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Preface

Occult gastrointestinal bleeding is a commonly encountered clinical problem in
inpatient and outpatient practice. However, prompt delivery, accurate diagnoses,
and effective therapy are often challenges. This textbook is designed to provide a
comprehensive overview of the causes of occult GI bleeding, and an update on its
management. The parts of the book are organized by organ and common causes of
occult bleeding, prevalence, risk factors, typical presentations, diagnostic work up,
advances on therapeutics, and pitfalls. Known genetic predispositions and special
patient populations are discussed where data are available.

Occult GI bleeding is common indication of referral to a gastroenterologist. It
usually presents as iron deficiency/microscopic anemia and/or microscopic detec-
tion of blood in stool in standard heme occult cards or by fecal immunohistochemi-
cal testing. The usual challenge is to determine the cause of the occult bleeding. It
is imperative to develop a proper differential diagnosis to avoid delay in diagnosis
and management. A major concern with occult GI bleeding is diagnosing or ruling
out an underlying GI malignancy. Accordingly, the approach to elderly patients is
different from young and middle aged ones due to increased prevalence of particular
diseases with age. In addition, the expanding number of patients on non-steroidal
anti-inflammatory agents as well as antiplatelet and anticoagulants medications
increases the risk for occult bleeding.

The source of occult GI bleeding is usually identified with upper endoscopy and
colonoscopy in 80-90% of patients. However, in the past, small bowel bleeding has
been much more difficult to diagnose. However, advances in small bowel imaging
and endoscopic modalities have led to enormous gains in diagnostic and therapeutic
success rates in that organ.

This book provides a unique, comprehensive yet concise resource which con-
tains detailed information for adult/pediatric gastroenterologists, primary care,
internists, family doctors, and hospitalists. At the same time, the text is written to be
comprehensible to other allied healthcare workers including nurse practitioners,
nurses, physician assistants, and students in healthcare fields.

vii



viii Preface

It is our hope that this volume will contribute to increasing awareness and prompt
effective treatment that derives from understanding of the clinical problems and the
modalities currently available to solve them.

Albany, NY, USA Micheal Tadros
Farmington, CT, USA George Y. Wu
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Chapter 1

An Introduction to the Clinical Approach
and Management of Occult
Gastrointestinal Bleeding

Jamie Horrigan, Micheal Tadros, and Jackcy Jacob

Introduction and Definitions

The clinical presentation GI blood loss depends on the location of the bleeding as
well as the volume and rate of the bleeding. Minuscule blood loss of 0.5-1.5 mL per
day in the GI tract is normal and not visualized, whereas larger blood volumes of
100-200 mL or greater produce visible blood in the stool [3]. Visible bleeding is
defined as overt GI bleeding which most commonly presents in one of the following
ways: (1) hematemesis — coffee-ground colored emesis typically from an upper GI
source, (2) hematochezia — bright red blood or clots typically from a location in the
distal GI tract or less commonly a briskly bleeding upper GI source, or (3) melena —
tarry, black or maroon colored stool typically from an upper GI source or from
degradation of blood in slow transit from the proximal colon [4]. Occult GI bleeding
is not visible to the naked eye and is defined by a positive fecal occult blood test
(FOBT) with or without iron deficiency anemia (IDA) [2]. When enough blood is
lost over time and not adequately replaced by the body, iron deficiency can develop
and eventually manifests as IDA. Chronic GI blood loss as little as 5-10 ml/day can
lead to IDA [5].

In most instances, the cause of overt or occult bleeding is readily identified by
esophagogastroduodenoscopy (EGD) and/or colonoscopy. However, when EGD
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Table 1.1 Definitions of gastrointestinal bleeding

Gastrointestinal
bleeding

Typical
manifestation

Definition

Overt": Bleeding is
visible

Hematemesis Vomiting of bright red blood or dark colored
“coffee-grounds”

Melena Black, tarry, foul smelling stool

Hematochezia Bright red or maroon, bloody stool

Occult: Bleeding is
invisible

Iron deficiency
anemia (IDA) and/
or

Hemoglobin <13 g/dL in men and < 12 g/dL in
women. Often with low mean corpuscular volume
MCV < 90 (early IDA may present with a normal
MCV).

Positive fecal
occult blood test
(FOBT)

Absence of overt bleeding with presence of blood
in stool by guaiac or immunohistochemical testing

Obscure: Bleeding is
visible or invisible

Recurrent or persistent bleeding that is overt or
occult as above but with no source found after

comprehensive testing of the upper, mid, and lower
Gl tract®

* Patients with overt bleeding may have iron deficiency anemia and will have a positive FOBT
"Raju et al. [31]

and colonoscopy fail to identify the source of the bleeding, the term potential small
bowel bleeding is used. Anatomically, small bowel bleeding includes sources distal
to the ampulla of Vater and proximal to the ileocecal valve, much of which is beyond
the reach of a traditional enteroscope or colonoscope. If additional testing of the
small bowel by video capsule endoscopy (VCE), enteroscopy, or radiographic
studies such as angiography are also unable to find the source, the bleeding is termed
obscure. Of note, prior to technological advancements over the last several decades,
the term obscure bleeding was used to describe occult or overt bleeding following a
normal EGD and colonoscopy and essentially became synonymous with small
bowel bleeding. However, with the ability to visualize the small bowel with VCE,
since 2001, and deep enteroscopy, since 2004, a small bowel source of GI bleeding
is found in >70% of cases that were previously classified as obscure bleeding [2, 6].
Table 1.1 clarifies the often misused definitions.

Findings in Occult GI Bleeding

Iron Deficiency Anemia

Iron is essential for hemoglobin production. Thus the inadequate uptake and storage
or excessive loss of iron will eventually lead to anemia, defined as a hemoglobin
<13 g/dL in men and < 12 g/dL in women. While iron deficiency anemia (IDA) is
most often caused by blood loss, other causes such as hemolysis, malabsorption, or
increased demand for iron (such as in neonates and pregnant women) need to be
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excluded. IDA is most common in neonates and young children, followed by men-
struating and pregnant women, and is least common in male adults. Consequently,
when iron deficiency anemia is seen in groups other than premenopausal women, it
is often assumed to be due to gastrointestinal loss [5].

Occult GI bleeding typically causes a slow and indolent drop in the hemoglobin
along with other lab markers of iron deficiency including low serum iron, high iron-
binding capacity, and low serum ferritin levels in early stages. Microcytosis is often
not present until later stages of iron deficiency. It is important to note, however, that
about 40% of the time, the anemia remains normocytic [1]. Serum ferritin levels are
a marker of iron stores. Ferritin levels below 15 ng/mL are consistent with IDA,
although, using 30 ng/mL as a cutoff may improve sensitivity [7]. Additionally,
since ferritin is an acute phase reactant and often quite elevated in patients with
chronic inflammatory conditions, a higher threshold is used to reflect IDA i.e. fer-
ritin levels below 50 or 100 ng/mL in these patients. In patients with quiescent
inflammatory bowel disease (IBD), for example, iron deficiency is defined as ferri-
tin <30 ng/mL or transferrin saturation < 16%, whereas in IBD patients with active
disease the serum ferritin cut off is 100 ng/mL [1, 8, 9].

Fecal Occult Blood Testing (FOBT)

As noted earlier, melena or hematochezia may be seen when a patient passes large
volumes of blood (100 mL or more) from the GI tract. However, when less than
100 ml is passed, stool may be dark or appear normal. This is when fecal occult
blood testing (FOBT) may be useful to identify suspected GI bleeding. Fecal occult
blood tests start to become positive at a level of about 2 mL per day or higher, but
the sensitivity increases considerably as the volume of fecal blood increases [8].
Testing for occult blood is often performed through guaiac-based stool tests, fecal
immunochemical tests (FIT), and heme-porphyrin based tests.

Guaiac is a brown resin from the guaiacum tree that turns a blue color when it
oxidized by the pseudoperoxidase activity of hemoglobin. Guaiac tests preferen-
tially detect lower GI tract bleeding due to degradation of the hemoglobin that
occurs in the upper GI tract. Nevertheless, there are a number of upper GI lesions
that can be detected on guaiac based testing if enough blood loss is present [9].

Similarly, immunochemical testing is also sensitive and specific for lower GI
tract bleeding, but not upper GI tract bleeding due to hemoglobin degradation.
Immunochemical tests work by detecting human globin epitopes and thus, do not
require dietary restriction and is less affected by concomitant medication use.
Discontinuation of aspirin/NSAIDs is not needed as in other forms of testing.
Additionally, only one stool sample is required as opposed to the three samples
required for guaiac based FOBT. The heme-porphyrin assay which accurately mea-
sures the total stool hemoglobin by the porphyrin derived from heme through spec-
trofuorometric method, can be confounded by myoglobin, which is also found in
red meats, making dietary restriction necessary. On the contrary, ingestion of
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vitamin C, such as in fruits, fruit juices, or supplements, may cause false-negative
results as vitamin C inhibits oxidation [10, 11].

Historically, the goal of FOBT was to detect microscopic bleeding in the GI tract
and aid in the detection of colorectal neoplasia. Overuse of FOBT, especially in the
inpatient setting, where it is inappropriately used for any anemia, has led to increased
false positive tests [12]. Additionally, inadequate sampling (one instead of three)
has led to inappropriate use in the outpatient setting with premature referral to inva-
sive testing [13]. As noted earlier, in patients with IDA, a negative FOBT does not
necessarily rule out GI bleeding, especially if located in the upper GI tract. The
FOBT was falsely negative in 42% of patients with IDA who had lesions on upper
endoscopy that were the likely the source of the bleed [14].

More information about FOBT is provided in Chap. 2.

Sources of Occult GI Bleeding

Occult GI bleeding can occur anywhere in the GI tract from the oropharynx to the
anus and a source is found in approximately 60% of cases. The majority of patients
(30-55%) end up having an upper GI source while 20-30% have a colorectal source.
About 10% of patients have synchronous lesions in which there are both upper and
lower GI lesions. In those patients in which the lesion is not found on EGD or colo-
noscopy, a thorough small bowel evaluation reveals the source in 30-50% of these
patients [15, 16].

As summarized above, the causes of occult GI bleeding are commonly catego-
rized by their location within the GI tract and usually divided into endoscopic areas:
upper GI tract, small bowel, or lower GI tract. They can also be further classified by
the different pathologic categories: neoplastic, vascular, inflammatory, genetic, or
other as shown in Table 1.2 [5].

Non-Gastrointestinal Causes of Bleeding

The GI work up for iron deficiency anemia sometimes returns negative. Though this
is a textbook on occult GI bleeding, it warrants special warning to the clinician that
the source of the anemia still needs to be aggressively sought and may ultimately be
an area anatomically close to the GI tract. Unseen bleeding from epistaxis, heman-
giomas, or occult trauma to the nasal or oropharyngeal passage, for example, may
result in ingestion of blood unbeknownst to the patient. As such, a thorough physi-
cal exam or referral to otolaryngology may end up finding the source. Rarely, his-
tory of blood from the oropharynx can be confused as hematemesis when in fact, it
is from bleeding from the respiratory tract (hemoptysis) that the patient could be
ingesting [17].
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Table 1.2 Sources of occult Gl bleeding
Neoplastic Vascular Inflammatory | Genetic Other
Carcinoma — Vascular ectasias | Aorto-enteric | Osler-Weber- Infectious
esophageal, (at any site) fistulas Rendu sydrome diseases:
gastric, small Post-surgical Inflammatory | Blue rubber bleb | Clostridioides
bowel, colon (biopsy site, bowel disease | nevus syndrom difficile
Adenoma polypectomy, (IBD) Neurofibromatosis | Cytomegalovirus
Polyposis anastomotic Erosive type Lor II Parasitic infection
syndromes bleeding) esophagitis Gardner’s Helicobacter
Gastrointestinal | Anorectal disease | Erosive syndrome pylori
stromal cell (hemorrhoid, gastritis Klippel- Tuberculosis
tumor (GIST) fissure) Cameron lesion | Trenaunay-Weber | Non-GI causes
Kaposi sarcoma | Diverticular bleed | Colitis syndrome that can mimic
Lynphona Gastric aAntral | (including Ehlers-Danlos Gl bleeding:
Leiomyoma or vascular ectasia | medication- syndrome Long-distance
leiomyosarcoma | (GAVE) induced) Hermans running
Carclnoic Ischemia (i.e. Ulcerative ky-Pudlak Hemoptysis
Lipoma ischemic colitis) | jejunitis from | syndrome Oropharyngeal
Dieulafoy’s celiac disease bleeding (i.e
lesion Endometriosis epistaxis)
Cameron lesion | Portal Gynecologic
Meckel’s hypertensive bleeding
diverticulum gastropathy or Factitious
Amyloidosis enteropathy bleeding
Gastrointestinal | Varices (self-induced)
hemangioma (esophageal,
Vasculitis gastric, small
bowel)
Ulcer (any site,
including
medication-
induced)

iLee and Laberge [42]

“Rockey [43]

Management

The Role of Thorough History and Physical

The differential diagnosis of GI bleeding is broad. Thus, a targeted approach based
on the patient’s symptoms, past medical history, family history, and physical exam
may result in a swift and more efficient investigation.

Many patients with occult GI bleeding present with moderate to severe anemia
on labs, but can be surprisingly asymptomatic due to the chronicity of the bleeding
with adequate compensation. Thus, these patients may not present with the typical
signs or symptoms of anemia, such as fatigue, weakness, and reduced exercise
capacity. More subtle symptoms of chronic iron deficiency anemia include hair loss,
hand and feet paresthesias, restless leg syndrome (often seen even in iron deficiency
alone prior to the anemia), and in men, impotence. It may not be until severe anemia
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with hemoglobin <7 mg/dI that the patient will finally begin to display more discon-
certing symptoms such as pallor, headache or dizziness from hypoxia, tinnitus from
the increased circulatory response, or dyspnea from high output cardiac failure [1].

A detailed history of gastrointestinal symptoms such as heartburn, dysphagia,
odynophagia, recurrent nausea, vomiting, or prolonged anorexia should direct the
clinician to an upper GI source. A history of severe reflux symptoms or difficulty
swallowing may suggest esophagitis. Epigastric abdominal pain, burning in the epi-
gastrium after eating, or intolerance of foods may suggest gastritis or gastric ulcers,
especially in patients who have a history smoking, of overusing NSAIDs, or having
a diet known to be associated with gastritis or ulcers. A history of alcoholism, espe-
cially with cirrhosis, could also be suggestive of peptic ulcer disease as well as pre-
malignant colonic neoplasia [18]. Symptoms consistent with a lower GI source
include a change in the stool caliber, diarrhea, constipation, lower abdominal pain.
Parasitic infections can cause a constellation of non-specific symptoms including
abdominal pain, flatulence, nausea, diarrhea, and signs of iron deficiency anemia.
Exposure to typical water sources and foods prone to parasite ingestion or inocula-
tion will be important.

Furthermore, a chronic overt GI bleed, such as recurrent variceal bleeding, may
present as occult GI bleeding. These patients may have chronic melena that goes
unnoticed or is ignored. The delayed presentation of an overt GI bleed will likely
result in IDA. Patients with chronic liver disease may develop chronic GI bleeding
and IDA from portal hypertensive gastropathy and gastric antral vascular ectasia
(GAVE). Angiodysplasias may present as chronic GI bleeding due to frequent re-
bleeding and the presence of multiple lesions [19, 20].

Patients with red flag signs such as a history of unintentional weight loss or fam-
ily history of malignancy may have a mass lesion, typically of the lower GI tract. It
is important to remember that these patients may not have GI symptoms at all and,
if they are above the age of 45-50 years old, colorectal cancer is at the top of the
differential, especially if they have never had colorectal screening in the past.
Additionally, a history of radiation or malignancy related treatment to an area of the
GI tract might suggest mucosal injury as the source of bleeding, such as radiation
proctitis.

Concurrent diagnosis of aortic stenosis and occult GI bleeding may suggest
bleeding from acquired coagulopathy, known as Heyde’s syndrome, in which the
patient develops angiodysplasias [21]. Patients with end stage renal disease
(ESRD) are also at risk of gastric vascular ectasias and colonic angiodysplasias,
though the pathophysiology is not well understood [22]. The implantation of left
ventricular assistive devices (LVAD) have an increased association with angiodys-
plasias as well [23]. A history of liver disease or portal hypertension might suggest
varices or portal hypertensive gastropathy. Sometimes the diagnosis is not yet
made, and the clinician must be vigilant for physical exam findings such as caput
medusa, spider angiomas, or abdominal distention due to ascites, which will be the
key to diagnosis.

A history of severe epistaxis may suggest a vascular lesion, especially when
associated with telangiectasias of the lips, tongue, or palms. Multiple vascular
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lesions might also indicate hereditary hemorrhagic telangiectasias, and a careful
family history must be elicited. Blue or colored papules on the skin, in the right
setting, may suggest blue rubber bleb nevus syndrome, which is a rare, severe,
sporadically  occurring disorder characterized by multiple venous
malformations.

Special Populations

Special populations warrant a mention here to make sure that key sources of occult
bleeding are not missed. Specifically, pre-menopausal women, patients less than
40 years old, particularly pediatric patients, and patients on anticoagulants.

Anticoagulant Use

Positive FOBT in patients on chronic antiplatelets, NSAIDs, or anticoagulation
should not be attributed to medication use unless endoscopy is unrevealing. There
are mixed data on whether antiplatelet, anticoagulants, and NSAIDs increase or
decrease the positive predictive value or sensitivity of detecting colorectal neo-
plasms [24]. Ultimately, positive fecal occult blood tests, in patients taking either
low-dose aspirin or warfarin, should be managed in the same fashion as patients not
taking these medications [25].

Pediatric Patients

Many times, simple demographic data may help drive the work up. For example,
in patients less than 40 years of age, small bowel tumors, inflammatory bowel
disease, Dieulafoy’s lesion, or Meckel’s diverticulum (especially in the pediatric
population) may be the likely etiology [26]. Bleeding in older patients tend to be
from neoplasia or medication-induced GI complications, such as mucosal ulcers
or gastropathy due to NSAIDs. Younger patients tend to have inflammatory lesions
and are more prone to have bleeding from ulceration of a Meckel’s diverticulum in
the small bowel. The ulceration occurs in the distal mucosa and occurs due to acid
secretion by ectopic gastric mucosa within the diverticulum [27]. Dieulafoy’s
lesions were named in 1898 by a French surgeon, and are submucosal arterial
malformations that are difficult to diagnose as they are most commonly located in
the small bowel [28]. In neonates, small bowel lesions would also include necro-
tizing enterocolitis. In infants, milk-protein allergy would also be of consider-
ation. Other causes of small bowel bleeding in patients less than age 40 are seen in
Table 1.3.
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Table 1.3 Common occult GI bleeding in the small bowel based on age

Under age 40 years Over age 40 years

Neoplasia (typically of small bowel) Vascular ectasia

Inflammatory bowel disease (IBD) Dieulafoy’s lesions

Dieulafoy’s lesions Neoplasia

Meckel’s diverticulum NSAID-induced ulcers

Polyposis syndromes Aorto-enteric fistula (if history of prior surgery)
Small bowel varices
Portal hypertensive enteropathy

Table adapted from Welli et al. [44]

Pre-Menopausal Women

IDA in pre-menopausal women is often due to heavy menses. As such, gynecologic
sources of bleeding should be excluded before a full GI workup. However, women
with GI symptoms and a positive FOBT or IDA warrant evaluation with EGD and
colonoscopy for an occult GI bleeding source. In a study of 186 premenopausal
women with a positive FOBT who underwent endoscopy, 23% had a clinically impor-
tant lesion. These lesions were often in the upper GI tract and related to peptic ulcer
disease (3%) or gastric cancer (3%). In these women, hemoglobin <10 g/dl, positive
FOBT, and GI symptoms predicted clinically significant findings on endoscopy [29].

Clinical Approach to Occult GI Bleeding

The clinical approach to a patient with occult GI bleeding. or suspected occult GI
bleeding will depend on the patient’s age, clinical history, and whether the patient
has a positive FOBT or IDA. It is important to assess the patient’s stability, and for-
mulate an effective diagnostic and treatment plan. We will go through the manage-
ment of several patient populations based on their clinical presentations using the
American College of Gastroenterology (ACG) clinical guidelines on small bowel
bleeding from 2015, the American Gastroenterological Association (AGA) medical
position on obscure GI bleeding from 2007, and the AGA Clinical Practice Guidelines
on the Gastrointestinal Evaluation of Iron Deficiency Anemia from 2020 [2, 30].

The Patient with a Positive FOBT, But Without Iron
Deficiency Anemia

If an asymptomatic patient has suspected GI bleeding with a positive FOBT and no
IDA, then colonoscopy is recommended, especially if the patient is over 50 years
[31]. The reason colonoscopy is preferred as a first step is because of the high risk
of colonic carcinoma, the fact that upper GI sources of bleeding typically cause
symptoms, and the high prevalence of false-positive FOBT and FIT. If the patient
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Patient with
suspected Occult GI
Bleed

Positive FOBT, No Positive IDA, w/ or
IDA w/out Positive FOBT

1. May be acceptable to start with
colonoscopy alone for certain patients:

« Patients >50

« Patients w risk factors for
colorectal cancer

« Patients w/ a change in bowel
habits or stool form

« Asymptomatic patients

Asymptomatic Patient

l l

If patient has upper G
symptoms, EGD should be
performed with the
colonoscopy

Symptomatic Patient

EGD + colonoscopy usually
recommended for most patients

\_1_/

If lesion found, treat the underlying

2. Perform EGD if colonoscopy is

negative or if patient has upper GI

Start with colonoscopy, symptoms

especially if the patient is
> 50 years

~

If a lesion suspicious for malignancy is
found, it is important to perform the other
test (both EGD & colonoscopy) due to
Remember to evaluate for the high prevalence of synchronous

anorectal disease. If lesion is lesions
found, treat the underlying \_

| l

If the colonoscopy is normal,
the patient is asymptomatic,
and does not develop If lesion is not found, move onto
anemia, no further evaluation phase 2 to evaluate the small bowel
is recommended. False
positive FOBT is common.

~N

If a patient has a minor finding on the
scope (e.g. mild esophagitis) but severe
IDA, consider performing the other test

Fig. 1.1 Diagnostic algorithm for patients with suspected occult gastrointestinal (GI) bleeding
with positive fecal occult blood test (FOBT) and/or positive iron deficiency anemia (IDA). EGD =
esophagogastroduodenoscopy.

has upper GI symptoms, EGD should be performed along with the colonoscopy. If
the colonoscopy is normal, the patient is asymptomatic, and does not develop ane-
mia, then no further evaluation is recommended [Fig. 1.1] [2, 4, 31].

Since false positive FOBT is common, particularly with guaiac-based tests, test-
ing error must be considered if the clinical scenario is inconsistent with bleeding. As
guaiac-based tests rely on the pseudoperoxidase activity of hemoglobin, consump-
tion of trace blood in red meats may cause a false-positive test. Similarly, foods that
contain peroxidase, such as cruciferous vegetables (i.e. broccoli, cauliflower) can
also cause a false positive. Swallowing blood from epistaxis or gingival bleeding
may also produce a positive FOBT. Lastly, a positive FOBT may also be due to
anorectal disease, including hemorrhoidal bleeding or the presence of a fissure [1,
12, 32]. A large study of asymptomatic patients found that the presence of hemor-
rhoids was an independent risk factor for false positive FIT results. Some studies
have supported this finding, while others have shown no association [33, 34].
Hemorrhoids are rarely a cause of IDA, unless there is an overt bleed [35]. Given
the disparities between studies, we recommend a colonoscopy in older patients with
positive FOBT results to rule out more serious colorectal pathology even if the
patient has known hemorrhoids. If the patient has hemorrhoids and a persistently
positive FOBT after normal colonoscopy, then no further evaluation is warranted. If
a younger patient has a positive FOBT, is asymptomatic, and does not have IDA or
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risk factors for colorectal cancer, it is reasonable to observe the patient. Lastly, if the
patient has hemorrhoids, positive FOBT, and IDA, then evaluation of the upper and
lower GI tract is warranted per the algorithm below.

The Patient with Iron Deficiency Anemia +/— Positive FOBT

Patients with iron deficiency anemia not attributed to hematologic or malabsorption
causes, particularly men and post-menopausal women warrant evaluation regardless
of whether FOBT is positive or negative to rule out serious pathology. The most
common etiologies of occult GI bleeding and resulting IDA in these patients include
colonic carcinoma, mucosal injury from long term aspirin (or other nonsteroidal
anti-inflammatory drug use), angiodysplasia, gastric carcinoma, peptic ulcer dis-
ease, esophagitis, H. pylori infection, GAVE, gastrectomy, and small bowel tumors
[1]. Thus, patients with IDA and a positive FOBT often require both EGD and colo-
noscopy as an initial workup. In particular, IDA in men and postmenopausal women
must be assumed due to GI blood loss and warrants evaluation with both EGD and
colonoscopy [2, 31]. Additionally, premenopausal women without a history of men-
orrhagia and incidental finding of IDA or patients with IDA and concurrent GI
symptoms should undergo both EGD and colonoscopy.

For certain patient populations, it is acceptable to start with either colonoscopy
or endoscopy as the initial diagnostic test. Consider colonoscopy as the initial diag-
nostic test in a patient with IDA over 50 years old without any GI symptoms if they
have risk factors for colorectal cancer such as a family history or a change in stool
form or frequency. Consider EGD as the initial diagnostic test in a patient with
upper GI symptoms, a history of NSAID use or abuse, heavy alcohol use or cirrho-
sis, or those with a history of developmental disability, or inability to express GERD
symptoms. If one test is normal, it is reasonable to perform the other for a complete
evaluation. EGD and colonoscopy may be performed in succession during on the
same day for patient convenience, decreased sedation use, and cost reduction. Some
physicians prefer to give the patient a bowel prep for a colonoscopy, and if the colo-
noscopy is normal, then perform the EGD next. The decision of whether to perform
the second scope should be individualized based on patient findings. For example,
if the severity of the IDA is not fully explained by the severity of the lesion (i.e. mild
esophagitis seen with significant IDA), then a colonoscopy is reasonable to evaluate
for a significant lower GI lesion since on average, 10% of patients will have syn-
chronous lesions [2, 15, 31].

During the EGD, duodenal biopsies should be performed to rule out celiac dis-
ease. Of note, according to the ACG small bowel bleeding guidelines, celiac disease
is no longer considered a cause of GI bleeding. Instead, the thought is that celiac
disease causes iron deficiency anemia from malabsorption, not occult GI bleeding.
However, in rare cases, ulcerative jejunitis, lymphoma, and adenocarcinoma can
occur from celiac disease complications and result in small bowel bleeding [2].
Biopsies should also be performed in the colon, particularly in patients with diar-
rhea, as 50% of microscopic colitis have mild anemia [36].
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Small Bowel Evaluation

If EGD and colonoscopy are normal, and the patient has severe IDA, persistent
symptoms of small bowel lesions (diarrhea), or failure of IDA to correct with ade-
quate replacement therapy, then an evaluation of the small bowel or second-look
endoscopy is warranted [2, 31]. The most commonly used diagnostic tool for small
bowel evaluation is a video capsule endoscopy (VCE), whereby a wireless camera
in capsular form is ingested by the patient to help visualize portions of the small
bowel inaccessible by EGD and colonoscopy. The diagnostic yield of VCE is
38-83% in patients with suspected small bowel bleeding [37]. Not every patient can
undergo VCE, particularly those with stricturing Crohn’s disease, clinical signs of
obstruction, a history of radiation to the small bowel, certain motility disorders, and
pregnant patients [38]. In these patients with contraindications to VCE, radiographic
tests, such as computed tomographic enterography (CTE) can also be used [Fig.
1.2] [2]. Another drawback of VCE is its poor ability to localize a lesion in terms of
guiding deep enteroscopy for intervention [2].

