG) 73.5% were able to tolerate
some degree of tube feeding following the procedure.
However, among those who had the procedure for
nutritional support and received total parental nutrition
(TPN) prior, only about half became independent of
TPN following the PEG™?.

Several smaller retrospective studies have looked
at the outcomes of decompressive PEG placement for
malignant obstruction alone and have reported similar
outcomes!*®**?”3%33 The |argest and most recent of
which, performed by Kawata et ai*® in 2013 with 76
patients, reported a success rate of 93%, obstructive
symptom relief in 95% and a median survival of 63
d (range of 8-444 d). Notably, 96% of patients in the
study who required nasogastric decompression prior
to the procedure no longer required it following PEG
placement®®. These data suggest that patients with
malignant obstruction secondary to a GI malignancy
would benefit from a PEG with a high probability of
success and obstructive symptom relief.

Complications

PEG complications are differentiated as major and minor.
While minor complications include pain, formation of
granulation tissue, cellulitis, etc., major complications
are more immediately life-threatening such as pneu-
monia, peritonitis, perforation, and deep venous th-
rombosis/pulmonary embolism (DVT/PE)!'*3¢%% 1n
mixed patient populations, the incidence of major PEG
complications has been reported at 1%-3% to as high
as 9%; the incidence of minor complications is more
widely varied ranging from 16% to 50%“*?, A large
systematic review of patients with head/neck cancer
found a 7.4% incidence of major complications and a
28.9% incidence of minor complications®”’.
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Table 1 American Society of Anesthesiologists Physical Status

Classification

Class Description

1 Patient is a completely health fit patient

2 Patient has mild systemic disease

3 Patient has severe systemic disease that is not incapacitating
4 Patient has incapacitating disease that is a constant threat to life
5 A moribund patient who is not expected to live 24 h with or

without surgery

E. Emergency surgery, E is placed after the Roman numeral.

In all cancer patients, many who receive PEG for
palliative reasons, several studies have assessed the
incidence of complications and their predictors!****?®,
Richards et al. studied the incidence of PEG comp-
lications in all cancer patients, 22% had gastrointestinal
cancer, and found a major and minor complication
incidence of 8.7% and 37%, respectively; 30-d
mortality was 13% while overall mortality was 72%"?.
Only the overall mortality was inconsistent with mixed
populations as would be expected in cancer patients™*.
The only significant predictor of major complications
on multivariate analysis was an American Society of
Anesthesiologist (ASA) score of 4/4E/5E (HR = 4.9, p =
0.0394); packed red blood cell transfusion was nearly
significant (HR = 4.6, P = 0.0543). Table 1 describes
the ASA physical status classification™®®. With respect to
30-d mortality, an ASA score 4/4E/5E (HR = 4.66, P =
0.0292), advanced tumor stage (HR = 8.22, P = 0.0362)
and elevated WBC count (HR = 1.17, P = 0.0060) were
found to be independent predictors. Interestingly, the
indication of decompressing a malignant obstruction
was an independent predictor of overall mortality (HR
= 1.74, P = 0.031)"?. As may be expected, this data
suggests that patients in worse physiologic condition
(e.g., higher ASA scores) or with more terminal stages
of cancer (e.g., advanced tumor stage), such as patients
receiving a PEG for palliative reasons, would potentially
have a higher incidence of major complications and
30-d mortality.

Several studies have also evaluated complication
rates for only decompressive PEGs in cancer patients.
In the recent study performed by Kawata et a/*”!
assessing palliative PEG in patients with malignant
bowel obstruction deemed ineligible for surgical
intervention, 15 of 71 patients (21%) experienced
complications, only one of which would be considered a
major complication™”. This incidence of complications
is consistent with previous studies that evaluated
decompressive PEGs!®**?*'"%1 In these studies only
1 case of PEG-related death was reported, secondary
to peritonitis®”!. These complication incidences for
decompressive PEG with malignant obstruction are
comparable with mixed populations. Therefore, while
this indication may be a predictor of worse outcomes,
likely a reflection of the terminal status of the illness,
the procedure itself does not seem to put the patient
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with malignant bowel obstruction at undue risk.

CONCLUSION

PEG tube placement may be used in the palliative
care of patients with terminal gastrointestinal cancer
either as a means to provide enteral nutrition in
cases of proximal obstruction or to decompress the
upper gastrointestinal tract in cases of distal bowel
obstruction. The evidence suggests that PEG can
be performed in these patients with a high level of
successt?. With respect to goal achievement, it is not
clear that terminal cancer patients receiving PEG for
enteral alimentation will meet their nutritional goals and
become independent of TPN. Additionally, considering
the goal of palliative care is to provide comfort, it is
unclear if PEG placement for nutritional supplementation
is consistent with this objective. While nutritional
supplementation may help ameliorate suffering involved
with starvation and comfort family members faced with
this difficult situation, PEG placement for this purpose
does not ensure achievement of nutritional goals, may
lead to further patient discomfort and could unduly
prolong suffering. The decision to place a PEG tube for
nutritional supplementation in patients with terminal
gastrointestinal cancer involves careful discussion
of the potential risks and benefits in addition to
understanding the patient’s wishes. Patients receiving
PEG for decompression of a malignant obstruction,
however, clearly have improvement of their obstructive
symptoms. Given both the association of major
complications with high ASA scores and the association
of 30-d mortality with both high ASA scores and
advanced tumor stage, it would not be surprising if
palliative patients with advanced stage gastrointestinal
cancer, who may be in relatively poor physiologic
condition, would have a higher incidence of these bad
outcomes. However, these poor outcome rates would
need to be viewed through the lens of the palliative
care ethos whereby the ultimate goal is patient
comfort. Undoubtedly, more objective data is needed to
determine evidence-based guidelines for palliative PEG
placement in patients with gastrointestinal cancer.
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Abstract

Endoscopic resection (ER) is at present an accepted
treatment for superficial gastrointestinal neoplasia.
ER provides similar efficacy to surgery; however, it
is minimally invasive and less expensive. Endoscopic
mucosal resection (EMR) is superior to biopsy for
diagnosing advanced dysplasia and can change the
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diagnostic grade and the management. Several EMR
techniques have been described that are alternatively
used dependent upon the endoscopist personal
experience, the anatomic conditions and the endoscopic
appearance of the lesion to be resected. The literature
suggests that EMR offers comparable outcomes to
surgery for selected indications. EMR techniques
using a cap fitted endoscope and EMR using a ligation
device [multiband mucosectomy (MBM)] are the
most frequently use. MBM technique does not require
submucosal injection as with the endoscopic resection-
cap technique, multiple resections can be performed
with the same snare, pre-looping the endoscopic
resection-snare in the ridge of the cap is not necessary,
MBM does not require withdrawal of the endoscope
between resections and up to six consecutive resections
can be performed. This reduces the time and cost
required for the procedure, while also reducing patient
discomfort. Despite the increasing popularity of MBM,
data on the safety and efficacy of this technique in
upper gastrointestinal lesions with advanced dysplasia,
defined as those lesions that have high-grade dysplasia
or early cancer, is limited.

Key words: Endoscopic mucosal resection; Barrett's
esophagus; Esophageal cancer; Early gastric cancer;
Stepwise radical endoscopic resection; Multiband
mucosectomy; Endoscopic submucosal dissection

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Early detection of upper gastrointestinal
lesions with advanced dysplasia is especially important
in the management of the patients. These changes
may indicate an increased risk of cancer or may
detect cancer at an earlier stage, when it can be more
effectively treated. Multiband mucosectomy (MBM) is an
easy endoscopic mucosal resection technique allowing
a definitive histologic diagnosis and potentially being
curative. The available evidence suggests that MBM for
these conditions, has an initial success rate comparable
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to surgical treatment, but with fewer complications.
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INTRODUCTION

Most commonly, the treatment of high-grade dysplasia
(HGD) and mucosal cancer has been surgical. How-
ever, it does carry procedure-related morbidity and
mortality™ . In addition, a notable proportion of these
patients have significant comorbidities, which medically
preclude them from undergoing surgery. These high
rates of morbidity and mortality have filed attention
in other types of less invasive treatment. Endoscopic
mucosal resection (EMR) is an endoscopic therapeutic
proposal in which the dysplastic epithelium is removed,
thus making it possible for a definitive histologic
diagnosis and treatment®. EMR is possible due to the
existence of a loose adhesion between the submucosa
and the muscular layer in the gastrointestinal tract’s
wall because of a different embryologic origin. This an-
atomic characteristic allows, for example, the saline
injection between the two layers, thus transforming
a flat or depressed lesion into an elevated one. This
permits the safe resection of mucosal lesions without
causing damage of the deeper muscle layer, and
reduces the risk of perforation. EMR has been used not
only for Barrett’s esophagus with HGD but also for early
cancer in which the risk of hematogenous dissemination
or lymph node involvement is low**?, EMR is effective
and safe for total resection of superficial lesions.
Furthermore, EMR does not compromise subsequent
ablative therapy. Ablative techniques do not supply
specimen for histopathologic evaluation and are mainly
use as an adjunct therapy to EMR™, Several different
EMR techniques have been described™: (1) strip
biopsy; (2) endoscopic double snare polypectomy; (3)
EMR using a transparent cap fitted endoscope; and (4)
EMR using a ligation device [multiband mucosectomy
(MBM)]. EMR is a technique that requires skill, both to
resect lesions in a safe and effective manner and to
manage complications. EMR should only be carried out
by experienced endoscopists in advanced therapeutic
endoscopy. Despite the increasing popularity of
MBM, limited data on the safety and efficacy of this
technique in lesions with advanced dysplasia (LAD),
are available.

This article reviews the current evidence and gaps
in knowledge in the understanding of management
of LAD of the upper gastrointestinal tract with MBM.
“Advanced dysplasia” was defined as those lesions that
have HGD or early cancer (EC).
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MBM (Duette; Cook Medical) uses a modified variceal
band ligator that includes a transparent cap with 6
bands and a handle that allows the passage of a snare
through the accessory channel (Figure 1). The target
mucosa is sucked into the cap and a pseudopolyp is
created. The pseudopolyp can then be removed (Figure
2). MBM has several advantages: (1) no lifting is need
because the esophageal muscle layer will immediately
retract when captured within a band; (2) several
resections can be performed by repetitive suck-band-
snare sequences; (3) pre-looping the endoscopic
resection-snare in the ridge of the cap is not required;
(4) MBM does not need withdrawal of the endoscope
between resections, and sequential 6 bands resections
can be carried out; (5) MBM yields tissue specimen for
hystology and staging'’; (6) MBM is minimally invasive
and carries lower morbidity and mortality compared to
surgical treatment; and (7) surgery can be performed
if advanced neoplasia is confirmed on histologic
evaluation of the MBM specimen. By contrast, MBM
has some disadvantages: (1) MBM demands advanced
endoscopic skills; (2) larger lesions can only be
resected by piecemeal technique which might preclude
complete histological evaluation; and (3) there are
no randomized trials directly comparing MBM with
surgery.

MBM TECHNIQUE

MBM is generally performed with the patient under
unconscious sedation with titrated intravenous
propofol. After, the endoscope is introduced without the
ligator and the lesion for resection is recognized. The
lesion is outlined by using argon plasma coagulation.
Marks are placed 2-5 mm outside the margins of the
lesion (Figure 3). Then, the endoscope is withdrawn
and the ligator assembled on the endoscope. The wires
are placed in line with the working channel to provide
the best endoscopic view (Figure 4). The endoscope
is then reintroduced with the ligator, the dysplastic
mucosa is sucked into the cap, and a rubber band is
deployed. The rubber band forms a pseudopolyp which
is then immediately resected by using pure coagulating
current (Figure 5). It does not matter whether the
snare is placed above or below the band. In most of
the cases, however, the snare will lie below the rubber
band. The second ligation is performed by suctioning
the adjacent mucosa with a small overlap to ensure
that no dysplastic mucosa remnant remains!™>*®!,
After each resection, the specimen is pushed into
the stomach by using the tip of the snare’s catheter.
Resected specimens are retrieved from the stomach
with a polypectomy snare or retrieval net. If cancer
diagnosis is made, the histological report should
include these characteristics: tumor infiltration
depth, tumor differentiation grade, existence of
lymphatic or vascular infiltration and the radicality of
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the lateral margins. After MBM, patients are put on
a proton pump inhibitor and sucralfate suspension.
A pureed diet is recommended. In patients without
comorbidities, MBM can be performed on an outpatient
basis. However, we prefer that patients are discharged
after 24 h of observation. Primary endoscopic follow-
up is performed 4 wk later on an outpatient basis.

INDICATIONS FOR MULTIBAND
MUCOSECTOMY

The most common indication for EMR in the upper
gastrointestinal tract is the staging and treatment of
early neoplasia in Barrett's esophagus (BE). MBM has
been applied not only to mucosal lesions with HGD but
also to early cancer in which the risk of lymph node
involvement or hematogenous dissemination is low
enough to justify a relatively conservative approach
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Figure 1 Multiband device (Duette). A variceal ligation
device is used to suck the lesion into the ligation cap,
allowing it to be captured with a rubber band and
resected with a hexagonal snare (Courtesy of Cook®).

Figure 2 Multiband mucosectomy technical
sequence (A to F) (Courtesy of Cook®). A-C: Pseu-
dopolyp that is created by suctioning the mucosa into
the ligation cap and releasing a rubber band; D-F:
Pseudopolyp resection by hexagonal snare.

compared with surgery™*>",

Nondysplastic BE

At present, there are no randomized controlled trials
reviewing the role of endoscopic treatment compared
with surveillance alone in nondyspastic BE. Probably,
the number needed to treat to prevent one cancer is
high and the risk of endoscopic treatment outweighs the
benefits of this procedure. Thus, the current American
Gastroenterological Association (AGA) guidelines do
not recomend endoscopic eradication therapy (EET) in
patients with nondysplastic BEFZ,

Low-grade dysplasia in BE

The natural history of low-grade dysplasia (LGD) in BE
is unclear with variability in the rates of development to
esophageal adenocarcinoma (EAC), poor interobserver
concordance, unclear risk stratification, and lack of
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established benefit of eradicatio . Therefore,
systematic EET of patients with LGD is not currently
advised. Now, AGA guidelines suggest the use of RFA
as an alternative for the treatment of verified LGD but,
this decision should be individualize with agreement
between the patient and the physician®”.

HGD or early adenocarcinoma in BE
At the present, AGA guidelines recommend EET in
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Figure 3 Early gastric cancer treated with mul-
tiband mucosectomy. A: Argon plasma coagulation
marks are placed 2-5 mm outside the margins of the
lesion; B: Specimen resected (15 mm).

Figure 4 Best endoscopic views. A: Wires
positioned incorrectly; B: Wires positioned correctly
(in line with the working cannel).

Figure 5 Stepwise radical multiband endosco-
pic resection of Barrett's esophagus with high-
grade dysplasia (A to D). A: A 3-cm long Barrett's
mucosa; B: Rubber band applied for resection; C:
Circumferential resection; D: Complete neo-
squamous re-epithelization.

the management of patients with HGD". Current
evidence suggests that EMR of HGD and early cancer
EC has similar success rates as surgical treatment!®*®,
The indications for EMR in the setting of Barrett’s
neoplasia include the following: flat mucosal lesions,
tumor size between 20-30 mm, and good to moderate
differentiation on histology'®. Furthermore, EMR has
better diagnostic reproducibility compared to mucosal
biopsies alone, suggesting a possible role in BE
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surveillance®®”.

Esophageal squamous cell carcinoma

Usually, EMR is indicated for superficial well- or
moderately differentiated squamous cell carcinoma
without venous or lymphatic involvement that is
limited to the lamina propriat®.

Early gastric cancer

Candidates for MBM must meet the following criteria:
well- or moderately differentiated adenocarcinoma,
confined to the mucosa, < 20 mm for elevated lesions,
< 10 mm for flat or depressed lesions, with no evidence
of ulceration, lymphatic or venous involvement™.

MULTIBAND MUCOSECTOMY AS
STAGING PROCEDURE

Accurate T-staging is critical in making therapeutic
decisions in patients with dysplastic Barrett's eso-
phagus. The distinction between different categories
of dysplastic lesions can be difficult since it depends
in part upon the size, location, depth, and number of
biopsies. The Seattle biopsy protocol is recommended
for mapping Barrett’s esophagus with HGD™”, Targeted
biopsies are acquired from all visible abnormalities
and random four-quadrant biopsies are taken every
1 cm starting from the top of the gastric folds up to
the most proximal extent of the BE (squamocolumnar
junction). Another concern with the diagnosis of
dysplastic lesions is the interobserver reliability among
pathologists. Therefore, it is recommended that a
second, experienced pathologist should confirm the
diagnosis of HGD. Studies comparing routine biopsies
of visible lesions with EMR report a 30% to 48% rate
in change in diagnosis after obtaining an EMR™*%®,
Furthermore, in a study comparing preoperative
EMR with histologic examination on esophagectomy
specimens, there was perfect agreement between
the two™". We consider MBM may represent not only
a reasonable treatment option but also the final step
of the diagnostic work-up for patients with dysplastic
lesions™”). Assessment of the depth of infiltration and
estimation of local nodal metastasis can be achieved
by endoscopic resection of these areas within a
lesion which look suspicious®**!, Among patients
diagnosed with dysplastic lesions, other imaging
techniques could be taken into account to evaluate
tumor infiltration depth, local lymph node status and
metastatic spread. Endoscopic ultrasonography (EUS)
and computerized tomography (CT) scan are the most
widely used techniques. Although the role of EUS has
been established in the accurate T and N staging of
invasive EAC, recent studies have shown only a modest
accuracy in delineating T-staging in patients with HGD
and intramucosal EAC***"), Recent studies report that
the overall accuracy of EUS in establishing T-stage (depth
of invasion), using EMR/surgical pathology as the gold
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standard, was 65%-72%. Based on this information,
EUS has a limited role in the evaluation of patients
with early neoplasia®**®, Other techniques, such as
magnetic resonance imaging and positron emission
tomography scanning, do not have a role in the evalu-
ation of patients with these lesions.

MULTIBAND MUCOSECTOMY AS
THERAPEUTIC PROCEDURE

The first objective of endoscopic therapy is to prevent
the development of invasive EAC by treating the
dysplastic lesion. The available evidence suggests
that endoscopic resection (ER) for these conditions
has an initial success rate comparable to surgical
treatment, but with fewer complications!®®?%***¢!, The
rate of complete remission ranges from 59% to 99%
in different studies!®®?%?%3¢%>% Higher degrees of
success are seen in patients with lower risk lesions.
In a systematic review, complete eradication of HGD
or EC was achieved in 95% of patients, and complete
eradication of all Barrett's mucosa was achieved in
89%"Y. ER is best performed on patients with small
(< 20 mm diameter), solitary, flat type lesion that is
limited to the mucosa. Histopathologic differentiation is
less important, since the great majority of these early
lesions will be classified as HGD or well differentiated
cancers'”). However, patients who develop dysplasia
are at higher risk of recurrence of neoplasia and
metachronous lesions from the remaining segment of
BE, which occurs in up to 30% of patients undergoing
EET!®®28365234]  Factors associated with recurrence
in BE are larger diameter, long segment, piecemeal
resection, lack of adjunctive ablative therapy, presence
of multifocal neoplasia, an elapsed time of more
than 10 mo prior to achieving complete remission
and the presence of residual dysplasia®®*®. In most
patients, recurrences can be successfully treated
endoscopically™™. Recurrence is a possible limitation
after EMR. Patients therefore require regular follow up
with endoscopy (every three months during the first
year and annually thereafter) and treatment of any
residual Barrett's mucosa. Endoscopic ablative therapy
with radiofrequency ablation or photodynamic therapy
allows treatment of the whole Barrett’s segment in
a few sessions. Complete ER of the whole Barrett’s
segment may also be used as endoscopic treatment
[stepwise radical endoscopic resection (SRER)]?! %4
(Figure 5). Most experts believe that EMR resection
of the entire Barrett segment can be performed in
patients with Barrett segment length of less than or
equal to 5 cm. This technique has several advantages
over ablative therapy: it allows complete removal of
the whole mucosa at risk for malignant progression
and provides tissue samples for histological diagnosis.
Furthermore, the feasibility and safety of ER of the
entire Barrett's segment has been demonstrated on
several series®™ !, However, the role of the stepwise
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Figure 6 Active bleeding post-multiband mucosectomy in Barrett's esophagus, effectively treated by adrenaline injection (A to C). A: Active pumping
bleeding; B: Adrenaline injection by needle; C: Cessation of bleeding.

radical endoscopic resection technique seems restricted
to selected patients in the treatment of HGD or EC in
Barrett's esophagus. Although the SRER technique is
equally effective and has several advantages over
ablative treatment, it is related to a much higher rate
of strictures than ER plus RFA. Currently, it is advised
for complete eradication of intestinal metaplasia,
that patients with HGD and early esophageal adeno-
carcinoma(EAC) undergo EMR of a visible lesion
followed by RFA to the remaining Barrett segment, or
to use the SRER procedure only for patients with more
extensive lesions in BE up to 5 cm®”,

MULTIBAND MUCOSECTOMY
COMPLICATIONS

The three major EMR-complications include: (1) blee-
ding; (2) perforation; and (3) strictures!***°>*>%)
Bleeding is apparent in 0% to 46% of cases and can
be managed with endoscopic treatment. Immediate
bleeding can be considered as a complication if there
are clinical signs. Perforation has been described in
less than 5%. The risk is higher in piecemeal rese-
ction. Strictures have been described in 2% to 88%
of patients undergoing EMR for dysplastic Barrett’s
esophagus. The size/length of the mucosal defect and
the circumferential involvement by the BE predicts
stenosis formation. Stenosis are more frequent if
the BE involves more than 75% of the esophageal
circumference. Stenosis can be successfully treated
with endoscopic dilation. Chest pain occurs in about
30% of patients undergoing EMR.

Several studies demonstrated that the MBM is
safe and effective!*>'"'®*1 (Table 1). In these studies,
acute complications were observed in 3% and no
perforations occurred!**”?®, MBM does not appear
to be associated with more complications than endo-
scopic resection-cap, despite lack of submucosal
lifting. Perforations occur in approximately 1% of the
endoscopic resections performed with the widely used
cap technique in Barrett’s esophagus®®®®”, compared to
MBM where the probability of perforation seems to be
very low, with perforation rates reported in the range
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of 0% to 1.2%"%?Y, Most acute bleedings with MBM
resolve spontaneously or can effectively be treated
by adrenaline injection or coagulation techniques
(Figure 6). Several studies have reported stenosis
rates of 26%-70% after radical resection with MBM of
the whole Barrett’s segment!*®***%1, A larger study
evidenced stricture requiring dilatation in 48% of the
patients who underwent the MBM procedure as part
of the (stepwise) radical resection protocol. Stenosis
rates increase with the extent of the resected area in
the esophagus, especially if the resection is more than
3 cm in length and comprises more than 75% of the
circumference!®, Suitable data comparing stenosis
rate with MBM and cap technique, is not available.