Phase 1: Traditional EGD and Colonoscopy (See algorithm in figure 1)

Phase 2: Consider Small Bowel Evaluation if:
« Significant lesion is not found on EGD and colonoscopy
» Patients with persistent IDA that does not correct with adequate replacement

Common small bowel evaluation modalities include video capsule endoscopy, push
enteroscopy, and computed tomographic enterography

A 4

Phase 3: Consider Second-Look Endoscopy to evaluate for Missed Lesions in:

» Patients who had a poor colonoscopy prep

+ Patients in which no lesion was found on small bowel evaluation

» Patients with persistent IDA that does not correct with adequate replacement
» Patients whose first scopes were done at another healthcare center

Fig. 1.2 Phases of diagnostic evaluation of patients with occult gastrointestinal (GI) bleeding
EGD = esophagogastroduodenoscopy; IDA = iron deficiency anemia
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Another commonly used diagnostic tool for the small bowel is push enteroscopy
which has the benefits of intervention as well as better visualization of the proximal
small bowel 45-90 cm distal to the ligament of Treitz. Push endoscopy has a diag-
nostic yield of 3-70% in cases of suspected small bowel bleeding [2]. However,
most of the lesions found on push endoscopy are actually within reach of a tradi-
tional endoscope, which reiterates the importance of a careful first inspection of the
upper GI tract with EGD and the importance of second-look endoscopy [39, 40].
Disadvantages of push enteroscopy include patient discomfort as compared to a
traditional EGD and looping of the enteroscope in the stomach. Of note however, it
actually offers a better view of the duodenum and proximal jejunum compared to
the VCE. However, if push enteroscopy is normal, it is reasonable to move onto
VCE for visualization of the more distal small bowel. With the advances in technol-
ogy, there is now also single balloon, double balloon, and spiral enteroscopy which
allow for examination of the full length of the small bowel. More details are dis-
cussed in the endoscopy chapter.

The Patient Who Warrants Second-Look Endoscopy/
Colonoscopy Due to Potential Missed Lesions

As noted earlier, second-look endoscopy is warranted to patients with refractory
anemia for whom a comprehensive initial exam did not uncover the bleeding source.
Endoscopy is an invaluable tool, but lesions are often missed. Studies have shown
that 3.5% to greater than 30% of clinically significant non-small bowel lesions are
missed on EGD, push enteroscopy, and colonoscopy that are incidentally detected
by VCE. This means that these lesions were within reach of the traditional EGD and
colonoscopes, but were missed.

Second-look entails repeating the EGD or colonoscopy or performing a push
enteroscopy. The latter can be considered another form of second-look endoscopy,
as it allows for direct visualization of the upper gastrointestinal much beyond the
ligament of Treitz, particularly the distal duodenum and proximal jejunum which is
challenging to see with VCE and out of reach of a traditional endoscope. Missed
lesions occur more commonly in the lower GI tract than the upper GI tract. However,
when the missed lesion is in the upper GI tract, it is most commonly found in the
antrum. Cameron lesions can be missed in patients with a large hiatal hernia.
Colorectal cancer can be missed in patients with a poor prep. Arteriovenous malfor-
mations or Dieulafoy’s lesions can be missed if they are present in the gastro-
duodenum and may require a side view scope. Anal cancer can be missed if a rectal
exam was not done or during rapid colonoscope insertion. Varices can be missed if
they are deflated (as in under-resuscitated patients). Due to the high prevalence of
these missed lesions, it may be worthwhile to repeat EGD and colonoscopy in a
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Second-Look EGD: Common Missed
Lesions

/ Esophagus: \

Carefully examine the

esophagus below the upper
esophageal sphincter (cancers
such as squamous cell
carcinoma). Lesions can be
missed on scope withdrawal
Distal esophagus: varices may
be deflated in under-resuscitated
patients

Allow adequate time to examin)

-

a Barrett segment

.

/ Stomach \

« Gastro-esophageal junction:
consider retroflexing. Cameron
lesions may be missed,
especially with large hiatal hernia

« Look between the gastric folds

using a cap (arteriovenous

malformations and Dieulafoy's
lesions may be missed) /

Proximal Small Bowel

Carefully examine all 4 walls of
the duodenal bulb

Examine the duodenal sweep
well

Consider using a side view
scope to view the papilla and
side of the duodenal wall
Reduce loop to advance to the
scope into the 3rd and 4th part
of the duodenum and the

K proximal jejunum

e

s D

Second-Look Colonoscopy Common
Missed Lesions

& )

l

Ensure quality prep and perform high
quality colonoscopy

4 N

Anorectum

Careful rectal exam to evaluate
for for hemorrhoids, fissures, and
lesions

« Retroflex as anal/rectal cancers
may be missed

N /

Terminal lleum

Carefully examine the terminal
ileum as carcinoid tumors and
polyps can be missed

!

Colon

.

Retroflex in the right colon
Carefully examine between folds
of the colon - consider using a
cap

Carefully inspect the sigmoid
colon between the folds (large
polyps may be missed)

Fig. 1.3 Recommendations evaluation of missed lesions during second-look endoscopy. EGD =
esophagogastroduodenoscopy

patient with persistent IDA that does not correct with adequate replacement and a
positive FOBT, especially when the first examination was done at a different health-
care center [41], [Fig. 1.3].

Subsequent chapters will delve into the specifics of screening tests, endoscopic
evaluation, imaging, differential based on the sites of the lesion, management, and
special populations.
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Appendix 1
Gastrointestinal bleeding
Occult — unseen | Overt — seen by
by the patient | the patient and
and clinician clinician
SOURCE OF Obvious-positive EGD or Occult/obvious | Overt/obvious
BLEED or colonoscopy (or small bowel source source
PATHOLOGY testing*)
Obscure-negative EGD, Occult/obscure | Overt/obscure
colonoscopy (or small bowel source source
evaluation®) but patient continues
to bleed (5% of all bleeds)

*Small bowel evaluation may include video capsule endoscopy and enteroscopy.
EGD: Esophagogastroduodenoscopy.
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Chapter 2
Non-Invasive Office Screening Methods

Check for
updates

Edgar R. Naut and Gagandeep Singh

Office Base Screening

Small intestinal bleeding accounts for 5-10% of patients who present with gastro-
intestinal bleeding and remains a relatively uncommon cause [1]. As has previously
been defined occult gastrointestinal bleeding is not visible to either the patient or the
physician and is detected by either by fecal occult blood testing (FOBT), or iron
deficiency anemia with or without a positive FOBT [1-3]. Unfortunately there are
no guidelines or recommendations on screening this population. As a result non-
invasive office base screening is based on the recommendations for accessing iron
deficiency anemia as well as colorectal cancer screening. This is in addition to
obtaining a thorough history and physical.

Anemia

The World Health Organization (WHO) defines anemia, as a condition in which the
number of red cells or their oxygen carrying capacity is not sufficient to meet physi-
ologic needs [4]. The WHO estimates the global burden of disease for anemia is
about 30% of the world population [5—7]. The diagnosis is often made on laboratory
full blood count testing for screening or the evaluation of another condition [4].
Anemia is associated with significant morbidity and mortality. A decrease in quality
of life, cognitive function and work productivity have been reported [35, 7, 8].

The most common anemia is iron deficiency anemia (IDA) representing about
50% of all anemias’ worldwide. Total body iron ranges from three to four grams
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with a net daily loss of one to two milligrams [9]. This is usually balanced through
dietary iron. Iron deficiency anemia has a high prevalence in women [8]. The WHO
reported in 1992 that 37% of all women were anemic and in the United States 12%
of reproductive age women had iron deficiency. In addition 4% of women
2049 years of age and 3% of women 50-69 years of age had iron deficiency ane-
mia [5, 8, 9]. In addition iron deficiency is the most common nutritional deficiency
worldwide. Despite this and IDA being so prevalent there are no consistent guide-
lines on the screening for IDA.

Guidelines

In the United States the Center for Disease Control and Prevention (CDC) recom-
mends screening females of childbearing age every five to ten years and more fre-
quently if clinically indicated [10]. In addition they recommend screening pregnant
women at the first prenatal visit [10]. This contrasts the United States preventive
Services Task Force (USPSTF) who finding insufficient evidence to recommend
routine screening [11].

Making the Diagnosis of Iron Deficiency Anemia

Commonly the evaluation for anemia is initiated from findings picked up on history
and physical. The diagnosis can be difficult to make in some cases where there are
co-contaminant inflammatory states. Some findings have been associated with all
anemias such as conjunctival pallor, nail-bed pallor, absence of nail bed blanching
and palmar crease pallor [7, 12]. Other findings are specific for IDA (see Table 2.1).
For example some of the symptoms associated with IDA include paleness, fatigue
(in iron deficiency with or without anemia), dyspnea, headache, restless leg syn-
drome, and pica symptoms [5, 7, 8]. Physical findings commonly seen include alo-
pecia, atrophic glossitis, dry skin [7]. In addition IDA anemia should be suspected
in patients who are undergoing hemodialysis, middle age obese individuals, and
obesity at any age [6]. Certain medications have also been associated with IDA such
as Antacids, H2 blockers, Proton pump inhibitors, Nonsteroidal anti-inflammatory
drugs (NSAIDs), aspirin, Zinc, and manganese supplements [8].

Once IDA is suspected and a complete blood count (CBC) confirms the presence
of anemia several red blood cells indices help suggest IDA. A mean corpuscular
volume (MCV) below 80 fL has a reported sensitivity of 97.6% for IDA; however
IDA can present with normocytic anemia 40% of the time [8]. In addition the MCV
may be low in other conditions such as thalassemia. The Mentzer index, which is
the ratio of MCV to red blood cell count, can be used to help distinguish between
IDA and Thalassemia trait [13]. A value greater than 13 suggests IDA. The red
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Table 2.1 Signs and
Symptoms of Iron
Deficiency Anemia

21
Signs Symptoms
Pallor Fatigue
Alopecia Dyspnea
Atrophic glossitis Restless leg syndrome
Angular stomatitis Headache

Defects of the nail bed
(koilonchia and Mees lines)

Pica symptoms

Dry skin Neurocognitive dysfunction
Dry and damaged hair Angina pectoris

Cardiac murmur Vertigo

Tachycardia Tinnitus

Syncope Taste disturbance

Hemodynamic instability

Plummer-Vinson syndrome

Table 2.2 Test for the diagnosis of iron deficiency anemia

Test Limitations
Serum Iron/TIBC
Percent transferrin saturation

Diurnal variations

Not diagnostic by itself

Ferritin Increased during inflammatory states independently of iron
studies
Reticulocyte count Not diagnostic

Soluble transferrin receptor
(sTFRC)

Serum hepcidin

Reticulocyte hemoglobin
concentration

Lacks standardization among different immune assays

Not readily available in many laboratories
Iron availability can be influenced by multiple factors

blood cell distribution width (RDW) may be elevated in patients with IDA and nor-
mal in patients with thalassemia [8].

Bone marrow aspiration and Perl’s staining is the gold standard for the diagnosis
of iron deficiency (ID), as it shows an absence of stainable iron in the bone marrow
[6]. However other test are available which can reliably diagnose IDA. These test
include serum iron, total iron binding capacity (TIBC), percent transferrin satura-
tion (TSAT), serum ferritin, reticulocyte count, soluble (serum) transferrin receptor
levels, serum hepcidin, and reticulocyte hemoglobin concentration (CHr) (see
Table 2.2) [5, 6]. A peripheral blood smears can also give valuable infomation in
diagnosing ID (Fig. 2.1).

Serum Iron/TIBC

Serum iron represents the amount of iron bound to transferrin. This allows iron to
be incorporated into hemoglobin in developing erythroblast. The transferrin bound
iron pool has a high turnover that can be up to six times a day. This in conjunction
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Fig. 2.1 Peripheral blood film with changes attributed to iron deficiency anemia [32]. (Copyright
© 2012, Springer Nature)

with diurnal variation, and external factors make serum iron unreliable in diagnos-
ing ID [5]. TIBC (expressed in micrograms/deciliter) is a functional measure of the
level of transferrin circulating; an elevated TIBC is consistent with IDA [5, 8, 14].

Percent Transferrin Saturation

The TSAT is calculated by using the formula (Iron x 100)/TIBC and is expressed as
a percent [8]. A very low TSAT usually less than 10-15% is consistent with IDA
however it is not diagnostic by itself [5, 8].

Ferritin

In the absence of inflammation, ferritin (microgram/Liter) correlates with total body
iron stores. A ferritin level of less than 15 microgram/L in patients older than five
years old is diagnostic for ID and has a sensitivity of 59% and a specificity of 99%
[7, 9]. The American Gastroenterology Association (AGA) gastrointestinal evalua-
tion of iron deficiency anemia recommend using a ferritin threshold of less than
45 microgram/L to diagnose iron deficiency [9]. At this level the sensitivity of
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ferritin is 85% and the specificity is 92%. Unfortunately ferritin levels increase dur-
ing inflammatory states independently of iron stores [5, 7]. In acute and chronic
inflammatory disorders such as malignant disease, liver or kidney disease ferritin
levels of 50 micrograms/L or higher may still have ID. As such cut off of
100 micrograms/L and 200 micrograms/L have been suggested in patients with
chronic kidney disease and hemodialysis respectively [7]. The AGA suggest using
adjuvant testing to help establish the diagnosis of iron deficiency such as serum
iron, transferrin saturation, or C-reactive protein [9].

Reticulocyte Count

A corrected reticulocyte count expressed as a percent of red blood cells can provide
an estimate of appropriate bone marrow production compared to normal with an
index greater than two being incompatible with IDA [5].

Soluble Transferrin Receptor (sTFRC)

Soluble transferrin receptor is cleaved by the membrane protease in the erythroid
cells when not stabilized by diferric transferrin. In the presence of iron the TFRC
mRNA is destabilized. In the absence of iron the mRNA becomes stable resulting in
an up regulation of the TFRC [5, 6]. TRFC levels are not affected by inflammation
and it has been suggested as a tool in differentiating IDA and anemia of chronic
disease (ACD) [6]. It can also be used in identifying ID in patients with inflamma-
tory conditions [5, 6]. Although it is not as sensitive and specific as a ferritin level
of less the 30 microgram/L it does have a sensitivity and specificity of 86 and 75%
respectively [6]. Unfortunately there is a lack of standardization among different
immune assays. This results in difficulty comparing studies and translating into
routing clinical practice.

Serum Hepcidin

Is a biomarker that is decreased in ID and are undetectable in severe IDA. As with
TREFC there are different test available and it is not readily available in many labora-
tory. However studies have shown promise and this may be available in the future [6].

Reticulocyte Hemoglobin Concentration

The CHr measures recent iron availability and it has not been widely adopted due to
the fact that iron availability can be influenced by a number of factors [5].
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Stool Testing for Occult Blood

Occult gastrointestinal bleeding should be suspected in patients with positive stool
testing for blood [1, 2]. In most cases these patients would have had testing done as
an alternative for colorectal cancer screening (CRS). Colorectal cancer is the second
leading cause of cancer death in the United States and the third leading cancer diag-
nosis [15, 16]. Colorectal cancer screening is recommended for average risk patients
from the age of 50 to 75 by most society guidelines and expert groups [17-20]. The
preferred modality is colonoscopy however fecal occult blood testing (FOBT) has
been shown to be an effective screening tool and is an alternative for patients who
do not wish to have a colonoscopy as the initial test. In some studies guaiac based
or immunochemical have been shown to decreases colorectal cancer mortality by
about 30% [21]. Screening can be done with sensitive guaiac-based fecal occult
blood testing, fecal immunochemical testing (FIT), or multi-target stool DNA test-
ing [18, 22]. These test detect blood or shredded debris by polyps, adenomas or
cancers [21]. Guidelines recommend high sensitivity guaiac based FOBT annually
or biennially and, FIT annually (see Table 2.3) [21].

Sensitive Guaiac-Based Fecal Occult Blood Testing

Guiac-based screening test (Hemoccult SENSA, Beckman Coulter) have been
shown to reduce CRC death [18, 23]. However they are less sensitive then FIT test.
The reported sensitivity and specificity of this two test are 62-70% and 87-96%
respectively [18, 23]. In addition there has been concerns about dietary restrictions
when using guaiac based testing. Certain foods, vitamins, or medications can pro-
duce false positive and false negative so in general dietary restrictions are recom-
mended [24]. The current recommendation is to obtain six stool samples from three
bowel movements on three separate days. The sample should be returned to the lab
within 14 days [25]. A single digital rectal exam sample is not sensitive for CRS

Table 2.3 Stool testing for occult blood

Test Sensitivity Specificity
Guiac-based screening test 62-70% 87-96%
(Hemoccult SENSA, Beckman coulter)
Fecal immunochemical testing (FIT)

OC-light test using a cutoff of 10 microgram 79-88% 91-93%
hemoglobin per gram of feces
OC FIT-CHEK family of tests using a cutoff of 20 73-75% 91-95%
microgram hemoglobin per gram of feces
Multi-target stool DNA testing (FIT-DNA) 92% (95% C1 84% (95% CI
84-97%) 84-85%)

Bibbins-Domingo et al. [33]
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however a positive result would warrant further investigation. Another limitation of
the test has been its low ability to detect polyps and its inability to determine clini-
cally significant disease [24].

Fecal Immunochemical Testing (FIT)

In the United States there are multiple FITs from different manufacturers with dif-
ferent test methods and performance characteristics [23]. The OC FIT-CHEK fam-
ily of FITs has the highest sensitivity and specificity. The OC-Light test using a
cutoff of 10 microgram hemoglobin per gram of feces to detect CRC has sensitivity
and specificity of 79—88% and 91-93%, respectively; For the OC FIT-CHEK family
of tests using a cutoff of 20 microgram hemoglobin per gram of feces it ranges from
73% to 75% and 91% to 95%, respectively as reported by Lin et al. [23]. Dickerson
et al. reported a sensitivity of 79% and specificity of 94% for available FIT test for
the detection of CRC [25]. A study performed by Goede et al. comparing guaiac
fecal occult blood to FIT testing in Ontario, Canada showed that switching to FIT
testing at a high cut-off increased health benefits without increasing colonoscopy
demands [26]. The test provides several advantages including only requiring one
sample and does not require dietary modifications [18].

Multi-Target Stool DNA Testing (FIT-DNA)

Multi-target stool DNA testing has increased single test sensitivity however it is less
specific then FIT alone. The test characteristics of the only FIT-DNA test available
in the United States (Cologuard; Exact Sciences) were studied and the sensitivity
and specificity to detect colorectal cancer was 92% and 84% respectively. Its sensi-
tivity to detect advanced precancerous lesions was 42%, and its specificity to detect
“all non-advanced findings” was 87% [18, 27]. Although sensitivity is the most
important aspect of cancer screening test, specificity is also important as it limits the
amount of false positive results and hence unnecessary interventions [27].

Other Considerations

Celiac Disease

Celiac disease, which is also known as gluten-sensitivity enteropathy, is a systemic
disorder that affects about 1% of Americans [28]. Celiac disease results in a T-Cell-
mediated immune response to gluten. This immune response in people whom have
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the genetic predisposition results in the malabsorption of nutrients due to damage to
the small intestine [28]. Celiac disease is often under diagnosed and in the United
States estimates 10-15% of persons with this condition are diagnosed [28].
Undiagnosed celiac disease is a significant cause of IDA and in general screening
for it is recommended in patients presenting with IDA [4]. Screening usually
involves serum IgA antibodies to tissue transglutaminase (tTG) or Transglutaminase
2 (TG2) [28]. In addition four biopsies from the second part of the duodenum are
recommended during endoscopy have been recommended [4]. However the AGA
recommends against routine small bowel biopsy unless serologic testing is positive
[9]. Other indications for celiac disease screening as well as genetic modalities are
beyond the scope of this chapter.

Infectious Diseases

Infectious diseases, particularly parasitic diseases lead to extracorporeal iron losses
and anemia of inflammation [29]. The World Health Organization has classified a
severe health problem in over 60 developing countries for children under five as
well as pregnant women. One of the main reasons is extracorporeal iron loss [29].
Hookworm is the most important parasitic disease in humans and the burden is
mainly due to extra-corporeal blood loss [29]. Other parasites include
Schistosomiasis and less commonly Trichuris. In the right setting such as in return-
ing travelers or recent immigrants from high-risk areas testing stool examination
for ova and parasite can be performed. More advanced testing such as polymerase
chain reaction (PCR), serology or antigen testing is beyond the scope of this
chapter.

Helicobacter pylori (H. pylori) is a common chronic bacterial infection which
has been associated with peptic ulcer disease and gastric cancer which can result in
iron deficiency in addition plays a role in unexplained IDA. Both the American
College of Gastroenterology (ACG) and the AGA recommend screening patients
with unexplained ID for H. Pylori [9, 30]. The AGA goes further and recommends
noninvasive testing for H. Pylori with treatment if positive over no testing [9]. This
is preferred over routine gastric biopsy in patients with unremarkable endoscopies.
An approach of urea breath testing after a negative endoscopy was noted to have
significant cost savings when compared with routine gastric biopsy at the time of
the endoscopy [9]. This resulted in minimal harm from the short term delay in diag-
nosis from false-negative noninvasive testing. Other available noninvasive test for
H. Pylori include stool antigen testing and serology. However a recent Cochrane
database review found that for most people urea breath tests had a high diagnostic
accuracy when compared to serology and stool antigen testing in the diagnosis of
H. Pylori [31].
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Conclusion

There are no guidelines regarding non-invasive office screening methods for occult
gastrointestinal bleeding. The findings of occult gastrointestinal bleeding in the
office are often incidental and found as a result of recommended screening for other
conditions such as iron deficiency anemia and colorectal cancer screening. In addi-
tion if symptoms of anemia develop the search for the etiology may lead to the
diagnosis of occult gastrointestinal bleeding. Once the diagnosis of IDA is made
screening for celiac disease and when appropriate infectious etiology should be
undertaken.

Acknowledgement The author thanks the Saint Francis Hospital and Medical Center library for
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Chapter 3
Endoscopic Detection

Joseph M. Polito IT and Caroline Polito

Introduction

Occult gastrointestinal (GI) bleeding refers to the presentation of a positive fecal
occult blood test without an obvious cause for the blood loss [1]. Once a patient pres-
ents with occult GI bleeding, it is important to determine if iron deficiency anemia is
present. In patients with a positive fecal occult blood test but no evidence of anemia,
a colonoscopy should be considered. In patients with upper GI symptoms, an upper
endoscopy should be performed as well [2, 3]. Upper GI symptoms include heartburn,
difficulty swallowing, stomach pain, nausea, and vomiting [4]. For patients who have
a positive fecal occult blood test and an iron deficiency anemia, both an upper endos-
copy and colonoscopy are recommended [2, 3]. If upper endoscopy and colonoscopy
do not indicate the source of the bleeding, the next step is to evaluate the small bowel
[5]. The majority of these patients will undergo a wireless capsule endoscopy [6].

Upper Endoscopy

Upper endoscopy allows for the visualization of the esophagus, stomach, and proxi-
mal duodenum. It can also be used to sample tissue [7]. Typically upper endosco-
pies are performed using a high-definition white light endoscope [8]. Patients with
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upper GI symptoms, especially symptoms indicative of gastroesophageal reflux
disease (GERD), often receive upper endoscopies [9]. In addition, if imaging of the
upper GI tract shows suspected neoplasms, ulcers, strictures, mucosal abnormali-
ties, or obstructions, an upper endoscopy may be performed [7]. Lesions in the
upper digestive tract are often detected in those who test positive for fecal occult
blood or have an iron deficiency anemia [10—13]. Upper GI symptoms are also asso-
ciated with the detection of lesions in the upper digestive tract. However, the preva-
lence of lesions in the upper GI tract is greater than or equal to that of colonic
lesions even in those without symptoms [10—13]. Upper GI sources of bleeding are
found in 36-56% of patients with an iron deficiency anemia [14—16] and in 29% of
patients who test positive for fecal occult blood and do not have an iron deficiency
anemia. Approximately 50% of these patients will be symptomatic [14]. In addition,
5-17% of patients have both upper and lower GI lesions [14—16]. Upper endoscopy
can employ a number of therapeutic interventions including biopsy, polypectomy,
dilation of strictures, stent placement, removal of foreign bodies, percutaneous gas-
trostomy tube placement, treatment of GI bleeding with injection, banding, coagu-
lation, sclerotherapy, and endoscopic therapy for esophageal intestinal metaplasia[7].

Colonoscopy

Colonoscopy is the preferred approach for evaluation of the colon, rectum, and the
distal portion of the terminal ileum and can detect a wide range of lesions, including
polyps, diverticula, cancers, and angiodysplasias. It allows for the visualization of
the entire colonic mucosa as well as the ability to obtain tissue biopsies [17]. While
colonoscopy is effective in reducing colon cancer rates overall, it is more effective
in reducing the risk of rectal and left sided colon cancer than right sided colon can-
cer [18]. One technique to improve visualization is retroflexion, which is when the
colonoscope is bent into a U-shape to allow the viewing lens to look backwards.
Reflexion is often used in the right colon to improve the effectiveness of colonos-
copy given the fact that right sided colon polyps can be located on the backs of
haustral folds in the cecum and ascending colon [19]. Retroflexion in the right colon
is successful in over 90% of cases with very low complication rates while yielding
a significant improvement in the adenoma detection rate [20]. Good bowel prepara-
tion is important for all colonoscopies and is necessary for proper visualization. An
excellent bowel prep will allow for 95% of the mucosal surface to be seen allowing
for a high adenoma detection rate while a poor bowel prep will result in fecal matter
blocking visualization and require a repeat bowel preparation [21]. Diagnostic indi-
cations include screening or surveillance for colon cancer, evaluating signs and
symptoms suggestive of colonic or distal small bowel disease such as gastrointesti-
nal bleeding or diarrhea, assessing a response to treatment for patients with colonic
diseases like inflammatory bowel disease, and evaluating abnormalities found on
imaging studies [17] including barium enema [22], abdominal computed tomogra-
phy (CT) [23], positron emission tomography (PET) [24], and magnetic resonance
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imaging (MRI) [25]. Some radiographic findings that are considered abnormal and
may warrant performing a colonoscopy include thickening of the wall of the colon
or terminal ileum [26], mass lesions [27], and strictures [28]. It also can be used for
therapeutic interventions, such as stricture dilation, stent placement, colonic decom-
pression, and foreign body removal [17]. Colonoscopies are generally considered
the gold standard for colon cancer screening and surveillance. If polyps are found
during the colonoscopy, they are usually removed endoscopically if possible [29].

Small Bowel Evaluation

If a complete endoscopy and colonoscopy with adequate visualization do not reveal
the source of occult gastrointestinal bleeding, evaluation of the small bowel is rec-
ommended [1]. Wireless capsule endoscopy is the preferred initial approach for
evaluating the small bowel [1]. Other endoscopic options include push enteroscopy
[30], single balloon endoscopy, double balloon endoscopy [31] and spiral
enteroscopy.

Wireless Capsule Endoscopy

Wireless capsule endoscopy is generally the first choice for evaluating suspected
small bowel bleeding. Wireless video endoscopy, also referred to as video capsule
endoscopy (VCE), is a noninvasive technology designed to provide diagnostic
imaging of the small intestine. It can also provide limited visualization of the esoph-
agus, stomach, and cecum. The images acquired from wireless capsule endoscopy
are of high resolution and have a 1:8 magnification, which is greater than that of a
conventional endoscope. This allows for visualization of individual villi. The cap-
sule moves passively, does not inflate the bowel, and images the mucosa in a col-
lapsed state [31]. The main advantages of wireless capsule endoscopy are that it is
relatively noninvasive and permits examination of the entire length of the small
bowl most of the time. Its main disadvantage is that it cannot be guided nor steered
and it does not allow for tissue sampling or therapeutic intervention. In addition, not
all of the small bowel mucosa is visualized as the capsule passes through the small
intestine while being pushed along by peristalsis [31]. The diagnostic yield of cap-
sule endoscopy is highest when it is performed as close as possible to the bleeding
episode [32-35]. Double-ended wireless video capsules, which can capture images
from both ends of the video capsule, have also been developed for the examination
of the colon [36].

Wireless video endoscopy identifies causes of small bowel bleeding more often
than push enteroscopy in most reports [37-45]. Studies have suggested that wireless
capsule endoscopy is equal to or more sensitive than other methods for the diagnosis
of small bowel sources of blood loss. A meta-analysis of 14 observational studies
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compared wireless capsule endoscopy with other procedures for suspected small
bowel bleeding and estimated that the overall yield of wireless capsule endoscopy
was 63%, which is significantly higher than push enteroscopy with a yield of 26%
and barium studies with a yield of 8% [37]. Overall, the yield of wireless video
endoscopy for occult small bowel bleeding has been reported to be in the range of
30-70% [6, 32, 33, 3740, 42, 46-52]. One trial of 89 patients with suspected small
bowel bleeding that compared capsule endoscopy with push enteroscopy found that
performing capsule endoscopy before push enteroscopy was a more effective strat-
egy than beginning with push enteroscopy. The capsule endoscopy first strategy
significantly reduced the percentage of patients needing a second procedure from
79% to 25% [53]. In another randomized trial of 136 patients with suspected small
bowel bleeding who had undergone upper endoscopy, colonoscopy, and push enter-
oscopy, patients were assigned to either capsule endoscopy or radiographic evalua-
tion. The diagnostic yield for capsule endoscopy was 30% in comparison to
radiographic evaluation with a 7% yield, but the rate of recurrent bleeding between
the two groups was the same [48]. Another study involving 305 patients undergoing
capsule endoscopy for suspected small bowel bleeding did not find a significant dif-
ference between those with a positive and negative video capsule endoscopy. It also
did not find a difference in rebleeding rates between those who underwent treatment
and those who did not [54]. Repeat capsule endoscopy is recommended for patients
whose initial capsule endoscopy is negative given that the entire small bowel mucosa
may not be visualized with a single pass and could miss the source of GI bleeding.
The capsule does not follow an axial path but rather tumbles and is unable to see
behind all of the folds of the small intestine [55].

Push Enteroscopy

Push enteroscopy is an alternative means of visualization of the small bowel. It
involves oral passage of a push enteroscope or a pediatric colonoscope past the liga-
ment of Treitz. In the case of the enteroscope, the instrument is 200-250 cm long
but the depth of insertion can be limited by looping within the stomach or small
bowel or by patient discomfort. About 25-80 cm of the jejunum distal to the liga-
ment of Treitz can be evaluated [56]. The amount of jejunum that can be viewed can
be increased when an overtube designed to reduce looping in the stomach is used.
However, it has not been conclusively determined whether or not this improves the
diagnostic and therapeutic ability of push enteroscopy [57, 58].

Multiple studies have determined that the diagnostic yield of push enteroscopy
in identifying bleeding lesions is estimated to be between 3% and 70% [2] with
angioectasia being the most common diagnosis [59-61]. One benefit of push enter-
oscopy in comparison to wireless capsule endoscopy is that it can sample tissue and
perform therapeutic maneuvers which include clipping of bleeding lesions or abla-
tion and hemostasis of bleeding using bipolar cautery.
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In a study of 95 patients with suspected small bowel bleeding who underwent
push enteroscopy, it was concluded that many lesions detected during enteroscopy
were within reach of a standard endoscope. This indicates that a careful repeat stan-
dard upper endoscopy may be appropriate prior to push enteroscopy or other diag-
nostic procedures [59].

Single Balloon

Single balloon enteroscopy allows for both evaluation and therapeutic interven-
tion in the small bowel. Single balloon enteroscopy consists of a long, 1400 mm
enteroscope, an overtube with a distal inflatable balloon, and a control unit to
inflate and deflate the balloon. The overtube is designed to minimize looping of
the small bowel while pleating it back over the overtube and the enteroscope [62].
It can be used anterograde via the mouth or retrograde via the rectum with intuba-
tion and advancement proximal to the ileocecal valve. Single balloon enteroscopy
is typically performed with fluoroscopic assistance and the use of CO, instead of
air for insufflation of the bowel as CO, is absorbed more quickly across the bowel
mucosa (Fig. 3.1). Using air for the insufflation of the bowel can prolong the pro-
cedure time and single balloon enteroscopy requires higher volumes of gas insuf-
flation, which can cause discomfort and limit advancement of the enteroscope
[62]. Bowel prep is not required for enteroscopy. The enteroscope is initially
advanced as far as possible using the same technique as a standard endoscope. The
tip of the enteroscope is hooked on a fold in the bowel to stabilize it and the

Fig. 3.1 Fluoroscopic
image of single balloon
enteroscopy
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overtube is then advanced over the enteroscope. The balloon is inflated and both
the enteroscope and overtube are withdrawn together. The balloon is deflated and
the enteroscope is then advanced as far as possible at which point the process is
repeated [62]. This results in pleating of the bowel over the overtube and subse-
quent shortening of the bowel. The combination of anterograde and retrograde
enteroscopy can potentially allow for complete evaluation of the small bowel.
Single balloon enteroscopy is a safe procedure with <1% risk of perforation dur-
ing diagnostic procedures [62].

Double Balloon

Double balloon enteroscopy is similar to single balloon enteroscopy. The primary
difference is that the enteroscope has a distal balloon in addition to the overtube
balloon. The enteroscope is advanced as far as possible and the balloon is inflated to
anchor its position [56]. The overtube is then advanced towards the end of the enter-
oscope at which point the overtube balloon is inflated and both enteroscope and
overtube are withdrawn together pleating the bowel in an accordion like fashion
over the overtube. The enteroscope balloon is deflated and the process is repeated.
Double balloon enteroscopy allows for complete evaluation of the jejunum and
ileum [56]. It is typically done in an antegrade fashion but can be done retrograde
via the rectum. Diagnostic yields for obscure GI bleeding range from 40% to 80%
[56]. Perforation is rare but is more common in patients who have had prior bowel
surgery. Pancreatitis has been reported as a complication of double balloon enteros-
copy as well [56].

Spiral Enteroscopy

Spiral enteroscopy allows for antegrade evaluation of the small bowel. It involves an
overtube with a soft raised helix at its distal end. The enteroscope is manually turned
in a clockwise manner to cause pleating of the small bowel on the enteroscope [63].
It has a shorter examination time in comparison to double-balloon and single-
balloon enteroscopy as well as more stability during withdrawal but it requires two
operators [64]. Motorized spiral enteroscopy have recently been developed that
would allow for single operator use [65]. The drive motor is located in the endo-
scope handle and is activated by foot pedals, which controls the direction and speed
of rotation of a coupler located in the middle of the endoscope’s insertion tube [66].
Studies have shown that motorized spiral enteroscopy have short procedural dura-
tions and high depth of maximum insertion while maintaining a high diagnostic and
therapeutic efficacy [67].
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Procedure | Completion | Diagnostic
Type Overtube Depth of Insertion time Rate* Yield
Capsule | No Reaches cecum 85% of | 480 min 51.2-942% | 48-60.9% [69,
the time [68] [68] [69-71] 72]
Push Can be with | 46-80 cm beyond the 30 min [60, | 0% 15-80% [81,
or without | ligament of Treitz with | 74, 75] 82]
[73] overtube [44, 57, 60,
74-80]
Single Yes Antegrade: 133-270 cm | 53-69 min | 0-24% [83, |41-65%
balloon Retrograde: 73-199 cm | [86, 88] 89-91] [83-87, 89-93]
[83-87]
Double | Yes Antegrade: 220-360 cm | 73-123 min | 92% [95, 40-80%
balloon Retrograde: 124-183 [94-98] 97-103] [88-92, 104]
[94-98]
Spiral Yes 175-262 cm 34-37 min | 8-92.6% 12-75% (64,
(anterograde or [105-107] |[103, 108] 83-87, 89-93,
retrograde) [105-107] 105-107]

“Total small bowel visualization

Intraoperative Enteroscopy

Intraoperative enteroscopy involves the insertion of an endoscope through an enter-
otomy site, orally, or rectally during surgery [109, 110]. The surgeon telescopes the
bowel over the endoscope, allowing for visualization of the entire length of the
small bowel in more than 90% of patients. The diagnostic yield has been reported to
be between 60% and 88% with rates of recurrent bleeding of 13-60% [2]. There
can, however, be associated morbidity and mortality. Complications from intraop-
erative enteroscopy including serosal tears, avulsion of the superior mesenteric
vein, congestive heart failure, azotemia, and prolonged ileus have been reported
[110]. A large, multidisciplinary study looking at intraoperative enteroscopy for
patients who had bleeding or anemia had a diagnostic yield of 69%. Segmental
resection was performed in 90% of these patients with a symptom recurrence rate of
20%. There were no serious complications reported [111].

Technical Aspects

Endoscope technology has seen significant advances in recent years. Available
endoscopes in the United States have been designed with improved resolution and
magnification compared to earlier models, thus allowing for the ability to distin-
guish submillimeter closely approximated lesions. Upper endoscopes generally
have outer diameters of 9.2—10.8 mm with slimmer 5.8 mm diameter endoscopes
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Fig. 3.2 Olympus GIF
190 upper endoscope

Fig. 3.3 Olympus CF 190
colonoscope

available for specific clinical situations such as esophageal strictures. Working
lengths range from 1030 mm to 1100 mm allowing for intubation of the third por-
tion of the duodenum (Fig. 3.2).

Available colonoscopes have outer diameters ranging from 9.5 mm for pediatric
colonoscopes to 13.2 mm for adult colonoscopes depending on the manufacturer.
Field of vision is generally 140 degrees up to 170 degrees for some colonoscopes
[112] (Fig. 3.3).

A pixel is defined as a tiny area of illumination on a display screen. Standard
Resolution (SD) is defined as a 4:3 (width: height) aspect ratio with a 640 x 480
pixel lines resulting in over 300,000 pixels to produce the image. Modern endo-
scopes allow for high definition (HD) imaging which produces increased image
detail and thus the ability to discern more subtle mucosal lesions. HD endoscope
systems allow for 1080 x 1024 up to 1920 x 1080 pixel format. In addition to high
definition, many endoscopes have variable degrees of magnification as well as a
near focus mode to improve detection of subtle lesions [112].

Endoscopes have left/right and up/down controls which allow for angulation of
the tip (Fig. 3.4). A working channel allows for the use of various instruments such
as biopsy forceps, snares, and coagulation devices to be passed through the endo-
scope (Fig. 3.5). Water irrigation and suction are also available to help clear visual
fields of fecal residue or blood (Fig. 3.6). Variable stiffness colonoscopes allow for
adjustment of the stiffness of the colonoscope to reduce looping [113] (Fig. 3.7).

Looping during colonoscopy most commonly occurs in the sigmoid colon and
transverse colon, which results in paradoxical retrograde or static movement of the
colonoscope relative to the bowel during antegrade intubation of the bowel. Looping
is often associated with “redundant” colons and can reduce cecal intubation rates.
Cecal intubation rates for endoscopists are a quality measure and should be at least
90-95% [114]. Risk factors for failure to reach the cecum include poor bowel
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Fig. 3.4 Colonoscope
control knobs

Fig. 3.5 Working
channel cap

Fig. 3.6 Colonoscope tip
with suction, irrigation,
and biopsy channels
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Fig. 3.7 Variable stiffness
control

preparation and female sex. Women have longer colons relative to men, increasing
the risk of looping during colonoscopy [115]. Once the cecum has been reached, the
colonoscope is slowly withdrawn using maneuvers that allow for careful inspection
of the mucosa and haustral folds. The colonoscope is retroflexed in the rectum by
bending backwards on itself to inspect the distal rectum. A similar maneuver is used
in upper endoscopy to look back up at the cardia of the stomach, which is not well
seen upon entering the stomach from the esophagus if only a forward view is uti-
lized [116].

Endoscopic technology that enhances visualization of the mucosa and microvas-
culature compared to white light endoscopy has also been developed. Narrow Band
Imaging utilizes an electronically activated filter allowing only blue and green light
[117], which is absorbed by hemoglobin thus making blood and vascular structures
dark and enhancing differences between the mucosa and the surrounding vascula-
ture [118]. This technology has improved the detection of flat or carpet-like polyps
and the ability to differentiate neoplastic from non-neoplastic tissue [119].

Endoscopies are not without risks. Preprocedural complications that arise from
preparation for an endoscopy include respiratory distress or arrest from sedation,
possibly with oxygen saturation dropping below 80% [120] as well as potential
medication allergic reactions and side effects, such as cardiorespiratory complica-
tions from using diazepam (Valium) and midazolam (Versed) [121]. Midazolam is
commonly used for conscious sedation and has been known to cause grand mal
seizures [122]. Bowel preparations also come with a variety of potential complica-
tions, which include hypoglycemia in diabetic patients since the patient is required
to be NPO for 68 hrs before the procedure and fluid and electrolyte imbalances can
result from the preparations. Examples of electrolyte imbalances include hyper-
phosphatemia following a phosphate bowel preparation, especially in patients with
renal failure [123], hypocalcemia [124], and hypovolemia. The use of topical anes-
thetic agents run the risk of disruption in pharyngeal motor function [125], angio-
neurotic edema, and in the case of using topical benzocaine, acute toxic
methemoglobinemia [126].

Colonoscopies have a number of potential procedural complications. Perforation
is estimated to occur in approximately 0.2% of diagnostic colonoscopies. One
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retrospective review found that 64% of perforations are rectosigmoid and 13% are
cecal [127]. Perforation may be due to direct mechanical trauma from force at the
tip of the endoscope or pneumatic distension when intraluminal pressure exceeds
210 mmHg [128]. In therapeutic colonoscopy, there is deliberate mucosal injury
when performing a polypectomy or biopsy, which may directly cause perforation.
As a result, the site of perforation in a polypectomy is most commonly the site of
the polyp. Hemorrhage, endocarditis [129], bacteremia [130], splenic injury [131],
and vasovagal reactions are other risks of colonoscopies.

The most serious complications involving upper endoscopies are perforation and
hemorrhage. Perforations during upper endoscopies occur at a rate of 0.02-0.2%
[125]. The most common site for perforation is the distal third of the esophagus
[132]. Angulation of the posterior wall of the stomach may make it difficult to navi-
gate and the distal third of the esophagus is most likely to be inflamed or have a
tumor. Other risks include infection, aspiration, Mallory-Weis tears [133], and car-
diac dysrhythmia [134].
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Chapter 4
Radiologic Detection

Michael E. Schuster, Erik A. Jacobson, Anthony K. Sayegh,
Victor N. Becerra, Robert P.F. Brooks, and Peter E. Kim

CT

CT is a valuable radiologic modality in the workup of occult GI bleeding. CT scans
use X-rays, which produce ionizing radiation, to build cross-sectional images of the
body. The images, or “slices,” are created based on the differential densities of the
internal structures [1]. Densities can be measured directly on the image, utilizing
the Hounsfield Units (HU) scale. CT has high patient throughput and, other than
CTC, requires no patient preparation [2, 3].

Non-contrast CT has limited diagnostic utility in the workup of OGIB due to the
poor contrast resolution of the image. Hemorrhage may be visualized as circumfer-
ential thickening of the bowel wall [4]. Intraluminal hemorrhage may be seen based
on its density (30—45 HU for unclotted blood and 45-70 HU for clotted blood) [5, 6].

Techniques which use oral and/or IV contrast can significantly improve the diag-
nostic utility of CT. Imaging can be timed for assessment of the arteries (CTA), for
identifying sources of active bleeding. CT enterography (CTE) is performed in an
enteric phase (about 50 s after contrast administration) or portal venous phase
(60-70 s after contrast administration) to accentuate bowel wall enhancement.
These techniques can be performed in conjunction with a delayed phase (typically
90 s or longer after contrast administration) to improve conspicuity of bleeding
sites. Standard CT scans with IV contrast can show sources of occult GI bleeding
such as gastric ulcers (Fig. 4.1) and sigmoid adenocarcinoma (Fig. 4.2).
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Fig. 4.1 There is a focal
discontinuity in the gastric
antrum (arrow), relating to
a gastric ulcer. Arrowhead
relates to an adjacent focus
of hemorrhage. Endoscopy
one day later showed a
gastric ulcer with blood
clot and no perforation,
NSAID induced

Fig. 4.2 Precontrast (a) and postcontrast (b) CT shows high attenuation in the lumen of the sig-
moid colon (encircled on b), representing the site of bleeding. Invasive adenocarcinoma was found
on pathology

CT Enterography (CTE)

CT enterography (CTE) allows excellent visualization of the entire bowel wall, as
well as evaluation of extraenteric structures [7]. In this technique, improved visual-
ization of the bowel mucosa is obtained with fluid distention. Standard technique
includes bowel distention with an orally ingested neutral oral contrast (such as
Volumen, a 0.1% weight/volume barium suspension). Routine protocol typically
involves ingestion of a volume of 1.35 liters Volumen in the 45-60 min prior to CT,
with an additional volume of 500 mL water in the last 15 min prior to scanning [7,
8]. Optimal bowel distention is achieved by drinking the oral contrast material
slowly, rather than rapidly.
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Intravenous contrast administration is a required component of CTE. A routine
CTE is performed with a single scan after the administration of IV contrast. Optimal
small bowel wall enhancement corresponds to an “enteric phase”, about 50 s after
the administration of IV contrast [8, 9]. Most institutions perform a single contrast
CTE with a delay of 50 —70 s (portal venous phase).

While a single phase study is typically sufficient in the workup of patients with
Crohn’s disease (Fig. 4.3), a multiphase CTE is often helpful in the workup of
patients with occult GI bleeding [10, 11]. The multiple phases increase sensitivity
for bleeding sites by showing the accumulation of intravenous contrast on more
delayed phases. A non-contrast series is probably not necessary, though some cen-
ters will perform non-contrast imaging to avoid potential confusion from high den-
sity objects such as ingested tablets. Double contrast (arterial and portal venous or
more delayed) and triple contrast (arterial, enteric, and delayed) techniques have
been described [10]. Angiodysplasia can be identified as an avidly enhancing plaque
in the enteric phase [7]. Hara showed a sensitivity of 33% and specificity of 85% in
occult GI bleeding.

Fig. 4.3 CTE demonstrates complications of Crohn’s disease, with ascending colitis (arrowhead
in a) and inflammation related to enterocutaneous fistula (arrow in b). Note the adjacent iliacus
myositis in a. Note the mucosal enhancement and wall thickening (arrows in ¢) in Crohn’s colitis
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Fig. 4.4 CT enterography shows enhancing lesion of the terminal ileum (arrow in a), representing
neuroendocrine tumor. Adjacent mesenteric metastasis is noted (arrowhead in b)

There are good data that video capsule endoscopy (VCE) and CTE provide com-
plementary information [11-17]. While VCE is more sensitive than CTE for muco-
sal lesions, CTE is more sensitive for mural lesions [11, 18, 19]. CTE is more
sensitive for small bowel neoplasms, a more common source of bleeding in younger
patients (see Fig. 4.4). CTE could be considered as a first line of evaluation in
younger patients and those with Crohn’s disease. There are also data that CTE is a
very effective triage tool in determining who may benefit from double balloon
enteroscopy [20].

Disadvantages of CTE include ionizing radiation exposure, potential allergic
reaction to IV contrast, and contrast induced nephropathy. Patients with GI bleeding
are more likely to have compromised renal function, which may preclude the admin-
istration of IV contrast. Disadvantages of VCE include retained capsule.

CT Enteroclysis

In this technique, a neutral contrast is instilled through a fluoroscopically placed
nasojejunal tube. The invasive and labor-intensive nature make enteroclysis a much
less common option, and diagnostic yields have not been shown to be increased [3,
19]. Nevertheless, this option could be considered in patients who cannot tolerate
the large volume of orally ingested contrast required for CTE.

CT Colonography

CT Colonography (CTC) is a non-invasive screening technique for colorectal can-
cer. After a complete bowel preparation, the patient is scanned in supine and prone
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Fig. 4.5 3D-reformatted “fly through” image shows an 8 mm polyp in the sigmoid colon, color
coded red by polyp selecting tool in Vitrea postprocessing software package (a).The polyp is dem-
onstrated on the axial source image through the pelvis (b)

positions, utilizing a low-dose technique [21]. Supine and prone imaging is per-
formed to better detect polyps and move any residual fluid in the colon between the
two positions. 3-dimensional “fly-through” images are created to aid detection, in
addition to the standard 2-dimensional slices (Fig. 4.5).

CT colonography may be considered in patients who cannot tolerate colonos-
copy. After incomplete colonoscopy, CT colonography may have findings 19% of
the time [22]. CT colonography can be obtained the same day after incomplete
colonoscopy. If the patient wishes to have CT colonography instead of colonoscopy,
a full bowel preparation is still required. Several studies have shown a high sensitiv-
ity and specificity for CTC for detecting polyps 6 mm or larger [23, 24].

CT Angiography

CT Angiography (CTA) has greater utility in the workup of patients with acute GI
bleeding [25]. The arterial timing of contrast can be helpful in identifying sites of
active hemorrhage by showing pooling of contrast at sites of active hemorrhage [26,
27]. In patients with intermittent episodes of gastrointestinal bleeding, CTA or mul-
tiphase CT that includes arterial phase is useful for identifying sites of hemorrhage
[28]. See Fig. 4.6, with conventional angiography correlate.
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Fig. 4.6 There is active bleeding from a gastric vascular malformation (arrow in a). Bleeding site
is confirmed at conventional angiography (arrow in b)

Fig. 4.7 Image from a
dual energy CT in a patient
with metastatic renal cell
carcinoma to the small
bowel. Fused image with
iodine map accentuates the
site of contrast
accumulation (arrow),
representing a site of active
hemorrhage

Dual Energy CT

Dual energy CT is a relatively new technology that uses X-rays of different energies
to provide more information than a conventional CT. There is evidence that dual
energy may aid in identifying sites of GI bleeding [29]. Iodine-based CT contrast
can be made more apparent with low energy reconstructions of the CT data, as well
as with iodine maps (Fig. 4.7). There is also potential for radiation dose reduction,
as virtual non-contrast images can be created from the dual energy data.

MR Enterography

MR Enterography (MRE) is a technique to evaluate the small bowel. The oral prep-
aration for MR enterography (MRE) is identical to that of CTE. Intravenous con-
trast is required, as it is with CTE. Advantages over CTE include lack of ionizing
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Fig. 4.8 Coronal T2 weighted image (a) and axial post contrast T1-weighted image (b) show skip
areas of small bowel wall thickening (arrows in a and b), as well as wall hyperenhancement in b.
Findings are compatible with areas of active Crohn’s disease

radiation, reduced risk of contrast allergy, greater contrast resolution, and lack of
contrast induced nephropathy. There is a risk of nephrogenic systemic fibrosis
(NSF), a debilitating multisystem process that affects the skin, with some contrast
agents [30]. MRE has poorer spatial resolution compared to CTE, and artifact
related to bowel peristalsis is greater due to the longer scan times. This can be mini-
mized by giving glucagon by intramuscular injection or slow IV push [31].

MR Enterography is an excellent option in patients who have history of inflam-
matory bowel disease. Complications of Crohn’s Disease are well demonstrated
with MRE (Fig. 4.8), and the cumulative radiation dose from repeated CT exams
can be mitigated with MRE. MRE is also a good option for patients with allergy
to contrast given for CT. A disadvantage of MRE compared to CT is a higher
likelihood of poor or non-diagnostic studies in patients who are unable to tolerate
the oral preparation or to remain motionless for the (longer) duration exam.
Studies have shown that MRE is as or more accurate than CTE in the detection of
small-bowel diseases, particularly in detecting neoplastic diseases [32]. See
Figs. 4.9 and 4.10. Both CTE and MRE have been shown to be effective in evalu-
ating small bowel vascular lesions which may be missed by endoscopy [33, 34],
See Fig. 4.11.

Barium Studies

Barium studies can be useful in the workup of GI bleeding, particularly in patients
who have contraindications for endoscopy. While no longer generally considered a
first line modality, many important findings can be seen with double contrast barium
studies, though diagnostic yields are low compared to endoscopy [35-37]. Barium
studies have no role in the evaluation of patients with active GI bleeding. Double
contrast upper GI exams may show causes of occult GI bleeding such as ulcers and
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Fig. 4.9 Coronal images from MR enterography demonstrate metastatic melanoma (arrows) to
the jejunum. Coronal T2 weighted image (a) and Coronal post contrast image (b)

Fig. 4.10 Coronal T2 weighted image from MR enterography shows nodular thickening of the
jejunum (arrows in a) in a patient with celiac disease. Note the excellent bowel contrast compared
to the patient’s conventional CT with oral contrast (b), which shows bowel wall thickening in this
same region (arrows in b)

cancers (see Figs. 4.12 and 4.13). Barium enema may occasionally be useful to find
neoplastic causes of occult bleeding (see Fig. 4.14), though CTC has higher diag-
nostic yield for detecting colonic neoplasia [38].

Nuclear Medicine

Technetium (Tc) 99 m sulfur colloid and Tc99m pertechnetate-labeled autologous
red blood cells (RBCs) are two nuclear techniques for evaluating occult GI bleeding
(Figs. 4.15-4.16) [39-42]. Tc99m sulfur colloid has a short circulating half-life of
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Fig. 4.11 Small bowel varices are well seen on MRI (Coronal FIESTA image, a) and axial con-
trast enhanced CT (b)

Fig. 4.12 There are three
gastric ulcers on double
contrast upper GI (arrows),
which demonstrate pooling
of contrast

3 min and rapid uptake by the reticuloendothelial system (liver, spleen, and bone
marrow) [42]. Imaging is generally performed for only 20-30 min, decreasing the
opportunity to identify intermittent lower GI bleed. High background counts in the
liver and spleen can obscure upper GI bleeds. For these reasons, 9mTc-erythrocytes
are generally superior [43, 44].

Scintigraphy is indicated for overt gastrointestinal bleeding. Per the SNMMI
guidelines for gastrointestinal bleeding scintigraphy (GIBS), the goal is to
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Fig. 4.13 Two examples of gastric adenocarcinoma. Pooling of contrast with radiating folds
(arrows in a) are seen in this gastric adenocarcinoma. Irregular stricture (arrow in b) related to
gastric adenocarcinoma, invading the lower esophagus. Note the irregular overhanging edges
(arrowheads in b)

Fig. 4.14 Irregular
stricture (arrow) on barium
enema with overhanging
edges corresponds to a site
of sigmoid
adenocarcinoma

determine whether the patient is actively bleeding, to localize the bleeding bowel
segment, and to estimate the rate of blood loss [45]. This allows for treatment plan-
ning and risk stratification [16, 46—48]. GIBS is best for evaluation of the mid- to
lower GI tract. Selected patients can then be sent to angiography (Fig. 4.16).

A Tc99m pertechnetate study, otherwise known as a Meckel’s scan, is typically
used for identifying a Meckel’s diverticulum in the pediatric population [49]. This
is due to its affinity for gastric mucosa, as evidenced by its sensitivity of up to 97%
in children but only up to 60% in adults [50]. Its specificity remains high at 95% for
both adult and pediatric populations.