MULTIBAND MUCOSECTOMY VS
CAP-ASSISTED EMR

Multiband mucosectomy and cap-assisted EMR are
new minimally invasive therapies alternatives for LAD.
A randomized controlled trial comparing these two
techniques demonstrated that there is no difference
in the thickness of the specimen and submucosal
resection; however, the multiband mucosectomy had
a shorter procedure time and produced smaller EMR
specimens. The clinical relevance of these findings
may be questioned, since there was no significant
difference in the depth of resection between the two
techniques!'®. In addition, costs for disposables were
significantly lower for MBM procedures. Rates of
complete endoscopic resection were similar for MBM
(91% of delineated focal lesions, 86% of delineated
areas in Barrett's esophagus, and 100% of the escape
treatments) and the cap technique (88% success rate
for complete endoscopic resection)®’, Both techniques
are very effective in this respect™®%*¢*% MBM can
fail if there is significant fibrosis which impeded suc-
tioning of the mucosa into the cap and subsequent
rubber band ligation™”). Similarly, both techniques
seem equally safe and the lack of submucosal lifting
with MBM does not increase the risk of perforation
compared with that of the cap technique. A disadvan-
tage for MBM may be decreased visibility due to
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Table 1 Results of multiband mucosectomy procedures from
different studies

Ref. Number Complete Recur- Compli- Follow-
and eradication rence  cations up
procedures rate (mo)
Soehendra et al™® 10 90% N/A  Stricture N/A
MBM (SRER
70%)
Ell et ol 100 99% 11% 0% 33
MBM
(%N/A)
Cap
Peters et al™" 40 N/A  N/A Bleeding N/A
MBM (6%)
Chennat et al™ 49 65%  2.50% Stricture 23
MBM (4%) (SRER
Cap 36.7%)
FH
Espinel et al™ 8 100% 0% Stricture 32
MBM (SRER
25%)
Moss et al™ 75 94% 0%  Stricture 31
MBM (SRER 8%)
(%N/A)
Cap
Pouw et al™” 169 9530% 1.80% Bleeding 32
MBM (1.8%)
(%N/A) Perforation
Cap (2.4%)
FH Stricture
(SRER
50%)
Brahmania et al'®” 22 82% 18%  Stricture 24
MBM (SRER
13%)
Pouw et al™® 42 100% N/A Perforation N/A
MBM %)
Alvarez 243 91% 0% Bleeding 3
Herrero et al” MBM (3%)
Stricture
(SRER
48%)
Van Vilsteren et al™” 25 100% 4%  Perforation 25
MBM (4%)
(48%) Stricture
Cap (SRER
FH 88%)
Gerke et al™ 41 78% 9%  Perforation 25
MBM (4.9%)
(76%) Stricture
Cap (SRER
44%)
Tomizawa ef al™ 681 N/A N/A  Bleeding 63
MBM (1.2%)
(18%) Stricture
Cap (1%)

MBM: Multiband mucosectomy; Cap: Cap technique; FH: Free hand
technique; N/A: No data available; SRER: Stepwise radical endoscopic
resection.

the effect of the black rubber bands. Therefore, it
is desirable to have previously correctly delineated
the target area by placement of markers, in order to
maximize complete endoscopic resection. The learning
curve for MBM is shorter compared with that of cap-

Roishidenge ~ WJGE | www.wjgnet.com

376

assisted EMR, because it combines the techniques of
variceal band ligation and polypectomy.

MULTIBAND MUCOSECTOMY
VS ENDOSCOPIC SUBMUCOSAL
DISSECTION

Endoscopic submucosal dissection (ESD) was initially
introduced for the endoscopic treatment of early
gastric cancer in Japan*®l, It was developed for
the en-bloc resection of large lesions and enables
precise histological assessment of specimens. The
comparison between ESD and EMR in the treatment
of early esophageal carcinoma is debatable. EMR
and ESD have been suggested as alternatives to
esophagectomy in the treatment of these lesions,
without lymph node metastasis. A meta-analysis has
compared the efficacy and safety of EMR and ESD for
the treatment of early esophageal carcinoma™®. Five
retrospective trials were identified and a total of 710
patients and 795 lesions were included. The results
confirmed substantial advantages of ESD over EMR for
early esophageal carcinoma regarding en bloc resection
rate, histologically complete resection rate and local
recurrence even for small lesions, without increasing
the complication rate. A previous meta-analysis by Cao
et al'®”’ compared clinical outcomes of ESD with EMR in
the treatment of tumors of the gastrointestinal tract,
and they found that ESD showed better en bloc and
curative resection rates and local recurrence, but was
more time-consuming and had higher rates of bleeding
and perforation complications.

A recent review on the safety and efficacy of MBM
compared with ESD for the treatment of early neoplasia
in Barrett’s or neoplasias at the esophagogastric
junction (EGJ), showed that the recurrence rate was
slightly higher in the EMR group (2.8%) compared with
the ESD group (0.3%), but the difference did not reach
statistical significance (P = 0.06)"®®\. All recurrences in
the EMR group were managed by additional endoscopic
resections. Complete eradication rate in the EMR
group was 95.5%. Curative resection rate in the ESD
group was 75.5%. The risk of delayed bleeding and
perforation rates in both groups was similar (EMR group
1.2%; ESD group 2.1%, P = 0.26). The perforation rate
in the EMR group (1.2%) was similar to that in the ESD
group (1.5%), and the difference was not statistically
significant. The stricture rate was similar in both
groups when comparing resection of the neoplastic
lesion alone. Stricture rates increased rapidly in the
SRER group when the complete Barrett's mucosa was
resected. The procedure time was less time-consuming
in the EMR group (mean time: 36.7 min, 95%CI:
34.5-38.9) compared with the ESD group (mean time:
83.3 min, 95%CI: 57.4-109.2). The authors concluded
that the MBM technique appears as effective as ESD
when comparing important outcome parameters on the
eradication of early Barrett’s or EG] neoplasia. There
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are no differences in the outcome when comparing
strictures, bleedings and perforation rates for both EMR
and ESD in experienced hands. The MBM technique has
considerable advantages in being both easier to master
and less time-consuming.

MULTIBAND MUCOSECTOMY AND
EARLY GASTRIC CANCER

The endoscopic treatment of early gastric cancer
(EGC) with mucosectomy has increasingly proven to
be an effective modality for local treatment, especially
if the tumor is limited to the mucosa, of a size no
greater than 2 cm, with neither histologic ulceration
nor lymphatic vessel invasion and a cancer-negative
resection line. Mucosectomy has also demonstrated
to be useful in the resection of precancerous lesions
such as adenomas'®”’". European experience in EMR
for early gastric cancer is still relatively low, since
early stomach cancer is diagnosed at a much lower
rate in Europe than in Japan and generally, operable
patients are referred to surgery for radical resection.
With EMR, complete resection rates have been
reported in 74%-97% and survival rates between
95%-100%"*"?1, The most frequent complication is
bleeding (1%-20%)"? and recurrence rates were
observed to be between 2%-13%"*. EMR appears to
have a better post-procedure quality of life compared
with surgical gastrectomy. Data on the use of MBM
in the management of patients with EGC is small.
Our experience is very limited but, highly positive,
in selected patients™!. Three patients diagnosed by
biopsy of EGC (type IIa) and 1 patient with HGD
were treated by MBM (Figure 3). The length of
lesions ranged between 10 mm and 20 mm. MBM
was accomplished in 1 session in each patient. The
histological analysis of MBM specimens confirmed
mucinous adenocarcinoma with submucosal infiltration
(1 patient who was referred for surgery), EGC (2
patients), and HGD (1 patient). Minor bleeding without
clinical consequences occurred in 1 patient and was
controlled by local adrenaline injection. Endoscopic
surveillance was recommended for all our patients
and Helicobacter pylori was eradicated. Regular follow-
up did not detect any recurrent lesions. MBM in EGC
may have also diagnostic and therapeutic implications.
Further studies are needed in this field to determine
the clinical impact of this therapeutic approach.

CONCLUSION

MBM is an exciting EMR technique that provides
heightened levels of diagnostic accuracy and minimally
invasive therapy for the management of upper
gastrointestinal tract lesions with advanced dysplasia.
This minimally invasive technique is safe and effective
for complete resection of superficial lesions with high-
grade dyspasia or early cancer.
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Abstract

Treatment of pancreatic collections has experienced
great progress in recent years with the emergence of
alternative minimally invasive techniques comparing to
the classic surgical treatment. Such techniques have
been shown to improve outcomes of morbidity vs
surgical treatment. The recent emergence of endoscopic
drainage is noteworthy. The advent of endoscopic
ultrasonography has been crucial for treatment of
these specific lesions. They can be characterized,
their relationships with neighboring structures can be
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evaluated and the drainage guided by this technique has
been clearly improved compared with the conventional
endoscopic drainage. Computed tomography is the
technique of choice to characterize the recently published
new classification of pancreatic collections. For this
reason, the radiologist’s role establishing and classifying
in a rigorously manner the collections according to the
new nomenclature is essential to making therapeutic
decisions. Ideal scenario for comprehensive treatment of
these collections would be those centers with endoscopic
ultrasound and interventional radiology expertise
together with hepatobiliopancreatic surgery. This review
describes the different types of pancreatic collections:
acute peripancreatic fluid collection, pancreatic pseu-
docysts, acute necrotic collection and walled-off nec-
rosis; the indications and the contraindications for
endoscopic drainage, the drainage technique and their
outcomes. The integrated management of pancreatic
collections according to their type and evolution time is
discussed.

Key words: Pancreatic collection; Endosonography;
Drainage; Pancreatic duct; Endoscopic retrograde
cholangiopancreatografic

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The interventional endoscopic ultrasonography
(EUS) development has become in recent years as the
first therapeutic alternative for the management of
pancreatic collections. The great advantage of EUS is the
possibility to in see in real-time image with ultrasound
guidance all the material previously introduced into the
working channel. The new classification of Atlanta 2012
defines two different evolved pancreatic collections (=
4 wk) such as pseudocysts and necrotic encapsulated
collections. If both types of collections are symptomatic,
they would be subsidiaries of treatment. Given their
morphological differences, the technique is similar but
the stents used and the results generated differ.
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INTRODUCTION

Acute pancreatitis (AP) is a potentially life-threatening
disease with a wide spectrum of severity, representing
an acute inflammation of the pancreas that may be
triggered by a variety of etiologies. After the initial
etiologic insult, the activation of pancreatic enzymes
occurs in the gland itself, triggering a process of the
pancreas self-digestion accompanied by inflammation.
This phenomenon leads a repairing and healing process
or, less commonly, a systemic inflammatory response
that can cause disease in other systems (circulatory,
respiratory or renal) promoting the development of
organ failure and even death of patient!’. AP prevalence
is increasing, leading to a significant consumption of
medical resources'®.

In Atlanta symposium in 1992 a global consensus
and a dlassification system universally applicable for AP
was discussed™. However, some of these definitions
have proved somewhat confusing, and the better
understanding of the pathophysiology of organ failure
and the development of pancreatic necrosis and
the better progress in diagnostics imaging methods
have forced a revision of the original classification of
Atlanta™.

An important and illuminating compilation of the
terminology of local complications of AP has been
established. Four types of collections based on content
and time evolution have been defined. These collections
are called acute peripancreatic fluid collection,
pancreatic pseudocyst, acute necrotic collection and
encapsulated necrosis or walled-off necrosis. This new
classification represents a breakthrough and facilitates
therapeutic decisions in these patients.

The aim of this review is to perform an update of
endoscopic management of each of these collections,
evaluating the endoscopic treatment role in their
comprehensive management.

CLASSIFICATION OF ATLANTA 2012

According to the new classification of Atlanta 2012,
pancreatic collections can be classified depending to
their content, purely liquid or with associate necrosis,
and its evolution time, greater or less than 4 wk.
Therefore, four types of pancreatic collections can be
found.

Acute peripancreatic fluid collection (Figure 1A): is
developed in the first phase of AP and characterized
by flowing purely liquid homogeneous collections
on CT, with no wall defined. It is confined to normal
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retroperitoneal fascial planes and can be multiple.
Most of these collections resolve spontaneously in the
first weeks after the AP. In addition to its spontaneous
resolution usually it remain sterile™,

Pancreatic pseudocysts (Figure 1C): it develops
when acute pancreatic fluid collection persists more
than 4 wk. A well-defined wall is usually generated
and they rename pancreatic pseudocyst, presenting
high liquid content in amylase and other pancreatic
enzymes. The pancreatic pseudocyst is considered to
be formed by obstruction or disruption of the main
duct or secondary branches, which facilitates its
chronicity. The development of pancreatic pseudocyst
in the setting of AP on healthy pancreas is rare, most
frequently it develops within chronic pancreatitis.
In a recent prospective observational study that
included 302 patients with AP, acute peripancreatic
fluid collection was developed in 129 (42.7%). Among
them, pancreatic pseudocyst was developed only
in 19 (14.7%). In 90 patients (69.8%) there was
spontaneous resolution of acute peripancreatic fluid
collection and the other 20 patients (15.5%) failed to
complete the follow-up. Regarding to the 19 patients
with pancreatic pseudocyst, spontaneous resolution
occurred during follow-up in 5 patients (26.3%), a
decrease in size in 11 (57.9%) and finally in another
patient the monitoring could not be completed.
Two patients developed infection with pancreatic
pseudocyst requiring percutaneous treatment in one
case, and endoscopic drainage on the other®®. Thus,
the percentage of pseudocysts requiring treatment is
small.

Acute necrotic collection (ANC) (Figure 1B): it is
developed during the first 4 wk of AP evolution and
it can contain varying amounts of fluid and necrotic
tissue. It may be difficult to distinguish from acute
peripancreatic fluid collection during the first week of
evolution, but then the distinction between the two
is clearer. Like pancreatic pseudocyst, acute necrotic
collection may be associated with disruption or obstru-
ction of the pancreatic duct.

Walled-off necrosis (WON) (Figure 1D): consisting
of a variable number of necrotic tissue encapsulated
within a reactive tissue wall, derived from acute
necrotic collection encapsulation past 4 wk. A well-
defined wall around the collection can be observed
in the imaging, whose complete formation typically
occurs within 4 wk of AP origin. The percentage of
spontaneous resolution of acute necrotic collections and
encapsulated necrosis is unknown, so the knowledge
of the natural history of all pancreatic collections is not
complete!.

The presence of necrosis in a pancreatic collection
is considered an important prognostic marker, the
mortality in patients with necrotizing pancreatitis can
reach 15% and even 30% in patients with infected
necrosis. This infection typically occurs from the
second week after the onset of pancreatitis, but can
occur at any time during the clinical course™. Through
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Figure 1 Acute peripancreatic fluid collection (A), acute necrotic collection (B), pancreatic pseudocyst (C), and walled-of necrosis (D).

Gram staining or culture from material aspirated by
percutaneous or endoscopic puncture, the infection
can be tested, but also the presence of gas within
the acute necrotic collection or encapsulated necrosis
by computed tomography can be a good infection
diagnostic indicator.

INDICATIONS AND
CONTRAINDICATIONS FOR ENDOSCOPIC
DRAINAGE OF PANCREATIC
COLLECTIONS

Pancreatic pseudocysts and WON are considered the
most often treated collections, having the characteristics
and evolution time required for such treatment.

The transmural approach is the most commonly
used. Conducting a transpapillary or combined approach
will depend on the collection size, its relationship
with the pancreatic duct, its location, and underlying
disease.

Usually, pigtail stents are used for pseudocysts
drainage while for WON covered self-expandable
metallic stents are more commonly employed, asso-
ciated to an inner coaxial pig-tail stent. Futhermore,
the use of flushing nasocystic catheter in WON has
been reported in several studies with good results® .

To perform an endoscopic treatment of pancreatic
collections is accepted in those cases of symptomatic
collections, complicated collections with infections and
those producing obstructive symptoms in neighboring
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viscera, such as stomach, duodenum or bile duct
obstruction. It is also accepted the prophylactic
treatment in collections which produce vascular com-
pressiont",

Endoscopic drainage is contraindicated in un-
encapsulated collections, those away from gastro-
duodenal tract (> 1 cm) and collections with vascular
pseudoaneurysm, which should be treated by inter-
ventional radiology prior to endoscopic drainage. The
presence of neovascularization by portal hypertension is
considered a relative contraindication™?.

RESULT OF ENDOSCOPIC DRAINAGE OF
PANCREATIC COLLECTIONS

The therapeutic success of endoscopic drainage of
pancreatic collections differ in the case of a pseudocyst
or an encapsulated necrotic collection.

Conventional endoscopy has been deprecated for
drainage of pancreatic collections, being overtaken
by the therapeutic endoscopic ultrasonography (EUS)
being reflected in numerous studies!*®. The use of EUS
allows a better study of collections and may change
management in 5%-9% of cases, either by making
an alternative diagnosis or by checking the resolution
of pancreatic pseudocyst (Figure 2)**, Endoscopic
drainage of pancreatic pseudocysts is simpler and
more resolutive than WON drainage™'.

In a recent study involving 117 patients with
pancreatic pseudocyst drained endoscopically, pan-
creatic pseudocyst resolution was achieved in 98.3% of
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Figure 2 Endoscopic ultrasonography image of walled-off necrosis
collection. The limits of the walled-off necrosis are signalled by the arrows.
The necrotic content is marked with arrowhead.

cases. In 87.2% of patients the pancreatic pseudocyst
was resolved with only an endoscopic procedure,
with no significant differences in treatment success
depending on the size (7 or 10 F) or number of stents
placed (Figure 3A, B and C)"®.

The recurrence of pancreatic pseudocyst after
endoscopic drainage is less than 1%, with series with
0% recurrence at two years when ductal pathology
associated is treated by transpapillary stent and
transmural stents are maintained indefinitely if there is
a ductal disconnection syndrome™”’,

By contrast, the result of endoscopic drainage
of WON is less effective, demonstrating in different
series treatment success rates significantly lower™®,
Therapeutic success described in a multicenter Japan-
ese study (JENIPaN) including 57 patients with WON
treated with endoscopic necrosectomy was 75% with
a median of 5 endoscopic sessions per patient!.
In 14 patients in whom endoscopic treatment was
ineffective, 8 received other percutaneous or surgical
treatment, while 6 patients died during the treatment
period without achieving WON resolution. In another
similar study from Germany involving 93 patients the
WON resolution was achieved in 80% of patients™.
The median of endoscopic sessions to successfully
complete the endoscopic treatment in these patients is
between 3 and 6 in the different studies.

In a recently published meta-analysis study that
included the results of 12 studies with 481 patients
presenting infected necrosis treated only with conser-
vative measures, including percutaneous or endoscopic
drainage, treatment success was achieved without any
necrosectomy in 59% of patients®,

Currently, it is very difficult to predict which are
the WON collections that can be efficiently and safely
managed without necrosectomy. In cases of large and
anfractuous collections with a large amount of necrosis,
necrosectomy is usually required, either by means of
retroperitoneal or endoscopic access. Necrosectomy is
usually performed when the initial endoscopic drainage
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has not been effective. Several studies have shown
that the therapeutic success of endoscopic treatment
depends largely on the amount of necrosist****,

In this regard, a new lumen-apposing metallic
stent (AXIOS®, Xlumena, Mountain View, Ca) has been
designed recently for draining pancreatic collections
proving good effectiveness in different studies. These
stents are completely covered and offer a maximum
size of 15 mm so endoscopic necrosectomy is allowed
in repeated sessions without the need for replacement
of the stents™.

Assessment of pancreatic ductal pathology in all
patients with pancreatic pseudocyst or WON is vital,
as if the transmural resolution of the collection is not
accompanied by a correct diagnosis and treatment of
the underlying ductal pathology, the risk of recurrence
is high®. In this sense, ductal disruption or stenosis
should be ruled out. Currently, the least invasive
technique for assessing the integrity of the pancreatic
duct is secretin enhanced pancreatic MRI. Ductal
evaluation by means of ERCP is another recommended
option prior to removing the transmural stents.
Varadarajulu et a'”! described the presence of ductal
disruption in 10 patients and ductal disconnection
syndrome in 4 from 18 patients with pancreatic
pseudocyst treated endoscopicallyt™”.

Furthermore ERCP is an endoscopic technique which
provides the possibility of transpapillary drainage by
placing duct stents in addition to a transmural drainage
or as monotherapy, mainly in pseudocysts located
in the head or body of the pancreas. This approach
is considered less traumatic than the transmural. It
is accepted that in patients with underlying chronic
pancreatitis with pancreatic pseudocyst under 6 cm
communicated with the pancreatic duct, a transpapillary
drain as monotherapy can be performed?®®.

COMPLICATIONS OF ENDOSCOPIC
DRAINAGE OF PANCREATIC
COLLECTIONS

Endoscopic drainage of pancreatic collections is not
free of complications. The most frequent are bleeding,
perforation, post-procedure infection and migration of
the stents.

A prospective study aimed to determine the
frequency of these complications included 148 patients
with pancreatic collections of mean diameter 92.3 mm
drained by EUS™”. These collections were classified as
pancreatic pseudocyst in 72 (48.6%), abscess in 38
(25.7%) and necrosis in 38 patients (25.7%). There
was a transgastric fistula perforation in two patients
(1.3%) with pancreatic pseudocyst located at the level
of the uncinate process. These perforations were not
suspected during the procedure, which in both cases
was uneventful. In pseudocysts localised at uncinate
process level drained transduodenally no perforation
occurred. The authors attributed this drilling to a lack
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Figure 3 Pancreatic pseudocyst (A), endoscopic dilation of transmural tract (B), and three double-pigtail plastic stents placed (C).

of adhesion of pancreatic pseudocyst to the stomach
wall despite being at a distance less than 1 cm. It is
postulated that after decompression of pancreatic
pseudocysts by the stents, it is separated from the
stomach due to be originated in uncinate process and
stents were housed in the retroperitoneum. Therefore
it is recommended to avoid transgastric drainage of
pancreatic pseudocyst localized at uncinate process.
Other authors have reported perforations related with
the use of electrocautery during drainage procedure®®.
For this reason it is recommended to avoid the use of
electrocautery during the creation and expansion of
the fistula, making a gradual mechanical dilation. The
vast majority of these perforations can be managed
by conservative measures with antibiotic treatment
and nasogastric suction. The need for surgery in these
cases is exceptional™®’,

The rate of bleeding after endoscopic drainage has
decreased dramatically with EUS. In a prospective
randomized study comparing drainage of pancreatic
pseudocyst by EUS and conventional endoscopy, severe
bleeding occurred in two patients (13.3%) drained by
conventional endoscopy. One of them died and no cases
of bleeding were observed in the group of patients
drained with EUSP®., The intracystic hemorrhage is
inaccessible to endoscopic treatment methods, most of
them stop spontaneously or by intracystic washing with
serum and diluted epinephrine, sometimes requiring
treatment by interventional radiology or surgery. The
haemorrhage in the fistula tract is more easily treated
by endoscopic methods such as sclerosis or hemoclips
placement.

Stent migration is another complication associated
with endoscopic drainage of pancreatic collections.
Its incidence ranges from less than 1% and 2%%".
External migration requires only a repetition in the
procedure. By contrast, internal migration of stent
represents a serious complication and a therapeutic
challenge. It is advisable to remove it as early as
possible to avoid the fistula closure previously created
(Figure 4).

Another complication of endoscopic drainage of
pancreatic collections is the infection after endoscopic
manipulation, so it is very important the proper
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drainage. In the series published by Varadarajulu et
al*”, infection occurred in 4 patients (2.7%) which was
resolved by new endoscopic drainage in two patients
and by surgery in the other two™”,

Finally, another potentially fatal complication
related to endoscopic necrosectomy is air embolism.
It has been described in different multicenter series.
In the GEPARD study from Germany that included 93
patients, endoscopic necrosectomy was performed and
air embolism occurred in two patients®®. In JENIPaN
study from Japan, there was also an air embolism in a
series of 57 patients with endoscopic necrosectomy!'®!.
Although its usefulness has not been proven, it is now
recommended the CO: distension during necrosectomy
to avoid this complication.

Overall, the complication rate is significantly lower
with endoscopic drainage of pancreatic pseudocyst
drainage compared with WON drainage®™"..

In a recent study, Varadarajulu et af'”’ compared the
results of endoscopic drainage of pancreatic pseudocysts
by endoscopic vs surgical cystogastrostomy with 20
patients in each group observing no complications
related to endoscopic treatment!!”, Moreover, in the
series of patients undergoing endoscopic necrosectomy
previously mentioned, the complication rate was much
higher. Thus, in the GEPARD study complications
occurred in 26% of patients, with a mortality rate of
7.5% and in the JENIPaN study the complication rate
was 33% with an overall mortality of 11%"9*%,

The transpapillary drainage has a complication
rate of 16%, especially post-ERCP pancreatitis and
infectious complications®.,

INTEGRATED AND MULTIDISCIPLINARY
MANAGEMENT OF PANCREATIC
COLLECTIONS AND IMPORTANCE OF
THEIR CHARACTERIZATION

Endoscopic treatment of pancreatic collections is an
alternative therapy that offers a high success rate with
a reasonably low morbidity and mortality compared
with other available options. For this reason it is

385 April 16,2015 | Volume 7 | Issue 4 |



Ruiz-Clavijo D et a/. Endoscopy and pancreatic collections

Figure 4 Walled-of necrosis with air content suspicious of fistulization or infection (A) and internal migration of stent (B).

becoming the first-line treatment in many centers. This
may vary depending on the experience and resources
available so the optimal management of these patients
will be in those centers with interventional endoscopist
but also interventional radiologist and surgeons
specifically devoted to pancreatic surgery. However,
endoscopic treatment is not the only therapeutic option
in this scenario and is not always the best approach,
which will depend on the type of collection and the
chronology™®. Several factors will influence the choice
of the initial approach for treatment of pancreatic
collections, such as duration of the collection, anatomical
factors, previous surgeries, clinical status and integrity
of the pancreatic duct.

In the pancreatic pseudocyst treatment, the endo-
scopic drainage is clearly superior to other therapeutic
options, and currently is the therapeutic method of
choice!®,

In a recent randomized study, Varadarajulu et
al"”" compared the endoscopic drainage of pancreatic
pseudocysts vs surgical drainage and they did not
find significant differences regarding treatment
success (95% vs 100%), complications (0% vs 10%),
reoperation rate (5% vs 5%) or pancreatic pseudocyst
recurrence (0% vs 5% ). However, the median hospital
stay (2 vs 6) and hospital costs were significantly
lower in the endoscopic treatment group!*”’.

Endoscopic drainage offers advantages over
percutaneous or surgical alternatives because it
does not require an open incision or placement of an
external drainage catheter thereby preventing the
onset of complications such as incisional hernia, or
fistulae, which can occur in up to 27% of cases,

The initial approach of choice in WON collections
is less clear because the results are significantly
worse with any of the methods used, and sometimes
a combination of different techniques is necessary.
Traditionally, open surgical necrosectomy has been
the treatment of choice in patients with symptomatic
or infected pancreatic necrosis. In the past decade
minimally invasive therapeutic alternatives have been
developed in an attempt to improve the high morbidity
(34%-95%) and mortality (11%-39%) of traditional
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surgical treatment™*,

Currently, it is used the endoscopic transmural
approach, percutaneous or a combination of both.
It has been also developed less invasive surgical
techniques such as video-assisted necrosectomy
transretroperitoneal and laparoscopic necrosectomy.

Until recently, there were not enough evidences
to confirm that the results obtained with minimally
invasive techniques were superior to classical surgery.
In 2010, a Dutch multicenter randomized prospective
study is published comparing the results obtained by
open surgical necrosectomy vs a minimally invasive
approach. This approach consisted on percutaneous or
endoscopic drainage followed by a second similar drain
if there was no improvement produced after 72 h or
on video-assisted necrosectomy transretroperitoneal
alternatively™,

In this study, 45 patients with infected pancreatic
necrosis were included in the surgical group and 43 in
the minimally invasive approach group. Percutaneous
drainage was initially performed in 40 patients and
endoscopic drainage in one patient. 35% of patients
in the minimally invasive approach did not require any
necrosectomy. The group of surgical necrosectomy
presented a percentage significantly higher of severe
complications (69% vs 40%, P = 0.006), there was no
difference in mortality rate (16% vs 19%, P = 0.7) and
at six months of follow up the patients who undergone
surgical necrosectomy had a higher incidence of
incisional hernias (24% vs 7%, P = 0.03), diabetes
mellitus of recent onset (38% vs 16%, P = 0.02) and
need for pancreatic enzyme replacement therapy (33%
vs 7%, P = 0.002). These results were later confirmed
in @ meta-analysis including 215 patients with infected
necrosis treated with minimally invasive approach and
121 treated with surgical necrosectomy®™®.

Two years later the Dutch group published a se-
cond study that randomly compared the results of
minimal invasive surgical necrosectomy (video assisted
transretroperitoneal necrosectomy or laparoscopic
necrosectomy) vs endoscopic transgastric necrosectomy
including 10 patients with infected necrosis in each
group®. The proinflammatory response determined
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by IL-6 was significantly lower after endoscopic
necrosectomy compared with surgical necrosectomy
(P = 0.004). This aspect is relevant because of
organ failure in these patients is due to persistent
proinflammatory response®. In fact, the incidence
multiple organ failure after endoscopic treatment was
significantly lower (0% vs 50%, P = 0.03) while the
incidence of pancreatic fistula (10% vs 70%, P =
0.02) and the need of pancreatic enzymes (0% vs
50%, P = 0.04) were significantly higher after surgical
treatment. Median necrosectomy procedures required
were significantly higher in the laparoscopic group (3
vs 1, P = 0.007).

One of the most determining factors in deciding
the initial approach is the time evolution time of the
pancreatic collection. Here, reclassification of Atlanta has
a crucial importance for the endoscopic treatment, since
only endoscopic treatment is recommended in those
patients with pancreatic pseudocyst or encapsulated
necrosis, i.e., in patients with pancreatic collections of
more than 4 wk given the risk of complication, inherent
in such treatment in earlier stages'. However, it is
postulated that patients with pancreatic collections
presenting clinical deterioration may undergo endo-
scopic drainage with relative safety from the third
week. Probably management of those patients with
progressive clinical deterioration requiring invasive
treatment before the third week, should begin by
percutaneous retroperitoneal drainage with possibility of
subsequently adding video-assisted transretroperitoneal
necrosectomy or transgastric endoscopic necrosectomy
if there is no clinical improvement. Importantly,
maximum delay in necrosectomy (> 4 wk) in patients
with infected pancreatic necrosis improves treatment
outcomes, if necessary, always using less invasive
techniques™. This concept was demonstrated in a
prospective randomized study comparing early surgical
necrosectomy (within the first 48-72 h of admission) vs
late necrosectomy with conservative management (past
12 d after admission). It was verified that the mortality
in the early surgery group reached 56% compared to
27% of the group managed more conservatively with
delayed surgery (OR = 3.4). Most of these deaths were
due to multiple organ failure and cardiogenic shock™®,

In conclusion, in recent years there have been
significant advances in the endoscopic management
of pancreatic collections. On the one hand, there
are clearer recommendations concerning the most
appropriate time to propose an endoscopic treatment
of a pancreatic pseudocyst or WON collection. The
new classification of Atlanta indicates that endoscopic
treatment should wait at least for three or four
weeks if imaging tests show maturity of the walls
of pancreatic collection. Endoscopic drainage is
currently considered as the first treatment of choice
for treatment of pancreatic pseudocyst. Furthermore it
has been shown that the minimally invasive treatment
of the WON offers significant advantages over surgical
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necrosectomy. In coming years new studies to clarify
whether the initial endoscopic approach is better than
percutaneous for management of WON and which
is the best combination of treatments available for
drainage as an alternative rescue.
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Abstract

Endoscopic therapies for lesions of the duodenum
are technically more difficult than those for lesions
of the other parts of the gastrointestinal tract due to
the anatomical features of the duodenum, and the
incidence rate of complications such as perforation and
bleeding is also higher. These aforementioned trends
were especially noticeable for the case of duodenal
endoscopic submucosal dissection (ESD). The indication
for ESD of duodenal tumors should be determined
by assessment of the histopathology, macroscopic
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morphology, and diameter of the tumors. The three
types of candidate lesions for endoscopic therapy are
adenoma, carcinoma, and neuroendocrine tumors. For
applying endoscopic therapies to duodenal lesions,
accurate preoperative histopathological diagnosis
is necessary. The most important technical issue in
duodenal ESD is the submucosal dissection process.
In duodenal ESD, a short needle-type knife is suitable
for the mucosal incision and submucosal dissection
processes, and the Small-caliber-tip Transparent hood
is an important tool. After endoscopic therapies, the
wound should be closed by clipping in order to prevent
complications such as secondary hemorrhage and
delayed perforation. At present, the criteria for selection
between ESD and EMR vary among institutions. The
indications for ESD should be carefully considered.
Duodenal ESD should have limitations, such as the
need for its being performed by experts with abundant
experience in performing the procedure.

Key words: Duodenal tumor; Endoscopic submucosal
dissection; Cancer; Adenoma; Neuroendocrine tumor;
Technical know-how; Complication; Endoscopic mucosal
resection

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic therapies for duodenal lesions
are technically more difficult than those for lesions of
the other parts of the gastrointestinal tract due to the
anatomical features of the duodenum, and the incidence
rate of complications such as perforation is also higher.
These aforementioned trends were especially noticeable
for the case of duodenal endoscopic submucosal
dissection (ESD). Thus, the indications for ESD should
be carefully considered. For applying endoscopic
therapies to duodenal lesions, accurate preoperative
histopathological diagnosis is necessary. At present,
duodenal ESD should have limitations, such as the
need for its being performed by experts with abundant
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experience in performing the procedure.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) is widely
recognized as an effective treatment strategy for early
gastric cancer!™?. In recent years, the indications
for ESD have been expanded to include lesions of
the esophagus and the large intestine®®*. Although
there are several reports of ESD performed for non-
ampullary duodenal tumors®®, the indication of
ESD for the treatment of these tumors remains
controversial, because the procedure is technically
difficult and associated with a high incidence rate of
complications™. While ESD may be indicated for non-
ampullary duodenal tumors, including adenomas,
carcinomas, and neuroendocrine tumors (NET), there
is the need to determine whether ESD or endoscopic
mucosal resection (EMR) might be optimal. At present,
the criteria for selection between ESD and EMR vary
among institutions.

In order to determine whether ESD is indicated for
duodenal tumors, examination of the site, size, and
macroscopic and histological morphology of the tumors
is necessary. Development of guidelines for ESD of
duodenal lesions (duodenal ESD) is awaited.

DIFFICULTY IN DUODENAL ESD

The duodenum is curved in the shape of a letter C
and divided into four portions. The first portion is
covered by the peritoneum and is mobile, whereas
the second and third portions are dorsally fixed by
the peritoneum and located in the retroperitoneum.
These portions are immobile. The duodenal wall is
thin, which consists of the mucosal, submucosal,
proper muscle, and subserosal layers, starting from
the lumen inward. At the outermost layer, the anterior
aspect of the duodenal wall (peritoneal cavity aspect)
is covered by serosa (peritoneum), while the posterior
aspect is connected with the retroperitoneum. There
are numerous mucosal folds on the internal surface
of the duodenum, except in the first portion. The
surface of the folds carries many villi which function
to absorb nutrients, etc. In the duodenal lumen from
the second portion downward, a number of circular
folds (Kerckring’s folds) composed of the mucosa
and submucosa are arranged perpendicular to the
long axis. Duodenal glands (Brunner’s glands), which
produce alkaline fluid rich in mucus, are distributed in
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the submucosa.

In endoscopic therapies for lesions of the duo-
denum, the maneuverability of the endoscope is poor
due to the anatomical features. Moreover, because
of the presence of the folds and Brunner’s glands, it
is more difficult to achieve sufficient bulging by local
injection into the submucosa, as compared with the
case in other parts of the gastrointestinal tract, and
the duration of bulge of the submucosa is also short.
Furthermore, because the duodenal wall is thin, the
incidence rate of complications such as bleeding
and perforation is high. Especially, duodenal ESD is
technically difficult, often takes long time to perform,
and is associated with a high risk of perforation'.
Thus, it would seem that duodenal ESD should be
performed by operators skilled in safe and reliable
techniques for ESD of at least lesions of the stomach,
esophagus, and large intestine.

SELECTION OF ENDOSCOPIC THERAPIES
FOR LESIONS IN THE DUODENUM

The indication for ESD of duodenal tumors should
be determined by assessment of the histopathology,
macroscopic morphology, and diameter of the tumors.
The three types of candidate lesions for endoscopic
therapy are adenoma, carcinoma, and NET.

In the case of duodenal tumors, unlike tumors of
the stomach and the large intestine, it is often difficult
to differentiate between benign and malignant tumors
on the basis of the macroscopic endoscopic findings
alone. Thus, histopathological diagnosis is basically
essential. However, the high risk of development
of fibrosis in the submucosa occurring after biopsy
reportedly makes endoscopic therapy difficult™. While
magnifying endoscopy with narrow-band imaging has
frequently been reported to be useful for qualitative
diagnosis of early esophageal™ !, gastric!****, and
colorectal cancers!™¥, it is also useful for qualitative
diagnosis of superficial non-ampullary duodenal epith-
elial tumors™!. For depressed-type lesions, because
fibrosis is likely to occur after biopsy, optical biopsy
using magnifying endoscopy with narrow-band ima-
ging has been reported to be more effective than
tissue biopsy'®.

Endoscopic therapies for duodenal adenomas

Duodenal adenomas have the potential for malignant
transformation!’®l, Especially, those that are 2 cm or
more in diameter and adenomas showing high-grade
dysplasia on histopathology show a high likelihood of
becoming malignant'*®2Y, and resection is preferable
for such lesions. On the other hand, there is a report
that low-grade adenomas measuring less than 1 cm in
diameter remained low-grade lesions even at 2 years
after the first diagnosis™. EMR of duodenal tumors
has been reported to be safe and useful and to be
associated with a favorable long-term prognosis™®%!,
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Figure 1 Endoscopic submucosal dissection of a neuroendocrine tumors in the superior duodenal bulb. A: A protruded-type tumor 0.9 cm x 0.9 cm in size
was identified; B: We performed a submucosal dissection. The tip of a knife is perpendicularly oriented to the dissection surface.

In addition, piecemeal resection of adenomas is
acceptable. Thus, EMR seems to be preferable for
the treatment of duodenal tumors. However, a study
showed that the preoperative pathological diagnosis
was adenoma in 3 of 4 cancer patients who underwent
EMRP! and accurate preoperative diagnosis is
necessary. At our institution, endoscopic therapy is
not selected for patients with low-grade adenomas
measuring less than 1 cm in diameter; instead, such
patients are followed up with regular endoscopy.
We select endoscopic therapies for adenomas that
are at least 1 cm in diameter or show a tendency to
grow, those that are histopathologically diagnosed
as low-grade adenoma, but appear red and are
macroscopically suspected as cancer, etc.

Endoscopic therapies for duodenal cancer

In a study of 128 lesions of early duodenal cancer
for which surgery or endoscopic polypectomy was
performed, it was reported that none of the cases
of intramucosal carcinoma showed lymph node
metastasis®!. Thus, endoscopic therapies should
be considered for well-differentiated noninvasive
carcinomas not showing submucosal invasion. The
complete remission rate after EMR for duodenal tumors
ranges from 63% to 97%"**°\. Lesions measuring 2
cm or more in diameter are likely to require piecemeal
resection”®*!, and the persistence and recurrence
rates are higher after piecemeal resection than after
en bloc resection!***!, Complete (R0O) resection is
more frequently achieved by ESD than by EMRM®3%,
Furthermore, en bloc resection enables accurate histo-
pathological assessment of deep and lateral surgical
margins®®®.. Thus, it seems preferable to perform EMR
for lesions that can be resected en bloc by EMR and to
perform ESD for lesions in which EMR is expected to
result in piecemeal resection.

Endoscopic therapies for duodenal NET

The common sites of NET are the ileum, appendix, and
rectum®, and NET originating from the duodenum
accounts for less than 5% of NET**®, While according
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to one previously reported retrospective study, no
recurrence was observed after local excision in any
patients with tumors measuring less than 2 cm in
diameter®, another report indicated that lymph
node metastasis was observed in 13% of patients
with tumors measuring less than 1 cm in diameter™®,
No consensus has been reached on the association
between tumor diameter and the likelihood of lymph
node metastasis. Burke et a/'*! reported the following
three risk factors as being predictive of metastasis:
tumor invasion to the muscle layer, tumor diameter
2 cm or more, and the presence of mitotic figures™,
Zyromski et al*® also reported that in cases of tumors
measuring less than 2 cm in diameter, no metastasis
was observed, regardless of the depth of invasion,
recommending endoscopic therapies for tumors
measuring less than 1 cm in diameter, and open
transduodenal local excision for those measuring 1 to
2 c¢m in diameter™. There are reports that endoscopic
resection is safe, minimally invasive, and effective
for patients with tumors measuring less than 1 cm in
diameter that are not identified by EUS as invading the
muscle layer™. Although EMR may be well applicable
in tumors measuring less than 1 cm in diameter
invading the superficial layers of the submucosa,
especially lesions with polypoid morphology, ESD may
be useful for lesions that are difficult to resect en bloc
by EMR. However, when the lower margin of a tumor
lesion is widely attached to the muscle layer, ESD is
associated with an extremely high risk of perforation,
and the histopathological diagnosis of the deep
surgical margin is also slightly uncertain; thus, surgical

treatment should be considered for such cases'”.

TECHNICAL KNOW-HOW OF METHODS
OF DUODENAL ESD

The most important technical issue in duodenal ESD is
the submucosal dissection process, and it is common
to encounter difficulties during submucosal dissection,
such as when the tip of a knife is perpendicularly
oriented to the dissection surface (Figure 1). In
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Figure 2 Endoscopic submucosal dissection of an adenoma in the descending part of the duodenum. A: A depressed type tumor 1.2 cm x 1.2 cm in size was
identified; B: After incising the oral side of the lesion, we slightly detached it to form a mucosal flap; C: A severe submucosal fibrosis was found.

Figure 3 Endoscopic submucosal dissection of an adenoma in the anterior duodenal bulb. A: A flat-elevated type tumor 6.0 cm % 5.0 cm in size was identified;
B: We performed submucosal dissection using the ST hood.

duodenal ESD, a short needle-type knife is suitable the dissection surface. The tips for ESD of lesions in
for the mucosal incision and submucosal dissection the second portion of the duodenum are to push and
processes. The authors use the Dual knife (Olympus, pull the endoscope and control the intraduodenal air
Tokyo, Japan). Moreover, for the submucosal dissection volume. In the third portion of the duodenum, the
process, the Small-caliber-tip Transparent (ST) hood maneuverability of a scope is poor, and it is essential to
(Fujifilm, Tokyo, Japan) is an important tool®. One of  check the maneuverability before the operation. If the
the important aspects of the procedure is to ensure maneuverability is poor, double-balloon enteroscopy
a space for the ST hood to be placed directly under ~ may be usefult?,

a lesion by incising the oral side of the lesion and Control of bleeding during the procedure is a key
slightly detaching it to form a mucosal flap in the early to the success of duodenal ESD. It is important to
stage (Figure 2). This is the key for the success of the recognize the blood vessels and coagulate them before
procedure. When a lesion is detached from the anterior cutting. Hemostatic forceps should be slightly pulled
wall, the tip of a knife is likely to be perpendicularly away from the muscle layer before coagulation to
oriented to the dissection surface. Under such a prevent electrical injury of the thin muscle layer™, In
situation, the authors make direct visualization of the addition, bipolar coagulation forceps are effective to
submucosa easy using the ST hood and apply electrical prevent and restrain hemorrhage.

current while keeping the knife slightly pressed on the Because of the high incidence rate of complications
lesion (Figure 3) or while the tissue to be detached is caused by duodenal ESD, we have used carbon dioxide
hooked and pulled toward the scope by the Hook knife insufflation during the ESD. Carbon dioxide insufflation
(Olympus, Tokyo, Japan). When the submucosa is has been reported to be useful for early esophageal™”
detached, it is important to leave as much submucosa and gastric ESD™, In addition, a system for ensuring
on the dissection surface as possible in order not to backup by the surgical department may be essential
expose the surface of the muscle layer. Moreover, when the procedure is performed. At our institution,
because there is also a possibility of perforation due in an effort to provide safer treatment, duodenal ESD
to an attachment of the knife such as ST hood, it has been performed under general anesthesia in the
seems preferable to slightly press the attachment on operating room since 2010.
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Meanwhile, there are also difficult situations enco-
untered during EMR of duodenal lesions. In EMR of
lesions in the first portion of the duodenum, the pyloric
ring may pose an obstacle to snaring. Moreover,
because a lesion relatively often extends over several
folds in the second portion, where the space between
the folds is small, it may be difficult to ensure snaring
in EMR lesions in the second portion of the duodenum.

AFTER DUODENAL ESD

At our institution, intravenous injection of a proton
pump inhibitor is started on the day of the ESD, and
intravenous cephem antibiotics are administered for
approximately 3 d. A blood test is performed on the
day after the ESD. If complications such as perforation
do not occur, a rice gruel diet is started approximately
3 d after the ESD. Yamamoto suggests taking the
fasting period a few days longer in duodenal ESD than
other ESDs!*, During the hospitalization, endoscopy is
not performed to check for the formation of ulcers after
ESD. If no complications occur, the patients are usually
discharged within one week after the operation.

COMPLICATION OF DUODENAL ESD

The most common complication of endoscopic the-
rapies for duodenal lesions is bleeding, which, in
general, occurs within 24 h after the operation. The
frequency of bleeding after EMR of adenomas ranges
from 4% to 33%™>?®., The frequency of bleeding after
ESD ranges from 6.7% to 22.2%'®*°". The incidence
rate of perforation complicating duodenal ESD ranges
from 21% to 35.7%"***"), which is extremely high as
compared to that of perforation complicating gastric
ESD, which ranges from 1.2% to 3.6%"“**", Moreover,
attention should be paid not only to intraoperative
perforation, but also delayed perforation due to
exposure to bile or pancreatic juice'®. As compared to
that in patients undergoing EMR, the incidence rate of
perforation is significantly higher in those undergoing
ESD, and the duration of postoperative hospital stay
is also significantly longer™®. If patients complain of
abdominal pain or fever after procedure, they should
be checked for their abdominal tenderness and free air
in the abdomen by computerized tomography. Thus,
the wound should be closed by clipping in order to
prevent complications such as secondary hemorrhage
and delayed perforation*®*'1, However, in some
patients with lesions located in the first portion of the
duodenum, closure of the wound by clipping may be
difficult, and there is a report of patients in whom
perforation occurred after closure of the wound by
clipping™. In such patients, coverage of the wound
with polyglycolic acid sheets (Neoveil; Gunze Ltd.,
Kyoto, Japan) and fibrin glue (Bolheal; Kaketsuden,
Kumamoto, Japan) as a substitute to closure of wound
by clipping may be effective for the prevention of
delayed perforation™,
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SURGERY FOR NON-AMPULLARY
DUODENAL TUMORS

At present, the frequency of complications of duodenal
ESD is high, even in institutions with experts in
endoscopic therapies. Unlike gastric ESD, it is more
difficult to popularize the use of duodenal ESD around
the world. Therefore, ESD for duodenal lesions should
be performed at limited institutions with abundant
experience in performing the procedure. There is also
a report that surgery is preferable for lesions exceeding
20 mm in major axist®. It is necessary to always keep
in mind surgery as one of the treatment options, and
endoscopic therapies should not be insisted upon.
Recently, there have been an increasing number
of institutions where endoscopists and surgeons
cooperatively perform Laparoscopy and Endoscopy
Cooperative Surgery (LECS). In a study conducted on
22 patients undergoing LECS for duodenal tumors,
the mean tumor diameter was 13.3 mm; the mean
diameter of the resected specimens was 28.9 mm;
the mean operative time was 133 min; and the
duration of postoperative hospital stay was 15.1 d.
Complications were observed in 5 patients, 3 (13.6%)
of whom had asymptomatic minor leakage. All patients
recovered with conservative therapy, and no serious
complications were encountered in this study™.

LONG-TERM PROGNOSIS

In regard to the long-term prognosis, according to
one study with a mean follow-up period of 10 mo,
no recurrence was observed in any of the 16 pati-
ents treated by duodenal ESD, while recurrence
was observed in one of the 31 patients undergoing
duodenal EMR™®. Another study also reported that no
recurrence was observed with a mean follow-up period
of 48 mo in any of the 37 patients treated by ESD for
duodenal tumors measuring 20 mm in diameter™,
Further accumulation of cases may be needed to
clarify the long-term prognosis.
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Abstract

Gastric adenocarcinoma generally culminates via the
inflammation-metaplasia-dysplasia-carcinoma sequence
progression. The prevalence of gastric adenomas
shows marked geographic variation. Recently, the
rate of diagnosis of low-grade dysplasia (LGD) has
increased due to increased use of upper endoscopy.
Many investigators have reported that gastric high-
grade dysplasia has high potential for malignancy and
should be removed; however, the treatment for gastric
LGD remains controversial. Although the risk of LGD
progression to invasive carcinoma has been reported to
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be inconsistent, progression has been observed during
follow-up. Additionally, the rate of upgraded diagnosis
in biopsy-proven LGD is high. Therefore, endoscopic
resection (ER) may be useful in the treatment and
diagnosis of LGD, especially if lesions are found to have
risk factors for upgraded histology after ER, such as
large size, surface erythema or depressed morphology.
Fatal complications in endoscopic submucosal dissection
(ESD) are extremely low and its therapeutic and diag-
nostic outcomes are excellent. Therefore, ESD should
be applied preferentially instead of endoscopic mucosal
resection.