If a Meckel’s scan (see Fig. 4.17) is employed for the workup of lower GI bleed-
ing in an adult, images are typically taken at short intervals from 30 to 90 minutes
and, in the event of a possible intermittent bleed, less frequent image captures can
be performed over a 24 h period [49]. Diagnostic utility can be improved in adults
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Fig. 4.15 Patient underwent a GI bleeding scan performed with 10 mCi Tc-99 m sulfur colloid
which did not show signs of gastrointestinal bleeding (a). Two days later, 25 mCi Tc-99 m labeled
autologous red blood cells were injected intravenously (b). Active gastrointestinal bleeding is seen
in the left lower abdomen (site is encircled)

Fig. 4.16 GI bleeding scan demonstrates pooling of radiotracer in the right lower quadrant (arrow
in a). Subsequent angiography shows a tangle of vessels (b) relating to a cecal arteriovenous
malformation
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Fig. 4.17 Meckel’s scan demonstrates radiotracer uptake in the midline lower abdomen (arrow in
a), corresponding to ectopic gastric mucosa in a Meckel’s diverticulum. Sagittal (b) reformatted
images from contrast-enhanced CT shows peripheral enhancement of the Meckel’s diverticulum
(arrow). Note the primary Meckel’s vessel arising directly from the SMA (arrowhead), well dem-
onstrated on CT

with premedication with a histamine receptor antagonist with or without pentagas-
tin, employment of bladder lavage with saline, or nasogastric suctioning [51, 52].
CT may be useful in identifying the Meckel’s diverticulum and Meckel’s vessel
arising from the SMA (Fig. 4.17b) [53, 54].

Conclusions

There are multiple radiologic modalities that are useful in the workup patients with
obscure GI bleeding. There are good data that CT and VCE provide complementary
information. MRE is very useful, particularly for Crohn’s disease. Nuclear medi-
cine RBC scans and Meckel’s scans are useful in selected patients, and angiography
is helpful both for diagnosis and treatment. Fluoroscopy and CT colonography can
be helpful particularly in patients who cannot tolerate endoscopy. Advanced tech-
niques such as dual energy CT will likely become more ubiquitous and aid in the
diagnosis of patients with GI bleeding.
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Chapter 5
Esophagus

Omar Tageldin, Virali Shah, Neeha Kalakota, Hwajeong Lee, Micheal Tadros,
and James Litynski

Introduction

Occult gastrointestinal (GI) bleeding is defined as any GI bleeding that presents as
positive fecal occult blood and/or iron deficiency anemia without being visible to the
patient or the physician [1]. The source of occult GI bleeding can be any part of the GI
tract including esophagus, stomach, small intestine and large intestine. Bleeding from
the upper GI tract (including the esophagus, stomach and duodenum) accounts for
about 37% of occult GI bleeding [1]. It is difficult to determine the prevalence of
occult GI bleeding due to esophageal diseases as individuals with esophageal diseases
may be asymptomatic. Moreover, in general medical and gastroenterological prac-
tices, esophagus-related symptoms are considered among the most common symp-
toms. Dysphagia, which is one of the most common symptoms in esophageal diseases,
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is common with aging and can present in up to 15% of those that are age 87 or older
[2]. Heartburn is another common symptom and can present in healthy individuals. A
survey of healthy individuals (regardless of gender or age) in Olmsted County,
Minnesota, showed that 20% of them experienced heartburn at least weekly [3]. Other
less common esophageal symptoms include chest pain, hiccups, globus sensation and
belching. Persistent dry cough, wheezing, hoarseness and sore throat may also be
related to esophageal diseases. One of the challenges when evaluating esophageal
symptoms is that the severity of symptoms often does not correlate well with the
degree of the esophageal damage [4]. For example, the severity of mucosal injury
induced by gastroesophageal reflux disease (GERD) among older patients may
increase despite overall decrease in the severity of the symptoms [5].

Management of occult esophageal bleeding starts with focused and thorough
history taking and physical exam. A thorough history includes current symptoms,
past medical history, social history including smoking and alcohol use, family his-
tory, and current medications that may result in pill esophagitis. A history of intra-
venous substance abuse, heavy alcohol use and cirrhosis may give clues to the
source of occult GI bleeding as well. Patients with developmental disability may not
have typical GI symptoms.

Esophagogastroduodenoscopy (EGD) is considered as the initial diagnostic
method in patients with occult GI bleeding. Treatment of occult esophageal bleed-
ing depends on the cause. Treatment options include medications such as proton
pump inhibitors (PPIs) in patients with reflux esophagitis, antiviral or antifungal
medications in infectious esophagitis, cessation of offending medication to treat pill
esophagitis, resection of esophageal malignancy, if applicable, and esophageal
banding in esophageal varices. We will discuss different esophageal causes of occult
GI bleeding focusing on epidemiology, clinical picture, diagnosis and management.

Esophagitis
Reflux Esophagitis/Erosive Reflux Esophagitis

Patients with erosive reflux esophagitis have common reflux symptoms caused by
the esophageal reflux of gastric acid and display esophageal mucosal injury that is
evident on endoscopy. On the contrary, patients with non-erosive reflux esophagitis
have reflux symptoms only without visible esophageal mucosal injury on endoscopy.

Epidemiology
Erosive reflux esophagitis is a common cause of occult esophageal bleeding. It is

difficult to determine accurate prevalence and incidence rates because many affected
individuals may be asymptomatic. In 2009, there were 8.9 million outpatient clinic
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visits for GERD in the United States [6]. For GI disorders, GERD was the 13th most
common principal diagnosis at discharge, with an estimated 66,000 total number of
discharges per year [6]. The prevalence of endoscopic esophagitis is approximately
7% in the United States. Several recent endoscope-based studies have suggested
that the overall prevalence of reflux esophagitis in Western Europe and North
America was around 10% to 20% [7]. Another large-scale literature review pub-
lished in 2000 found that the incidence of esophagitis as a cause of occult GI bleed-
ing is 6% to 18% [8].

Clinical Presentation

Erosive reflux esophagitis may be asymptomatic [9]. When associated with symp-
toms, the symptoms are similar to those of other esophageal disorders and can be
divided into typical and atypical symptoms. Typical symptoms include heartburn,
regurgitation, chest pain, dysphasia, odynophagia, eructation, and hiccup. Atypical
symptoms include dyspepsia, nausea with or without vomiting, hematemesis, glo-
bus sensation, coughing, throat clearing, throat pain, throat burning, hoarseness,
wheezing/stridor, dyspnea, apnea, halitosis, sleep disturbance, anorexia. Weight
loss, and failure to thrive [3, 10, 11].

Complication

Complications of erosive reflux esophagitis include esophageal ulcer, bleeding,
strictures, perforation and Barrett’s esophagus. In 2017, a Japanese multicenter,
prospective, cross-sectional study analyzed 1749 patients diagnosed with erosive
esophagitis. Among these patients, 4.8% experienced esophageal bleeding, 2.6%
had esophageal strictures, and 0.8% experienced both. The presence of complica-
tions was associated with older age, female sex, and being bedridden [12].

Diagnosis

The diagnosis of erosive reflux esophagitis is made by an endoscopy to find mucosal
injury of the esophagus (Figs. 5.1, 5.2, 5.3 and 5.4). Biopsy can be done to confirm
the diagnosis (Fig. 5.5).

Classification

Followings are the endoscopic images of the 4 grades of LA classifications
(Table 5.1):
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Fig. 5.1 EGD showing
mucosal break, <5 mm
long, that does not extend
between the tops of two

mucosal folds (LA Nt 24

grade A)

12:52:16

Fig. 5.2 EGD showing
mucosal break, >5 mm
long, that does not extend
between the tops of two
mucosal folds (LA

grade B)

Fig. 5.3 EGD showing
mucosal break that is
continuous between the
tops of two or more
mucosal folds, but involves
<75% of the circumference
(LA grade C)

O. Tageldin et al.
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Fig. 5.4 EGD showing
mucosal break that
involves >75% of the
esophageal circumference
(LA grade D)

Fig. 5.5 Microscopic
image of LA grade D
esophagitis. The sample
predominantly consists of
inflammatory exudate and
granulation tissue
(Hematoxylin and eosin
(H&E), original
magnification x100)

Table 5.1 Los Angeles classification for Erosive Esophagitis [13]*
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Grade Description

LA One or more mucosal break, <5 mm long, that does not extend between the tops of
grade A | two mucosal folds

LA One or more mucosal break, >5 mm long, that does not extend between the tops of
grade B | two mucosal folds

LA One or more mucosal break that is continuous between the tops of two or more
grade C | mucosal folds, but that involves <75% of the circumference

LA One or more mucosal break that involves at least 75% of the esophageal

grade D | circumference

Lundell et al. [13]

Management

Management of erosive reflux esophagitis includes lifestyle modifications, PPI,
endoscopic therapy, and in rare occasions, surgical interventions. Lifestyle modifi-
cations include avoidance of large meals, avoidance of eating shortly before bed-
time, avoiding foods that cause symptoms, head-of-the-bed elevation (especially
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when patient has nighttime symptoms), cessation of smoking, cautious use of non-
steroidal drugs, and weight loss in obese patients [14, 15].

PPIs are the mainstay of medical therapy for erosive reflux esophagitis.
Sometimes antithrombotic and anticoagulants should be discontinued when treating
erosive reflux esophagitis. Typically, a double dose of PPI is prescribed twice daily
[16]. In 2012, a meta-analysis that included 4995 eligible references reported thirty-
two studies describing the rate of complete relief of heartburn after 4 weeks of PPI
therapy in patients with erosive reflux esophagitis. The pooled estimate of complete
relief after 4 weeks of PPI therapy was 0.72 (95% CI, 0.69-0.74). Furthermore, six
studies in this meta-analysis found complete relief of heartburn after 8 weeks of PPI
therapy, and the pooled estimate was 0.73 (95% CI, 0.59-0.8) [17]. H2 blockers are
also used for erosive reflux esophagitis but these are not as potent as PPI with lim-
ited efficacy for erosive esophagitis. A meta-analysis published in 1997 showed
superior effect of PPI compared to H2 blockers in terms of the speed of healing and
symptom relief in patients with severe esophagitis (Fig. 5.6) [18].

Bleeding due to erosive reflux esophagitis can be endoscopically treated by
hemoclips, injection therapy, fibrin sealant, thermal coagulation and hemostatic
powder spray [19]. Among these modalities, hemostatic clips and thermal coagula-
tion are the most commonly used forms [20, 21].

Surgical management of erosive reflux esophagitis consists of open fundoplica-
tion or transoral incisionless fundoplication. The latter is a relatively new endo-
scopic approach. Indications for surgical intervention [22] include failure of medical
management (e.g. inadequate control of symptoms or adverse medication effects),
patient’s preferences (e.g. quality of life considerations, lifelong medication man-
agement, and medication expense), established complications (e.g., stricture or
Barrett’s esophagus), and extra-esophageal symptoms (e.g. asthma, cough, hoarse-
ness, aspiration, and chest pain) [23, 24].
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Fig. 5.6 2 graphs showed the difference of speed of healing and symptom relief in severe esopha-
gitis. (Reprinted from “Speed of healing and symptom relief in grade Il to 1V gastroesophageal
reflux disease: a meta-analysis.” By Chiba, N., et al.. Copyrights 1997, with permission from
Elsevier)



5 Esophagus 71

Infectious Esophagitis
Epidemiology

While esophageal infections commonly affect immunocompromised patients, some
infections affect immunocompetent individuals. Common infectious agents of the
esophagus include herpes simplex virus (HSV), cytomegalovirus (CMV) [25-29],
and Candida [30]. The reported prevalence of esophageal candida albicans among
healthy adults is 20% [31].

Clinical Presentation

These infections typically present with odynophagia. The major complications
include stricture with scarring, bleeding, and perforation [25].

Diagnosis

Infectious esophagitis is diagnosed by direct visualization using endoscopy
(Fig. 5.7)s with biopsy and/or brushing of the lesion for cytology (Figs. 5.8, 5.9
and 5.10).

Management

Treatment is directed against the causative organism with antiviral or antifungal
medicine.

Fig. 5.7 EGD showing
lower third of esophagus
completely lined with
whitish adherent plaques
consistent with Candida
esophagitis
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Fig. 5.8 Left, biopsy shows active neutrophilic esophagitis (H&E, original magnification x100).
Right, Gomori Methenamine Silver (GMS) special stain shows fungal forms (arrows), consistent
with candida (GMS, original magnification x100)

Fig. 5.9 Herpetic
esophagitis. Viral
inclusions are noted
(arrow) (H&E, original
magnification x200)

Fig.5.10 Cytomegaloviral esophagitis. Left, the biopsy shows ulcer and granulation tissue (H&E,
original magnification x100). Right, higher magnification view shows stromal cell with viral inclu-
sion (arrow) (H&E, original magnification x400)
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Pill Esophagitis
Epidemiology

Medication-induced esophageal ulceration can occur at any age with different types
of medications. This condition is usually under-diagnosed because the symptoms
may be mistaken for episodes of severe acid reflux. Therefore, it can be challenging
to render a correct diagnosis of pill esophagitis for which the main treatment is dis-
continuation of the offending drug.

Common drugs that cause esophageal ulceration and esophagitis are tetracy-
cline, doxycycline, and bisphosphonate. Other medications include non-steroidal
anti-inflammatory drugs (NSAIDs), potassium chloride [32, 33], Quinidine [34],
Ferrous sulfate [35], theophylline [36, 37], oral contraceptive pill (OCP) [38],
ascorbic acid [39], mycophenolic acid [40], and multivitamins [41].

Clinical Presentation

Patients usually present with acute onset chest pain (with radiating pain to the back),
odynophagia, and heartburn. These symptoms associated with history of having
incorrectly taken medications that may cause esophagitis, strongly suggest the diag-
nosis of pill esophagitis [42].

Diagnosis

Diagnosis of pill esophagitis is made by endoscopy or radiography. Endoscopy is
more sensitive in rendering the diagnosis of pill esophagitis than radiography.
Endoscopic findings range from discrete small ulcers to severe esophagitis that may
be associated with pseudomembranes as can be seen in bisphosphonate [43] or
Kayexalate [44] use. A diffuse sloughing esophagitis may also be seen on endos-
copy [45]. Sometime, stenosis or tumor-like appearance may be seen [34, 46].
Similar findings can be seen on radiography (barium esophagogram) especially
when double contrast is used [47, 48].

Treatment

There is no specific treatment that has shown to alter the course of pill esophagitis
[42]. Treatment involves symptomatic management with discontinuation of the
offending drug. Major complications include stricture, bleeding, and perforation. In
the absence of these complications or catastrophic presentation, most patients expe-
rience resolution of symptoms within 2-3 weeks and resolution of radiographic
findings in 7-10 days [47].
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Esophageal Neoplasm
Esophageal Carcinoma [49]
Epidemiology

Esophageal cancer is the sixth leading cause of cancer death worldwide [50]. There
are two main subtypes of esophageal cancer: squamous cell carcinoma and adeno-
carcinoma. Squamous cell cancer arises from the esophageal squamous epithelium
usually in the proximal 2/3 of the esophagus, whereas adenocarcinoma arises from
metaplastic Barrett’s esophagus in the distal end of the esophagus.

Esophageal squamous cell cancer (ESCC) is the most common form of esopha-
geal cancer internationally. About 90% of the 456,000 new cases of esophageal
cancer worldwide each year are squamous cell carcinoma. The regions with the
highest incidence are Eastern and Central Asia as well as East and South Africa.
There are several risk factors associated with the development of ESCC, that vary
by region in endemic areas. For example, residents in certain endemic areas con-
sume foods containing high levels of nitrosamines and fungi, which are known risk
factors for ESCC. Human papilloma virus may be a risk factor for ESCC as well. In
the West, alcohol and tobacco consumption are common risk factors. Certain under-
lying esophageal diseases may increase the risk of ESCC, such as radiation esopha-
gitis, achalasia, Plummer Vinson syndrome, Fanconi’s anemia, and tylosis [51].

Esophageal adenocarcinoma (EAC) is the second most common form of esopha-
geal carcinoma worldwide. In 2012 there were 52,000 new cases of EAC worldwide
and 398,000 cases of ESCC. Currently, EAC is the predominant type of esophageal
cancer in industrialized countries; about a half of all cases are in Northwestern
Europe and North America. Risk factors for developing EAC include age over 65,
male gender, GERD, Barrett’s metaplasia, scleroderma, tobacco use, and obesity.
On the contrary, there appears to be a protective effect with H. pylori gastritis [50].

Clinical Presentation

EAC and ESCC have similar clinical presentations. Most patients are asymptomatic
in the early stages; however, as the disease progresses, patients commonly present
with weight loss and progressive dysphagisa. Esophageal cancer can present with
occult blood loss with either heme positive stool or iron deficient anemia. Less com-
mon presentations include odynophagia, cervical lymphadenopathy, chest pain, and
voice changes [50].

Complication
Esophageal cancer may be complicated by esophageal-respiratory fistulae and

esophageal-aortic fistulae, caused by direct tumor invasion through the esophageal
wall and into the mainstem bronchus or aorta. Such patients often present with
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intractable coughing, frequent pneumonias, or unstable GI bleeding. Life expec-
tancy is less than four weeks following the development of these complications.
Metastases are often detected on computed tomography (CT) scans of the chest,
abdomen and pelvis. Common sites of distant metastases are liver, lungs, bone, and
adrenal glands. Adenocarcinomas frequently metastasize to intraabdominal sites,
while metastases from ESCCs are usually intrathoracic [52].

Diagnosis

The diagnosis of esophageal cancer is made by direct visualization with endoscopic
biopsies (Figs. 5.11, 5.12, 5.13 and 5.14). Imaging studies, such as chest radiogra-
phy, barium esophagram, and CT scans, can detect strictures or fistulas but are not
sensitive enough to detect early cancers. Other endoscopic techniques such as

Fig. 5.11 EGD showing a
mass in the lower third
esophagus (EAC)

on
Eh:A& Cm:1

Commenks

Fig. 5.12 EGD showing a
friable ulcer in the mid
esophagus (ESCC)
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Fig. 5.13 Biopsy showing
esophageal adenocarci-
noma arising in back-
ground Barrett’s
esophagus. Arrows show
goblet cells (intestinal
metaplasia) (H&E, original
magnification x100)

Fig. 5.14 Biopsy showing
esophageal squamous cell
carcinoma that is
moderately differentiated
with focal keratin (arrow)
formation (H&E, original
magnification x100)

narrow band imaging, conventional chromoendoscopy, electronic chromoendos-
copy, autofluorescence imaging, and confocal laser endomicroscopy can also help
identify areas of dysplasia and malignancy.

Several other technologies such as optical coherence tomography, endocytos-
copy, and high-resolution microendoscopy are also emerging but are not yet com-
mercially available. Indications to refer a patient for endoscopy include progressive
dysphagia, weight loss, iron deficiency anemia, heme positive stool, voice changes,
and odynophagia [53].

Management
It is essential to implement a multidisciplinary approach to treat esophageal cancer.

The treatment planning requires input from experts in gastroenterology, surgical,
radiation, and medical oncology team, and often palliative care team. For local
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disease, initial staging is done with endoscopic ultrasound (EUS) to determine the
depth of invasion and lymph node involvement. EUS combined with fine needle
aspiration (FNA) has greater than 85% of sensitivity for detecting regional metas-
tases [53].

For Stage 1 and 2 ESCC or EAC, radical surgery is the treatment of choice.
Surgeon’s preference and location of the tumor are the most important factors in
deciding to have a surgery. Endoscopic mucosal resection may be attempted in poor
surgical candidates [53]. To improve survival over surgery alone, neoadjuvant
chemoradiation may be administered in Stage 2 or 3 cancers. There are preliminary
case studies investigating the use of Hemospray (TC 325 hemostatic powder) in
cancer related GI bleeding; however more studies are needed prior to standardizing
this approach [54]. For patients with metastatic disease (stage 4), palliative care
may be considered. Palliative chemoradiation with cisplatin and 5-FU is the stan-
dard of care for unresectable disease.

Other Esophageal Malignancies

It is our opinion that other esophageal malignancies such as esophageal lymphoma,
GISTs and NETSs can cause occult GI bleeding. There are relatively few cases of
these diseases in the literature, so the evidence of occult bleeding is scant. We
include them for the clinicians to keep them in the differential diagnosis [55].

Esophageal Lymphomas
Epidemiology

Encompassing less than 1% of GI lymphomas, esophageal lymphomas are extremely
rare. Primary esophageal non-Hodgkin’s lymphomas including diffuse large B-cell
lymphoma (DLBCL) and anaplastic large cell lymphoma may occur. Indeed, esoph-
ageal lymphomas typically originate from the stomach or mediastinum. Certain
tumor suppressor genes such as p53 and MYC, and oncogenes such as BCL-6, have
been found to be correlated with DLBCL development. Risk factors for esophageal
lymphomas include immunocompromised status and an exposure to HIV [55].

Clinical Presentation
Esophageal lymphomas commonly present with dysphagia, unintentional weight

loss and occult GI bleeding [55, 56]. Presentation with epigastric pain and dyspnea
has been reported [57].
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Fig. 5.15 Diffuse large B cell lymphoma of the esophagus. (a) biopsy shows a proliferation of
dyscohesive, large lymphoid cells (H&E, original magnification x100). (b) CD20 immunostain
shows that the cells are B cells (CD20 immunostain, x100)

Diagnosis

EGD with biopsy (Fig. 5.15a) is the initial diagnostic modality for detecting esoph-
ageal lymphomas [58]. Immunohistochemistry on tissue sample (Fig. 5.15b) can
discern lymphomas from other malignant tumors [58]. Transthoracic echocardiog-
raphy followed by CT with iodinated contrast is an alternative method to visualize
and detect a mass-forming esophageal lymphoma [57]. Esophageal lymphomas
typically present with esophageal luminal narrowing and soft tissue thickening of
the esophageal wall [58].

Management

While management guidelines for esophageal lymphomas are limited, specialized
chemotherapy and radiotherapy may be implemented. Surgery may be considered
for an early disease [55].

Esophageal Gastrointestinal Stromal Tumors (GIST)
Epidemiology

GISTs are the most common non-epithelial tumors involving GI tract. Esophageal
GISTs make up less than 1% of all GIST cases, with an incidence rate of only about
0.1 to 0.3 per million patients [59]. A subset of GISTs is associated with a genetic
variation in the PDGFRA proto-oncogene. GISTs are slightly more common in men
than women [59].
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Clinical Presentation

Symptoms of esophageal GIST include acid reflux, dysphagia, and bleeding [60].
Internal bleeding is common in esophageal GIST as the tumor can metastasize into
the peritoneal cavity and cause abdominal pain and bleeding [59].

Diagnosis

EGD is the common diagnostic modality for detecting esophageal GISTs. EUS with
FNA can also aid in the diagnosis, while FNA can cause scarring and make subse-
quent treatment difficult [61].

Management

Esophageal GISTs may be surgically resected or treated by therapeutic endoscopy
with luminal closure devices. For malignant esophageal GISTs, thoracoscopic enu-
cleation may be an effective procedure that provides low mortality and favorable
oncological outcomes [60]. Tumor enucleation is useful for smaller esophageal
GISTs, but larger and malignant esophageal GISTs might require esophagectomy
[62]. Research acknowledges the need for further investigation given the limited
information available for their surgical management [59].

Neuroendocrine Tumors
Epidemiology

NET is another rare tumor of the esophagus. In the last 20 years about 42 cases of
primary esophageal NETs have been published [63]. Thus, our knowledge regard-
ing this tumor is sparse [64]. Current WHO classifies well-differentiated NET of GI
tract into 3 grades (G1, G2 and G3) depending on either the mitotic count or ki-67
proliferation index. Small cell and large cell neuroendocrine carcinomas are consid-
ered poorly differentiated and are not graded [65]. Mixed neuroendocrine —non neu-
roendocrine neoplasms (MiNENs) such as adenoneurocrine carcinomas are also
recognized [63]. It is critical to detect esophageal NETs before the tumor ruptures
into the lymphovascular system [64].

Clinical Presentation

Esophageal NETs are a result of dysfunction involving the neuroendocrine cells
(APUD cells). The symptoms include dysphagia, abdominal pain, chest pain, melena
and weight loss [63]. Also, NETs may present with esophageal obstruction and occult
bleeding [66]. NETs may lead to variceal hemorrhage, hematemesis, and melena [67].
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Diagnosis

Esophageal NETs are detected by imaging, such as CT and EUS. Moreover, func-
tional imaging such as somatostatin receptor imaging (OctreoScan) can be per-
formed. Esophageal NETs are prone to misdiagnosis [68]. One study found that
endoscopic biopsies of localized esophageal NETS are commonly misdiagnosed;
hence, biopsies are not an effective measure of diagnosis [68].

Management

Management of esophageal NETs depends on the size of tumor and the level of
metastasis. Smaller NETs are typically resected endoscopically, but larger NETs
might require esophagectomy and chemotherapy [64]. The average survival after
endoscopic resection of esophageal NETs is about 37 months [68]. Combining sur-
gical treatment with chemotherapy and radiotherapy may improve survival [63].

Vascular Lesions
Esophageal Varices
Epidemiology

In the United States, the reported prevalence of liver cirrhosis is 0.27%. It is esti-
mated that more than 600,000 adults have liver cirrhosis [69]. The incidence of
esophageal varices is around 40% in patients with cirrhosis and about 60% in
patients with combined cirrhosis and ascites. The annual rate of esophageal variceal
bleeding among patients with cirrhosis is 5—15% [70]. Common causes of cirrhosis
in developed countries include alcoholism, chronic viral hepatitis, hemochromato-
sis, and nonalcoholic fatty liver disease [71].

Clinical Presentation

Esophageal varices typically present with hematemesis and/or melena (overt GI
bleeding). In rare occasions, esophageal varices may present with occult GI bleed-
ing in the form of positive fecal occult blood test (FOBT) and/or iron deficiency
anemia [8]. Furthermore, recurrent variceal bleeding may go unnoticed and patients
may present later with iron deficiency anemia or positive FOBT [72].

Diagnosis

The definitive diagnosis of esophageal varices is made by endoscopy (Fig. 5.16), but
the diagnosis may be missed in under-resuscitated patients with deflated varices.
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Fig. 5.16 EGD
showing large varices
throughout the entire
esophagus

Management

Endoscopic intervention is the definitive therapy for bleeding esophageal varices
[73]. The two common endoscopic treatments are: endoscopic variceal ligation
(EVL) [74] and endoscopic sclerotherapy (ES) [75]. Previous studies showed that
EVL was effective in primary prophylaxis of esophageal variceal bleeding but did
not improve overall mortality [76]. Transjugular intrahepatic portosystemic shunt
(TIPS) can be offered when endoscopic therapy fails [77].

Potential Missed Lesions

While most of the esophageal causes of occult GI bleeding can be diagnosed with
upper endoscopy performed by experienced gastroenterologists, physicians should
be aware of esophageal lesions that may be potentially missed.

Lesions right distal to the upper esophageal sphincter (UES) can be easily
missed, especially with quick advancement of the scope in the beginning of the
endoscopy procedure. Lesions can also be missed when the scope is withdrawn too
quickly at the end of the procedure without paying enough attention to the upper
part of the esophagus. These two figures (Figs. 5.17 and 5.18) show a granular, lat-
erally spreading lesion that is 2 cm below UES that was missed on initial scope
insertion. This lesion turned out to be ESCC. Figure 5.17 shows a subtle granular,
laterally spreading lesion on standard high definition endoscopy. The same lesion
was better defined/visualized with a narrow band imaging (Fig. 5.18).