Key words: Intraepithelial neoplasia; Low-grade dys-
plasia; Adenoma; Endoscopic resection; Endoscopic
submucosal dissection

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: According to the guideline, endoscopic
resection or follow-up is recommended for noninvasive
category 3 low-grade dysplasias (LGDs), while category
4 |esions such as high-grade dysplasia, non-invasive
carcinoma and intramucosal carcinoma should be
removed by local resection. However, as LGD has a
relatively high underdiagnosis rate and rarely contains
submucosal cancer, a follow-up strategy might result in
the opportunity for endoscopic therapy being missed.
Furthermore, repeated endoscopic examinations with
biopsies might impose a psychological and financial
burden on the patient. Based on its efficacy and safety,
the use of endoscopic submucosal dissection as a
primary procedure for LGD should be considered.
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INTRODUCTION

Gastric cancer (GC) is the fourth-most common cancer
and the second-leading cause of cancer-related deaths
worldwide, and is especially prevalent in Asia-Pacific
countries, including South Korea™!. In general, gastric
adenocarcinoma culminates via the inflammation-
metaplasia-dysplasia-carcinoma sequence progression,
which is described as the Correa cascade of multi-
step gastric carcinogenesis[z]. Gastric atrophy and
intestinal metaplasia are lesions that confer a high
risk for the development of gastric adenocarcinoma,
and gastric epithelial dysplasia (GED) is considered
the penultimate stage of gastric carcinogenesis®™*.
Understanding the clinicopathological characteristics
of GC is important for prevention. Along with the
increasing number of endoscopies performed, the
detection of precancerous lesions has increased in
clinical practice®™.

The prevalence of gastric adenomas shows marked
geographic variation. The reported prevalence is
approximately 0.5%-3.75% in western countries and
approximately 9%-20% in Asian countries where
the prevalence of GC is high®®!, Some precancerous
lesions progress to adenocarcinoma, whereas others
remain unchanged for an extended period of time®*®,
Furthermore, irrespective of used classification, several
studies have demonstrated inter-observer variation in
the histological assessment of GED™™, Therefore, it is
difficult to establish coincident international guidelines
for the management of such lesions.

This review discusses the current optimal stra-
tegies for managing gastric low-grade dysplasia
(LGD). In preparation for this review, we searched
for epidemiological studies, clinical studies, meta-
analyses and published guidelines related to GED in
the Medline and PubMed databases. The search was
performed using index words related to LGD (“gastric
epithelial dysplasia” or “low grade dysplasia” or “gastric
adenoma” or “gastric dysplasia”) and treatment
(“endoscopic resection” or “endoscopic submucosal
dissection”).

DEFINITION

Dysplasia is defined as an unequivocally neoplastic but
non-invasive lesion, distinguished from regenerative
changes'*. Used initially to define inflammatory bowel
diseases, the term is currently applied throughout the
gastrointestinal tract and other organs. Grundmann™®
first used the term gastric dysplasia, and the World
Health Organization (WHO) defined dysplasia as cellular
atypia, abnormal differentiation and disorganized
architecture™®. Conventionally, dysplasia was a term
used to describe flat or depressed lesions, whereas
adenoma described raised circumscribed lesions that
were either sessile or pedunculated. Therefore, a WHO
committee defined adenoma as a circumscribed benign
neoplasm composed of tubular and/or villous structures
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lined by dysplastic epithelium. On the other hand,
Lewin"® defined adenoma as a circumscribed lesion
unassociated with underlying inflammation whether
pedunculated, sessile, flat or depressed; and dysplasia
was defined as a benign neoplastic lesion associated
with underlying inflammation. However, most clinicians
use these terms widely without distinction between
adenoma and dysplasia in clinical practice.

Although the biological potential of GED as a pre-
cancerous lesion is clear, the classification of these
lesions has been controversial in the diagnostic appro-
ach. For example, Japanese studies have referred to
these lesions as borderline (Group 3 or 4), while the
terms gastric adenoma or dysplasia have been used
widely in Western countries (Table 1)"*'1, Because
dysplasia implies carcinoma in Japan, pathologists
are reluctant to use the term gastric adenoma with
LGD"®. Furthermore, intraepithelial gastric neoplasias
are classified into adenoma or carcinoma with low and
high-grade cytological atypia'*®’. Therefore, the term
adenoma with low-grade atypia has been substituted
for dysplasia in Japan. From the Japanese viewpoint,
gastric adenoma with LGD diagnosed using western
criteria include typical adenomas of the small intestinal
type and tubular structures, and are thus diagnosed
as carcinoma without invasion in Japan"®. The Vienna
classification for GED was proposed as a consensus
between western and Asian countries (Table 1),
In this classification, dysplastic lesions without
invasion of the lamina propria are placed as category
3 or 4 according to the degree of cytologic atypia or
architectural complexity®*l. Category 3 is a non-
invasive low-grade neoplasia, also known as low-grade
adenoma/dysplasia. Currently, the WHO recommends
the terminology of non-invasive low-grade and high-
grade intraepithelial neoplasia and defines carcinoma
as invasion into the lamina propria or beyond®*..

NATURAL HISTORY

Although several studies have addressed the risk of
carcinoma in GED™*?, its natural course remains
unclear. A large cohort study from the Netherlands
suggested that the risk of progression to cancer
within 10 years was 3.9% in individuals with LGD™\.
The differences among previous studies regarding
the natural course of LGD are due primarily to
the differences in diagnostic criteria including the
classification and grading (Table 1). Additional reasons
for these differences include sampling error in forceps
biopsy, discrepancies between forceps biopsy and
endoscopic resection (ER), and variations in the rate
of malignant transformation. As mentioned earlier,
noninvasive intramucosal neoplastic lesions with high-
grade cellular and architectural atypia are termed
intramucosal carcinoma in Japan, whereas the same
lesions are diagnosed as high-grade dysplasia (HGD) by
most pathologists in western countries’®®. Under these
definitions, lesions diagnosed as gastric adenomas in
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Table 1 Common reporting classifications of gastric epithelial neoplasia

[11,20]

Vienna classification WHO™!

JGCAM?!

Negative for neoplasia/dysplasia
Indefinite for neoplasia/dysplasia

Noninvasive neoplasia, low grade
(low-grade adenoma/ dysplasia)
Noninvasive neoplasia, high grade

neoplasia

High grade adenoma/ dysplasia neoplasia
Noninvasive carcinoma
Suspicious of invasive carcinoma

Invasive carcinoma Carcinoma

Low-grade intraepithelial

Group 1; Normal tissue or non-neoplastic lesion
Group 2; Material for which diagnosis of neoplastic or non-neoplastic
lesion is difficult
Group 3; Adenoma

High-grade intraepithelial

Group 4; Neoplastic lesion that is suspected to be carcinoma
Group 5; Carcinoma

WHO: World Health Organization; JGCA: Japanese Gastric Cancer Association.

Japan rarely progress to cancer™®, Yamada et a/t*”]
reported follow-up data for 48 gastric adenomas (38
LGD and 10 HGD) with a median of 4.7 years. During
the follow-up period, 37 (97%) LGD lesions showed
no histological change, while the remaining lesions
progressed to HGD. However, this description of an
indolent natural course may have been influenced by
selection bias and the use of different LGD classifications
in Japan. LGD lesions with invasive carcinoma were
more likely to be excluded at the time of the first
biopsy. Additionally, a substantial number of patients
were excluded since they underwent ER or surgery
due to a larger lesion or greater malignant potential.
Therefore, half of the patients (19/38) in the study had
lesions < 0.5 cm, with most lesions (76.3%, 29/38)
measuring < 1 cm. This selection bias may influence a
favorable LGD prognosis™®, In contrast, Rugge et a*
performed a prospective long-term follow-up study
to evaluate the clinicopathological behavior of GED. A
total of 118 gastric non-invasive neoplasias, including
90 LGDs, were followed for a mean of 52 mo. Among
90 LGDs, 48 (53.3%) were no longer detectable and
28 (31.1%) were unchanged; however, 14 (15.5%)
LGDs evolved into HGD and GC.

To date, few studies have determined the predictors
for malignant transformation of GEDs™**4, Gastric
inflammation is a well-known risk factor for gastric
carcinoma®t*?!, Correa!” postulated that chronic
gastritis may lead to intestinal metaplasia and atrophy,
and that these lesions should be considered a GC risk
factor as they are frequently found to be closely related
to cancer. In a study that evaluated the endoscopic,
pathological and immunophenotypic differences in
LGD and HGD lesions according to the revised Vienna
classification, Jung et al** determined that the size,
color change and ulceration of the lesion, as well as
gastritis score of the surrounding mucosa and positive
expression of MUC6, were risk factors for malignant
transformation. Because of the use of different diag-
nostic criteria and ethical reason, it is difficult to
confirm a consistent natural history of LGD at present.
Recent observational studies have indicated that the
cancer progression risk of LGD is relatively low®?,
Nonetheless, it is possible that LGD can progress to
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invasive carcinoma'***=*!, Therefore, further studies
are needed to understand the natural course of LGD to
determine the most effective management option for
follow-up treatment.

DISCREPANCIES BETWEEN BIOPSY AND
ER

The endoscopic forceps biopsy (EFB) is crucial for
grading pre-neoplastic gastric lesions and determining
an appropriate treatment strategy. Because EFB
specimens are not representative of the entire lesion,
significant histologic discrepancies have been found
between diagnoses based on EFB and subsequent ER
(Figure 1). Recent advances in technology such as
image-enhanced endoscopy with narrow-band imaging
have led to improvements in the diagnostic accuracy
of gastric lesions. However, the discrepancy between
pre-endoscopic and post-ER diagnoses remains a
concern®®, Several studies have indicated that pretre-
atment EFB is inadequate for obtaining a correct
diagnosis. We retrospectively reviewed 285 lesions
that were initially diagnosed as LGD by EFB®”, After
ER, 46 LGDs (16.1%) showed an upgraded histology:
22 HGD (7.7%) and 24 differentiated adenocarcinoma
(8.4%)E7, In another study from South Korea, Kim
et al® reported that the histologic discrepancy rate
was 18.7% (51/273) in LGDs detected using forceps
biopsy. Among 51 upgraded lesions, 24 lesions (8.8%)
were upgraded to a diagnosis of adenocarcinoma.
Discrepancies in EFB and ER diagnoses contribute
to the suboptimal treatment of biopsy-proven LGDs.
Therefore, it is essential to identify the risk factors affec-
ting these discrepancies for the proper management
of LGD. We found that a lesion size = 2 cm, surface
erythema and a depressed-type lesion were significant
predictors of upgraded LGDs. Several studies have
reported similar results regarding the endoscopic risk
factors for histologic discrepancies in patients with LGD
(Figure 2). Kim et a/® reported that lesion size and
the presence of spontaneous bleeding were significant
factors predicting an upgraded histology after ER; in
contrast, the presence of whitish discoloration was a
significant negative factor. In a different retrospective
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Figure 1 A lesion with a histologic upgraded from
extended low-grade dysplasia to adenocarcinoma
following endoscopic submucosal dissection.
A: White light endoscopy reveals a large elevated
mucosal lesion with nodularity in the lesser curvature
side of the body. This lesion was diagnosed as LGD
by the endoscopic forceps biopsy; B: This lesion
is removed by ESD; C: A large mucosal defect is
noted over the gastric body after ESD; D: Mapping
of the resected specimen. The tumor size is 75 mm,
focal cancer lesions (red bar) mixed with LGD are
evident. The lateral and vertical margins are free from
tumor. LGD: Low-grade dysplasia; ESD: Endoscopic

study, Cho et al®® demonstrated that a lesion size
= 1 cm, depressed morphology, and erythema were
significantly associated with HGD and carcinoma.
In a study from Japan®, a lesion size > 2 cm and
depressed appearance were significant independent
factors suggesting cancer. To summarize, lesions of
larger size and morphology with surface erythema
and depression in biopsy-proven LGDs were predictive
of an upgraded histology after ER. Therefore, when
selecting treatment methods for these lesions, the
collection method of the suspected malignant foci
should be taken into consideration. ER should be
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submucosal dissection.

Figure 2 Endoscopic images of biopsy-proven
low-grade dysplasia. A-C: lesion size > 2 ¢cm (A),
surface erythema (B), and depressed appearance
(C) are endoscopic risk factors for an upgraded
histology after endoscopic resection; D: In contrast,
the presence of whitish discoloration was a negative
factor.

»

.~ Zoom : 108.3

considered for diagnostic and therapeutic purposes in
lesions with these risk factors.

MANAGEMENT

In developing a therapeutic plan for LGD management,
it is important to identify LGDs that have histological
and classical risk factors for GC progression. In South
Korea, ERs-including endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD)-
are performed widely for the treatment of gastric
adenoma, in which early GC and gastric adenoma
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are prevalent. According to the revised Vienna
classification, ER or follow-up is recommended for
noninvasive category 3 LGD lesions, while category
4 lesions such as HGD, non-invasive carcinoma
and intramucosal carcinoma should be removed by
endoscopic or surgical resection®, Some investigators
have suggested regular endoscopic surveillance with
repetitive biopsy, while others have proposed ER
for accurate diagnosis and treatment of LGDs. As
mentioned earlier, various factors account for these
discrepancies, including differences in diagnostic
criteria, inconsistent results among studies of the
natural course in LGD, and histologic discrepancies in
EFB and ER.

Recent advances in endoscopic techniques have
enabled the removal and histological diagnosis of
most intra-mucosal lesions regardless of size, shape
and location in the stomach™”. However, performing
resections in all patients with LGDs with relatively low
malignant potential may lead to significant increases
in cost, procedure time, risk of complication, and
requirement for advanced technical skills. Although
EMR is an easily and rapidly applicable method for
therapeutic and diagnostic modalities, it has some
limitations. Conventional EMR techniques are unreliable
for lesion > 2 cm in diameter due to high rates of
positive lateral and/or deep resection margins'***4,
Even in lesions < 2 cm, the complete resection rate
with EMR was 33%-76%"**. Lesion factors, such as
tumor size and location, contribute to the difficulty of
en bloc resection. To overcome these problems, the
development of ESD has allowed complete resection
regardless of tumor size and location. In a meta-
analysis!*!, ESD was significantly more effective
than EMR for en bloc resection, complete resection,
curative resection and local recurrence. Whereas intra-
operative bleeding, perforation risk, and operation time
were significantly greater for ESD, overall bleeding
risk and all-cause mortality did not differ significantly
between ESD and EMR. One meta-analysis*®
showed that procedure-related bleeding (OR = 2.2,
95%CI: 1.58-30.7) and perforation rates (OR = 4.09,
95%CI: 2.47-6.80) during ESD were much higher
compared with those for EMR. However, these were
not statistically significant in another meta-analysis
including 12 studies™®'. Both studies**® showed that
ESD was more time-consuming.

Several studies have evaluated endoscopic tech-
niques as a treatment for LGD. Kim et a/”’ com-
pared the therapeutic outcomes of ESD and EMR
in histologically confirmed LGD cases. The en bloc
resection rate was significantly lower in the EMR groups
(31.1%) compared with the ESD group (75.0%) (P <
0.001). However, no significant difference was observed
in the prevalence of remnant lesion or recurrence rate
(P = 0.911). On the other hand, Choi et al*® reported
a 96.1% complete resection rate using ESD, and the
local recurrence rate was 1.4% in patients with biopsy-
proven LGD. In this study, no patient had perforation
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and four (1.4%) patients had significant post-ESD
bleeding that was treatable by endoscopic intervention.
A multicenter study by the Osaka University ESD study
group™ analyzed a total of 468 subjects with GED.
The results showed that the complete en bloc resection
rate was 97%, and the incidences of post-ESD
bleeding, perforation and serious complication were
5.5%, 4.7% and 0.43%, respectively. Miyamoto et
al®*® reported that tumor size and location of the lesion
are important factors that affect the success rate of en
bloc resection. Because not all lesions can be resected
en bloc for technical difficulty, another treatment option
such as ablation therapy should be considered for the
treatment of LGDs™",

As LGD has a relatively high underdiagnosis rate
and rarely contains submucosal cancer, a follow-up
strategy might result in the opportunity for endoscopic
therapy being missed™®. Furthermore, repeated
endoscopic examinations with biopsies might impose
a psychological and financial burden on the patient.
Based on its efficacy and safety, the use of ESD as a
primary procedure for LGD should be considered.

CONCLUSION

The increased use of upper endoscopy has resulted in
increased diagnosis of gastric adenoma. Although many
investigators have suggested that gastric HGD should
be removed due to its high potential for malignancy™”,
the treatment of gastric LGD remains controversial.
Although previous studies have reported inconsistent
results regarding the risk of LGD progression to invasive
carcinoma, such progression can occur during follow-
up. Additionally, the rate of upgraded diagnosis in
biopsy-proven LGDs is high. Considering these results,
the use of ER might enhance treatment and diagnosis,
especially of lesions with risk factors such as large
size, surface erythema or depressed morphology.
Furthermore, the incidence of fatal complications of ESD
has been extremely low, with excellent therapeutic and
diagnostic outcomes. Therefore, ESD should be applied
in preference to EMR.

REFERENCES

1 Kamangar F, Dores GM, Anderson WF. Patterns of cancer
incidence, mortality, and prevalence across five continents: defining
priorities to reduce cancer disparities in different geographic regions
of the world. J Clin Oncol 2006; 24: 2137-2150 [PMID: 16682732
DOI: 10.1200/JC0.2005.05.2308]

2 Correa P. A human model of gastric carcinogenesis. Cancer Res
1988; 48: 3554-3560 [PMID: 3288329]

3 Ming SC, Bajtai A, Correa P, Elster K, Jarvi OH, Munoz N,
Nagayo T, Stemmerman GN. Gastric dysplasia. Significance and
pathologic criteria. Cancer 1984; 54: 1794-1801 [PMID: 6478415
DOI: 10.1002/1097-0142(19841101)54]

4 Morson BC, Sobin LH, Grundmann E, Johansen A, Nagayo T,
Serck-Hanssen A. Precancerous conditions and epithelial dysplasia
in the stomach. J Clin Pathol 1980; 33: 711-721 [PMID: 7430384
DOI: 10.1136/jcp.33.8.711]

5 Yeh JM, Hur C, Kuntz KM, Ezzati M, Goldie SJ. Cost-effectiveness
of treatment and endoscopic surveillance of precancerous lesions

April 16,2015 | Volume 7 | Issue 4 |



10

11

13

15

16

17

20

21

22

23

24

JRaishideng®

to prevent gastric cancer. Cancer 2010; 116: 2941-2953 [PMID:
20564399 DOI: 10.1002/cncr.25030]

Serck-Hanssen A. Precancerous lesions of the stomach. Scand J
Gastroenterol Suppl 1979; 54: 104-105 [PMID: 295493]

Farinati F, Rugge M, Di Mario F, Valiante F, Baffa R. Early and
advanced gastric cancer in the follow-up of moderate and severe
gastric dysplasia patients. A prospective study. I.G.G.E.D.--
Interdisciplinary Group on Gastric Epithelial Dysplasia. Endoscopy
1993; 25: 261-264 [PMID: 8330542 DOI: 10.1055/s-2007-1010310]
Bearzi I, Brancorsini D, Santinelli A, Rezai B, Mannello B,
Ranaldi R. Gastric dysplasia: a ten-year follow-up study. Pathol
Res Pract 1994; 190: 61-68 [PMID: 8065990 DOI: 10.1016/
S0344-0338(11)80497-8]

Kamiya T, Morishita T, Asakura H, Miura S, Munakata Y, Tsuchiya
M. Long-term follow-up study on gastric adenoma and its relation
to gastric protruded carcinoma. Cancer 1982; 50: 2496-2503 [PMID:
7139542 DOI: 10.1002/1097-0142(19821201)50]

Orlowska J, Jarosz D, Pachlewski J, Butruk E. Malignant
transformation of benign epithelial gastric polyps. Am J Gastroenterol
1995; 90: 2152-2159 [PMID: 8540506]

Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS,
Dawsey SM, Dixon MF, Fenoglio-Preiser CM, Fl¢jou JF, Geboes
K, Hattori T, Hirota T, Ttabashi M, Iwafuchi M, Iwashita A, Kim
Y1, Kirchner T, Klimpfinger M, Koike M, Lauwers GY, Lewin KJ,
Oberhuber G, Offner F, Price AB, Rubio CA, Shimizu M, Shimoda
T, Sipponen P, Solcia E, Stolte M, Watanabe H, Yamabe H. The
Vienna classification of gastrointestinal epithelial neoplasia. Gut
2000; 47: 251-255 [PMID: 10896917 DOI: 10.1136/gut.47.2.251]
Goldstein NS, Lewin KJ. Gastric epithelial dysplasia and
adenoma: historical review and histological criteria for grading.
Hum Pathol 1997; 28: 127-133 [PMID: 9023391 DOI: 10.1016/
S0046-8177(97)90095-2]

Tosi P, Baak JP, Luzi P, Miracco C, Lio R, Barbini P. Morphometric
distinction of low- and high-grade dysplasias in gastric biopsies.
Hum Pathol 1989; 20: 839-844 [PMID: 2777240 DOI: 10.1016/004
6-8177(89)90094-4]

Riddell RH, Goldman H, Ransohoff DF, Appelman HD, Fenoglio
CM, Haggitt RC, Ahren C, Correa P, Hamilton SR, Morson BC.
Dysplasia in inflammatory bowel disease: standardized classification
with provisional clinical applications. Hum Pathol 1983; 14:
931-968 [PMID: 6629368 DOI: 10.1016/S0046-8177(83)80175-0]
Grundmann E. Histologic types and possible initial stages in early
gastric carcinoma. Beitr Pathol 1975; 154: 256-280 [PMID: 165808
DOI: 10.1016/S0005-8165(75)80034-5]

Lewin KJ. Nomenclature problems of gastrointestinal epithelial
neoplasia. Am J Surg Pathol 1998; 22: 1043-1047 [PMID: 9737235
DOI: 10.1097/00000478-199809000-00001]

Schlemper RJ, Kato Y, Stolte M. Review of histological classi-
fications of gastrointestinal epithelial neoplasia: differences in
diagnosis of early carcinomas between Japanese and Western
pathologists. J Gastroenterol 2001; 36: 445-456 [PMID: 11480788
DOI: 10.1007/s005350170067]

Lee SY. Gastric adenoma with low-grade dysplasia: two countries,
two outcomes. Dig Dis Sci 2014; 59: 235-237 [PMID: 24052193
DOI: 10.1007/s10620-013-2860-1]

19Japanese Gastric Cancer Association. Japanese classification
of gastric carcinoma: 3rd English edition. Gastric Cancer 2011; 14:
101-112 [PMID: 21573743 DOI: 10.1007/s10120-011-0041-5]
Dixon MF. Gastrointestinal epithelial neoplasia: Vienna revisited. Gut
2002; 51: 130-131 [PMID: 12077106 DOL: 10.1136/gut.51.1.130]
Hamilton S, Aaltonen L, editors. Pathology and genetics of
tumours of the digestive system. Lyon, France: IARC Press, 2000
Ginsberg GG, Al-Kawas FH, Fleischer DE, Reilly HF, Benjamin
SB. Gastric polyps: relationship of size and histology to cancer risk.
Am J Gastroenterol 1996; 91: 714-717 [PMID: 8677935]
Tsujitani S, Furusawa M, Hayashi I. Morphological factors
aid in therapeutic decisions concerning gastric adenomas.
Hepatogastroenterology 1992; 39: 56-58 [PMID: 1568709]

Park SY, Jeon SW, Jung MK, Cho CM, Tak WY, Kweon YO, Kim
SK, Choi YH. Long-term follow-up study of gastric intraepithelial

WJGE | www.wjgnet.com

Kim JW et a/. Management of low-grade gastric dysplasia

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

401

neoplasias: progression from low-grade dysplasia to invasive
carcinoma. Eur J Gastroenterol Hepatol 2008; 20: 966-970 [PMID:
18787462 DOI: 10.1097/MEG.0b013e3283013d58]

de Vries AC, van Grieken NC, Looman CW, Casparie MK, de
Vries E, Meijer GA, Kuipers EJ. Gastric cancer risk in patients
with premalignant gastric lesions: a nationwide cohort study in
the Netherlands. Gastroenterology 2008; 134: 945-952 [PMID:
18395075 DOI: 10.1053/j.gastro.2008.01.071]

Lauwers GY, Srivastava A. Gastric preneoplastic lesions and
epithelial dysplasia. Gastroenterol Clin North Am 2007; 36:
813-829, vi [PMID: 17996792 DOI: 10.1016/j.gtc.2007.08.008]
Yamada H, Ikegami M, Shimoda T, Takagi N, Maruyama M. Long-
term follow-up study of gastric adenoma/dysplasia. Endoscopy
2004; 36: 390-396 [PMID: 15100945 DOI: 10.1055/s-2004-814330]
Cho SJ, Choi 1J, Kim CG, Lee JY, Kook MC, Park S, Ryu KW, Lee
JH, Kim YW. Risk of high-grade dysplasia or carcinoma in gastric
biopsy-proven low-grade dysplasia: an analysis using the Vienna
classification. Endoscopy 2011; 43: 465-471 [PMID: 21425043
DOI: 10.1055/5-0030-1256236]