Clinicians should be aware about atypical presentations of GERD as it may
present with extraesophageal symptoms (e.g. excessive throat clearing, persis-
tent cough, hoarseness, trouble breathing, and sore throat). Patients with cogni-
tive disorders represent a subgroup with diagnostic challenge as they may not
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Fig. 5.17 EGD showing a
granular laterally spreading
lesion 2 cm below UES
which was initially missed
on scope insertion

Fig. 5.18 EGD using
narrow band imaging
better visualizing a
granular laterally spreading
lesion 2 cm below UES

O. Tageldin et al.

complain of the typical symptoms associated with esophageal disorders [78]. It
is also important to spend adequate amount of time looking for Barrett’s esopha-
gus and its complications during EGD. An inadequate or brief examination can
often miss subtle nodular lesions which may represent early cancer [79, 80]. The
diagnosis of esophageal varices can be challenging. If a patient has intravascular
volume depletion (e.g. dehydration or shock), esophageal varices may be deflated

and missed on EGD.
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Chapter 6
Gastroduodenum

Abbey Barnard, Hwajeong Lee, and Ethan Bortniker

Introduction

Proximal lesions within the reach of a standard upper endoscope may account for
occult gastrointestinal bleeding. Prospective studies of patients who underwent both
upper endoscopy and colonoscopy for evaluation of occult gastrointestinal blood
loss report that 36—71% of culprit lesions were readily identifiable on upper endos-
copy [1]. As such, both an upper and lower endoscopy are recommended as part of
the initial investigation for occult gastrointestinal bleeding in an adult with iron
deficiency anemia. Causative lesions vary depending on patient’s age, comorbidities
and risk factors. This chapter aims to highlight both common and uncommon etiolo-
gies of upper gastrointestinal bleeding with special attention to relevant patient fac-
tors and the potential for missed lesions on initial evaluation.

Peptic Ulcer Disease

Peptic ulcer disease is defined as a defect in the mucosal lining with a diameter of
equal to or greater than 5 mm extending into the submucosa. Broadly speaking,
these lesions occur in the setting of an imbalance in acid secretion and muscosal
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barrier function. The lifetime risk of an individual developing peptic ulcer disease
ranges from 5% to 10%. Two most common etiologies for peptic ulcer disease
include Helicobacter pylori infection and non-steroidal anti-inflammatory drug
(NSAID)s [2] (Figs. 6.1, 6.2, 6.3 and 6.4). While the incidence of peptic ulcer dis-
ease has decreased with improved hygiene and increased use of proton pump inhibi-
tors, it remains the most common cause of hospitalization for upper gastrointestinal
bleeding. Presentation is variable; some patients present with abdominal pain and
acute gastrointestinal hemorrhage manifested by hematemesis and melena, while
others present with iron deficiency anemia only. The diagnostic test of choice is
esophagogastroduodenoscopy (EGD) which readily identifies the majority of cul-
prit lesions and allows for concurrent therapeutic intervention. Prospective studies
report that following investigation with EGD and colonoscopy, the incidence of
gastric ulcers as the etiology of occult bleeding ranges from 3% to 13% [1].
However, despite the relatively high sensitivity of endoscopy, these lesions can be
missed. A review of enteroscopies performed for obscure gastrointestinal bleeding
found that of the 25 culprit proximal lesions, one was a duodenal ulcer that was not
visualized on initial upper endoscopy [3]. A number of factors may contribute to
missed ulcers on upper endoscopy or capsule endoscopy, including retained clot and
blood, insufficient insufflation, ulcer location (especially pyloric channel) and duo-
denal sweep. We recommend a careful endoscopic evaluation with special attention
to the duodenal bulb. While endoscopic treatment may be offered following identi-
fication of the culprit lesion, endoscopic therapy is associated with high risk of
complication. Therefore, proton pump inhibitor (PPI) therapy remains the mainstay
of medical therapy. Patients should receive high dose PPI therapy and undergo fol-
low up endoscopy as indicated, specifically in the setting of gastric ulceration to
assess for healing and rule out malignancy [2]. In addition, when indicated, testing
for H. pylori and antibiotic treatment should be pursued. Eradication of H. pylori
should be confirmed following therapy [2, 4, 5].

Fig. 6.1 Duodenal bulb

endoscopy as etiology of l 3

ulcer identified on upper
symptomatic anemia in
young male patient on
NSAIDs
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Fig. 6.2 Peptic duodenal
ulcer due to concurrent
Helicobacter gastritis
[Hematoxylin and eosin
(H&E), x100]

Fig. 6.3 Biopsy of gastric
antrum demonstrates
chronic active Helicobacter
gastritis [H&E, x100]

Fig. 6.4 Helicobacter
gastritis. Immunohisto-
chemical stain for
Helicobacter organisms
shows microorganisms
(brown staining) in the
foveolar glands [Helico-
bacter immunostain, x200]
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Gastritis

Gastritis is defined as inflammation of the gastric mucosa [6]. Current epidemio-
logical data suggest that chronic gastritis is perhaps one of the most common chronic
conditions worldwide [7]. While a number of etiologies have been implicated in the
development of gastritis including excessive alcohol consumption, tobacco use,
NSAIDs, bile reflux and critical illness, two of the most important clinical entities
in regards to both prevalence and clinical sequelae are autoimmune gastritis leading
to pernicious anemia and H. pylori gastritis. Both have been recognized as impor-
tant drivers of intestinal metaplasia that is a known risk factor for gastric adenocar-
cinoma [8]. In reviews of upper endoscopy and colonoscopy performed for
investigation of occult gastrointestinal bleeding, gastritis was identified as the cul-
prit pathology in 3—16% of patients. As previously stated, the presence of H. pylori
gastritis is a significant risk factor for future malignancy. Therefore, random gastric
biopsies including the antrum, corpus and angularis are recommended when gastri-
tis is identified and H. pylori infection is suspected [9]. When H. pylori infection is
present, it should be eradicated. When no infection is present, potential inciting
factors for gastritis, such as NSAIDs, alcohol, etc., should be identified and removed.

Cameron’s Lesions

Cameron’s lesions, also referred to as Cameron’s erosions, are defined as linear
lesions or oval ulcerations visualized on the crests of gastric mucosal folds at the
level of the diaphragm in patients with hiatal hernias [10-12] (Fig. 6.5). These
lesions are uncommon in small hiatal hernias, but the prevalence ranges from 10%

Fig. 6.5 Cameron’s
Lesion (arrow) associated
with hiatal hernia
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to 20% in patients with large (>5 cm) hiatal hernias. Its prevalence has also been
found to be higher in patients taking NSAIDs compared to those who are not taking
them [13]. Clinically, it is important to recognize these lesions as they can lead to
both overt and occult gastrointestinal bleeding. A number of mechanisms that lead
to the development of Cameron’s lesions have been proposed, to include trauma at
the level of diaphragm resulting in contact between adjacent or opposite gastric
folds, mucosal ischemia, and mucosal injury secondary to gastric acid.

While Cameron’s lesions are typically associated with iron deficiency anemia,
studies have reported overall bleeding rates to be as high as 58% [14]. During an
endoscopic evaluation, careful antegrade and retrograde evaluation is required with
sufficient insufflation to avoid missing these often subtle lesions. It has been reported
that up to 69% of patients with Cameron’s lesions undergo one or more upper
endoscopies prior to identification of the lesions as the etiology of their gastrointes-
tinal blood loss.

Debate exists as to whether surgical correction of the hiatal hernia is absolutely
indicated in these cases or whether simply a trial of medical therapy composed of
proton pump inhibitors, iron supplementation and NSAID avoidance is sufficient to
prevent future bleeding. Prior studies suggest that in patients with known Cameron’s
lesions and refractory iron deficiency anemia, surgical hernia correction can be
effective in achieving resolution of anemia and thus, surgical intervention should be
considered in this population [15].

Portal Hypertensive Gastropathy

Portal hypertensive gastropathy is an often subtle, but clinically important etiology
of occult gastrointestinal blood loss occurring in both cirrhotic and non-cirrhotic
patients. Previously it was thought to represent an inflammatory process. However,
further study demonstrated that the underlying pathology is vascular ectasia. Thus,
this entity may fall within a spectrum of congestive gastropathy [16]. This is differ-
ent from gastric antral vascular ectasia (GAVE) discussed later in this chapter in that
the vascular dilation is mild to moderate and no abnormality is appreciated within
the vascular lumina or wall on pathology [17]. Overall, the reported prevalence of
portal hypertensive gastropathy in the cirrhotic population varies widely throughout
the literature with studies reporting ranges from 20% to 98% [17]. This likely is due
to the often subtle nature of the lesions and the variability of diagnostic criteria.
Portal hypertensive gastropathy can occur in the absence of esophageal varices and
its presence is strongly correlated with severity of portal hypertension [18]. Portal
hypertensive gastropathy diagnosis is made endoscopically. It is characterized by a
mosaic or snakeskin pattern of the gastric mucosa [16-23] on endoscopy (Figs. 6.6
and 6.7). In severe cases cherry spots or active hemorrhage can be noted.

Portal hypertensive gastropathy is an uncommon cause of acute hemorrhage in
the cirrhotic population accounting for only 8% of non-variceal hemorrhage.
However, it has been recognized as an important etiology of subacute to chronic
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Fig. 6.6 Portal
hypertensive gastropathy
as etiology of subacute
anemia

Fig. 6.7 Portal
hypertensive gastropathy
with dilated capillaries
(arrow) in the gastric body
[H&E, x100]

occult gastrointestinal hemorrhage [21]. It is difficult to estimate the exact incidence
of occult bleeding secondary to portal hypertensive gastropathy in the cirrhotic pop-
ulation as patients with chronic liver disease have multiple risk factors for anemia.
In the literature, its incidence ranges from 3% to 26% [17].

Unfortunately, there are limited treatment options for portal hypertensive gas-
tropathy. Given the diffuse nature of this lesion, endoscopic therapy is not consid-
ered to be effective in mitigating blood loss. Octreotide can be effective in the
setting of acute bleeding secondary to portal hypertension; however its adminis-
tration and cost can be limiting factors. Certainly, liver transplantation can reverse
the portal hypertension and can resolve portal hypertensive gastropathy. However,
this option is not available to all patients given the shortage of the organs.
Transjugular intrahepatic portosystemic shunt (TIPS) can be offered to ameliorate
portal hypertensive gastropathy, but again, not all patients are eligible for this
intervention [23]. Beta blockade has also been utilized with mixed results in
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regard to efficacy [22]. Typically, supportive care in the form of blood transfu-
sions and aggressive iron repletion are the mainstay of therapy.

Angioectasia

Angioectasia is defined as a collection of dilated blood vessels in the mucosa or
submucosa of the bowel wall [24] (Figs. 6.8 and 6.9). Angioectasia is also referred
to as arteriovenous malformation (AVM), venous ectasia, angioma, or angiodyspla-
sia [25]. These lesions are very common on upper endoscopy and colonoscopy. It is
estimated that less than 10% of patients with angioectasia will experience gastroin-
testinal bleeding. However, studies report AVMs as the culprit lesions of obscure

Fig. 6.8 Arteriovenous
malformation in the
stomach. Scanning view of
gastric arteriovenous
malformation. Dilated
arteries and veins (arrows)
are noted in the submucosa
[H&E, x20]

Fig. 6.9 Higher
magnification of
arteriovenous
malformation in the
stomach. Overlying
mucosa shows dilated
capillaries with congestion
(arrow) [H&E, x40]
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gastrointestinal bleeding in 30-60% of cases [25]. A number of medical conditions
increase the risk of bleeding from angioectasia including aortic stenosis, cirrhosis,
chronic renal failure, left ventricular assist device (LVAD) placement and von
Willebrand disease, in some of which the mechanisms of bleeding remain ill defined.
The association between aortic stenosis and hemorrhagic angioectasia is well dem-
onstrated in Heyde’s syndrome [26, 27]. While multiple mechanisms have been
proposed to account for this association, it is postulated that the high shear stress
caused by the aortic stenosis leads an increase in the von Willebrand factor clearing
metalloprotease activity, which result in degradation or clearance of von Willebrand
factor. Heyde’s syndrome and its associations are of particular interest as studies
have suggested that valvular repair may ameliorate the angioectasia bleeding [26].

Gastric and duodenal AVMs may be missed on upper endoscopy or capsule
endoscopy when the lesions are small. Ongoing occult gastrointestinal bleeding
should prompt repeat endoscopic evaluation and consideration for enteroscopy to
better define the extent of disease.

Varices

Variceal bleeding is a well-known etiology of potentially life threatening gastrointes-
tinal hemorrhage [28]. Esophageal variceal hemorrhage is readily detected by an
upper endoscopy, while its management can be challenging. However, duodenal and
gastric varices can pose diagnostic and management dilemmas. Gastric varices are
responsible for 20-30% of variceal hemorrhage. Isolated gastric varices may not be
detected as the lesion may be obscured by a pool of blood in the fundus due to hemor-
rhage. In subacute presentation, this portion of the stomach may not be thoroughly
examined during endoscopy. In addition, gastric varices can occur in the absence of
cirrhosis in association with pancreatic pathology, such as pancreatic malignancy or
pancreatitis. Pancreatic disease may lead to isolated splenic vein thrombosis and portal
hypertension [29]. Duodenal varices are less common than esophageal or gastric coun-
terparts and account for only 1% of variceal bleeding. They usually occur in the duo-
denal bulb, but have also been reported in the distal duodenum (Fig. 6.10). In this case,
the lesion may not be detected during upper endoscopy [30]. Management of gastric
and duodenal varices varies depending on patient presentation, etiology of varices and
liver function. The management options include transhepatic intrahepatic portosys-
temic shunt and endoscopic interventions including glue injection and coiling [31, 32].

Dieulafoy’s Lesions

Dieulafoy’s lesions are rare, but an important etiology of occult and obscure gastro-
intestinal hemorrhage. It is caused by an erosion of mucosa by a dilated submucosal
artery in the absence of other pathologic processes such as an ulcer or aneurysm
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Fig. 6.10 Duodenal
varices identified as a
cause of subacute
gastrointestinal
hemorrhage

Fig. 6.11 Dieulafoy lesion
in the duodenum which
was ultimately clipped for
hemostasis

[33]. The arteries in these lesions are up to ten times larger than their normal sub-
mucosal counterparts. Approximately 75% of Dieulafoy lesions are identified in the
stomach, but have been described in the esophagus, small intestine and colon. In the
stomach, these lesions are most frequently encountered within 6 cm of the gastro-
esophageal junction along the lesser curvature. On endoscopy, these appear as a
small visible vessel or an area of pigmentation without surrounding erosion or
ulceration (Fig. 6.11). Given their location and size, it appears that these lesions are
very sensitive to even mild mechanical trauma, such as the passage of a food bolus.
Several mechanisms leading to mucosal rupture have been proposed, but studies
have failed to demonstrate an association with aneurysm, arteriosclerosis, elastic
tissue dysfunction or vasculitis [34]. Dieulafoy lesions have been associated with
advanced age; however, it remains unclear whether these lesions are truly an
acquired phenomena or a congenital defect as they have been reported even in
infants [35]. While many patients who bleed from Dieulafoy lesions are taking
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NSAIDs or on therapeutic anti-coagulation, there is no data to support direct asso-
ciation between the development of these lesions and the medications. Studies sug-
gest that patients receiving these medications are simply more likely to bleed from
any given lesion [36]. A 2:1 male to female ratio has been observed, but the driving
force of this gender predilection is unknown.

The classical presentation of a Dieulafoy lesion is brisk upper gastrointestinal
bleeding typically requiring packed red blood cell transfusion. Oftentimes patients
present with hemodynamic instability in the absence of abdominal pain. These
lesions can also account for occult gastrointestinal bleeding. Retrospective analyses
estimate that only 1% of all gastrointestinal hemorrhage may be attributed to
Dieulafoy lesions [37]. Upper endoscopy is the test of choice to localize and treat
Dieulafoy lesions, but studies have demonstrated only a 70% diagnostic yield on
first endoscopic evaluation, likely owing to the subtle nature of these lesions [38].
Other studies have reported that up to 6% of patients may require 3 or more endo-
scopic examinations prior to the diagnosis of a Dieulafoy lesion as the cause of
obscure gastrointestinal hemorrhage [39]. As the lesions are likely to be located
near the gastroesophageal junction, a careful retroflexed examination with sufficient
insufflation is essential. Insufflation also allows for a better visualization of any
lesions in between the gastric rugae, which may escape initial detection given their
location. Given the difficulty of endoscopic localization, some experts advocate tat-
tooing the lesion to allow for future endoscopic intervention and help localize if
surgery is ultimately required [33, 39]. If the lesion is not localized despite repeat
endoscopic examinations, angiography may be helpful to localize and treat the
lesion. While there is no specific appearance on angiography that is diagnostic of a
Dieulafoy lesion, a tortuous artery with non-tapering, persistent caliber is sugges-
tive of the diagnosis [40].

Gastric Antral Vascular Ectasia (GAVE)

GAVE is an uncommon, but important etiology of upper gastrointestinal blood loss
[41]. It is characterized by marked dilation of the mucosal capillaries and venules
associated with focal fibrin thrombi and vascular wall alteration such as spindle cell
proliferation and fibrohyalinosis (Figs. 6.12, 6.13 and 6.14). GAVE is a rare etiol-
ogy of upper gastrointestinal bleeding accounting for approximately 4% of all non-
variceal upper gastrointestinal bleeding. Studies have demonstrated a female
predominance; approximately 71% of cases occur in women. Typically GAVE
occurs in the setting of chronic illness, specifically liver disease and connective tis-
sue disorders such as systemic sclerosis [42]. The precise pathogenesis of GAVE
remains unclear though a number of mechanisms have been proposed including
mechanical stress, hemodynamic alterations, hormonal and autoimmune factors
[43]. Most frequently GAVE presents as occult bleeding which manifests as recur-
rent or refractory iron deficiency anemia. However, there are reports of GAVE man-
ifesting as acute gastrointestinal hemorrhage [44]. Acute bleeding has been
associated with male gender and cirrhosis. In cirrhotic patients, it is likely owing to
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Fig. 6.12 GAVE identified
as etiology of occult
gastrointestinal bleeding in
patient with nonalcoholic
steatohepatitis (NASH)
cirrhosis and end stage
renal disease

Fig. 6.13 GAVE with
fibrin thrombi within
mucosal capillaries (arrow)
[H&E, x200]. Images
courtesy of Dr. Jingmei
Lin, Indiana University

Fig. 6.14 Higher
magnification of GAVE
with fibrin thrombi within
the mucosal capillaries
(arrow) [H&E, x400].
Images courtesy of Dr.
Jingmei Lin, Indiana
University
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the underlying coagulopathy [45]. There are two distinct endoscopic appearances of
GAVE that are well described. GAVE can present as diffuse punctuate lesions
throughout the antrum or as the “watermelon stomach” appearance which is created
by erythematous lesions emanating radially from the pylorus. The former appear-
ance may be confused with, or obscured by gastritis or portal hypertensive gastropa-
thy delaying the appropriate diagnosis and treatment. Pathologic examination can
assist in rendering the diagnosis of GAVE and differentiating if from the aforemen-
tioned etiologies.

Endoscopy is the best tool for the diagnosis of GAVE. However, this diagnosis is
not always apparent on the initial endoscopic evaluation. One series reported that
4.7% of patients referred for capsule endoscopy (CE) for obscure gastrointestinal
bleeding were ultimately found to have GAVE on CE [46]. It is not entirely clear
why GAVE was missed on upper endoscopy and later was visualized on CE. Possibly,
resuscitation and increased hemoglobin level may allow better visualization of these
vascular lesions [43].

Malignancy

Gastric cancer is the fourth most common type of cancer worldwide and second
most common cause of cancer death worldwide [47, 48]. Changes in cooking prac-
tices and eradication of Helicobacter pylori have been associated with reductions in
incidence in developed countries. However, it remains an important clinical entity
and cause of occult gastrointestinal bleeding. Usual gastric cancer is an adenocarci-
noma of intestinal or diffuse type (Figs. 6.15 and 6.16), but it is important to note
that other non-epithelial tumors such as mucosa-associated lymphoid tissue (MALT)
lymphomas and leiomyosarcomas can also be observed [49]. In addition, metastasis
from other sites can also result in occult gastric bleeding. Breast and renal cell

Fig. 6.15 Intestinal type
gastric adenocarcinoma
[H&E, x40]
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Fig. 6.16 Diffuse type
gastric adenocarcinoma
with signet ring cells
[H&E, x100]

carcinoma are known to have a propensity to metastasize to the stomach and pro-
gression of the diseases can present in this manner [50].

Endoscopy remains the test of choice for diagnosis of gastric malignancies.
Japan employs nationwide screening upper endoscopy to identify early gastric can-
cers. However, in the majority of clinical settings, upper endoscopy is pursued when
“alarm features” such as new- onset dyspepsia, weight loss, and anemia, are present
[51]. In some cases, the culprit gastric lesion is readily apparent. However, a recent
meta-analysis found that approximately 1 in 10 gastric cancers are potentially
missed on initial upper endoscopy [52]. A number of factors were implicated in
missed diagnoses including insufficient number of biopsies from the abnormal tis-
sue, location within the cardia or lesser curvature, and retained food during initial
endoscopy.

Management of gastric cancer-related blood loss primarily depends on the extent
of the disease. In cases of unresectable disease, options are limited. Supportive care
with transfusions and iron therapy can help stabilize the patients while they pursue
definitive treatment for their malignancy in the form of surgery, radiation, chemo-
therapy or immunotherapy. Hemospray, which became widely available in the
United States recently, has also been employed for short term hemostasis as a bridge
to the aforementioned more definitive therapies. Further clinical experience and
research is necessary to better define the role of this intervention.

Conclusions

A number of important etiologies of occult gastrointestinal blood loss exist within
the reach of the standard diagnostic upper endoscope. A high index of suspicion and
careful endoscopic evaluation is essential to ensure that relevant pathology is identi-
fied on initial endoscopy and the patient is treated appropriately, subsequently. We
encourage a careful forward and retroflexed examination with sufficient time spent
investigating sites of frequently missed lesions, including the duodenal bulb.
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Small Bowel

Perry K. Pratt and Haleh Vaziri

Epidemiology and Natural History

The reported prevalence of a SB lesion in patients presenting with either occult or
overt GIB is about 5-10% [2]. Regarding occult GIB specifically, combined data
from four different studies of patients with IDA (total 381 patients) by Rockey et al,
found a pooled prevalence of SB bleeding in 3% [3].

As one might expect, occult SB bleeding has been shown to have a lower recur-
rence rate compared to that of overt bleeding. One study demonstrated a 12-month
re-bleeding rate of 19.5% in untreated occult bleeding compared to 38.9% in overt
bleeding, as well as lower rates of subsequent hospitalization and blood transfusion
in occult bleeding [4]. Use of medications such as anticoagulant and/or anti-platelet
agents are a risk factor for recurrent SB bleeding, though interestingly, there is no
prospective data to support clinical benefit in discontinuation of such medica-
tions. [5]

Etiology

Regarding the etiology of SB bleeding, patient age has been demonstrated to be
associated with the type of underlying lesion. Younger patients are more likely to be
diagnosed with occult SB bleeding related to inflammatory bowel disease, Meckel’s
diverticulum, and various polyposis syndromes (e.g., familial adenomatous polypo-
sis (FAP), Peutz-Jeghers), while older patients are more likely to be diagnosed with
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Table 7.1 Etiologies of occult small bowel bleeding

Common etiologies in
patients younger than Common etiologies in
40 years patients older than 40 years | Rare etiologies in all ages
Crohn’s disease Angiodysplasia Telangiectasias (sporadic or
congenital)
Small bowel neoplasia Small bowel neoplasia Small bowel varices and/or portal
hypertensive enteropathy
Dieulafoy’s lesion Dieulafoy’s lesion Blue rubber bleb nevus syndrome
Polyposis syndromes NSAID-induced ulcers Amyloidosis
Meckel’s diverticulum Henoch-Schonlein purpura
Hematobilia
Hemosuccus entericus
Kaposi’s sarcoma

NSAID; nonsteroidal anti-inflammatory drug

angiodysplasia and NSAID-induced enteropathy. Patients of any age can develop
bleeding related to SB neoplasia (GI stromal tumor (GIST), carcinoid, lymphoma,
and adenocarcinoma) and Dieulafoy’s lesions [2, 6, 7]. Rarer causes of SB bleeding
include Henoch-Schoenlein purpura, blue rubber bleb nevus syndrome, Kaposi’s
sarcoma, amyloidosis, hereditary hemorrhagic telangiectasias, and hematobilia,
among others (see Table 7.1). There is no data available to suggest patient ethnicity
is associated with specific SB pathology [2].

Vascular Lesions

Small intestinal vascular lesions, including angiodysplasia, telangiectasia, and
Dieulafoy’s lesions, are a group of heterogeneous diseases, which are the most com-
mon causes of occult SB bleeding [8, 9]. The true prevalence of vascular lesions in
occult bleeding has not been well studied, but in patients with possible small bowel
bleeding (PSBB), SB vascular lesions are reported in about 40-50% of cases
[10, 11].

Angiodysplasia (AD; otherwise known as angioectasia) is the formation of aber-
rant and abnormally dilated, thin-walled (little or no smooth muscle), and tortuous
blood vessels, which form within the mucosa or submucosa of the GI tract and have
a propensity to bleed [9]. Studies have suggested that these lesions form due to
either mechanical dilation related to vessel congestion, sphincter failure from
chronically increased intestinal wall pressure, or increased angiogenesis from over-
expression of vascular endothelial growth factor (VEGF) due to hypoxia from
chronic low-grade vessel obstruction [8].

Clinical risk factors for development of AD include older age and presence of
medical comorbidities, such as chronic kidney disease, valvular or ischemic heart
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disease, congestive heart failure, and hypertension [12—15]. Bleeding from AD in
patients with aortic valve stenosis is well-described and known as Heyde’s syn-
drome. This association is theorized to be due to an acquired von Willibrand’s factor
(vWF) deficiency related to loss of high molecular-weight vVWF multimers from
high shear stress in the aorta [10, 16—18]. Although not limited to the SB, patients
with left ventricular assist devices have also been shown to have increased GI bleed-
ing from AD, thought to be related to a similar mechanism of acquired vWF-
deficiency [19].

Telangiectasias (otherwise known as arteriovenous malformations, AVMs) are
typically larger than AD, thick-walled with excessive smooth muscle, and without
capillaries, involving direct connections between arteries and veins. Telangiectasias
can be sporadic or congenital [16]. The autosomal dominant vascular disorder,
hereditary hemorrhagic telangiectasias (HHT; otherwise known as Osler-Weber-
Rendu syndrome), is most commonly associated with presence of telangiectasias,
and presents most typically as epistaxis in childhood, with development of chronic
GI bleeding (overt or occult) and IDA later in life. Systemic sclerosis (sclero-
derma) and Turner’s syndrome are also associated with telangiectasias
(Fig. 7.1) [16].

Dieulafoy’s lesion (DL) is another vascular cause of GIB, which can present as
occult bleeding or as a life-threatening overt hemorrhage. The etiology of this lesion
is poorly understood, but may be similar to that of AD described above. DLs are
much more commonly identified in the stomach, rather than the duodenum or jeju-
num [7, 8, 16, 20, 21].

Fig. 7.1 A small bowel
telangiectasia (also known
as arteriovenous
malformation, AVM)
identified during video
capsule endoscopy in a
patient with systemic
sclerosis. (Image courtesy
of Micheal Tadros, M.D)
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Small Bowel Ulcers

One of the most common etiologies for ulcer formation in the small intestines is
Crohn’s disease (CD), a chronic progressive inflammatory disease which can
involve any segment of the gastrointestinal tract [22]. Although its exact etiology
remains unclear, it seems to result from the complex interplay between genetic fac-
tors, environmental influences, and the gut microbiota. The prevalence of CD is
highest in Europe (322 cases per 100,000), Canada (319 per 100,000) and the USA
(214 per 100,000) It is equally distributed among men and women and most com-
monly presents between the second and fourth decades of life [22].