Rugge M, Cassaro M, Di Mario F, Leo G, Leandro G, Russo VM,
Pennelli G, Farinati F. The long term outcome of gastric non-
invasive neoplasia. Gut 2003; 52: 1111-1116 [PMID: 12865267
DOI: 10.1136/gut.52.8.1111]

Tsukashita S, Kushima R, Bamba M, Sugihara H, Hattori T.
MUC gene expression and histogenesis of adenocarcinoma of the
stomach. Int J Cancer 2001; 94: 166-170 [PMID: 11668493 DOI:
10.1002/ijc.1460]

Minematsu H, Saito Y, Kakinoki R, Andoh A, Kushima R,
Fujiyama Y. Evaluation of mucin expression patterns in gastric
borderline (group III) lesions. J Gastroenterol 2006; 41: 547-553
[PMID: 16868802 DOI: 10.1007/s00535-006-1798-x]

Jung SH, Chung WC, Lee KM, Paik CN, Jung JH, Lee MK, Lee
YK, Chung IS. Risk factors in malignant transformation of gastric
epithelial neoplasia categorized by the revised Vienna classification:
endoscopic, pathological, and immunophenotypic features. Gastric
Cancer 2010; 13: 123-130 [PMID: 20602200 DOI: 10.1007/
$10120-010-0550-7]

Meining A, Bayerdorffer E, Miiller P, Miehlke S, Lehn N, Holzel D,
Hatz R, Stolte M. Gastric carcinoma risk index in patients infected
with Helicobacter pylori. Virchows Arch 1998; 432: 311-314 [PMID:
9565339 DOI: 10.1007/s004280050171]

Miehlke S, Hackelsberger A, Meining A, Hatz R, Lehn N,
Malfertheiner P, Stolte M, Bayerdorffer E. Severe expression of
corpus gastritis is characteristic in gastric cancer patients infected
with Helicobacter pylori. Br J Cancer 1998; 78: 263-266 [PMID:
9683304 DOI: 10.1038/bjc.1998.475]

Rugge M, Farinati F, Baffa R, Sonego F, Di Mario F, Leandro G,
Valiante F. Gastric epithelial dysplasia in the natural history of gastric
cancer: a multicenter prospective follow-up study. Interdisciplinary
Group on Gastric Epithelial Dysplasia. Gastroenterology 1994; 107:
1288-1296 [PMID: 7926493]

Mine T. The role of magnifying endoscopy in the diagnosis of
early gastric carcinoma. J Gastroenterol 2006; 41: 397-398 [PMID:
16741625 DOI: 10.1007/s00535-006-1822-1]

Kim MK, Jang JY, Kim JW, Shim JJ, Lee CK, Chang YW, Choe
BK. Is lesion size an independent indication for endoscopic resection
of biopsy-proven low-grade gastric dysplasia? Dig Dis Sci 2014; 59:
428-435 [PMID: 23912249 DOI: 10.1007/s10620-013-2805-8]

Kim YJ, Park JC, Kim JH, Shin SK, Lee SK, Lee YC, Chung JB.
Histologic diagnosis based on forceps biopsy is not adequate for
determining endoscopic treatment of gastric adenomatous lesions.
Endoscopy 2010; 42: 620-626 [PMID: 20623445 DOI: 10.1055/
$-0030-1255524]

Kasuga A, Yamamoto Y, Fujisaki J, Okada K, Omae M, Ishiyama
A, Hirasawa T, Chino A, Tsuchida T, Igarashi M, Hoshino E,
Yamamoto N, Kawaguchi M, Fujita R. Clinical characterization
of gastric lesions initially diagnosed as low-grade adenomas on
forceps biopsy. Dig Endosc 2012; 24: 331-338 [PMID: 22925285
DOI: 10.1111/5.1443-1661.2012.01238 x]

Onozato Y, Ishihara H, lizuka H, Sohara N, Kakizaki S, Okamura S,

April 16,2015 | Volume 7 | Issue 4 |



41

42

43

44

45

46

JRaishideng®

Kim JW et a/. Management of low-grade gastric dysplasia

Mori M. Endoscopic submucosal dissection for early gastric cancers
and large flat adenomas. Endoscopy 2006; 38: 980-986 [PMID:
17058161 DOI: 10.1055/s-2006-944809]

Tanabe S, Koizumi W, Kokutou M, Imaizumi H, Ishii K, Kida
M, Yokoyama Y, Ohida M, Saigenji K, Shimao H, Mitomi H.
Usefulness of endoscopic aspiration mucosectomy as compared
with strip biopsy for the treatment of gastric mucosal cancer.
Gastrointest Endosc 1999; 50: 819-822 [PMID: 10570343]

Inoue H, Takeshita K, Hori H, Muraoka Y, Yoneshima H, Endo
M. Endoscopic mucosal resection with a cap-fitted panendoscope
for esophagus, stomach, and colon mucosal lesions. Gastrointest
Endosc 1993; 39: 58-62 [PMID: 8454147]

Oka S, Tanaka S, Kaneko I, Mouri R, Hirata M, Kawamura T,
Yoshihara M, Chayama K. Advantage of endoscopic submucosal
dissection compared with EMR for early gastric cancer. Gastrointest
Endosc 2006; 64: 877-883 [PMID: 17140890 DOI: 10.1016/
j.g1€.2006.03.932]

Kojima T, Parra-Blanco A, Takahashi H, Fujita R. Outcome of
endoscopic mucosal resection for early gastric cancer: review of
the Japanese literature. Gastrointest Endosc 1998; 48: 550-554;
discussion 554-555 [PMID: 9831855]

Park YM, Cho E, Kang HY, Kim JM. The effectiveness and safety
of endoscopic submucosal dissection compared with endoscopic
mucosal resection for early gastric cancer: a systematic review and
metaanalysis. Surg Endosc 2011; 25: 2666-2677 [PMID: 21424201
DOI: 10.1007/s00464-011-1627-z]

Cao Y, Liao C, Tan A, Gao Y, Mo Z, Gao F. Meta-analysis of
endoscopic submucosal dissection versus endoscopic mucosal
resection for tumors of the gastrointestinal tract. Endoscopy 2009;

WJGE | www.wjgnet.com

402

47

48

49

50

51

41: 751-757 [PMID: 19693750 DOI: 10.1055/s-0029-1215053]
Kim SY, Sung JK, Moon HS, Kim KS, Jung IS, Yoon BY, Kim
BH, Ko KH, Jeong HY. Is endoscopic mucosal resection a sufficient
treatment for low-grade gastric epithelial dysplasia? Gut Liver 2012;
6: 446-451 [PMID: 23170148 DOI: 10.5009/gnl.2012.6.4.446]
Choi CW, Kang DH, Kim HW, Park SB, Kim S, Cho M. Endoscopic
submucosal dissection as a treatment for gastric adenomatous polyps:
predictive factors for early gastric cancer. Scand J Gastroenterol 2012;
47: 1218-1225 [PMID: 22839759 DOI: 10.3109/00365521.2012.66
6674]

Kato M, Nishida T, Tsutsui S, Komori M, Michida T, Yamamoto K,
Kawai N, Kitamura S, Zushi S, Nishihara A, Nakanishi F, Kinoshita
K, Yamada T, lijima H, Tsujii M, Hayashi N. Endoscopic submucosal
dissection as a treatment for gastric noninvasive neoplasia: a
multicenter study by Osaka University ESD Study Group. J
Gastroenterol 2011; 46: 325-331 [PMID: 21107615 DOI: 10.1007/
500535-010-0350-1]

Miyamoto S, Muto M, Hamamoto Y, Boku N, Ohtsu A, Baba S,
Yoshida M, Ohkuwa M, Hosokawa K, Tajiri H, Yoshida S. A new
technique for endoscopic mucosal resection with an insulated-
tip electrosurgical knife improves the completeness of resection
of intramucosal gastric neoplasms. Gastrointest Endosc 2002; 55:
576-581 [PMID: 11923778]

Jung SJ, Cho SJ, Choi 1J, Kook MC, Kim CG, Lee JY, Park SR,
Lee JH, Ryu KW, Kim YW. Argon plasma coagulation is safe
and effective for treating smaller gastric lesions with low-grade
dysplasia: a comparison with endoscopic submucosal dissection.
Surg Endosc 2013; 27: 1211-1218 [PMID: 23076459 DOI: 10.1007/
500464-012-2577-9]

P- Reviewer: Baba H, Lai S S- Editor: Tian YL L- Editor: A
E- Editor: Wu HL

April 16,2015 | Volume 7 | Issue 4 |



wdJ ¢

World Journal of
Gastrointestinal Endoscopy

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4253 / wjge.v7.i4.403

World | Gastrointest Endosc 2015 April 16; 7(4): 403-410
ISSN 1948-5190 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Retrospective Study

Re-bleeding events in patients with obscure gastrointestinal
bleeding after negative capsule endoscopy

Pedro Magalhdes-Costa, Miguel Bispo, Sofia Santos, Gilberto Couto, Leopoldo Matos, Cristina Chagas

Pedro Magalhdes-Costa, Miguel Bispo, Sofia Santos,
Gilberto Couto, Leopoldo Matos, Cristina Chagas, Gastroen-
terology Department, Hospital Egas Moniz, Centro Hospitalar
Lisboa Ocidental, 1349-019 Lisboa, Portugal

Author contributions: Magalhdes-Costa P, Bispo M and Chagas
C designed the research; Magalhdes-Costa P performed the
research; Magalhdes-Costa P analyzed the data; Magalhdes-Costa
P wrote the paper; Bispo M, Santos S, Couto G, Matos L and
Chagas C critically revised the manuscript.

Ethics approval: This study was reviewed and approved by
the Centro Hospitalar de Lisboa Ocidental Institutional Review
Board.

Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.

Conflict-of-interest: None reported (all authors). All authors
declare not having received any fee for serving as a speaker nor
had received any research funding nor is an employee nor owns
stocks and/or shares nor own any patent related to the article
content.

Data sharing: Technical appendix, statistical code, and dataset
avaliable from the corresponding author at pmagalhaescosta@
gmail.com. Participants gave informed consent for data sharing.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Dr. Pedro Magalhdes-Costa, Gastroen-
terology Department, Hospital Egas Moniz, Centro Hospitalar
Lisboa Ocidental, Rua da Junqueira 126, 1349-019 Lisboa,
Portugal. pmagalhaescosta@gmail.com

Telephone: +351-96-3532531

Fax: +351-21-0432430

Received: October 1, 2014

Peer-review started: October 1, 2014

First decision: October 28, 2014

Revised: November 27, 2014

Accepted: January 18, 2015

Article in press: January 20, 2015

Raishidenge ~ WJGE | www.wjgnet.com

403

Published online: April 16,2015

Absitract

AIM: To investigate long-term re-bleeding events after
a negative capsule endoscopy in patients with obscure
gastrointestinal bleeding (OGIB) and the risk factors
associated with the procedure.

METHODS: Patients referred to Hospital Egas Moniz
(Lisboa, Portugal) between January 2006 and October
2012 with OGIB and a negative capsule endoscopy were
retrospectively analyzed. The following study variables
were included: demographic data, comorbidities,
bleeding-related drug use, hemoglobin level, indication
for capsule endoscopy, post procedure details, work-up
and follow-up. Re-bleeding rates and associated factors
were assessed using a Cox proportional hazard analysis.
The Kaplan-Meier method was used to estimate the
cumulative incidence of re-bleeding at 1, 3 and 5 years,
and the differences between factors were evaluated.

RESULTS: The study population consisted of 640
patients referred for OGIB investigation. Wireless
capsule endoscopy was deemed negative in 113
patients (17.7%). A total of 64.6% of the population
was female, and the median age was 69 years. The
median follow-up was forty-eight months (interquartile
range 24-60). Re-bleeding occurred in 27.4% of the
cases. The median time to re-bleeding was fifteen
months (interquartile range 2-33). In 22.6% (n = 7)
of the population, small-bowel angiodysplasia was
identified as the culprit lesion. A univariate analysis
showed that age > 65 years old, chronic kidney disease,
aortic stenosis, anticoagulant use and overt OGIB were
risk factors for re-bleeding; however, on a multivariate
analysis, there were no risk factors for re-bleeding. The
cumulative risk of re-bleeding at 1, 3 and 5 years of
follow-up was 12.9%, 25.6% and 31.5%, respectively.
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Patients who presented with overt OGIB tended to re-
bleed sooner (median time for re-bleeding: 8.5 mo vs
22 mo).

CONCLUSION: Patients with OGIB despite a negative
capsule endoscopy have a significant re-bleeding risk;
therefore, these patients require an extended follow-up
strategy.

Key words: Capsule endoscopy; Gastrointestinal
hemorrhage; Anemia; Angiodysplasia; Risk factors

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study describes a large cohort of patients
with obscure gastrointestinal bleeding in whom the first
capsule endoscopy was negative. Re-bleeding events,
risk factors and causes were analyzed. A significant risk
of re-bleeding was observed; however, independent
predictors for re-bleeding were not identified. Re-
bleeding due to small-bowel angiodysplasia was a
frequent occurrence; therefore, these patients require
an extended follow-up strategy, perhaps involving
repeated endoscopic procedures if re-bleeding occurs.

Magalhdes-Costa P, Bispo M, Santos S, Couto G, Matos
L, Chagas C. Re-bleeding events in patients with obscure
gastrointestinal bleeding after negative capsule endoscopy. World
J Gastrointest Endosc 2015; 7(4): 403-410 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v7/i4/403.htm DOI:

http://dx.doi.org/10.4253/wjge.v7.i4.403

INTRODUCTION

Obscure gastrointestinal bleeding (OGIB) represents
approximately 5% of all gastrointestinal bleeding
cases and, in most cases, the culprit lesion located
in the small-bowel™. OGIB is defined as bleeding
from the gastrointestinal tract that persists or recurs
without an obvious source, as assessed by esopha-
gogastroduodenoscopy (EGD), colonoscopy and
radiologic evaluation of the small-bowel™. OGIB is
classified as either occult or overt; occult OGIB is
characterized by iron deficiency anemia (IDA) with
or without a positive fecal occult blood test!**, and
overt OGIB is characterized by clinically perceptible
bleeding that recurs or persists despite negative initial
endoscopic (EGD and colonoscopy) and radiologic
evaluations. Wireless capsule endoscopy (WCE) is a
cost-effective investigation in patients with OGIB".
In one study, after a WCE evaluation, there was a
significant reduction in hospitalizations, additional
investigations and units of blood transfused compared
to before WCE™. Currently, OGIB is the main indication
for a capsule endoscopy study. A myriad of studies
have analyzed and compared the diagnostic yield (vs
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other techniques)®” and clinical impact of a positive
WCE study on patient outcome'®. Still, a negative
WCE study remains a clinical challenge, and little is
known about the long-term follow-up of such patients.
Therefore, many questions persist about the “protective
effect” of a negative WCE study on future re-bleeding
events. To date, there are some conflicting data about
the re-bleeding rates and predictive factors linked to a
re-bleeding event, and in addition, the median follow-
up period varies substantially among studies® ™. The
aim of this study is to assess the long-term outcome
(especially re-bleeding events) after a negative WCE
study in patients referred for OGIB investigation and
risk factors associated with a re-bleeding event.

MATERIALS AND METHODS

We present a retrospective, observational cohort,
single center study. Clinical data were obtained from
medical records of all patients referred to our tertiary
referral hospital - Endoscopy Unit (Hospital Egas
Moniz, Centro Hospitalar Lisboa Ocidental, Lisboa) -
to undergo a WCE for OGIB investigation between
January 2006 and October 2012. All of the patients
presented with overt or occult gastrointestinal
bleeding according to guidelines™. All patients had at
least one negative EGD and ileo-colonoscopy before
referral for WCE. After signing a written informed
consent, every patient underwent a WCE with a
PillCam SB (R) (M2A, from January 2006) or SB2©
(since June 2007) capsule endoscopy system (Given
Imaging, Yogneam, Israel) according to the standard
protocols™®. All the procedures were performed in
an outpatient setting. Since January 2008, a small-
bowel purgative preparation with a 2-L polyethylene
glycol solution before WCE was introduced in our
protocol. Simethicone was also used on a routine
basis before all procedures. Two hours after taking
the capsule, patients received a clear liquid diet and,
two hours later, a light meal, as recommended in
the standard protocol. Eight hours after WCE, the
patients returned to the Endoscopy Unit, the data
recorder was removed, and images were downloaded.
The recordings were independently reviewed by four
experienced gastroenterologists (Chagas C, Couto G,
Santos S, Bispo M) at 8-10 frames per second using
the Rapid® Reader. When possible, the colon was
also observed. The WCE findings were classified into
three types based on the Saurin classification!’*®! as
follows: lesions considered to have a high potential for
bleeding (P2); lesions with uncertain bleeding potential
(P1); and lesions with no bleeding potential (PO).
Positive WCE studies were defined as examinations
that identified one or more P1 or P2 lesions, whereas
those that identified only PO or no abnormal lesions
were regarded as negative WCE studies. Exclusion
criteria were as follows: concomitant or not non-
gastrointestinal blood loss (hematuria, hemoptyses
and gynecological blood loss), incomplete exams (not
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Table 1 Clinical characteristics of patients with obscure

gastrointestinal bleeding and a negative capsule endoscopy (7
= 113)

% (1)
Age
< 65 years old 37.2 (42)
> 65 years old 62.8 (71)
Gender
Female 64.6 (73)
Male 35.4 (40)
Comorbidities
Chronic kidney disease 12.4 (14)
Aortic stenosis 6.3 (7)
Prior angiodysplasia 3.5 (4)
Medication
None relevant 54 (61)
Single anti-platelet agent 16.8 (19)
Anticoagulant 7.1 (8)
NSAID 7.1(8)
Double anti-platelet agent 5.3 (6)
SSRI 3.5 (4)
Occult OGIB 69 (78)
Iron deficiency anemia 63 (71)
Overt OGIB 31 (35)
Melena 19.5 (22)
Hematochezia 11.5 (13)
[Hb] prior to WCE (median; IQR; g/L) 86 (70-100)
Transfusional needs prior to WCE 1(1-2)
(RBC units; median; IQR)
Technical Issues
Gastric Transit Time (min; median; IQR) 18 (11-37)

Small-bowel Transit Time (min; median; IQR) 253 (216-323)

WCE per Examiner (%)
Person A 425 (n =48)
Person B 38.9 (n = 44)
Person C 9.7 (n=11)
Person D 8.9 (n =10)

NSAID: Non-steroidal anti-inflammatory drugs; SSRI: Selective serotonin
reuptake inhibitor; OGIB: Obscure gastrointestinal bleeding; [Hb]: Serum
hemoglobin; WCE: Wireless capsule endoscopy; IQR: Interquartile range;
RBC: Red blood cells.

reaching the ileocecal valve), poor preparation (as
dictated by the examiner) and less than twelve months
of follow-up. Negative WCE cases were selected and
analyzed. A re-bleeding event was defined as occult
re-bleeding [a decrease in 20 g/L of [Hb] - (serum
hemoglobin) from the patient baseline] or overt re-
bleeding (melena, hematochezia). Cases of re-bleeding
due to non-small-bowel pathology (e.g., peptic ulcer
disease, erosive esophagitis/gastritis/duodenitis,
gastroesophageal varices, colorectal carcinoma, etc.)
detected during follow-up were excluded from further
analysis. The median follow-up for all patients strictly
monitored for re-bleeding was forty-eight months
(interquartile range 24-60). Study variables included
the following: demographic data (patient age and
gender), comorbidities (chronic kidney disease, aortic
stenosis, prior diagnosis of angiodysplasia), relevant
medication [use of anticoagulant, antiplatelet agent/
s, nonsteroidal anti-inflammatory drugs (NSAIDs),
selective serotonin reuptake inhibitors (SSRIs)],
hemoglobin level prior to WCE, indication for WCE
(occult or overt - melena/hematochezia OGIB), time
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from OGIB detection to WCE procedure, post procedure
details and follow-up [type of treatment for bleeding,
hospital admissions (especially for anemia and/or
recurrent gastrointestinal bleeding), blood transfusions,
need for iron supplementation, additional endoscopies
and surgery, re-bleeding causes (if determined) and
patient status at the end of follow-up (on-going investi-
gation or treated successfully)].

Statistical analysis

The Statistical Package for Social Science (version 20.0;
SPSS Inc., Chicago, IL, United States) was used for all
statistical analysis. Continuous variables are expressed
as the mean * SD or median (interquartile range) as
appropriate. Qualitative and quantitative differences
between subgroups were analyzed using the »° test
or Fisher’s exact test for categorical parameters and
Student’s t test or Mann-Whitney test for continuous
parameters as appropriate. Univariate and multivariate
analyses by Cox proportional hazards regression model
was performed to identify factors associated with re-
bleeding. After the univariate analysis, variables with
a P < 0.05 were entered in the multivariate analysis.
Effect sizes are expressed as hazard ratios (HRs)
and 95%CIs. The Kaplan-Meier method was used to
estimate the cumulative incidence of re-bleeding at 1,
3 and 5- years of follow-up, and differences between
factors were evaluated using the log-rank test. All
statistical tests were 2 sided. Statistical significance
was set at P < 0.05.

RESULTS

Patient characteristics

During the follow-up period, 640 patients were referred
for OGIB investigation. In 113 exams (17.7%), the
WCE could not find the culprit lesion and was deemed
negative (PO lesions or no abnormal findings). A
summary of baseline characteristics is displayed in
Table 1. Among the studied population, 73 patients
were female (64.6%), with a median age of 69 years
old (interquartile range 56-79); 62.8% (n = 71) of
the patients were > 65 years old. Forty-five patients
(39.8%) were taking bleeding-related drugs (single
anti-platelet agent: n = 19 (16.8%); anticoagulant: n
= 8 (7.1%); double anti-platelet agent: n = 6 (5.3%);
non-steroidal anti-inflammatory (NSAIDs): n 8
(7.1%); SSRI: n = 4 (3.5%). Thirty-five out of 113
(31%) presented with overt obscure bleeding (overt
OGIB) - melena (n = 22; 19.5%) and hematochezia (n
=13; 11.5%).

Follow-up

The median follow-up was forty-eight months (inter-
quartile range 24-60). After the exclusion of re-
bleeding cases due to non-small-bowel pathology, re-
bleeding from the small-bowel (or unknown origin)
occurred in thirty-one out of 113 negative WCE studies
(27.4%). The median time from index negative WCE
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Excluded patients (7 = 6):

Re-bleeding patients (7 = 37)

Peptic ulcer disease (7 = 4)
Esophageal varices (7 = 1)

Colonic Crohn’s disease (7 =1)

Repeat Upper Endoscopy (17 = 6)

Repeat WCE (7 = 10)

Repeat lower endoscopy (7 = 7)

No findings (7 = 1)
Gastric angiodysplasia (7 = 3)
Duodenal angiodysplasia (7 = 2)
P1 lesion (7 = 2)

No findings (7 =
Small-bowel angiodysplasia (7 = 5)
P2 lesions (7 = 3)

P1 lesion (7 = 2)

Colonic angiodysplasia (7 = 1)

4

No findings (7 = 5)
Colonic angiodysplasia (7 = 2)

Figure 1 Endoscopic investigations after re-bleeding. WCE: Wireless capsule endoscopy.

Table 2 Characteristics of patients with a negative capsule
endoscopy

Variable All Non re- Re-bleeders P
bleeders
Age (years old) 6715 65+15 72+11 0.007
Gender (M/F) 40/73 27/55 13/18 0.386
OGIB presentation (1)
Occult 79 61 18 0.067
Overt 34 21 13
[Hb] (median) 86 86 79 0.143
Anticoagulant use (1) 11 4 7 0.009
Small-bowel Transit time 253 253.5 251.5 0.650

(median)

Values are presented in mean * SD unless stated otherwise. M/F: Male/
female; OGIB: Obscure gastrointestinal bleeding; [Hb]: Serum hemoglobin.

to the re-bleeding episode was 15 mo (interquartile
range 2-33). Figure 1 provides data regarding endo-
scopic investigations in patients who re-bled and the
associated causes. Among the re-bleeding cases,
29 (94%), were submitted to at least one additional
endoscopic procedure. In ten re-bleeding cases (32%),
the culprit lesion was/remains unknown; in thirteen
cases (42%) an angiodysplasia (small-bowel n
7, colon n = 3, stomach n = 3) was identified on a
subsequent study. Half of the repeated WCE visualized
a previously unrecognized small-bowel angiodysplasia.
Of those who re-bled from a small-bowel angiodysplasia
(n = 7), three (all P2 lesions; 43%) were submitted
to argon-plasma thermocoagulation (APC) via deep
enteroscopy (one patient received one APC session,
one received two APC sessions and the other patient
had to be submitted to five APC sessions), with
complete resolution of the gastrointestinal bleeding.
Among the total re-bleeding population, five patients
(16%) received specific medical therapy (proton pump
inhibitor and/or NSAIDs or anticoagulant withdrawal),
three patients (9.7%) received non-specific medical
therapy (iron supplementation or blood transfusions),
and twenty patients (64.5%) did not receive any type
of treatment.
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Overall, at the end of the follow-up period, twenty-
four patients with re-bleeding (77.4%) were considered
successfully treated [i.e., despite the re-bleeding event
they were asymptomatic, did not require a blood
transfusion or iron supplementation and had a normal
(Hb) level]. Seven patients (22.6%) remain under
close follow-up (requiring regular iron supplementation,
blood transfusions).

Risk factor analysis and risk of re-bleeding

A comparison of baseline characteristics between re-
bleeders vs non re-bleeders is summarized in Table
2. The results of univariate and multivariate analyses
regarding factors associated with re-bleeding in
patients with a negative WCE are summarized in Table 3.
According to a univariate analysis, age > 65 years old,
chronic kidney disease, aortic stenosis, anticoagulant
use and overt OGIB were detected as factors associated
with a significant risk of re-bleeding after a negative
WCE. After subjecting the previous variables to a
multivariate analysis using a Cox proportional hazards
regression model, none of the previously identified
factors were able to independently predict future re-
bleeding events.

The overall cumulative risk of re-bleeding at 1, 3
and 5-year of follow-up was 12.9%, 25.6% and 31.5%,
respectively (Figure 2). To perform a comprehensive
analysis, a subgroup comparison between those who
initially presented with occult OGIB vs overt OGIB is
summarized in Table 4. The overt group tended to re-
bleed sooner than the occult group (median time until
re-bleeding event: 8.5 mo vs 22 mo; P = 0.257);
however, re-bleeding rates between these two groups
were not significantly different (Figure 3; P = 0.099).

DISCUSSION

Capsule endoscopy revolutionized the world of gas-
trointestinal endoscopy, mainly OGIB, by allowing the
gastroenterologist to identify the possible cause of
OGIB and enhance a directional or specific treatment.
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Table 3 Univariate and Multivariate analysis via Cox proportional hazard regression model: Re-bleeding risk factors in patients with

obscure gastrointestinal bleeding and a negative capsule endoscopy

Variables Univariate analysis Multivariate analysis
HR 95%CI P HR 95%ClI P

Female 1.408 0.676-2.929 0.361

Age > 65 years old 3.599 1.364-9.501 0.010 2.591 0.951-7.060 0.063
Chronic kidney disease 3.498 1.265-9.671 0.016 2.252 0.749-6.770 0.148
Aortic stenosis 4.159 1.412-12.247 0.010 1.548 0.352-6.811 0.563
Prior angiodysplasia 3.637 0.851-15.457 0.081

Bleeding-related drugs 1.586 0.761-3.304 0.219

Anticoagulant use 3.903 1.542-9.875 0.004 2.699 0.705-10.330 0.147
Overt OGIB 2.104 1.011-4.380 0.047 1.986 0.933-4.231 0.075
[Hb] <80 g/L 1.857 0.868-3.970 0.111

Transfusional (RBC) needs prior to WCE 1.122 0.919-1.370 0.257

Values are presented in mean + SD unless stated otherwise. HR: Hazard ratio; OGIB: Obscure gastrointestinal bleeding; [Hb]: Serum hemoglobin; RBC: Red

blood cells; WCE: Wireless capsule endoscopy.

Capsule endoscopy is a safe and effective technology
in the evaluation of small-bowel pathology™. Whether
a positive or negative WCE study impacts patient
outcome remains ill defined. Two recent studies failed
to demonstrate that a higher diagnostic yield is related
to an improved outcome in patients with OGIB!"**%,
Moreover, on a recent nationwide study by Min et
al®l, the authors concluded that WCE did not have a
significant impact on the long-term outcome of patients
with OGIB. Some studies analyzed the long-term
outcome defining the occurrence of a re-bleeding event
as a primary outcome®>'*!>?! 1n the paramount
study of Lai et al*®, patients with a negative WCE study
(n = 18) displayed a low re-bleeding rate (5.6%) when
followed for twelve months (median). Another study by
Macdonald et ai™® that analyzed 49 patients with OGIB
(median follow-up = 17 mo) demonstrated a higher
re-bleeding rate in this subgroup (negative WCE)
of patients (11%) and, when assessing risk factors
associated with re-bleeding, identified anticoagulant
use as the only independent predictor. Therefore, these
first two studies claimed a low re-bleeding probability
in patients whose first WCE study was negative, thus
advising an expectant approach. Thereafter, it has
been postulated that a negative WCE result predicts a
favorable prognosis in patients with OGIB and a low risk
of re-bleeding. Later, a study by Park et af'® with 51
patients followed for thirty-two months demonstrated
a re-bleeding rate of 35.7% in WCE negative patients.
Hence, the authors recommended a close follow-up
of these patients for at least 2 years. Moreover, two of
the most recent studies™™** report re-bleeding rates of
23% and 33%, respectively. Additionally, it has been
demonstrated that there are no significant difference in
the cumulative re-bleeding rates between patients with
positive vs negative WCE findings™®*>'¥,

In the present study, we focused on and followed
113 patients referred for OGIB investigation with a
negative WCE. Similar to previous recent retrospective
cohort studies!****!, we demonstrated high re-bleed-
ing rates (27.4%) in this group of patients when
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followed for longer periods (> 12 mo). Studies that
reported lower re-bleeding rates had shorter follow-
up periods®!®**? To optimize the definition of the
risk, we set the minimum follow-up period at 12 mo,
and we obtained a median follow-up period of 48 mo
(4 years). In approximately 1/3 of the re-bleeders,
the culprit lesion remained unknown (i.e., persistently
negative endoscopic studies), and when identified,
angiodysplasia was the most frequent lesion (42%),
mainly small-bowel angiodysplasia (53.8% of all the
missed angiodysplasia), which is in line with a previous
report™®!. One explanation for these findings might
be that some angiodysplasias were missed in the first
WCE (although some lesions may have developed after
the index WCE). In addition, the natural history of such
vascular lesions remains unclear, and their dynamic
nature makes them hard to demonstrate consistently.
Additionally, it is important to note that knowing that
there is a positive correlation between diagnostic yield
and small-bowel transit time (SBTT), especially in
OGIB™Y, as presented in Table 4, SBTT did not differ
between re-bleeders and non-re-bleeders; therefore,
it is unlikely that re-bleeders had a higher rate of
important missed lesions than non-re-bleeders.

In Western countries, angiodysplasia seems to be
more frequent than in Asia, and this might be another
explanation for the lower re-bleeding rates observed
across some of the Asian studies, where small-bowel
ulcers dominate the OGIB etiology™®*?. In patients with
recurrent OGIB or IDA who had a negative WCE, a
repeat WCE revealed the presence of angiodysplasia
in up to 29% of patients (75% of all findings) and
led to changes in patient management in two small
studies®?®!, which is in line with our data.

Similarly to previous studies™***! our median time
until re-bleeding was 15 mo, which strengthens the
importance of closely following these patients in the
first 2 years after index WCE and seemingly over the
3" year, as our interquartile range for re-bleeding
was between 2 and 33 mo. Although the results were
not statistically significant (Figure 3; Log-Rank test =
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Table 4 Comparison between patients presenting with occult/overt obscure gastrointestinal bleeding

Variable Occult OGIB Overt OGIB P
Age (years old) 66 68 0.448
Sex (M/F) 24/54 16/19 0.141
[Hb] (median) 8.9 7.9 0.015
Anticoagulant use (1) 8 3 1.000
Time from OGIB to WCE (d; median) 31 29 0.653
Follow-up period (mo; median) 48 42 0.450
Rebleeding cumulative events (at 12 mo) () 9% (7) 21% (7) 0.133
Rebleeding cumulative events (at 36 mo) (1) 20% (13) 39% (11)

Rebleeding cumulative events (at 60 mo) (1) 29% (16) 39% (11)

Rebleeding cumulative events (at 84 mo) (1) 34% (17) 49% (12)

Rebleeding cumulative events (total) (1) 17 12

Time to rebleeding event (mo; IQR) 22 (6-33) 8.5 (0.5-27) 0.257

Values are presented in mean + SD unless stated otherwise. OGIB: Obscure gastrointestinal bleeding; M/F: Male/female; [Hb]: Serum hemoglobin; IQR:

Interquartile range.
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Figure 2 Kaplan-Meier curve showing cumulative re-bleeding rates in the
study population.

0.099), when the subgroups of patients presenting with
occult and overt OGIB were analyzed separately, we
observed that patients who presented with overt OGIB,
in contrast with the occult group, tended to re-bleed
sooner (median time until re-bleeding = 8.5 mo vs 22
mo).

Previous studies pinpointed anticoagulant in-
take!’®! as an independent risk factor for re-bleeding,
regardless of WCE results. Others™ identified younger
age (< 65 years old) and the onset of bleeding
as independent risk factors for re-bleeding after a
negative WCE. Consistent with another recent study™,
our results showed that in a univariate analysis,
patients who re-bled were older (HR = 3.599; 95%CI:
1.364-9.501; P = 0.010). One explanation is that the
prevalence of angiodysplasia (the most frequent re-
bleeding lesion in most studies) is known to be higher
in older individuals™, making them a group prone
to re-bleeding. It is also known that the incidence of
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Figure 3 Kaplan-Meier curve showing cumulative rebleeding rates after a
negative capsule endoscopy according to initial obscure gastrointestinal
bleeding presentation (Log-Rank = 0.099). OGIB: Obscure gastrointestinal
bleeding.

small-bowel vascular lesions (mainly angiodysplasia) in
patients with chronic kidney disease is high® >, thus
making them more likely to re-bleed, as shown in an
univariate analysis (HR = 3.498; 95%CI: 1.265-9.671;
P = 0.016). In our study, as demonstrated previous-
ly™4, taking anticoagulants is an important risk factor
for re-bleeding (HR = 3.903; 95%CI: 1.542-9.875; P
= 0.004). Another interesting finding was that even
though patients who presented with an overt OGIB
tended to re-bleed more than those who presented
with occult OGIB (HR = 2.104; 95%CI: 1.011-4.380;
P = 0.047), a statistically significant difference could
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not be found between the groups (Figure 3). Patients
with aortic stenosis may have a higher prevalence
of angiodysplasia (condition also known as Heyde
Syndrome) through the gastrointestinal tract’***". In
patients with aortic stenosis, the tendency to harbor
angiodysplasia in the gut may pose an elevated risk
of re-bleeding events. In this study, there was a trend
towards more re-bleeding events in these patients (HR
= 4.159; 95%CI: 1.412-12.247; P = 0.010). However,
when all of these factors were pooled on a multivariate
analysis, their statistical significance became null.

Our study limitations were the following: (1) the
data were collected from a single tertiary referral
hospital and the study had a retrospective design; (2)
some of the patients included are followed at other
institutions; thus, some follow-up data are missing;
and (3) we focused only on patients referred for OGIB
with a negative WCE. A comparison of re-bleeding rates
with positive WCE cases would have been interesting;
however, in a recent study®, it was demonstrated that
re-bleeding rates between positive and negative WCE
cases were not significantly different. A leverage point
of our study was the very long-term post procedure
follow-up period and the relatively large number of
patients included.

In conclusion, patients with OGIB with a negative
WCE have a significant re-bleeding risk (27.4%), and
a follow-up strategy is recommended. In this study,
predictive factors for re-bleeding events could not
be found using a multivariate analysis; however, a
tendency was demonstrated (older age, chronic kidney
disease, aortic stenosis, anticoagulants use and overt
OGIB), and in future series, a tailored approach/
surveillance may be required. Prospective observational
studies addressing this topic with long-term follow-up
are urgently needed.

COMMENTS

Background

Obscure gastrointestinal bleeding (OGIB) is defined as occult or overt gastroin-
testinal bleeding of unknown origin that persists or recurs after initial negative
endoscopic evaluation (esophagogastroduodenoscopy and colonoscopy). OGIB
represents approximately 5% of all gastrointestinal bleeding cases, and the
culprit lesion is located in the small-bowel in most instances. Angiodysplasias of
the small-bowel account for 30% to 40% of OGIB. Wireless capsule endoscopy
(WCE) is a safe and well-accepted technology that enables visualization of the
small-bowel.

Research frontiers

A negative (WCE) study remains a clinical challenge, and little is known about
the long-term follow-up of such patients. The “protective effect” of a negative
WCE study on future re-bleeding events remains controversial. To date, there
are some conflicting data about the re-bleeding rates and predictive factors
linked to a re-bleeding event, and in addition, median follow-up period varies
among studies.

Innovations and breakthroughs

In a retrospective analysis, the authors evaluated the long-term re-bleeding
events after a negative WCE in patients referred for OGIB. In a concrete and
relatively large cohort from a tertiary center in Europe with long-term follow-up
(48 mo), it was found that patients with OGIB, despite a negative WCE, have
a significant re-bleeding rate (27.4%). Small-bowel angiodysplasia was the
most frequent re-bleeding related lesion (22.6%). The median time from index
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negative WCE to the re-bleeding episode was fifteen months. After a multivariate
analysis, there were no independent predictors for re-bleeding.

Applications

This study suggests that patients with OGIB and a first negative WCE should
have an extended follow-up. Although independent predictors for re-bleeding
were not found, physicians should recognize some important risk factors for re-
bleeding (older age, chronic kidney disease, aortic stenosis, anticoagulants use
and overt OGIB) and consider further endoscopic investigations if re-bleeding
oceurs.

Terminology

OGIB is defined as bleeding from the gastrointestinal tract that persists or recurs
without an obvious source being discovered by esophagogastroduodenoscopy,
colonoscopy and radiologic evaluation of the small-bowel. Small-bowel capsule
endoscopy uses a wireless miniature (pill sized) encapsulated video camera
designed to visualize the entire small-bowel.

Peer-review

In a retrospective analysis the authors evaluated the long-term re-bleeding
events after a negative wireless capsule endoscopy in patients referred for
obscure gastrointestinal bleeding. They found that patients with obscure
gastrointestinal bleeding, despite a negative capsule endoscopy, during a 48 mo
mo follow-up period have a significant re-bleeding rate (27.4%). They concluded
that there are no reliable risk factors that can predict a future re-bleeding event
in these patients. The topic is interesting and suitable for publication.
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Abstract

AIM: To compare n-butyl-2-cyanoacrylate, iso-amyl-2-
cyanoacrylate and a mixture of 72% chromated glycerin
with hypertonic glucose solution in management of
gastric varices.

METHODS: Ninety patients with gastric varices
presented to Endoscopy Unit of Ain Shams University
Hospital were included. They were randomly allocated
into three groups; each group included 30 patients trea-
ted with intravariceal sclerosant injections in biweekly
sessions till complete obturation of gastric varices;
Group I (n-butyl-2-cyanoacrylate; Histoacryl®), Group
II (iso-amyl-2-cyanoacrylate; Amcrylate®) and Group
Il (mixture of 72% chromated glycerin; Scleremo®
with glucose solution 25%). All the procedures were
performed electively without active bleeding. Recruited
patients were followed up for 3 mo.

RESULTS: 26% of Scleremo group had bleeding during
puncture vs 3.3% in each of the other two groups with
significant difference, (P < 0.05). None of Scleremo
group had needle obstruction vs 13.3% in each of the
other two groups with no significant difference, (P >
0.05). Rebleeding occurred in 13.3% of Histoacryl and
Amcrylate groups vs 0% in Scleremo group with no
significant difference. The in hospital mortality was 6.6%
in both Histoacryl and Amcrylate groups, while it was
0% in Scleremo group with no significant difference. In
the first and second sessions, the amount of Scleremo
needed for obturation was significantly high, while the
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amount of Histoacryl was significantly low. Scleremo
was the less costly of the two treatments.

CONCLUSION: All used sclerosant substances showed
efficacy and success in management of gastric varices
with no significant differences except in total amount,
cost and bleeding during puncture.

Key words: Gastric varices; N-butyl-2-cyanoacrylate;
Iso-amyl-2-cyanoacrylate; Hypertonic glucose solution;
72% chromated glycerin

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We compared n-butyl-2-cyanoacrylate
(Histoacryl®), iso-amyl-2-cyanoacrylate (Amcrylate®) and
a mixture of 72% chromated glycerin (Scleremo®) with
hypertonic glucose solution (25%) in management of
gastric varices. The study included 90 patients who were
randomly allocated into three groups, and each group
included 30 patients treated with sclerosant injections
in biweekly sessions till complete obturation: Group
I (Histoacryl®), Group II (Amcrylate®) and Group III
(Scleremo® with Glucose 25%). Patients were followed
up for 3 mo. We concluded that all used sclerosants
showed efficacy and success in management of gastric
varices, without significant differences, except in total
amount, cost and bleeding during puncture.

Elwakil R, Montasser MF, Abdelhakam SM, Ibrahim WA.
N-butyl-2-cyanoacrylate, iso-amyl-2-cyanoacrylate and
hypertonic glucose with 72% chromated glycerin in gastric
varices. World J Gastrointest Endosc 2015; 7(4): 411-416
Available from: URL: http://www.wjgnet.com/1948-5190/full/

v7/i4/411.htm DOI: http://dx.doi.org/10.4253/wjge.v7.i4.411

INTRODUCTION

Varices occur in approximately 50% of cirrhotic
patients!"?, Gastric varices (GV) are less common
than esophageal varices (EV), with a prevalence
of approximately 20% in patients with portal
hypertension'®, and about 15%-25% of GV bleed
during the patient’s lifetime ™=,

The management of GV has not been well studied
as that of EV. Both the evaluation and treatment of GV
are still controversial®”,

Cyanoacrylates are synthetic glues that rapidly
polymerize on contact with water or blood™. Injection
therapy with cyanoacrylates is now considered to be the
first-line endoscopic intervention for bleeding GV and for
the secondary prevention of gastric variceal bleeding..

N-butyl-2-cyanoacrylate (Histoacryl®; Germany)
has been used extensively in endoscopic therapy for
the last 10 years. Another N-butyl-2-cyanoacrylate
(Glubran®; Italy) was recently approved for endoscopic
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use in Europe'”.

Scleremo, a compound of 72% chromated glycerin,
is a polyalcohol that is often considered to be a
sclerosant chemical irritant, as it causes cell surface
protein denaturation leading to thrombo-fibrosis™".
The compound is commonly used in Europe, but it has
not been approved by the FDA for use in the United
States'?.

This work aimed at comparing n-butyl-2-cyano-
acrylate (Histoacryl®), iso-amyl-2-cyanoacrylate
(Amcrylate®) and a mixture of 72% chromated glycerin
(Scleremo®) with a hypertonic glucose solution (25%)
in the management of GV in Egyptian patients.

MATERIALS AND METHODS

Patients and methods

This prospective randomized study was conducted
on ninety patients who presented with GV at the
Endoscopy Unit of Ain Shams University Hospital.
Patients with non-variceal causes of upper gastroin-
testinal bleeding and those with severe co-morbidities
were excluded.

The patients were randomly allocated into three
groups. Each group included 30 patients who were
treated with sclerosant injections in biweekly sessions
until the complete obturation of the GV was achieved,
with follow-up of 3 mo: (1) Group I (Histoacry!®
Group); (2) Group I (Amcrylate® Group); and (3)
Group I (Scleremo® with Glucose 25% Group).

The three groups were matched for age, gender,
cause of liver cirrhosis (viral hepatitis B or C), Child
score and endoscopic findings (including the number,
grade of the EV and the size of GV).

All of the included patients underwent: (1) a
complete clinical evaluation; (2) laboratory investi-
gations: CBC, liver profile, viral markers (HBs Ag, HB
core Ab, HCV Ab) using the ELISA technique; (3) child
classification according to the modified Child Pugh’s
criteria™; (4) abdominal ultrasonography for liver and
spleen size, portal vein diameter and ascites; (5) upper
gastrointestinal endoscopy using the Pentax video
endoscope EG 3440. The EV were classified according
to their size at the gastroesophageal junction into 4
grades according to Westaby et al'**; The GV were
classified into either gastro-EV or isolated GV according
to Sarin et al'**'; and (6) therapeutic interventions:
The intravariceal injection technique was performed
according to Soehendra et a/'*®’.

The Histoacryl® was diluted as 0.5 mL histoacryl: 0.8
mL lipidol as a contrast agent to dilute the adhesive
material to fill the entire varix and to prevent rapid
hardening and the obstruction of the needle. The
mixture was injected slowly to minimize the risk of
embolization and was followed by the injection of 2 mL
of distilled water. The first ml of water was injected to
force the material into the varix, and the second ml
was injected during the withdrawal of the needle to
prevent its obstruction®®,
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The Amcrylate® was injected slowly followed by
injection of 2 mL distilled water without mixing with
any other substances!'”’,

The Scleremo® was mixed with glucose 25% in a
ratio of 1:1. The mixture was injected very slowly and
with the waiting for moments inside the variceal lumen
after injection to give enough time for the sclerosing
material to be in contact with the vessel wall. There
was no need for an injection of distilled water'*..

Informed consent was obtained from all of the
included patients, and the study protocol was approved
by the ethical guidelines committee.

All of the procedures were performed electively,
without active bleeding. The patients who had bleeding
that occurred immediately or after the procedure were
treated with additional injections.

The primary end point of this study was the obtu-
ration of the GV. The secondary endpoint was the
occurrence of bleeding, whether from the puncture site
during or immediately after the injection or delayed
bleeding (in-hospital or after discharge) and mortality.

Statistical analysis
The statistical review of the study was performed by a
biomedical statistician.

The quantitative variables are presented as the
mean and the SD. An unpaired (t) test was used for
the comparisons.

The qualitative variables are presented as numbers
and percentages. The »° test was used for the
comparisons.

A value of P < 0.05 was considered to be statis-
tically significant (S), P < 0.01 was considered to be
highly significant (HS), and P > 0.05 was considered
to be non-significant (NS).

RESULTS

This study included 90 Egyptian patients with chronic
liver disease. There were 58 males (64.4%, mean
age: 50.88 = 9.08 years) and 32 females (35.6%,
mean age: 49.28 £ 8.11 years). A total of 74 patients
(82.2%) had hepatitis C virus (HCV), 12 patients
(13.3%) had hepatitis B virus (HBV), and 4 patients
(4.4%) had both HCV and HBV. According to the Child-
Pugh classification, 18 patients (20%) were class A, 36
patients (40%) were class B, and 36 patients (40%)
were class C.

The recruited patients were randomly allocated into
three groups that were matched for age, gender, cause
of chronic liver disease, Child score and endoscopic
findings. Each group included 30 patients who were
treated with sclerosant injections in biweekly sessions
until the complete obturation of GV was achieved. The
groups consisted of Group I (the Histoacryl® Group),
Group I (the Amcrylate® Group) and Group II (the
Scleremo® with glucose 25% Group).

There were non-significant (P > 0.05) differences
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Table 1 Previous bleeding and previous sclerotherapy for
esophageal varices in the 3 groups n (%)

Histoacryl Amcrylate Scleremo ;2 P value
with glucose

Previous None 2(6.6) 10(33.3) 2(6.6) 116 >0.05
bleeding Once 20 (66.6) 8(26.6) 20 (66.6) (NS)

Twice  2(6.6) 8(266)  4(13.3)

3times 2 (6.6) 0(0) 0(0)

4times  4(13.3) 4(13.3) 4 (13.3)
Previous None 2(6.6) 10(33.3) 2(6.6) 165 >0.05
sclerotherapy ~ Once 6 (20) 6 (20) 0(0) (NS)
for EV Twice 6 (20) 0(0) 4 (13.3)

3times 2 (6.6) 6 (20) 8 (26.6)

4times 14 (46.6) 6 (20) 16 (53.3)

EV: Esophageal varices; NS: Non-significant.

among the 3 groups regarding previous bleeding or
previous sclerotherapy for EVs (93.3%, 66.6% and
93.3%, for Groups I, I, and III, respectively) as
shown in Table 1.

The endoscopic findings for the 3 studied groups
are shown in Table 2. There were non-significant
differences among the 3 groups for the location, the
size of the GV and associated EV (P > 0.05).