Around 30% of patients with CD have isolated SB disease (Fig. 7.2) [22]. Ulcer
formation is one manifestation of the transmural inflammation that characterizes
CD, and is not specific to the small intestines. A significant percentage of patients
will go on to develop complications from this chronic inflammation, including fis-
tulas, abscess, and strictures [22, 23]. symptoms including abdominal pain, diar-
rhea, fatigue, weight loss, growth failure, or extra-intestinal manifestations such
rash, arthropathy, ocular inflammation, or hepatobiliary disease [22, 23]. IDA which
may result from chronic GI blood loss and/or intestinal malabsorption, is not
uncommon in these patients (Fig. 7.3).

Non-steroidal anti-inflammatory drug (NSAID) enteropathy is another common
but under-diagnosed cause of small bowel ulceration. Patients commonly self-
prescribe NSAIDs owing to their well-demonstrated anti-inflammatory and analge-
sic effects, though frequently underreport their use [24]. While commonly prescribed
acid suppressive regimens (e.g., proton pump inhibitors, H2-receptors antagonists)
have reduced NSAID-related gastroduodenal complications, more distal small
intestinal complications out of reach of a standard upper endoscope are more

Fig. 7.2 Small bowel ulcerations identified during video capsule endoscopy in a patient with IDA
who was ultimately diagnosed with isolated small bowel Crohn’s disease. (Images courtesy of
Haleh Vaziri, M.D)
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Fig. 7.3 Crohn’s disease
with fissuring ulcer
involving the ileum
[Hematoxylin and eosin,
x20]. (Image courtesy of
Dr. Hwa Jeong Lee)

difficult to diagnose. Studies have demonstrated a high incidence of NSAID enter-
opathy, occurring in 53—80% of healthy short-term users, and 50-71% of long-term
users [24]. Iron deficiency anemia can result from occult or overt blood loss, as well
as impaired mucosal iron absorption. Protein-losing enteropathy, NSAID-induced
small bowel strictures, and small bowel diaphragm disease (pathognomonic, with
predilection for the distal small bowel) can all occur secondary to more chronic
NSAID use [24].

Meckel’s Diverticulum

Meckel’s diverticulum (MD) is a congenital malformation that affects between 2—
4% of the general population, and occurs due to incomplete closure of the vitelline
duct. Bleeding originating from the MD is generally uncommon, but relatively more
common in children than adults, and most often results from ulceration of ileal
mucosa due to acid production from ectopic gastric mucosa located within the
diverticulum [34] (Fig. 7.4).

Small Bowel Tumors

Small bowel tumors, both benign and malignant, are relatively rare, accounting for
only 2-5% of all GI tumors [36]. A large retrospective chart review in 2013 exam-
ined the incidence of SB tumor types in patients referred for double balloon enter-
oscopy (DBE) due to occult GIB. In patients with malignant tumors, SB
neuroendocrine tumor (NET, formerly known as carcinoid) was the most prevalent
(11.1% of patients), followed by GIST, lymphoma, and adenocarcinoma (8.3%
each). In the patients who had benign tumors, adenoma (8.3%) and hamartoma
(5.6%) were most common [6].
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Fig.7.4 (A on the left & B on the right): (a) Meckel’s diverticulum of the ileum [Hematoxylin and
eosin, x20]. (b) Higher magnification of the Meckel’s diverticulum showing gastric type oxyntic
mucosa within the diverticulum [Hematoxylin and eosin, x100]. (Images courtesy of Dr. Hwa
Jeong Lee)

Fig. 7.5 (A on the left & B on the right): (a) Well-differentiated neuroendocrine neoplasm of the
small bowel [Hematoxylin and eosin, x20]. (b) Same tumor under higher magnification showing
“salt and pepper” pattern chromatin of the nuclei [Hematoxylin and eosin, x200]. (Images courtesy
of Dr. Hwa Jeong Lee)

Neuroendocrine Tumors (NETs)

Neuroendocrine tumors of the small bowel are rare. The SEER (Surveillance,
Epidemiology, and End Results) database reported an incidence of jejunal/ileal
NETs of 0.67 per 100,000 per year [25]. The median age of diagnosis is 64 years,
with most patients presenting with non-specific symptoms. Given their indolent
course, 60-80% of patients with SB NETs have metastatic disease to the liver at the
time of diagnosis [25]. The overall prognosis for locally advanced and metastatic
small bowel NETs is favorable, with 10-year survival rates between 40-70% [26].
Treatment typically involves surgical resection for localized disease and/or soma-
tostatin analogue therapy for metastatic disease [26, 27] (Fig. 7.5).
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Sporadic Adenocarcinoma

Sporadic adenocarcinoma of the small bowel is also rare, with the majority of
tumors occurring within the duodenum and with incidence decreasing distally
throughout the jejunum and ileum. One exception is a significantly higher rate of
ileal adenocarcinoma in Crohn’s ileitis, though it should be noted that patients with
CD in general have a 20-30 times higher rate of developing any SB adenocarci-
noma [27]. The molecular phenotype of SB adenocarcinoma has been shown to be
similar to that of colorectal adenocarcinoma with several similar molecular muta-
tions involved in their malignant transformation [28]. Similar to NETSs, the median
age at diagnosis of SB adenocarcinoma is the sixth decade of life. Also, patients
typically present with non-specific symptoms and are at an advanced disease stage
at the time of diagnosis. Unfortunately, in contrast to NETs, the prognosis is gener-
ally poor, with a median 5-year survival of 10-40% for stage-III disease and 3-5%
for stage-IV disease [27, 28]. Management typically involves surgical resection,
with limited data available to guide adjuvant or neoadjuvant chemotherapy [27, 28].

Other Neoplastic Conditions

Several inherited conditions including Lynch syndrome, familial adenomatous pol-
yposis, Peutz-Jeghers syndrome, MUTY H-associated polyposis, serrated polyposis
syndrome, juvenile polyposis syndrome, and Cowden syndrome are associated with
an increased risk of SB malignancies, highlighting the importance of prompt dis-
ease recognition and initiation of relevant screening protocols [29].

Primary gastrointestinal lymphoma is the most common extra-nodal presenta-
tion of lymphoma, with the majority of tumors located within the stomach and, less
commonly, the small intestines. Management is typically similar to that of lympho-
mas arising from outside the GI tract [27].

Gastrointestinal stromal tumors (GISTs) are the most common type of mesen-
chymal tumor, up to a third of which occur within the small bowel (most commonly
in the jejunum). They are characterized by a positive CD117 antigen with expression
of c-kit receptor tyrosine kinase [27]. These tumors are most commonly benign,
though tumor size, high mitotic rate, and presence of necrosis increase risk of malig-
nancy. Treatment options include close observation, surgical resection, adjuvant/
neoadjuvant imatinib, and/or locoregional therapy for liver metastasis [30] (Fig. 7.6).

Portal Hypertensive Bleeding

Portal hypertension (PH) is very common and develops secondary to a number of
disorders, with cirrhosis being the most common etiology in western countries, and
schistosomiasis and portal vein thrombosis the most common in non-western
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Fig. 7.6 (A on the left, B on the right) (a) GIST of the small bowel with involvement of the bowel
wall [Hematoxylin and eosin, x40]. (b) Higher magnification of the same tumor showing the pro-
liferation of spindle cells [Hematoxylin and eosin, x100]. (Images courtesy of Dr. Hwa Jeong Lee)

countries [31]. PH occurs due to increased resistance to portal blood flow secondary
to structural and dynamic changes (vasoconstriction) within the liver and leads to an
increase in the portal pressure gradient [31]. Increases in splanchnic blood flow
result in systemic hypotension and angiogenesis, and often lead to formation of
portosystemic collaterals (varices) and microcirculatory changes within the gastro-
intestinal mucosa [31-33]. When varices form within the SB, they are referred to as
ectopic or SB varices, and though they are rare (only 5% of all variceal bleeding),
they may result in life-threatening overt bleeding [32, 33].

Alternatively, microcirculatory changes within the SB can occur secondary to
portal hypertension and are referred to as portal hypertensive enteropathy (PHE).
PHE commonly leads to occult bleeding [33]. The reported prevalence of PHE is
variable (15-82% of cirrhotic patients), and should be suspected in advanced cir-
rhosis (Child-Pugh class C) in the presence of portal hypertensive gastropathy [33].
Endoscopically, PHE has a variable appearance, including mucosal edema, loss of
vascularity, friability, mosaic-like pattern, inflammatory polyps, and angiodysplasia-
like lesions. Unfortunately, histopathologic findings are non-specific and the diag-
nosis must be made in conjunction with other clinical data [33]. There is insufficient
evidence to guide management at this time, though vasoactive medications (beta-
blockers, octreotide), argon plasma coagulation, transvenous intrahepatic portosys-
temic shunting (TIPS), surgical resection of affected SB segment, and liver
transplantation have all been described [33].

Celiac Disease

Though celiac disease has previously been thought to be a potential cause for occult
SB bleeding with IDA, more recent data has suggested otherwise. A 2006 study
using radiolabeled red blood cells, found no evidence of significant gastrointestinal
blood loss in patients with untreated celiac disease, and at this time, IDA seen in
patients with celiac disease is thought to be a result of intestinal iron malabsorption,
rather than occult SB blood loss [37].
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Diagnostic Work Up

Second-Look Endoscopy

A long list of factors can potentially influence the quality of any given endoscopic
exam, including the endoscopist’s experience, skill level or fatigue; the patient’s
clinical stability and movement; type of anesthetic used and complications related
to anesthesia; the quality of bowel preparation and presence of food/blood within
the lumen; as well as procedure environment, presence and quality of support staff,
and the available equipment. Given these potential limitations, it is not surprising
that a significant number of upper and lower GIB sources may be missed during
initial endoscopic workup for occult GIB.

The incidence of a missed lesion within reach of a standard endoscope is between
10-40%, while that within reach of a standard colonoscope is between 2—14% [38—
42]. The most commonly reported missed lesions are vascular lesions, but others
include Cameron ulcers, portal hypertensive gastropathy, peptic ulcer disease, ero-
sive mucosal disease (esophagitis, gastritis, duodenitis), and malignancy [38,
41, 42].

The decision regarding whether to perform a repeat upper and/or lower endos-
copy before proceeding with a SB evaluation is complicated. As stated above, repeat
upper endoscopy has been shown to have a higher diagnostic yield than repeat lower
endoscopy. Factors which may affect this decision include the timing and quality of
the prior procedure, the presence of blood or food in the upper GI tract, the quality
of the prior colon preparation and the type and severity of bleeding. Repeat colonos-
copy should always include an examination of the terminal ileum, to evaluate for a
more proximal source of SB bleeding [42].

If the decision is made to repeat an evaluation of the proximal GI tract, consider-
ation should be given to performing a push enteroscopy, where either a specialized
commercially-available endoscope or pediatric colonoscope is used to perform a
more extensive proximal SB evaluation (including the distal duodenum and proxi-
mal jejunum). Studies have demonstrated repeat evaluation with push enteroscopy
to have a 38—-70% higher diagnostic yield when compared with EGD alone [38, 39].
While a pediatric colonoscope can typically advance 45—-60 cm beyond the ligament
of Treitz, a push enteroscope may be advanced 70-90 cm beyond the ligament of
Treitz if variable stiffness design is utilized [43, 44].

Video Capsule Endoscopy

Up until 2001, the SB was studied non-invasively using relatively ineffective radio-
graphic and nuclear medicine modalities such as SB follow-through (SBFT), SB
enteroclysis, CT, MRI, and radionuclide imaging. While CT and MRI without
enterography can visualize abdominal masses, vasculature, and solid organs with
high sensitivity and specificity, they are unable to provide adequate information
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regarding the small intestinal wall and the etiology for occult PSBB in most
instances [45]. SBFT and SB enteroclysis specifically have been found to have low
sensitivity and specificity in diagnosing SB sources of occult bleeding [46]. The
introduction of video capsule endoscopy (VCE) in the United States in 2001 drasti-
cally changed the field of gastroenterology by allowing for near-complete non-
invasive visualization of the entire SB mucosa in the majority of patients [45].

VCE is a procedure that involves swallowing or having endoscopically deployed
a small capsule which contains a wireless camera programmed to take thousands of
pictures as it traverses the GI tract. The size of a VCE varies by model but typically
measures between 10-13 mm in diameter by 24-31 mm in length [47]. Most mod-
els incorporate a single camera lens associated with a 140—170-degree field of view,
though one model has four different laterally-placed cameras with a reported
360-degree field of view. The capsule emits light and images are taken either at a
predetermined frequency or, more recently, at an adaptive rate with fewer images
taken during slower transit to avoid redundant imaging. Images are transmitted by
radiofrequency to a wireless recorder carried by the patient and later interpreted by
a physician [47].

Though most VCE manufacturers recommend a 12-hour clear liquid diet leading
up to the study, a 2008 meta-analysis demonstrated superior SB visualization and
diagnostic yield in patients who had undergone a bowel purge prior to VCE [48].
Low volume bowel purges provide a similar preparation quality when compared with
higher volume preparations [49]. Medications that can cause gastroparesis, such as
narcotics, anticholinergics, and antihistamines, should be discontinued 2-3 days
prior to VCE administration. If this is not possible, pro-kinetic agents can be pre-
scribed to reduce the risk of delayed gastric passage and an incomplete study [47].

A complete study is defined as the capsule reaching the cecum within the avail-
able recording time. Battery life ranges from 8—15 hours, with studies demonstrating
an overall completion rate of 79-90% [45, 47]. The most important VCE complica-
tion to consider is capsule retention, defined as non-passage within 2 weeks, and
which occurs in only 1-2% of those being evaluated for SB bleeding [47]. Though
known SB luminal obstruction or ileus are the only absolute contraindications to
VCE, caution should be exercised in patients with a history of abdominal radiation,
heavy NSAID use, or a history of IBD, specifically Crohn’s enteritis and bowel stric-
tures, with a reported capsule retention rate of up to 13% in these cases. In patients
at increased risk for capsule retention, luminal patency should first be demonstrated
with either SB imaging or a patency capsule [47, 50]. Finally, intestinal perforation
due to capsule impaction is very rare, with only a few cases reported [51-53].

PSBB remains the most common indication for performing VCE with a higher
diagnostic yield observed in overt compared to occult SB bleeding [2, 54]. Other
factors found to be predictive of a positive capsule study include test performance
within 2 weeks of bleeding episode, male sex, age >60 years, cardiac and renal
comorbidities, and inpatient status [2, 55, 56]. It should be noted that recent guide-
lines have supported a trial of oral iron supplementation prior to routine use of VCE
in asymptomatic patients with IDA, though this recommendation is based upon very
low quality evidence [35].
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The widespread use of VCE as the initial diagnostic modality in PSBB is largely
related to its high positive (94-97%) and negative predictive value (83—100%),
though this data pertains to both occult and overt bleeding with data specific to
occult bleeding not available [2, 54, 57]. The overall reported diagnostic yield of
VCE in occult bleeding specifically following initial negative bidirectional endos-
copy is variable and has been reported to range between 32-76% [58-61].

One possible explanation for this reported variability is that studies performed
soon after introduction of VCE in 2001 included many patients with longstanding
history of obscure GIB, associated with significant anemia and repeated negative
testing due to limited diagnostic options. This likely resulted in a higher pre-test
probability for SB lesions in this cohort of patients undergoing VCE. Recent larger
studies showing a diagnostic yield of 50% is likely a more accurate reflection of
current everyday clinical practice [45, 59].

Patient selection, including clinical factors such as type of bleeding (overt versus
occult), presence of IDA, minimum hemoglobin value, previous transfusion require-
ments, and duration of suspected bleeding, have also been shown to significantly
impact the diagnostic yield of VCE [62].

Several studies, including a large 2017 systematic review and meta-analysis,
have demonstrated a low overall re-bleeding rate in GI bleeding following a nega-
tive VCE [63]. The indications or clinical benefit of a repeat VCE in the setting of
occult bleeding following an initial non-diagnostic VCE remain controversial.
Patients who may benefit from a repeat VCE include those with a further drop in
hemoglobin >4 gm/dL, and/or a transition from occult to overt bleeding [64, 65]. In
the absence of these criteria, there also has been no demonstrated improvement in
the diagnostic yield of VCE when repeated immediately following an initial nega-
tive study [66].

Limitations of VCE include a moderate false positive rate, with findings reported
in ~15% of healthy individuals [67] and a false negative rate between 10-36% [56,
68]. Of note, VCE has been reported to miss up to 56% of clinically important
lesions within the duodenum and proximal jejunum, probably due to the greater
transit speed of the capsule within the sharply angulated duodenal sweep and active
peristalsis [69]. This known limitation lends additional support to performing push
enteroscopy during second-look endoscopy to obtain a more thorough evaluation of
the proximal SB.

Radiography of the SB

Despite the medical advances related to VCE described above, there is still no clear
consensus on how best to proceed following non-diagnostic or ambiguous VCE
results. While several older radiographic techniques (SBFT, SB enteroclysis, radio-
nuclide imaging) offer limited diagnostic utility, more recent developments in cross-
sectional imaging have helped CT enterography (CTE) and MR enterography
(MRE) to emerge as useful diagnostic tools in certain clinical situations [59].
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CTE has been shown to possess diagnostic utility in patients with SB bleeding.
A large meta-analysis has shown an overall pooled diagnostic yield of about 40%,
with a range between 13—-83% for this modality in combined occult and overt PSBB,
which is lower than that reported for VCE (see above) [59]. Given the significantly
lower diagnostic yield, in the absence of contraindications to VCE, CTE has been
utilized mostly as second-line diagnostic test for this indication.

In occult PSBB following a non-diagnostic VCE, the diagnostic utility of CTE is
somewhat uncertain, but probably low. Following non-diagnostic VCE, several
small studies have demonstrated a diagnostic yield between 0—15% in patients with
occult bleeding specifically, whereas patients with overt bleeding were found to
have a significantly higher yield between 50-67% [70, 71].

While VCE has been demonstrated to be superior to CTE in diagnosing SB vas-
cular lesions [72-75], studies have shown CTE to be more accurate in diagnosing
SB masses [73, 75, 76]. Specifically, studies of patients simultaneously undergoing
both CTE and VCE have identified CTE to have a higher sensitivity and VCE to
have a higher false positive rate in the evaluation of SB tumors [75, 76].

In general, while data have shown CTE and VCE to be complimentary diagnostic
modalities in occult PSBB (i.e., CTE superior in diagnosing masses; VCE superior
in diagnosing vascular abnormalities), the overall diagnostic yield of CTE is greater
in overt compared to occult bleeding, and several studies have challenged the clini-
cal necessity of reflexively following-up a non-diagnostic VCE study with
CTE. Ultimately, clinical judgement must be used to guide study selection, with
consideration given to patient age, persistent/progressive anemia, likelihood of SB
malignancy, and patient preference.

Very few studies have investigated the use of MRE in evaluating SB sources of
bleeding, but this modality may have a role in patients who have a contraindication
to CT or when trying to limit radiation exposure. [72, 73]

Deep Enteroscopy

Deep enteroscopy is a combined diagnostic and therapeutic procedure involving an
endoscopic evaluation of the proximal and distal SB, accomplished either by an oral
or rectal approach. Deep enteroscopy is accomplished with either of two techniques:
(1) balloon-assisted enteroscopy, including double-balloon enteroscopy (DBE) and
single-balloon enteroscopy (SBE); and (ii) spiral enteroscopy (SE). This section
will review the technique, diagnostic utility, and potential complications of these
two approaches.

Balloon-Assisted Enteroscopy

DBE was first reported in 2001 by Yamamoto et al, and introduced in the United
States for clinical practice in 2004 [77]. Shortly thereafter, SBE was introduced in
the U.S. in 2007 [78]. A single- and double-balloon enteroscope can be inserted to
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a depth of 240-360 cm distal to the pylorus using the antegrade (oral) approach, and
alternatively, up to 140 cm proximal to the ileocecal valve using the retrograde (rec-
tal) approach. The standard accessory channel within each scope allows for passage
of nearly all standard diagnostic and therapeutic endoscopic equipment [2]. DBE
includes two latex balloons, one positioned on the distal end of an overtube and the
second, on the distal end of the enteroscope. The SBE includes a silicone balloon at
the distal end of an overtube but utilizes the tip of the enteroscope to anchor in place
of a second balloon in DBE. Patients with a latex allergy should not undergo
DBE [2].

Both DBE and SBE utilize the technique of push and pull enteroscopy, effec-
tively shortening the SB to prevent looping, accomplished by drawing/pleating the
SB back onto the enteroscope using the balloons, overtubes, and, in SBE specifi-
cally, enteroscope tip deflection [77].

Unfortunately, the overwhelming majority of studies investigating the diagnostic
yield of balloon-assisted enteroscopy do not distinguish between occult and overt
bleeding. However, based upon the select few studies which do specify outcomes,
the diagnostic yield of DBE in occult bleeding following negative bidirectional
endoscopy and VCE appears to range between 60-80% (Fig. 7.7) [79-82]. While
there is conflicting data regarding the difference in diagnostic yield between occult
and overt bleeding, several studies have demonstrated an overall lower diagnostic
yield of DBE in patients with occult bleeding [2, 83-92].

Several meta-analyses have demonstrated similar diagnostic yields between
VCE and DBE. One meta-analysis demonstrated pooled diagnostic yields in VCE
and DBE of 61.4% and 56.3%, respectively [93]. Other data has shown that VCE
and DBE diagnose vascular, inflammatory, and mass lesions in similar percentages
of patients (24%/24%, 18%/16%, and 11%/11%, respectively) [1]. Given VCE
commonly precedes DBE, with its result being available to the endoscopists per-
forming DBE, one might expect a detection bias to affect the reported diagnostic
yields of DBE. However, in two small studies comparing the diagnostic yields of
VCE and DBE in which the endoscopists were blinded to the results of VCE, the

Fig. 7.7 A friable,
ulcerated, and bleeding
proximal small bowel
tumor identified during
double-balloon
enteroscopy in a patient
with iron-deficiency
anemia and prior negative
EGD, colonoscopy, and
video capsule endoscopy.
Biopsies confirmed the
diagnosis of GIST. (Image
courtesy of Micheal
Tadros, M.D)
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pooled data demonstrated no significant difference in diagnostic yield between the
two methods [94-96].

The diagnostic yield of DBE in combined overt and occult bleeding has been
shown to increase significantly when preceded by a positive VCE, a diagnostic
sequence referred to as “VCE-guided DBE’ or ‘targeted DBE’ [88, 96]. On the other
hand, data has demonstrated significantly lower diagnostic yields in DBE following
a non-diagnostic VCE, ranging between 27.5-39.6% [88, 97].

Given the similar diagnostic yields of VCE and DBE, the high positive and nega-
tive predictive value of VCE in preceding DBE, along with the more invasive nature
of DBE, VCE should be performed first in the vast majority of patients with
occult PSBB.

Similar to DBE, there is very little data describing outcomes of SBE in patients
with occult PSBB, specifically. Based upon the few studies that do specify out-
comes in occult bleeding, the diagnostic yield ranges between 52—-67% [98—100].
When evaluating patients with occult or overt PSBB, SBE has been demonstrated to
have a similar diagnostic yield compared to DBE [99-106]. Interestingly, the diag-
nostic yield of enteroscopy has not been shown to correlate with length of SB visu-
alized and complete enteroscopy is often unnecessary [103, 106].

The main limitations of both DBE and SBE are their invasive nature, prolonged
procedural time, and need for additional endoscopic personnel [2]. However, these
procedures have been demonstrated to have low rates of complication overall [2, 86,
87]. Most of the available data regarding frequency of adverse events is based upon
DBE, which may also apply to SBE. According to the ASGE technology commit-
tee, the most common adverse events experienced following DBE include pancre-
atitis, bleeding, ileus, and perforation, occurring in between 1.2—-1.6% of cases.
Specifically, pancreatitis has been reported in 0.3% and perforation in between
0.3-0.4% of cases, most often occurring following large polypectomies.
Complication rates can be higher (up to 4%) when therapeutic interventions are
performed or with a history of surgically altered anatomy. Complications following
SBE are also rare and include abdominal pain, fever, mucosal tears, bleeding, pan-
creatitis, and perforation. Perforation, specifically, has been reported in about 0.3%
of SBE cases [2, 87]. A 2017 meta-analysis comparing DBE and SBE showed no
significant difference in complication profiles [86].

Spiral Enteroscopy

Developed in 2007, SE is a unique method of examining the SB, which utilizes a
disposable overtube with soft raised spiral ridges rather than balloons. A single- or
double-balloon enteroscope can be used along with this overtube, though the enter-
oscope balloons are not needed during the procedure. The enteroscope is advanced
through the SB with the assistance of a second person, who continuously rotates the
spiral overtube in a clockwise fashion, slowly drawing the SB over the overtube,
while the endoscopist keeps the enteroscope tip centered within the intestinal lumen.
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As with DBE and SBE, this procedure can be performed via both the antegrade
(oral) or retrograde (rectal) approach [2, 87].

In studies looking at both occult and overt bleeding, SE has a reported diagnostic
yield of between 33-59% [87, 107, 108]. Despite this lower reported yield, a 2017
meta-analysis comparing balloon enteroscopy (DBE and SBE) and SE found no
significant difference in diagnostic yield between these techniques [109].

Although pooled data has identified no significant difference between balloon-
assisted and SE in depth of maximal insertion, significantly shorter procedural time
has been reported with SE [109, 110]. Similar to balloon-assisted enteroscopy, SE
has been very well tolerated overall. More common potential adverse events include
mucosal tearing and abrasions. Perforation has been reported in about 0.3% of
cases. There have been no reported cases of pancreatitis [2, 87].

In patients with occult PSBB, there are several indications for pursuing deep
enteroscopy, including a positive VCE requiring endoscopic intervention or tissue
sampling, unclear diagnosis with contraindication to VCE, and negative VCE with
high clinical suspicion for SB pathology [2]. While the management of patients
with occult bleeding following a negative VCE study remains largely unclear at this
time, with some data supporting close observation or repeat VCE study, total enter-
oscopy with DBE/either balloon-assisted or spiral enteroscopy may be pursued if
there is a high clinical suspicious for a SB lesion.

Radionuclide Imaging of the SB

Although much less commonly utilized in the workup of obscure PSBB, radionu-
clide imaging techniques can be considered under proper circumstances. Generally,
radionuclide imaging is the generation of images that detect the radioactive emis-
sions (scintigraphy) of an injected radionuclide tracer that is taken up into different
tissues at differing rates [111].

Occult SB bleeding occurs infrequently due to a bleeding Meckel’s diverticulum
(MD), which is typically worked up with the technetium-99 m (*"Tc) pertechnate
scan (commonly referred to as the Meckel’s scan). This type of scintigraphy is
effective because of the tracer’s ability to concentrate within ectopic gastric mucosa,
often present within a MD. Due to this tracer quality, Meckel’s scans will typically
be falsely positive in gut duplication cysts [34]. As bleeding is more common in
children than adults with MD, the scan has a higher diagnostic yield in children [34,
112, 113].

Scintigraphy using **"Tc-labeled red blood cells (commonly referred as a
‘tagged red blood cell scan’) has been commonly utilized to workup suspected overt
GI bleeding, though has a limited role in the workup of occult bleeding. Advantages
of #"Tc-labeled RBC scintigraphy include non-invasive nature, identification of
both arterial and venous bleeding, recognition of delayed bleeding through use of
delayed imaging, and detection of very slow rates of active bleeding (as low as
0.1 mL/minutes in some studies). Studies investigating the clinical utility of this test
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have reported a wide range of sensitivity (33-93%), specificity (30-95%), and diag-
nostic yield (26—87%) in the workup of GI bleeding, with increased difficulty local-
izing bleeding sources within the stomach or SB [2, 111, 114]. Furthermore, all
studies investigating diagnostic yield have been performed in patients with acute or
overt GI bleeding, rather than chronic occult bleeding, [115-120] and given the
slower rate of chronic blood loss in occult GIB, the overall clinical utility of the scan
would be very limited.

Missed Lesions of the SB

While recent advances in small bowel diagnostics have revolutionized our ability to
identify and treat symptomatic and otherwise worrisome small bowel lesions, phy-
sicians need to remain aware of the potential for missed lesions. While VCE does
have a high negative predictive value, it also carries a false negative rate of between
10-36% [68]. Missed lesions with VCE can occur in a few ways: the video capsule
may not reach the cecum (incomplete study or capsule retention), the capsule may
fail to capture necessary images, and/or physicians may misinterpret the images
obtained. CT enterography has also been demonstrated to have higher sensitivity for
small bowel luminal masses, and should be pursued following negative VCE, if
appropriate clinical suspicion exists for such a mass [73, 75, 76]. While the sensitiv-
ity and negative predictive value of balloon- and spiral-enteroscopy for occult
bleeding have not been reported, these procedures carry a wide (likely operator-
dependent) diagnostic yield.

Overall, as there is limited literature available to guide when to repeat a diagnos-
tic study following an initial negative result, providers should use their clinical sus-
picion to direct subsequent workup. Close attention should be paid to the quality of
the index diagnostic test, patients’ clinical presentation, laboratory abnormalities,
disease course, and response to therapy, patient risk factors for alternate potential
underlying etiologies, and development of overt GI bleeding or other new GI
symptoms.

Treatment of Occult Bleeding of the SB

Given the broad array of possible diagnoses that can lead to SB bleeding, treatment
options are typically tailored to specific pathology, and as a result are equally vari-
able. Potential treatment options for small bowel neoplasia include surgical resec-
tion, chemotherapy, radiation, and palliation, with specific management
recommendations dependent upon tumor type, metastasis, complications, and
patient factors [27]. The management of small intestinal Crohn’s disease involves a
shifting balance between immunosuppressive therapy and surgical resection, while
the treatment of choice for a symptomatic MD is surgical excision [34]. This section
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will focus on the treatment of vascular lesions within the SB, the most common
etiology of occult SB bleeding. While SB vascular lesions thought to be the source
of blood loss can be treated with endoscopic therapy, pharmacologic therapy, or
close observation, there is very limited data on efficacy of these treatment modali-
ties, with available studies demonstrating overall disappointing reduction in rates of
subsequent bleeding [2].

The natural history of occult GIB due to untreated small bowel angiodysplasia
(SBAD) has been difficult to define, partly because it is challenging to define an
occult bleeding event, and also due to the unethical nature of withholding poten-
tially life-saving therapeutic procedures from patients with bleeding. However,
data from the placebo arm of a 2010 trial found rebleeding rates of only 18-21%
within 12 months in untreated patients initially presenting with occult bleeding
[121]. This is compared with a much higher recurrence rate of 49.2%, reported in
a cohort of patients with SBAD presenting with either occult or overt bleed-
ing [122].

Endoscopic Therapy of SB Lesions

While the advent of VCE has significantly improved our diagnostic ability in occult
PSBB, the subsequent introduction of balloon-assisted and SE has enabled physi-
cians to intervene upon vascular lesions in the SB. Double-balloon, single-balloon,
and spiral enteroscopes are capable of passing nearly all standard diagnostic and
therapeutic endoscopic through-the-scope equipment, enabling the endoscopist to
perform tissue biopsy, tattoo, hemostasis (using argon plasma coagulation (APC),
electrocautery, hemostatic clips), snare polypectomy, balloon dilatation, and foreign
body removal (Fig. 7.8) [2].

Fig. 7.8 (A on the left, B on the right): (a) NSAIDS induced diaphragm-like small bowel stricture
identified during double balloon enteroscopy in a patient with occult GI bleeding and a history of
heavy chronic NSAID use. (b) The same stricture after successful through-the-scope balloon dila-
tion. (Images courtesy of Micheal Tadros, M.D)
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The overall therapeutic yield for DBE has been reported to be between 15-55%
which is similar to what has been reported for SBE (7-50%) [87]. Pooled data has
also shown no significant difference in therapeutic yield between balloon-assisted
and spiral enteroscopy [109].

Most studies have used ‘recurrence of bleeding’ as an indicator to assess the
efficacy of the interventions, with disappointing results. A recent systematic review
demonstrated a high rate of recurrent bleeding, with no significant difference in
recurrence following endoscopically-treated AD (42.7%) versus untreated AD
(49.2%) over a mean follow-up of almost 2 years [122, 123]. Risk of recurrent
bleeding is greater in the presence of multiple vascular lesions and also appears to
increase with time elapsed since endoscopic therapy [124, 125].

Although there is no consensus on the most effective type of endoscopic therapy
in treatment of SBAD, argon plasma coagulation (APC) is the most commonly uti-
lized technique [126]. APC is a non-contact thermal coagulation technique utilizing
a stream of ionized argon gas directed through an endoscopic probe, resulting in
superficial coagulation at a depth of 0.5-3 mm [126]. Rates of recurrent bleeding
following APC therapy in SBAD have also been shown to be high (42%) [127].
Electrocautery of AD, where current is delivered through tissue to achieve coagula-
tion, was the standard of care in the 1980s prior to the introduction of APC, but is
now mainly used as a second line treatment modality for SBAD, due to the reported
increased risk of perforation (~3%) [126, 128]. Hemostatic clip placement for treat-
ment of AD in the stomach or colon has been described in case reports, though not
in SBAD specifically. Hemostatic clips can be used alone or in combination with
other techniques [129, 130]. To this point, there are no prospective, randomized
studies comparing the different techniques described above, though expert opinion
favors APC as first line endoscopic therapy [126].

Medical Therapy of SB Occult Bleeding

A significant proportion of patients with occult SB bleeding due to AD will have
associated IDA. This can be addressed with iron supplementation, although some
patients may need packed red blood cell (pRBC) transfusion and/or correction of
underlying coagulopathies, with the ultimate goal being normalization of hemoglo-
bin and iron stores [126]. Oral iron therapy should be considered in patients with
normal intestinal absorptive capacity and absent intestinal inflammation, though
patients need to be monitored closely for treatment failure. Intravenous iron supple-
mentation should be considered in patients with suspected intestinal inflammation
and/or malabsorption, side effects to oral iron, or when rapid repletion of iron stores
is needed [126]. As would be expected, data from the placebo arm of a single ran-
domized controlled trial showed little to no improvement in frequency of recurrent
bleeding from vascular lesions in patients who received oral iron administered four
times daily [131]. Transfusions of pRBC can be essential and should be considered
in acutely ill or symptomatic patients (especially those with cardiovascular



7 Small Bowel 121

comorbidities), patients who have failed other medical or endoscopic therapy, and
patients who require medical optimization prior to scheduled endoscopic procedures.

Several studies in the 1990s demonstrated conflicting evidence regarding the
clinical benefit of hormonal therapy for the treatment of bleeding gastrointestinal
AD, generating some interest in their use at that time [132—-134]. However, a well-
designed study performed in 2001 demonstrated hormonal therapy to be ineffective,
with no significant reduction in rates of recurrent bleeding, total number of bleeding
episodes, or transfusion requirements between patients on ethinylestradiol or nore-
thisterone versus placebo [135]. Hormonal therapy is not currently recommended
for the treatment of SB bleeding from AD [2].

Somatostatin analogs were first investigated as treatment for bleeding AD in
1999 and are thought to work by decreasing splanchnic blood flow, decreasing
angiogenesis, and increasing platelet aggregation [136, 137]. Several other studies
have demonstrated promising findings since. A 2012 study showed significantly
lowered rates of recurrent bleeding from gastrointestinal AD in a small cohort of
patients with refractory bleeding treated with long-acting somatostatin analog ther-
apy (73% pre-treatment vs. 20% during treatment) [138]. In a more recent 2016
study, 70% of patients with refractory bleeding from SBAD demonstrated a com-
plete response (no re-bleeding or transfusion requirements) and 20% a partial
response (>50% reduction in re-bleeding/transfusion) while on long-acting soma-
tostatin analog therapy, with a significant rise in median hemoglobin levels [139].
Systematic reviews performed in 2010 and 2014 support these findings and restate
the importance of somatostatin analog therapy in refractory disease, while at least
one multicenter, randomized superiority study (the OCEAN trial) is underway at
this time, [123, 140, 141].

Thalidomide has recently generated interest as a treatment for refractory SBAD,
despite concerns related to its side effect profile. The mechanism of action in the
treatment of bleeding AD is thought to be due to antiangiogenic properties related
to suppression of VEGF [131, 142]. In a2011 randomized controlled trial of patients
with refractory bleeding due to gastrointestinal AD, more than 70% of patients
treated with thalidomide achieved the primary end point of >50% reduction in
bleeding episodes, compared with only 4% of patients treated with iron supplemen-
tation. Serum levels of VEGF were significantly reduced during treatment with tha-
lidomide, supporting the proposed mechanism of drug action [131]. The same study
group went on to report the long-term outcomes of thalidomide therapy from the
above patient cohort. Over a median follow-up period of 46.2 months, a greater than
50% reduction in bleeding episodes was reported in 79.5% of patients [143].

Surgical Therapy of SB Occult Bleeding

Surgical management of occult SB bleeding is now rarely indicated. However, prior
to the introduction of VCE and deep enteroscopy, intraoperative enteroscopy (IOE)
was considered a gold-standard first-line investigation in patients with PSBB,
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achieving complete SB evaluation in the majority of patients [144]. Several studies
recommend IOE as a crucial step in localizing bleeding site, sometimes in combina-
tion with VCE, prior to performing a targeted endoscopic intervention or surgical
resection [2, 145, 146]. Published patient series have demonstrated higher diagnos-
tic yields in ongoing overt bleeding (100%), when compared with previous overt
bleeding (70%) and occult bleeding (50%), with IOE leading to an endoscopic or
surgical therapeutic intervention in between 40-100% of cases [144]. Reported
mortality rates have varied between 2—17%, though considerable morbidity related
to surgical and non-surgical complications can also occur [144, 147, 148].

There are limited data on long-term outcomes for patients undergoing IOE. One
study described a 30% re-bleeding rate in patients with both occult and overt bleed-
ing [149]. Similar re-bleeding rates may be expected even when endoscopic tech-
niques such as APC are employed during IOE to achieve hemostasis [2]. Given the
similar rate of re-bleeding and higher procedure-related morbidity and mortality,
IOE is reserved for those patients with recurrent severe SB bleeding who have failed
less invasive methods. In patients with Heyde’s syndrome — the presence of aortic
valve stenosis and gastrointestinal AD — there may be a role for performing aortic
valve replacement [123].

Conclusions

Occult small bowel bleeding remains a relatively uncommon condition. While vas-
cular lesions are the most common etiology, the differential diagnosis is long. Few
studies have focused specifically on the diagnosis and treatment of occult bleeding
in particular, and though the workup is similar to that of overt bleeding, including
second-look endoscopy, push enteroscopy, VCE, and deep enteroscopy as appropri-
ate, the diagnostic and therapeutic yields are typically lower than what has been
reported with overt bleeding. As the risk for recurrent bleeding following appropri-
ate endoscopic therapy remains significant, concomitant medical therapy, such as
iron supplementation, pRBC transfusion, somatostatin analogs, and thalidomide,
need to be considered in some cases, although additional prospective data will be
helpful in the future to better define its role. Surgical management should be
reserved for those patients with disease refractory to endoscopic and medical
therapy.
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Introduction

Occult lower gastrointestinal bleeding (LGIB) as the initial presentation of a posi-
tive FOBT or IDA without evidence of visible bleeding to the patient or clinician
[1, 8] can originate from colon, rectum and anus [1], mainly in the setting of a posi-
tive fecal occult blood test (FOBT) and/or iron-deficiency anemia (IDA) [2]. Data
on the frequency and natural history of the occult lower GI bleeding are scant [10].
In a review of five prospective studies in patients with occult GI bleeding, endos-
copy determined a colorectal source in 20 to 30% of patients. Simultaneous causes
of occult bleeding in the upper GI tract and the colon or synchronous lesions were
found in 1-17% of patients. According to frequency, the most commonly diag-
nosed colonic lesions were colon cancer (5-11%), colon polyps/adenomas
(5-14%), vascular ectasias (1-9%), and colitis (1-2%) [3]. The most common etio-
logic lesions of occult LGIB are colonic adenomas >1 c¢m, colon carcinoma and
angiodysplasia [5]. Other etiologies include colonic ulcers, colitis/inflammatory
bowel disease (IBD), parasitic infestation, hemorrhoids and recurrent diverticular
bleeding.

In patients younger than 40 years, the most common causes of occult LGIB
included celiac disease [4] and Crohn disease [5] while in patients older than
40 years, vascular ectasias and non-steroidal anti-inflammatory drug—induced ulcers
are common [6]. Long-distance running has been described in the literature as rare
cause of occult LGIB probably due to decreased splanchnic perfusion resulting in
transient intestinal ischemia during longdistance running induces GI blood loss and
anemia [7].

Epidemiology

Epidemiological data on occult LGIBs are unavailable. Recently published studies
suggest that 20-30% of all GIBs are LGIBs [2, 8, 9]. However, this is probably an
underestimate since research on LGIB incidence are limited, and many patients
with milder forms of LGIB do not seek medicalattention or are not admitted to the
hospital [10].

The LGIB incidence is higher in men than in women [11]. It may present in
patients at any age. Since the bleeding is chronic and slow, patients have microcytic,
hypochromic anemia [8]. Increased incidence is seen with advancing age, probably
as a consequence of the increasing prevalence of diverticulosis and angiodysplasia
in the elderly, both common causes of occult LGIB [9].

The overall mortality rate is estimated to range from 2% to 4% [2, 12], doubtless
higher in elderly patients with multiple co-morbid conditions. Some risk factors of
increased morbidity and mortality are age >60 years, low hematocrit (<35%), ele-
vated levels of serum creatinine and hemodynamic instability [12].
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Specific Etiologies
Diverticular Bleeding

Despite the wide variation among studies, diverticular bleeding is the most common
etiology in general [13] accounting for 26-33% of all LGIB [14, 15]. Some studies
even report incidence rates between 20-50% [16]. To determine the true incidence
of diverticular hemorrhage, it is important to differentiate presumptive from defini-
tive diverticular hemorrhage. The Centre for Ulcer Research and Education (CURE)
established three categories; presumptive diverticular bleeding (confirmed diagno-
sis of diverticulosis, without colonoscopic evidence of bleeding), incidental diver-
ticulosis (confirmed diagnosis of diverticulosis, but with definitive evidence of an
other origin of bleeding) and definitive diverticular hemorrhage. Using this classifi-
cation, definitive diverticular hemorrhage was reported in 20% of patients, while
presumptive in 46% [17]. The incidence of diverticular bleeding as a complication
of diverticulitis is also different among various studies and ranges from 3-5% [18]
to 10-15% [2].

A diverticulum by definition is a protrusion of mucosa through the colon wall at
the point of weakness where the blood vessels penetrate trough muscular layer [8].
During the formation of the diverticulum, the perforating vessels become exposed
over the fundus and prone to chronic trauma and erosion. Rupture of the branches
of the marginal artery occurs eccentrically and toward the lumen of the diverticulum
[19]. Diverticular bleeding is mostly unrelated to inflamation, and is not a common
feature of diverticulitis [20]. Risk factors include advancing age, NSAID and anti-
coagulant use, low fiber diet, constipation, hypertension, diabetes mellitus, coro-
nary artery disease [21].

Diverticulosis occurs predominantly (75%) in the sigmoid and descending colon.
Studies suggest that diverticular bleeding is more prevalent in the proximal colon
because right sided diverticula are characterised with wider necks and domes, thus
exposing a longer length of penetrating vessels to injury. The localization of bleed-
ing diverticula also depends on the dignostic modality used. Sixty percent of diver-
ticular bleeding is diagnosed on the left side using colonoscopy while 50-90% on
the right side of colon is detected by angiography [23].

The majority of diverticular bleeding episodes are self-limited with spontaneous
resolution in 75-90% [18, 23]. The incidence of rebleeding is less than 15% after an
initial episode, but much higher after a second episode (50%).

Neoplasia

Colorectal adenocarcinoma (CRC) is the third most common cancer, and second in
mortality rates in the USA [24-27]. Historically, CRC has been the leading cause of
occult LGIB, typically presenting with IDA and/or positive FOBT [28]. Despite the
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high prevalence of CRC, there are only a limited number of studies about clinical
manifestations in a population-based setting. Studies report overt bleeding (rectal
bleeding and/or melena) in a wide range from 37% to 58% of patients with CRC
[29, 30]. Other clinical presentations include obstructive symptoms, altered stools
(constipation or diarrhea), abdominal pain or discomfort, fatigue, weight loss, nau-
sea or vomiting [29].

Overall symptomatology of CRC largely depends on the location of the mass.
Right-sided carcinomas may be asymptomatic with occult bleeding from the ero-
sions on the luminal tumor sufrace, thus resulting in IDA, Fig. 8.1.

Obstructive symptoms are more likely with left-sided carcinomas. For rectal car-
cinomas hematochezia and decreased stool caliber are common [30, 31].

Histologically, 90% to 95% of CRC are adenocarcinomas, Fig. 8.2 [31].

More than 95% of CRC arise from precursor polyps, Fig. 8.3, [31] which could
histologically be separated into neoplastic (adenomatous) and non-neoplastic cate-
gories. The latter are further sub-classified into hyperplastic, hamartomatous, and
inflammatory [32]. Adenomatous polyps are histologically sub-classified as tubular,
villous, or tubulo-villous adenomas.

Clinically, most polyps are asymptomatic and represent incidental findings on
screening colonoscopy. It has been shown that adenomatous polyps >1-1.5 cm in
size are more likely to bleed, Fig. 8.4, as opposed to hyperplasic polyps [33]. Risk
factors for adenomatous polyps include increasing age and male gender [34, 35].

Vascular Malformations

The reported percentage of LGIB due to vascular malformations varies in the litera-
ture from 3—-6% [36], up to 40% [37]. However, their importance lies in the fact that
they are among the most commonly missed lesions during colonoscopy, Fig. 8.5 [38].

Fig. 8.1 A small colon
cancer detected during
colonoscopy
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Fig. 8.2 Upper panel:
colonic adenocarcinoma
undermines benign mucosa
[hematoxylin and eosin,
x20], lower panel: higher
magnification view shows
malignant glands with
nuclear stratifications and
central dirty necrosis
[hematoxylin and eosin,
x100]. Images courtesy of
Dr. Hwajeong Lee, Albany
Medical Center

Fig. 8.3 A hepatic flexure
polyp (yellow arrow)
partially obscured by a fold
and seen only on
retroflexed view
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Fig. 8.4 A large friable
pedunculated colonic
polyp in patient with iron
deficiency anemia. Arrows
point to the stalk

Fig. 8.5 A colonic AVM

The three main categories are arteriovenous malformations (AVMs), hemangio-
mas and colonic varices [2]. AVM are ectatic and tortuous thin walled area of exist-
ing vessels. According to the Moore et al., they can be classified as: [39]. Type I
lesions called angiodysplasias which are the most prevalent, typically solitary
lesions, predominantly localized on the right side of the colon [40]. Although their
exact etiology is unclear, the assumption is that chronic, intermittent low-grade
colonic contractions result in chronic venous congestion, capillary dilation and
finally in development of the angiodysplasia. Since these lesions are acquired, their
incidence increases with advancing age, particulary beyond sixth decade of life.
Bleeding from angiodysplasia is venous and, therefore, is rarely the cause of the
massive LGIB [8]. The typical presentation is intermittent bleeding in the setting of
IDA. Although in the historical studies angiodysplasia was traditionally associated
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with the colon, recent studies have shown that it is actually much more common in
the small intestine [41]. Type II and III AVMs are congenital in origin, usually in
younger patients, multiple and often localised in small intestine [39].

Hemangiomas are subclassified into capillary and cavernous. Cavernous are
more common, defined as large endothelium lined, blood filled sinuses, usually
localized in the distal colon and rectum. Some rare syndromes include the blue rub-
ber bleb nevus [42].

Colonic varices are a rare entity, defined as continuously dilated submucosal
veins, mainly due to portal hypertension or portal vein obstruction. They are uncom-
mon causes of LGIB except in patients with cirrhosis in whom they are a cause of
bleeding with frequency of 1 to 8% [43]. The most common sites of colonic varices
are the rectum and cecum [44]. When the etiology cannot be ascertained, a colon
varix is classified as idiopathic or primary [45].

Hemorrhoids, Anal Fissures and Anal Cancer

Anorectal bleeding is the sixth most common symptom in outpatient clinic visits [2]
with a prevalence from 13% to 20% [46]. Anorectal disease encompasses many
etiologies, including hemorrhoids, anal fissures and anal cancer.

Hemorrhoids were the fourth leading outpatient digestive system diagnosis in
US according to an National Institutes of Health report [47]. As a very common
anorectal condition, they are defined as a symptomatic abnormal downward dis-
placement and enlargement of the anal cushions, consequently causing venous dila-
tation [48].

An epidemiologic study reported a prevalence rate around 4.4% in the United
States with a peak age from 45 to 65 years. A significant reduction in incidence was
observed after 65 years of life, and they were unusual before 20 years of life.
Caucasians were affected more frequently than African Americans, and increased
prevalence rates were associated with higher socioeconomic status [49].

Hemorrhoids are categorized on the basis of their location as internal, external
and mixed depending on their relationship to the dentate line. Hemorrhoids that
originate above the dentate line from the inferior hemorrhoidal venous plexus and
covered by mucosa are defined as internal. External hemorrhoids are dilated venules
below the dentate line and are covered with squamous epithelium. Mixed (interno-
external) hemorrhoids arise both above and below the dentate line.

A retrospective review of patients from Mayo Clinic from 1976 through 1990
revealed that the incidence of hemmorrhoidal bleeding that caused anemia was 0.5
patients per 100,000 population per year. They concluded that resolution of anemia
after definitive treatment with hemorrhoidectomy should be expected take up to six
months [50]. Several cases of severe obscure bleeding caused by hemorrhoids have
been reported in the literature resulting in anemia and requiring multiple transfu-
sions, Fig. 8.6 [51].
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Fig. 8.6 Large
internal hemorrhoids
viewed by retroflexion

This confirms and highlights the fact that hemorrhoids can cause substantial
blood loss during long periods of time, and the assumption that any gastrointestinal
bleeding that causes anemia or requires transfusion cannot be a hemorrhoidal bleed
is incorrect [51]. Bleeding can also occur as a complication of hemorrhoidectomy.
Usually, it is an acute and self-limiting condition presenting with small amounts of
bleeding [2].

Anal fissures begin as a tear in the anal mucosa. If a tear spontaneusly resolves,
it is defined as an acute anal fissure. If a tear persists, the fissure is considered
chronic. The most common clinical manifestation is bright red bleeding as a conse-
quence of stool passage and further injury to the mucosa. As a rule, they occur in the
midline, and any fissure off the midline requires further diagnostics for underlying
etiology [10].

The vast majority (85%) of anal carcinomas are squamous cell cancers linked
with human papilloma virus (HPV) infection [55]. It is a rare condition constituting
only 0.5% of all cancer diagnoses according to the National Canceer Institute.
However, the incidence has increased over the past several decades, particularly in
women [52]. Other less common, malignancies of the anal canal that can cause
LGIB include anal melanoma and anal adenocarcinoma [53].

Inflammatory Bowel Disease (IBD)

There are no data in the literature on the incidence of occult bleeding due to IBD. A
few retrospective studies investigated acute and severe LGIB in Crohn disease and
concluded that it is quite uncommon with a prevalence of 4% [54]. The cumulative
probability of bleeding increases with duration of Crohn disease, 1.7% after 1 year,
3.6% after 5 years, 6.5% after 10 years, and 10.3% after 20 years [54]. The
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diagnosis of the bleeding source is limited and only in less than one third of cases,
was an origin of bleeding be identified reliably. Fortunately, these bleeding episodes
usually resolve spontaneously, or after medical treatment [55].

Ulcerative colitis is characterized by bloody diarrhea in over 95% of cases,
Figs. 8.7 and 8.8, but severe or massive hemorrhage is actually quite rare, occurring
less commonly than other complications. Most patients with severe LGIB have pan-
colitis and surgical treatment is indicated [56].

Ischemic Colitis

In the elderly, ischemic colitis is the leading cause of LGIB [2], accounting for
3%—-9% of all LGIB [11]. Ischemia commonly affects two watershed areas in colon,
the namely the splenic flexure (Griffith point), Fig. 8.9, and the rectosigmoid junc-
tion (Sudek point) [22].

Bloody diarrhea and abdominal pain are common symptoms. A study has shown
that patients with ischemic colitis usually had left-sided colitis, shorter hospital stay
and a lower transfusion requirements compared to patients with other LGIB etiolo-
gies. After discharge, patients with ischemic colitis had lower recurrence and
rebleeding episodes over the long term than other LGIB patients [57].

In athletes who engage in prolonged exercise, LGIB can occur as a consequence
of visceral ischemia. Usually the clinical presentation is chronic with anemia, or
positive FOBT with little clinical disease. This clinical condition is usually transient
and reversible, but it must be kept in the mind [58].

Fig. 8.7 Fulminant
ulcerative colitis viewed
during colonoscopy
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Fig. 8.8 Upper: ulcerative
colitis with diffuse
mucosal inflammation
[hematoxylin and eosin,
%x20], lower: higher
magnification view shows
crypt abscesses and crypt
distortion [hematoxylin
and eosin, x40]. Images
courtesy of Dr. Hwajeong
Lee, Albany Medical
Center

Fig. 8.9 Erythema,
submusosal hemmorhage,
and edema from ischemia
of the splenic flexure as
found by colonoscopy
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Radiation Colitis

Radiation is one of the major modalities for treatment of malignant disease.
Radiation-related colon complications are dose- and time-dependent. The part of
the bowel that is most commonly affected by the effects of radiation therapy is the
rectum with hematochezia as the most common symptom [2]. Acute symptoms that
develop in the first 6 weeks after radiation must be distinguished from chronic ones
that develop or persist after 6 to 12 months [2]. Acute radiation colitis is mostly self-
limited disease after regional radiotherapy for malignancy. Chronic radiation colitis
is a progressive disease with development of fibrosis, edema, fragility and could
result in complications like obstruction and perforation. It is even considered as a
pre-cancerous lesion with radiation-associated malignancy diagnosed at an advanced
stage with poor prognosis. Although radiation colitis may occur at any time during
the therapy or after, the median repored time is 6 months to 5 years [58]. Radiation
therapy may cause LGIB by several mechanisms including obliterative endarteritis
resulting in chronic ischemic changes [59]. It is estimated that 4% to 10% of patients
undergoing radiotherapy will develop chronic changes in the subsequent 5 to
10 years, with a rate as high as 15% to 20% after 20 years [60].