Table 3 shows the non-significant differences
among the 3 groups regarding the rate of the obtur-
ation of the GV (P > 0.05). In the first month, the
rate of the obturation was 66.6%, 53.3% and 46.6%;
in the second month, the rate of the obturation was
86.6%, 80% and 73.3% and in the third month, the
rate of the obturation was 93.3%, 93.3% and 100%
in the Histoacryl, Amcrylate and Scleremo groups,
respectively.

Regarding the number of sessions needed for
the obturation of the GV; in the Histoacryl group,
33.3% of the patients needed one session and 66.6%
needed two sessions. In the Amcrylate group, 26.6%
of the patients needed one session, 70% needed
two sessions and 3.3% needed three sessions. In
the Scleremo group, 20% of the patients needed
one session, 66.6% needed two sessions and 13.3%
needed three sessions.

The amount of the sclerosant used per session is
shown in Table 4. In the first and second sessions,
a significantly high amount of Scleremo was used
compared with the Amcrylate and Histoacryl (P < 0.05).
In the third session, there was insignificant differences
among the amounts of the 3 sclerosant materials used (P
> 0.05).

Regarding problems with the endoscopy, eight
patients (26.6%) in the Scleremo group had bleeding
of their GV during the puncture compared with one
patient (3.3%) in each of the other two groups, with a
significant difference (P < 0.05). None of the patients
in the Scleremo group had needle obstructions during
the injections compared with four patients (13.3%)
in each of the other two groups, with non-significant
differences (P > 0.05).

April 16,2015 | Volume 7 | Issue 4 |
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Table 4 Total amount of sclerosant used per session

Histoacryl Amcrylate Scleremo  ;* P value

with

glucose
Sittof GV Fundal ~ 24(80) 22(733) 18(60) 1514 >0.05
Cardiac 6(20)  8(26.6) 12 (40) (NS)
Size of GV L 10(333) 12(40)  8(26.6) 268 >0.05
M 12 (40) 16 (53.3) 14 (46.6) (NS)

S 8(266) 2(66) 8(26.6)

Associated ~ No EV 2 (6.6) 6 (20) 0 (0) 785 >0.05
EV GradeIIEV 10 (33.3) 4(13.3) 6(20) (NS)
Grade [llEV 14 (46.6) 16 (53.3) 18 (60)

Grade[VEV ~ 4(13.3) 4(13.3) 6(20)

GV: Gastric varices; EV: Esophageal varices; L: Large tortuous varices; M:
Medium nodular varices; S: Small straight varices; NS: Non-significant.

Table 3 Outcomes of gastric varices for rates of obturation

and number of sessions 7 (%)

Histoacryl Amcrylate Scleremo ;> P value
with
glucose
Obturation 1% month 20 (66.6) 16 (53.3) 14 (46.6) 14 >0.05
of varices 2™ month 26 (86.6) 24 (80) 22 (73.3) (NS)
3“month 28(93.3) 28(93.3) 30 (100)
No. One  10(333) 8(266) 6(0) 25 >005
of sessions Two 20 (66.6) 21 (70) 20 (66.6) (NS)
Three 0 (0) 1(33)  4(133)

GV: Gastric varices; NS: Non-significant.

Bleeding in the Scleremo group during the puncture
was controlled by injecting more of the sclerosing
mixture and leaving the needle in the puncture site
for few minutes to allow time for the blood to clot and
occlusion of the puncture to occur. In 2 of the cases in
the Scleremo group (Child C) this maneuver failed to
stop the bleeding, and an injection of Histoacryl was
used to control the bleeding.

Rebleeding (within 5 d of the injection) occurred
in 4 cases (13.3%) in both the Histoacryl and the
Amcrylate groups, while no cases (0%) of rebleeding
were recorded in the Scleremo group, with a non-
significant difference (P > 0.05).

Two of the patients (6.6%) in each of the Histoacryl
and Amcrylate groups died in the hospital 2 d after the
injection (due to hepatic comas), while the mortality
rate in the Scleremo group was 0%, with a non-
significant difference (P > 0.05).

There were insignificant (P > 0.05) differences
among the 3 groups in complications in the form of
chest pain (6.6%, 6.6% and 13.3%) in the Histoacryl,
Amcrylate and Scleremo groups, respectively, transient
dysphagia (13.3%) in the Amcrylate group only, low
grade fever in the Histoacryl group only (6.6%); and
ulceration in both the Histoacryl and Amcrylate groups
only (13.3% vs 6.6%).

Regarding the total cost of the sclerosant materials
used in the current study, Scleremo was the least
costly compared with the Histoacryl and Amcrylate, as

JBaishideng® W]GE I WWW.W].gnet.COm

Histoacryl  Amcrylate Scleremo P value
with glucose
1% session 42 cc 80 cc 126 cc <0.05 (S)
2 session 20 cc 28 cc 74 cc <0.05 (S)
3" session 0 2cc 10 cc >0.05 (NS)

S: Significant; NS: Non-significant.

Table 5 Amount of sclerosants and their cost

Histoacryl Amcrylate Scleremo with
glucose
Amount of one 0.5 cc 0.5 cc 5.0 cc
ampoule
Total used amount 62 cc 110 cc 210 cc
No. of all 124 220 42
injected ampoules
Cost of one ampoule 88 EGP 44 EGP 15 EGP
(14.6 USD) (7.3 USD) (2.5 USD)
Cost of all injected 10912 EGP 9680 EGP 630 EGP
ampoules (1809 USD) (1605 USD) (104.5 USD)

EGP: Egyptian Pound; USD: United States Dollar.

shown in Table 5.

DISCUSSION

In contrast to the treatment of EV, the endoscopic
treatment of GV is still controversial™®. Treatment
options for GV that have been studied in prospective
trials include injections of cyanoacrylate-based tissue
adhesives, alcohol, sclerosants, and band ligationt***#1,
The results from this limited number of small studies
had varying success rates and were uncontrolled,
making it difficult to draw definitive conclusions about
their efficacy or the superiority of one therapy over
another®,

The purpose of this prospective randomized study
was to compare the efficacy of n-butyl-2-cyanoacrylate
(Histoacry!)®, iso-amyl-2-cyanoacrylate (Amcrylate)® and
a mixture of 72% chromated glycerin (Scleremo)® with a
hypertonic glucose solution (25%) in the management
of GV in Egyptian patients.

The present work shows the obturation of varices
in all of the groups, with no significant differences (P
> 0.05) after three months of follow-up. We observed
that the obturation of the GV occurred sooner and with
fewer sessions in both the Histoacryl and Amcrylate
groups than in the Scleremo group. Similarly, it has
been previously reported that glue injections had
achieved variceal eradication in approximately 75% of
patients (range: 50%-100%)".

In comparison with the other types of sclerosants
that were used in previous studies, obliteration was
achieved in only 32% of the sodium tetradecy! sulphate
group and 81% of the hypertonic (50%) glucose water
group (P < 0.05) in the study of Chang et a'”’.

The Scleremo (72% chromated glycerin) was useful
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primarily in the sclerosis of small vessels. Its principal
advantage is that it rarely causes extravasation necro-
sis; its viscosity also allows maximum surface contact
time and avoids the risk of an oily base causing the
formation of an embolus. The main problems with
Scleremo are that it is difficult to work with because
it is extremely viscous, that it can be quite painful
on injection, and that the chromate moiety is highly
allergic™®.

To our knowledge, there is no previous Egyptian
study that addresses the efficacy of Scleremo in the
management of GV. In the current study, Scleremo
with glucose 25% was characterized as being more
economical, with a clean and smooth endoscopic field
of vision and fewer side effects. However, bleeding
from the puncture site, specific dealing during the
injection, its high amount and number of sessions
required and a delay in the obturation of the varices
were its disadvantages.

El-Wakil™ investigated the efficacy of Scleremo
in the management of bleeding EV and demonstrated
that the rate of the eradication of EV in the Scleremo
group was 75% in comparison with 60% in the
Ethanolamine Oleate group.

In the present study, none of the patients in the
Scleremo group had needle obstruction during the
injection in comparison with four patients (13.3%) in
each of the other two groups, with a non-significant
difference (P > 0.05). Chang et al'! reported the
frequent obstruction of the injection needle when
using Histoacryl during the treatment of active gastric
variceal bleeding, although it achieved a nearly 100%
success rate for the initial hemostasis.

In the current study, rebleeding occurred in 4 cases
(13.3%) in both the Histoacryl and Amcrylate groups,
while no cases (0%) were recorded in the Scleremo
group, with an insignificant difference. Previous studies
of glue injections for GV have shown a rebleeding rate
ranging from 23%-50%"*",

In the current study, the mortality rate was (6.6%)
in both the Histoacryl and the Amcrylate group
compared with 0% in the Scleremo group, with a non-
significant difference.

El-Wakil™" reported that the mortality rate was 5%
in the Ethanoleamine Oleate group, while no fatalities
were reported in the Scleremo group during the
management of bleeding EV.

Kind et al** treated 174 cirrhotic patients who had
actively bleeding GV with cyanoacrylate and then by
weekly sessions until their varices were eradicated. The
hemostasis, early rebleeding and hospital mortality
rates after the cyanoacrylate treatment were 97.1%,
15.5% and 19.5%, respectively. In approximately 75%
of the patients, the GV were successfully obliterated.

In the present work, all of the groups reported some
minor complications, with non-significant differences
among them, in the form of chest pain (6.6%, 6.6%
and 13.3%) for the Histoacryl, Amcrylate and Scleremo
groups, respectively, transient dysphagia in the
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Amcrylate group only (13.3%), low grade fever in the
Histoacryl group only (6.6%) and ulceration in both the
Histoacryl and Amcrylate groups only (13.3% vs 6.6%).

It has been previously reported by Ljubicic et a/*”
that fever, retrosternal discomfort and dysphagia
frequently occur with Histoacryl injections and usually
resolve within 48 h.

In the study of El-Wakil™!l, the Scleremo showed
fewer complications than Ethanoleamine Oleate in the
form of chest pain (15% vs 40%), transient dysphagia
(15% vs 40%) and low grade fever (5% vs 20%). A
large post-sclerotherapy ulcer occurred in (10%) of
patients in the Ethanolamine Oleate group, while no
ulcers were reported in the Scleremo group.

All of the sclerosant substances that we used
(Histoacryl, Amcrylate and Scleremo with glucose
25%) showed both efficacy and success in the
management of GV, with no significant differences
among them except in the total amount required, their
cost and incidences of bleeding during the puncture;
however, they did vary in their superiority in some
aspects.
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Background

The endoscopic treatment of gastric varices (GV) is still a matter of debate.
Treatment options for GV that have been studied in prospective trials include the
injection of cyanoacrylate-based tissue adhesives, alcohol and sclerosants. The
results from this limited number of small studies had varying success rates and
were uncontrolled, making it difficult to draw definitive conclusions about their
efficacy or the superiority of one therapy over another.

Research frontiers

Cyanoacrylates are synthetic glues that rapidly polymerize on contact with water
or blood. Scleremo, a compound of 72% chromated glycerin, is a polyalcohol
that is considered to be a chemical irritant sclerosant that causes cell surface
protein denaturation leading to thrombo-fibrosis. The authors compared n-butyl-
2-cyanoacrylate (Histoacryl®), iso-amyl-2-cyanoacrylate (Amcrylate®) and a
mixture of 72% chromated glycerin (Scleremo®) with hypertonic glucose solution
(25%) in the management of GV. All of the sclerosants showed efficacy and
success in the management of GV; they differ in the total amount required, cost
and the occurrence of bleeding during the puncture.

Innovations and breakthroughs

This is the first Egyptian study that addresses the efficacy of Scleremo® in the
management of GV; it is characterized as being economical and clean, with a
smooth endoscopic field of vision and few side effects.

Applications

This study may represent a future strategy for the use of a mixture of 72%
chromated glycerin (Scleremo®) with a hypertonic glucose solution (25%) in the
management of GV.

Terminology

Variceal obturation employs the injection of sclerosant substances leading to
the plugging and thrombosis of the varices and an immediate cast of the vessel,
followed by the consequent sloughing of the cast after 1-2 wk.

Peer-review

This is a well-researched and well-written article that will be of interest to the
readers and will add to the literature on the management of this condition. The
endoscopic treatment of GV is still a matter of debate, and controversy exists
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on their evaluation and possible pharmacologic and endoscopic treatment.
Additionally, Scleremo appears to be the least costly alternative.
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Abstract

AIM: To summarize the clinical impact of a formal
training for the effectiveness and safety of endoscopic
submucosal dissection for gastrointestinal cancer.
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METHODS: We searched databases including PubMed,
EMBASE and the Cochrane Library and Science citation
Index updated to August 2014 to include eligible articles.
In the Meta-analysis, the main outcome measurements
were en bloc resection rate, local recurrence rate (R0)
and the incidence of procedure-related complications
(perforation, bleeding).

RESULTS: £n bloc resection was high for both,
dissecting stomach tumors with an overall percentage
of 93.2% (95%CI: 90.5-95.8) and dissecting colorectal
tumors with an overall percentage of 89.4% (95%CI:
85.1-93.7). Although the number of studies reporting
RO resection (the dissected specimen was revealed
free of tumor in both vertical and lateral margins)
was small, the overall estimates for RO resection were
81.4% (95%CI: 72-90.8) for stomach and 85.9%
(95%CI: 77.5-95.5) for colorectal tumors, respectively.
The analysis showed that the percentage of immediate
perforation and bleeding were very low; 4.96 (95%CI:
3.6-6.3) and 1.4% (95%CI: 0.8-1.9) for colorectal
tumors and 3.1% (95%CI: 2.0-4.1) and 4.8% (95%CI:
2.8-6.7) for stomach tumors, respectively.

CONCLUSION: In order to obtain the same rate of
success of the analyzed studies it is a necessity to
create training centers in the western countries during
the “several years” of gastroenterology residence first
only to teach EGC diagnose and second only to train
endoscopic submucosal dissection.

Key words: Endoscopic submucosal dissection; Training

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic submucosal dissection (ESD)
has gained widespread use in Asia because of a well-
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documented higher en bloc and curative resection
rates for early neoplastic gastrointestinal lesions.
Unfortunately, ESD has not been yet widespread in
the West due to remain the very flat learning curve
and lack of training resources. In Asia, ESD skills
are acquired in the time-honored mentor/apprentice
model over a period of few years. Although, there is
a great heterogeneity in the medical literature reports
about training and learning curve of ESD. In this
meta analysis we had analyzed the results from these
training centers reports. Because technical maturation
often requires measurable standard to achieve.

Tanimoto MA, Guerrero ML, Morita Y, Aguirre-Valadez J,
Gomez E, Moctezuma-Velazquez C, Estradas-Trujillo JA,
Valdovinos MA, Uscanga LF, Fujita R. Impact of formal training
in endoscopic submucosal dissection for early gastrointestinal
cancer: A systematic review and a meta-analysis. World J
Gastrointest Endosc 2015; 7(4): 417-428 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v7/i4/417.htm DOI:
http://dx.doi.org/10.4253/wjge.v7.i4.417

INTRODUCTION

There are few training centers around the world in
which an endoscopy fellow can be trained in the
ESD technique. There is probably only a formal ESD
training program in Asian countries (Japan, South
Korea and China). As ESD is a highly technical and
demanding minimal invasive procedure, endoscopists
require training before performing the procedure. The
operator must possess a good understanding of all
aspects of ESD: full knowledge of early GI lesions, the
endoscopes, EUS, ESD knives, electro surgical unit
parameters, injection agents, sedation, complications
and other aspects.

In Asian countries like Japan, South Korea and
China, gastrointestinal intraepithelial neoplasm is more
prevalent than in Western countries. Accordingly, most
medical institutions in Japan provide training (in a
stepwise manner): initially, endoscopists participate as
an assistant, starting with ESD in the gastric antrum
or the rectum with a supervisor, then in the proximal
stomach, the colon or the esophagus. In contrast,
in Western countries, cases of early gastrointestinal
lesions are less diagnosed, resulting in a slow
introduction of the ESD technique. Efforts are currently
underway to change this situation. Possible solutions
to improve training and experience are the use of
animal models and the establishment of training
centers. Further, deficiencies in training and experience
can now be more rapidly overcome as a result of
new technologies. As described above, new advances
have led to devices that are easy to handle, making
it simpler for beginners to perform ESD. Devices
with scissors and forceps, like the Clutch Cutter or
other covered devices, are easier to use, leading to
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fewer complications (e.g., perforation), although the
procedure time is longer than those with non-covered
devices. The other new approach in ESD, the use of
mesha (2-mercaptoethanesulfonate sodium), may also
make submucosal dissection safer and faster.

MATERIALS AND METHODS

Data sources and searches

We searched databases including PubMed, EMBASE
and the Cochrane Library and Science citation Index
updated to August 2014 to identify related articles in
English language that review Endoscopic submucosal
dissection training'*?'!. All bibliographies were
indentified in the reference lists and were analyzed
separately by two experts in ESD during the selection
process. The initial searching Medical Subject
Headings (MeSH) used were “Endoscopic submucosal
dissection”, afterwards “Endoscopic submucosal
dissection training” and finally the articles that does
not analyze the operation time, en bloc resection rate,
local recurrence rate and the incidence of procedure-
related complications were excluded (Figure 1A).

Study selection
The inclusion and exclusion criteria are shown in Table 1.

Data extraction and quality assessment

Data were extracted with a predefined MeSH criteria
by one investigator and confirmed by the others
according to a data extraction form. The following
data were collected: year of publication, first author,
country, number of participants, site of the lesions
and lesions in each group, tumor size and endpoints
(en bloc resection rate, local recurrence rate, and
complications). The definitions of the endpoints were:
(1) site of resection; (2) en bloc -removal in one piece
without fragmentation; (3) local recurrencte rate -
during the follow-up an histological diagnosis of tumor
at the resected site; (4) operation time - from marking
to complete resection; and (5) rate of complications -
related bleeding or perforation incidence.

Statistical analysis

Meta-analysis: The statistical review of the study
was performed by a biomedical statician of the
Infectology department from the National Institute
of Medical Sciences and Nutrition S.Z. (Mexico).
The DerSimonian/Laird random effects model was
used due to expected heterogeneity among studies.
Statistical heterogeneity was assessed using the
Higgins I test. For the Higgins test, I’ < 25% indicates
low heterogeneity, 25%-50% moderate and > 50%
severe heterogeneity. Preplanned analyses included
analyses limited to studies including resection of
stomach tumors and colorectal tumors using endo-
scopic submucosal dissection. Data quality assurance
and data analysis were conducted using Stata™ 12.0
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A

MeSH "endoscopic submucosal
dissection"
Potential relevant studies
(n = 1853)

MeSH "endoscopic submucosal
dissection training"
Not training
excluded (7 = 1733)

Potential studies
(n =120)
Not written in English, Review
and/or not analyze ESD L
success and complications
excluded (7 = 71)
Potential studies ESD in patients
(n = 49) Studies in the meta-
analysis included (7 = 32)
ESD in animal models
Studies described in a
table included (7 = 17)

B Author Year Noesd ES (95%CI) %Weight
Suzuki et a/**! 2006 1093 # 93.00 (91.00, 94.00) 7.32
Kakushima et a/"*¥ 2006 383 - 91.00 (87.00, 93.00) 6.83
Imagawa et a/'* 2006 195 | 84.00 (78.00, 89.00) 5.64
Oyama et a/**" 2005 111 &+ 94.00 (87.00, 97.00) 5.90
Onozato et a/i** 2006 171 j 94.00 (89.00, 97.00) 6.39
Oka et a/** 2006 195 - 83.00 (77.00, 88.00) 5.64
Oda et a**? 2006 303 —+ 92.70 (87.00, 96.00) 6.15
Hirasaki et a/**” 2007 112 - 96.00 (90.00, 98.00) 6.39
Yamamoto et a/* 2009 90 - 100.00 (95.00, 100.00) 7.02
Chang et a/™ 2009 70 re 98.50 (92.00, 99.00) 6.62
Min et a**® 2009 243 e 95.90 (92.00, 98.00) 6.83
Uedo et a/* 2012 1233 - 89.00 (87.00, 91.00) 7.19
Oda et af*” 2012 464 L. 100.00 (99.00, 100.00) 7.48
Jung et al*® 2012 1000 - 87.70 (85.00, 89.00) 7.19
Yamamoto et a/™! 2012 1520 . 95.50 (94.00, 96.00) 7.42
Overall (7 = 96.4%, P = 0.000) 0 93.18 (90.55, 95.81) 100.00
Note: Weights are from random effects analysis

10 0 1020304050 607080 90 100

C Author Year Noesd ES (95%CI) %Weight
Fujishiro et a/** 2007 200 = 91.50 (87.00, 95.00) 9.80
Saito et a/*™” 2007 200 = 84.00 (78.00, 88.00) 9.35
Tanaka et a/**! 2007 70 —= 80.00 (68.00, 89.00) 6.55
Tamegai et a/"* 2007 4?2 iam 98.60 (87.00, 100.00) 8.61
Onozato et ai™* 2007 35 — 77.00 (60.00, 89.00) 4.85
Zhou et a/™*¥ 2008 12 — . 91.60 (61.00, 99.00) 3.48
Zhou et a/** 2009 74 e 93.20 (84.00, 100.00) 7.82
Saito et a/**® 2010 145 - 84.00 (77.00, 89.00) 8.86
Ohata et a/* 2012 177 D - 100.00 (97.00, 100.00) 10.56
Niimi et af*” 2012 115 = 94.05 (87.00, 97.00) 9.35
Thorlacius et a/*” 2013 29 — 72.00 (52.00, 87.00) 3.88
Yoshida et a/* 2013 530 = 91.10 (88.00, 93.00) 10.32
Hsu et a/*® 2013 50 e 86.00 (73.00, 94.00) 6.55
Overall (7 = 89.2%, P = 0.000) 0 89.40 (85.08, 93.72) 100.00
Note: Weights are from random effects analysis

Il Il Il Il Il Il Il - Il

!
-10 0 10 20 30 40 50 60 70 80 90 100
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D Author Year Noesd ES (95%CI) %Weight
Oka et af** 2006 195 + 83.00 (77.00, 88.00) 24.25
Oda et af** 2006 303 o 73.60 (68.00, 79.00) 24.25
Min et a/**" 2009 243 - 93.00 (89.00, 96.00) 25.52
Uedo et a/*” 2012 1233 , 76.00 (73.00, 78.00) 25.97
Overall (7 = 95.6%, # = 0.000) <> 81.45 (72.08, 90.83)  100.00
Note: Weights are from random effects analysis ‘

1 I Y Y Y O I

-10 0 10 20 30 40 50 60 70 80 90 100

E Author Year Noesd ES (95%CI) %Weight
Saito et a"** 2010 145 . 98.00 (94.00, 99.00) 25.24
Ohata et a/*® 2012 177 . 94.95 (90.00, 97.00) 24.73
Niimi et af*” 2012 115 e 69.55 (60.00, 79.00) 19.53
Thorlacius ef a/*”! 2013 29 + 69.00 (49.00, 85.00)  11.98
Hsu et a*® 2013 50 * 86.00 (73.00, 94.00) 18.53
Overall (2 = 90.9%, P = 0.000) @ 85.99 (77.48, 94.50)  100.00
Note: Weights are from random effects analysis ‘

I T N Y I R B B

!
-10 0 10 20 30 40 50 60 70 80 90 100

F Author Year Noesd ES (95%CI) %Weight
Suzuki et a/**” 2006 1093 . 4.00 (3.00, 5.00) 9.99
Kakushima et a/**! 2006 383 - 3.90 (2.00, 7.00) 6.61
Imagawa et al'*! 2006 195 = 6.10 (3.00, 10.00) 4.76
Oyama et a/**" 2005 111 = 1.00 (0.02, 5.00) 6.63
Onozato et al' 2006 171 - 3.50 (2.00, 8.00) 5.61
Oka et a/**® 2006 195 |- 9.70 (6.00, 15.00) 3.47
Oda et a'* 2006 303 - 3.60 (2.00, 7.00) 6.61
Hirasaki et a/**"} 2007 112 = 1.00 (0.02, 6.00) 5.63
Yamamoto et a/*” 2009 90 — 4.60 (1.20, 11.60) 2.82
Chang et a*™ 2009 70 —— 10.40 (4.20, 20.00) 1.43
Min et ai'* 2009 243 = 4.50 (2.00, 8.00) 5.61
Uedo et a/*! 2012 1233 . 3.10 (2.00, 4.00) 9.99
Oda et a*”! 2012 464 : 1.74 (0.70, 3.30) 9.36
Jung et a/** 2012 1000 : 1.20 (0.60, 2.10) 10.44
Yamamoto et a/*” 2012 1520 . 0.80 (0.60, 0.90) 11.05

Overall (/* = 86.9%, P = 0.000) | 3.06 (2.05, 4.07) 100.00

Note: Weights are from random effects analysis
| | | | | | | | | | |
-10 0 10 203040 5060 70 80 90 100

G Author Year Noesd ES (95%CI) %Weight
Fujishiro et a/'** 2007 200 -~ 6.00 (3.00, 10.00) 7.47
Saito et a/**” 2007 200 -~ 5.00 (2.00, 9.00) 7.47
Tanaka et at'**" 2007 70 = 10.00 (4.00, 19.00) 2.73
Tamegai et a/**! 2007 42 m 1.40 (0.06, 12.00) 3.88
Hurlstone et a/*" 2007 42 = 2.40 (0.50, 16.00) 2.59
Onozato et a/i™* 2007 35 -~ 2.90 (0.07, 15.00) 2.75
Zhou et a/™*" 2008 12 e 16.70 (2.00, 48.00) 0.35
Toyonaga et a/*™” 2010 468 - 1.50 (0.80, 3.60) 12.57
Zhou et al** 2009 74 [ 8.10 (3.00, 17.00) 3.05
Isomoto et a*® 2009 292 -~ 8.20 (5.00, 11.00) 8.57
Zhou et a/™* 2009 74 -~ 8.10 (3.00, 16.00) 3.42
Yoshida et a/* 2010 119 -— 7.50 (3.50, 14.00) 4.66
Takeuchi et a/**” 2010 50 — 2.00 (0.05, 10.00) 5.00
Saito et a/"*® 2010 145 -~ 6.20 (3.00, 11.00) 6.51
Ohata et a/* 2012 177 -~ 6.00 (3.00, 11.00) 6.51
Niimi et af*”! 2012 115 -~ 3.30 (0.90, 8.00) 7.37
Thorlacius et a/*” 2013 29 Ee— 6.90 (0.08, 23.00) 1.31
Yoshida et a/* 2013 530 - 4.10 (2.00, 6.00) 11.07
Hsu et a/*® 2013 50 . 6.00 (1.00, 16.00) 2.73

Overall (> = 46.9%, P = 0.013) 0 4.96 (3.58, 6.33) 100.00
Note: Weights are from random effects analysis 3
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H Author Year Noesd ES (95%CI) %Weight
Suzuki et af** 2006 1093 6.00 (5.00, 8.00) 9.23
Kakushima et a/*" 2006 383 o 3.40 (2.00, 5.00) 9.23
Onozato et a/** 2006 171 - 7.60 (4.00, 13.00) 6.35
Oka et a/**! 2006 195 * 3.90 (2.00, 8.00) 7.89
Hirasaki et a/**"} 2007 112 + 4,00 (1.00, 10.00) 6.35
Yamamoto et a/**! 2009 90 H 0.70 (0.02, 6.30) 7.75
Chang et a/* 2009 70 r 0.00 (0.00, 5.00) 8.39
Min et ai** 2009 243 + 5.30 (2.00, 8.00) 7.89
Uedo et a/*! 2012 1233 » 6.80 (6.00, 8.00) 9.53
Oda et a™” 2012 464 o 1.58 (0.60, 3.10) 9.40
Jung et a/** 2012 1000 P 15.60 (13.00, 18.00) 8.39
Yamamoto et a/* 2012 1520 . 3.20 (2.30, 4.10) 9.58
Imagawa et a/**! 2006 195 1 (Excluded) 0.00
Overall (2 = 92.7%, P = 0.000) <> 4.80 (2.88, 6.71) 100.00
Note: Weights are from random effects analysis

-1‘0 0 ‘1‘0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0 1‘00

I Author Year Noesd ES (95%CI) %Weight
Fujishiro et a/'** 2007 200 - 1.00 (0.10, 3.50) 11.39
Saito et a/™*” 2007 200 - 2.00 (0.50, 5.00) 6.50
Tanaka et a/*" 2007 70 f 1.40 (0.03, 8.00) 2.07
Tamegai et a/'** 2007 42 ;H 0.00 (0.00, 8.40) 1.87
Hurlstone et a"*" 2007 42 ‘; — 12.00 (4.00, 26.00) 0.27
Onozato et a/i™* 2007 35 — 0.00 (0.00, 10.00) 1.32
Zhou et a/™*" 2008 12 L 0.00 (0.00, 26.00) 0.19
Toyonaga et a/™” 2010 468 - 1.50 (0.80, 3.60) 16.79
Zhou et a/** 2009 74 — 1.30 (0.03, 7.00) 2.71
Isomoto et a*® 2009 292 - 0.70 (0.20, 3.00) 16.79
Zhou et af** 2009 74 - 1.40 (0.30, 7.00) 2.93
Yoshida et a/*” 2010 119 - 1.60 (0.20, 6.00) 3.91
Takeuchi et a/** 2010 50 | —— 12.00 (4.00, 24.00) 0.33
Saito et a/*® 2010 145 - 1.40 (0.01, 3.90) 8.70
Niimi et af*” 2012 115 - 1.10 (0.20, 4.70) 6.50
Thorlacius et a*” 2013 29 fe— 3.40 (0.08, 18.00) 0.41
Yoshida et a/* 2013 530 . 2.30 (1.00, 4.00) 14.63
Hsu et a/'® 2013 50 — 0.00 (0.00, 7.00) 2.69
Overall (> = 0.0%, P = 0.775) | 1.40 (0.82, 1.97) 100.00
Note: Weights are from random effects analysis 3

10 0 10 20 30 40 50 60 70 80 %0 100

Figure 1 Flow diagram of trial selection and en-bloc resection percentage %. A: Flow diagram of trial selection; B: Stomach ESD: En-bloc resection percentage
%; C: Colorectal ESD: En-bloc resection percentage %; D: Stomach ESD: Local recurrence (R0) rate %; E: Colorectal ESD: Local recurrence (RO) rate %; F: Stomach
ESD: Perforation rate %; G: Colorectal ESD: Perforation rate %; H: Stomach ESD: Bleeding rate %; I: Colorectal ESD: Bleeding rate %. MeSH: Medical Subject

Heading; ESD: Endoscopic submucosal dissection.

(Statistics/Data analysis Special Edition; Statacorp,
College Station, Texas, United States). All statistical
test in the analysis were two-sided and were
conducted with o, = 0.05 (95%(CI).

RESULTS

Study selection

A total of 1853 were retrieved with the MeSH “endoscopic
submucosal dissection” to estimate the potential studies
for the meta-analysis. Afterwards, we refine the search
including the word training with the MeSH “endoscopic
submucosal dissection training” and 1733 were
excluded. In the remaining 120 potential studies 71

were excluded because of the exclusion criteria in Table
1[1—12,14—16,18—28,30—33,35-40,42-50,52-62,64—82,95-114]

From the 49 remaining studies 32 were included
in the meta-analysis. All of these 32 studies were in
human patients respective case/control studies, not

Roishidenge ~ WJGE | www.wjgnet.com

randomized controlled trials.

En bloc resection rate (Figures 1B and C)

The present analysis shows that the percentage of en
bloc resection was high for both, dissecting stomach
tumors with an overall percentage of 93.2% (95%CI:
90.5-95.8) and dissecting colorectal tumors with an
overall percentage of 89.4% (95%CI: 85.1-93.7).

Local recurrence rate (Figures 1D and E)

Although the number of studies reporting RO resection
(the dissected specimen was revealed free of tumor
in both vertical and lateral margins) was small, the
overall estimates for RO resection were 81.4% (95%CI:
72-90.8) and 85.9% (95%CI: 77.5-95.5) for stomach
and colorectal tumors, respectively.

Procedure-related complications
Data for procedure-related complications were

April 16,2015 | Volume 7 | Issue 4 |



Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

ESD in patients
Report ESD success en bloc resection rate, local

Case report
Comment

recurrence rate

(R0) and the incidence of procedure-related Review

complications
(perforation, bleeding)

Written in English

Letters to editor
Insufficient data
Guidelines

ESD: Endoscopic submucosal dissection.

reported in all of the studies included in the meta-
analysis. The analysis showed that the percentage of
immediate perforation and bleeding were very low.

Perforation rate (Figures 1F and G)

The perforation rate was 3.1% (95%CI: 2.0-4.1)
for stomach tumors and 4.96 (95%CI: 3.6-6.3) for
colorectal tumors. In most studies, late perforation and
bleeding was not reported and thus not included in the
current analysis.

Bleeding rate (Figures 1H and I)

The bleeding rate was 4.8% (95%CI: 2.8-6.7) for
stomach tumors and 1.4% (95%CI: 0.8-1.9) for
colorectal tumors.

Finally, the last 17 studies were in animal models
and even though they were not included in the meta-
analysis, we resume them in a table that contains:
author, year, type of animal model, number of patients,

organ and main conclusion (Table 2)*317:29,3441,5163,8354,96,
115-121]

DISCUSSION

To our knowledge, this systematic review and meta-
analysis is the first to analyze the impact of a formal
training in ESD for early gastrointestinal cancer.
Probably there are ESD formal training centers only in
the Asian countries (Japan, China and South Korea).
For the above reason almost 100% of the analyzed
studies were from Asia. All the studies included in
our analysis were done in a formal ESD training
setting although most of them does not include the
number of trainees and/or a comparison between
preceptees vs experts and thus not included in the
current analysis. The present study shows that the
percentage of en bloc resection was high for both,
dissecting stomach and colorectal tumors. Even with
a small number of studies reporting RO resection (the
dissected specimen was revealed free of tumor in both
vertical and lateral margins), the overall estimates
for RO resection were 81.4% (95%CI: 72-90.8) and
85.9% (95%CI: 77.5-95.5) for stomach and colorectal
tumors respectively. The analysis also showed that
the percentage of immediate perforation and bleeding
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were very low. ESD was developed in Japan in the
year 1999 to preserve intact gastrointestinal function
and for en bloc resection of lesions larger than 2
cm. ESD also has made it possible to resects early
gastrointestinal tumors even with large submucosal
fibrosis or ulcerative scars in an en bloc fashion and
it has gradually gained acceptance as a standard
treatment for these tumors. The ESD era began with
pioneers trained in Japan on South Korea (2003-now)
and in China (2006-now) rapidly gaining expertise and
acceptance. Hotta et al'’”’ reported that 80 procedures
must be carried out to acquire skill at ESD. In order
to acquire this skill all the procedures even in animal
models must be carried out under supervision of ESD
experts and with availability of all the equipment and
high trained team. Because this is not just a fact of
endoscopic skills but of knowledge, technology and
team work. This procedure should never be trained
in an experimental (“not supervised by an ESD
expert”) fashion with animal models just focusing on
the dissection technique without firstly make a good
analysis of the borders and deepness of the early
gastrointestinal cancer (EGC) lesion invasion under
an expert supervision. Probably the lack of research,
diagnose and case series of early gastrointestinal
cancer lesions in the Western countries are due to
a lack of formal training centers firstly with certified
EGC experts and afterwards ESD experts. In order
to obtain the same rate of success of the analyzed
studies it is a necessity to create training centers in
the western countries during the “several years” of
gastroenterology residence first only to teach EGC
diagnose and second only to train ESD. In the same
manner that the medical techniques should never
anticipate the clinic, nor the endoscopic skills, nor the
technology or both could substitute tutorial training by
an expert.

Although, there is a great heterogeneity in the
medical literature reports about training and learning
curve of ESD. In this meta analysis we had analyzed
the results only from the formal training centers
reports. The results presented in the literature that
can be included in our meta analysis to clarify the
training efficacy concerning the procedure length,
completeness and complications such as En bloc
resection rate, Local recurrence rate, Procedure-
related complications, Perforation and Bleeding
rate were included. But unfortunately, we can only
assume that the procedure was done in a formal
training center, such as the one in which some of the
authors had been trained. Even when there are very
detailed description of the learning curve specially in
the Japanese and European reports there is a great
heterogeneity of the numeric information presented
and thus cannot be included in a meta analysis.
There is not uniform information if the procedure was
done by a trainee with/without supervision. Also, the
analyzed issues in each report has great heterogeneity
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Table 2 Endoscopic submucosal dissection studies in animal models

Ref. Year Model n Organ Main conclusion
Gonzalez et al™” 2013 Porcine 30 Stomach A sequential ESD training program of a unique endoscopist contributed to learning ESD for its
subsequent application in humans, yielding good results in efficacy and safety
Takizawa et al™ 2013 Porcine 30 Colon Large mucosal target sites in the rectum and distal colon could be safely removed en bloc by
means of a hybrid technique, SEMR, with blunt submucosal balloon dissection
Moss et al™*! 2012 Porcine 10 Colon HK-ESD with SG submucosal injection is superior to CSI-EMR for en bloc excision of 50 mm
diameter lesions. The technique is rapidly learn
Gostout et al'™" 2012 Porcine 16 Rectumand Large mucosal target sites in the rectum and distal colon can be safely removed en bloc by means
colon of a hybrid technique, ie, submucosal endoscopy with mucosal resection, combining elements of
ESD with our SEMF method

Kumano et al™”! 2012 Porcine 24 Esophagus  PCH permits more reliable ESD of the esophagus without complications than do SH and HS

Balogh et al"™" 2012 Porcine 15 Esophagus Training in live pig models could help endoscopists to overcome the learning curve and minimize
the risk of complications before starting the procedure in humans Reduction in the resection time
and low risk of complications, especially bleeding, could be achieved by the application of a flush

knife
Tanaka ef al™ 2012 Porcine 10  stomach  Ex vivo training model was helpful to endoscopists with experience in gastric ESD in acquiring
ex vivo the basic skills for performing esophageal ESD
Parra-Blanco et al” 2011 Porcine 18 Stomach A Clip-band traction technique is feasible, safe, effective, and relatively inexpensive gastric ESD
Von Renteln et al™ 2011 Porcine 12  Stomach Submucosal mesna injection did not affect ESD procedure times but was associated with a trend
toward a lower incidence of intraprocedural bleeding
Tanimoto et al®* 2011 Canine 10 Esophagus ECE-ESD training is feasible in canine models for postgraduate endoscopy fellows
Hon et al™ 2010 Porcine 10 Colon Technical proficiency improved by repetition. This setup may be a promising training model for
endoscopists working in areas with a low incidence of early gastric cancer
Von Renteln et al™ 2010 Porcine 12  Stomach The flexible Maryland dissector was demonstrated to be efficient, safe, and feasible for facilitating
gastric ESD
Parra-Blanco et al® 2010 Porcine 30 Esophagus Training in animal models could help endoscopists overcome the learning curve before starting
stomach ESD in humans
Moss et al™**! 2010 Porcine 10 Colon CSI-EMR with submucosal injection of succinylated gelatin is safe and superior to conventional
EMR.With experience, total procedure duration is comparable
Von Delius et al™ 2008 Porcine 10  Stomach PMT-ESD is feasible and safe. With the use of PA-ES, mucosal pieces of various sizes can be
resected en bloc in gastric locations that are difficult to access by flexible endoscopy alone
Yamasaki et "' 2006 Porcine 2  Stomach ESD by submucosal injection of viscous SCMC solution appeared to be an easy, safe, and
technically efficient method for dissection of gastric lesions
Neuhaus et al™ 2006 Porcine 17  Stomach The R-scope (double channel endoscope) facilitated ESD of large gastric areas. Procedure is

technically demanding and time-consuming, with a high risk of perforation may be related to an
insufficient volume of solution being injected submucosally

HK: Hybrid knife; ESD: Endoscopic submucosal dissection; CSI-EMR: Circumferential submucosal incision endoscopic mucosal resection; SEMF:
Mucosal safety valve flap; HS: Hypertonic saline solution; PCH: Photocrosslinkable chitosan hydrogel; SFC: Submucosal fluid cushion; SH: Sodium
hyaluronate; ECE: En bloc circumferential esophageal; PA-ES: Percutaneously assisted endoscopic surgery; PMT-ESD: PEG-minitrocar ESD; SCMC: Sodium
carboxymethylcellulose.

formal training in ESD for early gastrointestinal cancer.

Innovations and breakthroughs

Authors designed the meta-analysis to systematically evaluate the ESD formal
training impact in the early gastrointestinal cancer regarding en bloc resection
rate, local recurrence rate and procedure-related complications rate.
Applications

The conclusions of this meta-analysis can help the endoscopists to select the

(animal model, human, periods of time, etc.) and the
results are presented for example in ranges but not
in mean * SD. Because technical maturation often
requires measurable standard to achieve. As this
procedure become more standardized in the Western
countries we can also be able to make more precise

comparisons between training centers and learning
curve. There are no shortcuts and probably we have
to find out the way to establish training centers with
the same training scheme as the Asian countries if we
are expecting to have similar rates of success, but as
always time will say.
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Abstract
A 45-year-old man of Middle Eastern origin, morbid
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obese, with a body mass index of 39 had an intra-
gastric balloon, filled with 500 mL of saline/methylene
blue and intended as definite therapy, inserted some
8 wk previously. He was admitted to the emergency
department with abdominal cramps. An ultrasound of
the abdomen was performed in ER which confirmed
the balloon to be in place without any abnormality.
He was discharged home on symptomatic medication.
Patient remains symptomatic therefore he reported
back to ER 2 d later. Computed tomography scan
was performed this time for further evaluation which
revealed a metallic ring present in the small bowel
while the intra-gastric balloon was in its proper position.
There was no clinical or radiological sign of intestinal
obstruction. Patient was hospitalized for observation
and conservative management. The following night,
patient experienced sudden and severe abdominal
pain, therefore an X-ray of the abdomen in erect
position was done, which showed free air under the
right dome of diaphragm. Patient was transferred to
O.R for emergency laparotomy. There were two small
perforations identified at the site of the metallic ring
entrapment. The ring was removed and the perforations
were repaired. Due to increasing prevalence of obesity
and advances in modalities for its management,
physicians should be aware of treatment options, their
benefits, complications and clinical presentation of the
known complications. Physicians need to be updated to
approach these complications within time, to avoid life-
threatening situations caused by these appliances.

Key words: Spatz adjustable balloon; Intragastric
balloon; Morbid obesity; Safety ring; Perforation

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Because the rare reported unexpected com-
plications that the balloon safety ring which designed
to prevent its complication it was by it self the cause of
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serious complication. The u/s confirmation of balloon
position was miss leading so radiographic images was
essential when there is suspicious.

Al-Zubaidi AM, Alghamdi HU, Alzobydi AH, Dhiloon IA,
Qureshi LA. Bowel perforation due to break and distal passage
of the safety ring of an adjustable intra-gastric balloon: A
potentially life threatening situation. World J Gastrointest
Endosc 2015; 7(4): 429-432 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v7/i4/429.htm DOI: http://dx.doi.
org/10.4253/wjge.v7.14.429

INTRODUCTION

Obesity is a major health problem, and is challenging
the modern world. Its distribution is insidious through-
out the world. Because it is a major risk factor for
many potential life-threatening conditions, different
invasive and non-invasive therapeutic techniques
are being used to help the individuals suffering from
obesity return to a healthy life.

Among these modalities, intra-gastric balloons are
gaining popularity because of their efficacy, safety,
and technical ease, as shown by some studies™?.
Moreover, it has been recommended as a weight
reduction adjuvant before bariatric surgery, and before
all kinds of planned surgery in morbidly obese persons;
to reduce life-threatening co-morbidities and reduction
of surgical risk®*.

Most of the reported serious complications with the
newer generation of balloons take place 6 mo after
placement of the balloon™. Here, we are reporting a
case of small bowel perforation, secondary to break
down and migration of the safety ring of an adjustable
intra-gastric balloon (Spatz) that happened 8 wk after
its insertion.

CASE REPORT

A 45-year-old man was brought to the emergency
department with a history of abdominal cramps, on
and off, for a few days, associated with anorexia and
nausea. Patient had a history of saline filled adjustable
intra-gastric balloon placement for the management
of obesity 8 wk ago. Initial investigations including
an ultrasound abdomen were unremarkable for any
complication or pathology. Symptomatic treatment trial
was unsuccessful and patient remained symptomatic,
therefore, he reported back to ER.

He was in mild distress this time, but stable he-
modynamically. Although his abdomen was soft
and bowel sounds were active, a new onset mild
generalized abdominal tenderness was noticed on
clinical examination, therefore an abdominal computed
tomography (CT) scan was planned which later
reported the presence of a metallic ring (foreign body)
in the small bowel without any sign of perforation or
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Figure 1 Abdominal computed tomography scan showing the safety ring
migrated to the small bowel (A and B) (white arrows) and (C) the balloon
was in the stomach (black arrow).

obstruction, while the adjustable balloon was in place
(Figure 1).

Patient was admitted for observation, advised null
per oral, and started on intra-venous fluid. He becomes
completely asymptomatic on conservative mana-
gement. Next morning, patient underwent an upper
gastrointestinal endoscopy. Balloon was seen in place
but the safety ring was not seen in position, nor was
it present in gastric cavity. Therefore, balloon was
retrieved. Patient was stable clinically till night when he
experienced a sudden and severe abdominal pain.

Plain X-ray film of abdomen was taken that reve-
aled the presence of free air under the right dome
of the diaphragm. Surgical team was informed im-
mediately. Mean while NG tube was placed and IV
antibiotics were initiated. Patient was transferred to the
operation room for an emergency laparotomy. A 10 cm
mid-line incision was given small bowel was examined.
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Figure 2 Free air under the diaphragm.

Two perforations were identified in distal jejunum at
the site of ring entrapment. Small incision was made at
the site of perforation and metallic ring was extracted
followed by a successful primary repair of small bowel.
Figure 2 shows free air under the diaphragm. Figure 3
shows endoscopic and gross eye views of both balloon
and its broken ring after extraction.

DISCUSSION

Intra-gastric balloons were introduced in the early
1980s for the management of morbid obesity. These
IGBs have attracted physicians since their first use'®.

Initial results were promising for this less invasive
procedure in comparison with surgery for the treatment
of morbid obesity!”®). Some published results reveal
an average weight loss of 11-15 kg within 6 mo™®™*,
Standard IGBs are having significant undesired effects,
e.g., nausea or vomiting, and significant abdominal
discomfort in initial phase. Balloon deflation and
distal migration that may lead to bowel obstruction
and a physical adaptation indicated by lack of further
weight loss effects by these IGBs!***”), Complications
of balloon insertion constitutes a diagnostic challenge
because majority of patients were presented with non-
specific abdominal pain, nausea or vomiting!®**!,

Spatz adjustable balloon system (SPATZ-ABS) is
a vibrant bariatric therapy with significantly improved
implantation time, having an adjustable size balloon
according to desired weight, and a safety ring that
prevents distal migration of device in case of rupture
of balloon*,

In our case, the safety ring was detached from
the rest of the system and migrated down to the jeju-
num while the balloon remains in the stomach. It
was retrieved endoscopically. The jejunal perforation
caused by migration of the safety ring was managed by
emergency surgery. This complication was unexpected
as there was no clinical sign of intestinal obstruction.
Ultrasonography alone was also not helpful in identifying
this complication by SPATZ-ABS.

Because of non-specific clinical presentation and
inadequacy of ultrasonography alone, we suggest
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Figure 3 Endoscopic and gross eye views of both balloon and its broken
ring after extraction.

that whenever there is suspicion of a balloon related
complication, a combination of plain abdominal X-ray,
ultrasound, an upper GI endoscopy and/or CT scan
will be an appropriate approach for early detection and
management of complication.

COMMENTS

Case characteristics

A 45-year-old patient with history of intragastric Bio enteric balloon, experienced
a recurrent cramp and abdominal pain, which became severe when perforation
occurs.

Clinical diagnosis

No significant clinical signs, but when perforation occurs there was abdominal
tenderness.

Differential diagnosis

Potential perforated duodenal ulcer, acute pancreatitis, acute intestinal
obstruction or biliary colic.

Laboratory diagnosis

The CBC, LFT, KFT, and coagulation profile were all within normal parameters.
Imaging diagnosis

U/S abdominal was normal, computed tomography abdominal the ring was
migrated down to the small bowel, when perforation occurred X-ray of the
abdominal area showed free air under right dome of the diaphragm.
Pathological diagnosis

A pathology sample was not tested, but during surgery two small perforations
were closed by sutures.

Treatment

NPO, endoscopic removal of the balloon, Laparotomy for repair of perforation,
Pethedin inj, Paracetamol inj, Cefotoxim inj, Metronidazol infusion and iv fluid.
Related reports

From this case, any abdominal pain in a patient with an intragastric balloon
should be taken seriously, and potential complications managed early.
Peer-review

This case report should be published.
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