Microscopic Colitis

Although microscopic colitis (MC) has become recognized as a common cause of
chronic non-bloody diarrhea, it is still under-recognized among physicians with
limited knowledge about its pathophysiology, etiology and natural course [61]. It is
a worldwide chronic inflammatory bowel disease of unknown cause [62], nearly as
common as classic IBD with estimated overall prevalence of 119 per 100,000 [63].
Mainly, MC is a disease of the elderly, with an average age at diagnosis of 65 years,
with a striking female predominance [64]. Colonoscopy with biopsy is the gold
standard method for making the diagnosis since only histology can differentiate two
major subtypes, lymphocytic colitis, Fig. 8.10 and collagenous colitis, Fig. 8.11

Fig. 8.10 Lymphocytic
colitis with numerous
intraepithelial lymphocytes
associated with surface
epithelial damage
[hematoxylin and eosin,
x100]
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Fig. 8.11 Collagenous
colitis with a thick
subepithelial collagenous
band (arrow) [hematoxylin
and eosin, x100]. Images
courtesy of Dr. Hwajeong
Lee, Albany Medical
Center

[65] and a third, recently identified subgroup of incomplete MC [61]. It can also to
rule out other causes of chronic diarrhea. Biopsies should also be performed in the
colon, particularly in patients with diarrhea, as 50% of microscopic colitis have
mild anemia [66]. There is a strong association with autoimmune disorders, such as
celiac disease, thyroid disorders and polyarthritis [67]. In fact, histological features
of MC in the colon are present in 30% of patients with celiac sprue [68]. Thus, new
European guidelines recommend that all patients with MC should be screened for
celiac disease [61]. Since occult gastrointestinal bleeding can be detected in about
half of patients with celiac sprue [4], further basic science and clinical investiga-
tions are needed to better understand the underlying mechanisms and to improve
general knowledge about the MC.

Diagnosis

Occult GI bleeding by definition is detected as a positive finding of a FOBT or IDA,
in the absence of visible blood [1, 69]. According to the latest guidelines of American
Gastroenterological Association, it is recommended to use FOBT only in the clini-
cal context of CRC screening, since it has been shown to reduce CRC mortality
[1, 28].

Colonoscopy

In general, diagnostic procedure of choice for evaluation of LGIB is colonoscopy due
its high diagnostic yield and concurrent ability for therapeutic intervention [8, 70].
Colonoscopy successfully identified the etiology in 80% of cases of severe
hematochezia [71], but in only 20% to 30% of cases of occult LGIB [69].
Regarding occult hemorrhage, colonoscopy is indicated after a positive FOBT or
a laboratory finding of IDA as part of a routine diagnostic workup. Ideally, it should
be done after good bowel preparation with cathartic agents. Colon lesions
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commonly missed by initial colonoscopy are angiodysplasia and neoplasms [28,
38]. Some of the reasons for false negative findings on colonoscopy are lesions
cbaracterized by very slow and intermittent bleeding, cessation of bleeding during
the initial colonoscopy and lesions obscured by blood clots. Also, significant ane-
mia and hypovolemia present at the same time can make the lesion difficult to visu-
alize by colonoscopy [1]. Colonoscopy as diagnostic modality is limited to the
mucosal surface. Thus, intramural malformations may be overlooked. Also, some
technical aspects of colonoscopy could result in missed lesions. This includes fail-
ure to intubate the terminal iluem, failure to visualize or mistaken visualization of
the cecum, failure to preform retroflexion in the rectum.

According to the review from 2018, computed tomography enterography (CTE)
is the most commonly used diagnostic test for occult bleeding, since it can identify
lesions missed on colonoscopy [69]. The advantage of CTE as cross-sectional imag-
ing method, is its ability to present intramural lesions, like angiodisplasias [72, 73].

High Quality Colonoscopy and Missed Colonic Lesions

While colonoscopy is an essential tool in the work up of occult GI bleed, the quality
of colonoscopy depends on the operator, and the completeness of bowel prepara-
tion. The incidence rate of post-colonoscopy colorectal cancers (defined as cancers
that are diagnosed less than 10 years after a negative colonoscopy) is closely cor-
related [74] to the quality of the exam [75]. There are established quality parameters
for colonoscopy whic includes proper bowel preparation to consistently allow
detection of polyps >5 mm after suctioning residual fluids, Fig. 8.12 [76]. Guidelines
suggest a benchmark of 85% adequate bowel rate in clinical practice [75]. Other
notable quality parameters include adenoma detection rate, complete polyp removal,
and ensuring complete colonoscopy exam with cecal intubations.

There some important technical aspects that the endoscopist can do to increase
the diagnostic yield. For example, “retroflexion” where the endoscope is is pointed
backwards on itself in a U shape which allows better visualization of areas behind
tall haustral folds [77]. This technique can also be performed in the rectum to permit
careful inspection of the distal rectum and anus, Fig. 8.13. Also, second look or
looking twice in the right side of the colon can improve adenoma detection [78].
Colonoscopy should always start with proper rectal exam as anal pathology can be
easily overlooked. The endoscopist should properly examine between the haustral
folds as large polyps and cancers can be hidden. Examining the terminal ileum by
intubating the ilececal valve can be useful. It is not surprising that studies show that
up to 30% of clinically significant non-small bowel lesions are missed on EGD,
push enteroscopy, and colonoscopy and are incidentally detected by capsule study
[79]. Therefore, second-look or repeat colonoscopy can be warranted to patients
with refractory anemia for whom a comprehensive initial exam did not uncover the
bleeding source. This should be considered especially if patient is referred for sec-
ond opinion for unexplained occult GI bleed or IDA after negative prior work up.
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Fig. 8.12 A small small
right colon cancer that can
be easily missed in case of
inadequate colon
preparation

Fig. 8.13 Retroflexed
view of the rectum
showing a subtle mass
(anal cancer) that was
missed in at least 2 prior
colonoscopies

Conclusions

R. Smolic et al.

Occult gastrointestinal bleeding from colon is defined as the initial presentation of
a positive fecal occult blood test (FOBT) or and/or iron-deficiency anemia (IDA)
without evidence of visible bleeding to the patient or clinician. Colonoscopy is the
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primary diagnostic modality for evaluation of the etiology. The most common etio-
logic lesions of an occult gastrointestinal bleeding from colon are colonic adenomas
>1 cm, colon carcinoma and angiodysplasia. Other etiologies include colonic
ulcers, colitis/inflammatory bowel disease (IBD), parasitic infestation, hemorrhoids
and recurrent diverticular bleeding. Since colonoscopy can identify a cause of occult
LGIB in 20% to 30% of patients, special attention to all aspects of high quality
colonoscopy should be done in order to minimize missed lesions.
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Chapter 9
Biliary- Pancreatic System

Cassidy Alexandre, Peter Ells, and Hwajeong Lee

Anatomy and Relevant Vasculature

The right and left hepatic ducts, shortly after leaving the porta hepatis, unite to form
the 2- to 3-cm long hepatic duct, which then joins the cystic duct to form the com-
mon bile duct (CBD), 10 to 15 cm in length. The CBD is partially or fully covered
by pancreatic tissue posteriorly as it descends into the duodenum. In more than 66%
of cases, the CBD and the major pancreatic duct share a common channel, 2 to
7 mm in length. The two ducts unite to form the hepatopancreatic ampulla (ampulla
of Vater), where the distal end of the ampulla opens into the duodenum through the
major duodenal papilla [2]. See Fig. 9.1 for illustration.

Generally, the arterial supply to the pancreas, common bile duct, and adjacent
portions of the duodenum comes from branches of the gastroduodenal, superior
mesenteric, and splenic arteries. The arteries supplying the bile duct include the
posterior superior pancreaticoduodenal artery and gastroduodenal artery, supplying
the retroduodenal part of the duct; cystic artery, supplying the proximal part of the
duct; and right hepatic artery, supplying the middle part of the duct [3].
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Left hepatic duct
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Fig. 9.1 The biliary tree [4]. https://link.springer.com/chapter/10.1007/978-1-4939-1884-3_5

Etiologies

Hemobilia arises where there is a fistula between the surrounding vascular struc-
ture and the biliary tree. Bleeding may result from obstruction or injury of any of
the organs or structures associated with the hepatobiliary-pancreatic tract. The
arterial system is usually the source of the bleeding due to relatively greater intra-
vascular pressure creating unidirectional flow into the biliary tree. However, cases
of hemobilia associated with higher venous pressure have been reported in the
presence portal hypertension [5]. Most cases of hemobilia result from an iatrogenic
injury, through inflammation, trauma, or vascular anomalies and can also occur
spontaneously in setting of coagulopathy [6—15]. Malignancy in the hepatobiliary-
pancreatic tract can also contribute to obscure nonvariceal upper GI bleeding as it
has been demonstrated in cases of ampullary and periampullary tumors [16, 17].
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Percutaneous Liver Procedures

Percutaneous liver interventions are of widespread use due to their minimal
invasive approach and they can often be performed in the outpatient setting.
Some of those procedures include liver biopsy, percutaneous transhepatic chol-
angiography (PTC), and percutaneous biliary therapies, including radiofre-
quency ablation. The insertion of a needle through the liver for tissue sampling
or intervention can potentially cause inadvertent injury to interior blood vessels
which are anatomically near the biliary tree. Formation of fistula and communi-
cation between hepatic vasculature and biliary system can ensue. The true inci-
dence of hemobilia due to liver biopsies is unclear. However, a large multicenter
retrospective study on 68,267 biopsies only revealed 4 reported cases of hemo-
bilia but no deaths [18]. It has been reported that there is a higher incidence of
hemobilia with percutaneous transhepatic biliary drainage (PTBD) in compari-
son to percutaneous transhepatic cholangiography (PTC) [19]. This is likely due
to the increased instrumentation and manipulation prior to drain insertion in
PTBD [19].

Hepatobiliary Surgery

Surgery of the hepatobiliary system carries potential risk for hemobilia. Cystic
artery and right hepatic artery pseudoaneurysms leading to hemobilia have
been reported as complications of laparoscopic and open cholecystectomy
[20-22]. Though the exact pathogenesis of the pseudoaneurysm formation has
yet to be determined, it is thought to be related to bile leakage causing blood
vessels irritation and associated peritoneal infection; hence delaying proper
healing of damaged vasculature. Cases of hemobilia have also been reported
with liver transplantation and pancreaticoduodenectomy (Whipple procedure)
[23, 24].

Endoscopic Hepatobiliary Procedures

Bleeding during endoscopic sphincterotomy or post-sphincterotomy is a common
complication, typically from an arterial source associated with the margin of cut
sphincter. This is manifested as bright red blood flowing outward from the lesion to
the duodenum. Anomalous location of the ampulla creates a set of challenges and
difficulties for endoscopic retrograde cholangiopancreatography (ERCP) and is a
risk factor for sphincterotomy associated hemobilia [25]. Other clinical settings
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where ERCP associated hemobilia have been observed include portal biliopathy,
metal biliary stenting, and intrahepatic vascular anomalies associated with heredi-
tary hemorrhagic telangiectasia [26—28]. Portal biliopathy refers to abnormalities of
the biliary system seen as a late complication of portal hypertension in patients with
extrahepatic portal venous obstruction. It gives rise to cavernous transformation of
the blood vessels nearing the biliary tree. In essence, this creates choledochal vari-
ces that can easily damage or rupture especially in setting intraductal manipula-
tions. Spontaneous hemobilia has also been reported in portal biliopathy without
endoscopic intervention. Of note, ERCP-associated hemobilia increases in coagu-
lopathy and biliary stenosis [5].

Accidental Trauma

Liver injury frequently occurs in blunt abdominal trauma victims and the mortal-
ity rate related to the liver injury is estimated to range from 4.1% to 11.7% [29].
When the liver sustains a blunt trauma, a shearing injury of the hepatic artery may
develop resulting in a hepatic pseudoaneurysm [30]. Intraperitoneal hemorrhage
can result if these pseudoaneurysms rupture. They can also drain into the biliary
system leading to hemobilia. Cases of hemobilia are seen in less than 3% of liver
trauma. Hemobilia related abdominal trauma is more common to the pediatric
population [31].

Cholelithiasis

Cholelithiasis can cause minor trauma to the bile duct, hence mild intraductal
bleeding. However, significant hemobilia can occur if the stone erodes through the
hepatoduodenal ligament or cystic artery, potentially resulting in cystic artery
aneurysm [32]. In severe cases, choledocholithiasis can provoke necrotic erosion
through the ductal wall and into surrounding blood vessels, leading to significant
hemorrhage [33].

Inflammation and Infection

Hemobilia can arise from known complications of chronic pancreatitis; namely
pseudoaneurysm of the pancreaticoduodenal, splenic, hepatic, and gastroduodenal
arteries. Similarly, chronic cholecystitis may be complicated by cystic artery pseu-
doaneurysm resulting in hemobilia [34].

Infection of the biliary tree and liver is also a risk factor for hemobilia. Ascaris
lumbricoides, Clonorchis sinensis, and Fasciola hepaticum are known parasites that
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are associated with infection and obstruction in the biliary tree and liver. Some of
the clinical manifestations are ascending cholangitis, acute cholecystitis, pancreati-
tis, hepatic abscess, and hemobilia [34]. The mechanism of hemobilia in that setting
is inflammation of perivascular tissue, weakening of vessel walls, and pseudoaneu-
rysm formation [34].

Malignancy

Hepatobiliary tumors (primary or metastatic) are potential causes of hemobilia.
Tumor tissue is often friable and hypervascular, which creates the likelihood of
spontaneous hemorrhage. Furthermore, the biliary tree can be invaded by those
tumors [35]. Minimal invasive procedures, such as radiofrequency ablation, are
effective and relatively safe at managing unresectable hepatic tumors, however a
range of complication have been reported. Hemobilia is a known potential compli-
cation of percutaneous intervention and has been related to radiofrequency ablation.
Hepatocellular carcinoma (HCC), cholangiocarcinoma (Fig. 9.2), pancreatic adeno-
carcinoma, gallbladder cancer, and liver metastases have reportedly caused hemobi-
lia [36-38].

Missed Lesions

Ampullary (Fig. 9.3) and periampullary lesions are rare entities, however they are
often missed on routine upper endoscopies. They have also been reported as etiolo-
gies of occult GI bleeding, likely related to ulceration and slow blood loss due to the
hypervascular and friable nature of those lesions [16, 17]. Radiographic imaging
techniques such as CT angiography and radionucleotide tagged red blood cell scan,

Fig. 9.2 Microscopic images of intrahepatic cholangiocarcinoma. (a) the tumor induces marked
desmoplastic stromal response [Hematoxylin and eosin (H&E), original magnification x40]. (b)
infiltrative neoplastic glands in the hepatic parenchyma [H&E, original magnification x100]
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Fig. 9.3 Ampullary adenocarcinoma. (a) Scanning view of ampullary adenocarcinoma extending
toward duodenal submucosa [H&E, original magnification x20]. (b) Higher magnification view
shows neoplastic glands within desmoplastic stroma [H&E, original magnification x100]

are usually useful only during active bleeding. Side-viewing endoscope should be
strongly considered while evaluating the duodenal papilla and the ampullary com-
plex, especially in cases of suspected hemobilia or nonvariceal upper gastrointesti-
nal bleeding.

Hemosuccus Pancreaticus (HP)

Hemosuccus pancreaticus (HP) is a rare entity of gastrointestinal bleeding. It is
clinically distinct from hemobilia as bleeding originates from the pancreatic duct
instead of the common bile duct. It is often associated with pancreatic diseases.
Hemosuccus pancreaticus can be due to chronic pancreatitis, pancreatic pseudo-
cysts, and pancreatic neoplasms where bleeding occurs from an erosion into a blood
vessel forming a fistula with the pancreatic duct [39]. Therapeutic endoscopic inter-
vention of the pancreas, such as pancreatic sphincterotomy or stone removal, can
contribute to hemosuccus pancreaticus [39].

Clinical Presentation

The classic triad of hemobilia is right upper quadrant pain, jaundice, and bleeding,
however all three findings are only present in 22—-35% of cases [38]. Most cases of
hemobilia are characterized by minor hemorrhage that resolve spontaneously,
though profuse bleeding presenting with hematemesis, melena or hematochezia can
also occur. Slow oozing in the biliary tract can lead to blood clot, which can then
cause obstructive jaundice and is associated with biliary sepsis. The presentation of
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hemobilia and its timing vary based on the etiology. For instance, hemobilia due to
ERCP usually occurs immediately or within the next few days [40, 41]. Presentation
can also be delayed in cases pseudoaneurysm formation or following a trauma. In
patients with a percutaneous transhepatic biliary drain (PTBD), blood output from
the biliary drain is often noted.

Diagnosis

Hemobilia should be suspected in patients presenting with GI bleeding, history of
right upper quadrant abdominal pain, jaundice, recent biliary instrumentation and
abnormal liver function tests (LFTs). Diagnosis of hemobilia, however, can be
delayed or missed due to lack awareness from clinicians. Moreover, given its rare
occurrence and sometimes insidious presentation, diagnosis of hemobilia can be
challenging. Imaging and endoscopic studies play a crucial role in establishing an
initial diagnosis, assessing possible etiology and extent of bleeding, and guiding
treatment modalities. Figure 9.4 provides a flow diagram for management of sus-
pected hemobilia.

Suspected hemobilia
(History and presentation)

Clinical suspicion

EGD and duodenoscopy
(side viewing) CT Angiography

Transcutaneous arterial
Embolization
ERCP
Surgery (with/without
prior embolization)

CT Angi h Rule out small bowel or
i colonic bleeding

Fig. 9.4 Algorithm for management of suspected hemobilia
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Diagnostic Imaging
Computed Tomography Angiography (CTA)

CT angiography of the abdomen has been recognized as the first-line investigative
modality in suspected hemobilia due to its noninvasive nature, rapid results, and
diagnostic yield and characteristics. CTA can not only help confirm hemobilia but
also provide details about potential etiology [42]. Some the pathologies identified
on CTA include extravasation into the parenchyma, clots in the gallbladder or bili-
ary system, biliary dilatation, pseudoaneurysms, and other vascular malforma-
tions (e.g., aneurysms, angiodysplasia, arteriovenous malformations and
hemangiomas).

Angiography

Angiography remains the gold standard for diagnosis and treatment of hemobilia as
it can help localize the actual bleeding source and provide detailed visualization of
the vasculature and potential anomalies (arteriobiliary fistula, vascular malforma-
tions such as aneurysms, pseudoaneurysms, hemangiomas etc.). It does, however,
involve higher radiation exposure and endovascular access unlike the CTA. It has
been reported that angiography yields the correct etiology of massive hemobilia in
more than 90% of cases [43].

Magnetic Resonance Cholangiopancreatography (MRCP)

MRCEP is not often used for the diagnosis of hemobilia though it has been reported
in cases involving biliary obstruction [8]. It is a noninvasive alternative to endo-
scopic retrograde cholangiopancreatography (ERCP) that shows imaging of the
pancreaticobiliary system [8].

Ultrasound

Abdominal ultrasound is dependent on operator’s skill and experience and body
habitus can certainly be a detrimental factor in preventing proper visualization of
the biliary tree. Moreover, blood clots within the bile ducts lose echogenicity
over time and can be missed during ultrasound examination [43]. Therefore, the
diagnostic effectiveness of abdominal ultrasound in identifying hemobilia is
limited.
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Endoscopy

Upper GI endoscopy (esophagogastroduodenoscopy) is commonly used in the eval-
uation of patients presenting with upper GI bleeding. It is very effective at ruling out
common etiologies of upper GI bleeding and can, sometimes incidentally, diagnose
cases of hemobilia. When hemobilia is suspected, a duodenoscope (i.e., side-
viewing scope) should be used to directly visualize the ampulla for the presence of
blood and/or clots or ampullary lesions (Fig. 9.5a).

ERCP helps to visualize the bile ducts, gallbladder and can even play a therapeu-
tic role in cases of hemobilia and/or associated with biliary obstruction. ERCP find-
ings of blood clots to suggest hemobilia are characterized by amorphous, tubular, or
cast-like filling defects in the biliary tree or gallbladder (Fig. 9.5b) [43].

Endoscopic ultrasound (EUS) has been used to successfully diagnosed hemobi-
lia from hepatic artery pseudoaneurysm [44]. It can also be helpful at identifying
blood within the biliary tree, common bile duct, which would be characterized by
mobile, hyperechoic material [45].

Cholangioscopy is an advanced endoscopic technique that has been reported to
determine the etiology of hemobilia in rare cases [46]. It provides direct visualiza-
tion of the biliary tree however endoscopic therapy is limited due to small accessory
channel.

Fig. 9.5 (a) Blood clot at the papilla in a case of hemobilia seen with side-viewing duodenoscopy.
(b) ERCP demonstrating radiolucent filling defects in the extrahepatic bile duct in a patient found
to have hemobilia [34]. https://link.springer.com/article/10.1007/s11894-010-0092-5
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Management

After adequate resuscitation, management of hemobilia comprises of 2 objectives:
achieve hemostasis and maintain biliary patency and adequate bile flow. The modal-
ities used in the management of hemobilia depend on the etiology of the bleed,
however they mostly encompass conservative therapy, percutaneous radiologic
intervention, endoscopic treatment and surgery.

Conservative management is usually reserved for minor hemobilia and interven-
tions usually include correction of coagulopathy if needed, and IV fluid hydration.
Minor hemobilia can often be seen in injury related to PTBD catheters where cath-
eter exchange and upsize and position adjustment can help tamponade blood and
resolve hemobilia [42].

Angiography

Radiologic interventions for management of hemobilia can serve both diagnostic
and therapeutic modalities. Angiography has emerged as the gold standard for man-
agement of hemobilia and has a success rate of 80% to 100% [47]. Of note, iatro-
genic hemobilia is commonly related to hepatic artery injury. Angiography with
transcatheter arterial embolization (TAE) is often considered when hemobilia is
secondary to large arterial aneurysms or pseudoaneurysms, arteriobiliary fistulae,
and/or intrahepatic or extrahepatic vascular lesions.

After selecting the injured artery, embolization is performed both proximal and
distal to the injury to ensure that no back bleeding occurs via intrahepatic arterial
collaterals [48]. As the liver receives dual blood supply (portal vein and hepatic
artery), TAE is contraindicated when portal vein thrombosis or obstruction is present
in order to prevent potential significant hepatic ischemia. TAE should be avoided in
patients with liver transplant, cirrhosis with concurrent shock, as more extensive
ischemic liver injury can result due to the already compromised collateral blood flow
[49]. An alternative to TAE is arterial stenting which works as a tamponade measure.
It may be beneficial in cases where preserving blood flow is critical and when TAE
is contraindicated. Complications of TAE include hepatic ischemia leading to necro-
sis, hepatic abscesses, hyperaminotransaminemia, and gallbladder infarction [50].

Percutaneous thrombin injection is a salvage technique used to management
pseudoaneurysms when TAE fails [51-53].

ERCP

There is a role for the use of ERCP in management of hemobilia especially in
hemodynamically stable patients. Moreover, it can help maintain biliary patency
by removing blood clots within the biliary tree; hence preventing obstructive
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jaundice, acute cholangitis, acute cholecystitis, and acute pancreatitis [43]. Post-
sphincterotomy hemobilia arises from injury of the posterior branch of the superior
pancreaticoduodenal artery and many endoscopic techniques can be used in the
management of this postprocedural bleeding. Balloon tamponade, monopolar or
bipolar coagulation, epinephrine injection, hemoclipping, and biliary stenting have
been reported to be successful at post-sphincterotomy hemobilia or in cases where
the site of bleeding is distal (i.e., at the level of the papilla or ampulla) [54-56].
Biliary stents have been reported to help control bleeding located at the extrahe-
patic bile duct. They work by providing a tamponade effect on the bile duct wall
while maintaining ductal patency to allow bile flow. Metallic and plastic stents have
been used successfully in managing hemobilia related to therapeutic maneuvers of
sphincterotomy, stent removal, papillary balloon dilation, bile duct biopsy, pancre-
atic fine-needle aspiration, and malignancy with bile duct invasion [35, 57-62].

Surgery

Surgical intervention is indicated in cases of failed, endoscopic, endovascular, and/
or percutaneous therapies. Surgery is also needed when hemobilia is complicated by
cholecystitis. When pseudoaneurysms are infected or are compromising surround-
ing vasculature, surgery is also preferred [43, 44]. When the lesion or injury is
located, the damaged vessel is ligated, or the infected pseudoaneurysm is excised.
Cholecystectomy can be performed concurrently if indicated. Of note, in setting of
uncontrolled intrahepatic bleeding, partial hepatectomy is an option.
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Introduction

Upon diagnosis of an occult GI bleed through iron deficiency anemia with or with-
out a positive fecal occult blood test, the first step in management of occult GI
bleeding is to stabilize the patient. Treatment of underlying anemia should be initi-
ated. A careful review of the patient’s medical and surgical history may help local-
ize bleeding to the upper GI tract (esophagus to the ligament of Treitz) or lower GI
tract (ligament of Treitz to the rectum) and identify any contributing underlying
disease, such as portal hypertension, peptic ulcer disease/gastritis, malignancy, arte-
riovenous malformation/angiodysplasia, or recent surgery/intervention. In the
appropriate clinical context, pharmacotherapy (proton pump inhibitors, somatosta-
tin, etc.) may temporize active bleeding. Once the patient is stable, a variety of treat-
ment options may be considered—including therapeutic endoscopic modalities,
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interventional radiology, and surgery. While the book’s main focus is on occult GI
bleeding, in order to review the principles of endoscopy, interventional radiology,
and surgical treatment, there will be some degree of overlap with overt GI bleeding.
Sometimes, overt bleeds can be intermittent, recurrent, and go unnoticed, and result
in iron deficiency anemia and heme positive stool.

Therapeutic Endoscopic Modalities

Endoscopy is a safe and effective method for treating GI bleeds [1]. Endoscopic
hemostatic methods for GI bleeding include thermal, mechanical, topical and injec-
tion therapies (Table 10.1). An overview of the treatment modalities follows, along
with the effectiveness of each method.

Table 10.1 Summary of therapeutic endoscopic modalities and the lesions they are used to treat

Modality | Type Use

Thermal Bipolar and Bipolar probes (ex. Gold Probe) are recommended as
Monopolar Probes | treatment for hemorrhaging ulcers and nonbleeding visible
(ex, Gold Probe, vessels. HeatProbes are used to treat peptic ulcers in the
HeatProbe, and upper two thirds of the posterior wall of the lesser curvature
Coagrasper) of the corpus of the stomach and the posterior wall of the

duodenal bulb. Monopolar probes (ex. Coagrasper) are
effective in treating non-variceal bleeding and managing
gastroduodenal ulcer bleeding

Argon Plasma Recommended for use when treating AVMs, gastric antral
Coagulation vascular ectasias, and CRP

Mechanical | Through the Scope | Useful in managing non-variceal type bleeding such as
Clips (Endoclips) | Mallory-Weiss tears, Dieulafoy’s lesions, diverticular
bleeding, bleeding peptic ulcers, postpolyectomy bleeding,
and perforations and fistulas

Over the Scope Should be used in patients with recurrent bleeding when
Clips other therapies have not worked. Typically used to promote
hemostasis of perforations and fistulas

Band Ligation Primarily recommended as a first treatment variceal bleeding.
EBL has been shown to be effective in managing esophageal
and duodenal Dieulafoy lesions, and Mallory Weiss tears

Topical Procoagulant Spray | Recommended for management of tumoral GI bleeds.
(Hemospray) Usually used as a second-line intervention when patients
experience unsuccessful long-term hemostasis with the
standard therapies such as in the case of unresectable
cancers. Also, used in combination with thermal therapy for
peptic ulcer treatment

Injection | Epinephrine Should not be used as a monotherapy. Is recommended for
use in combination therapy with thermal or mechanical
therapy

Glue (ECGI) Useful in managing gastric varices

Sclerosing Agents | Useful in treatment of esophageal varices (obsolete in the
United States)
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Thermal Therapy

Thermal or thermal coagulation therapy is a technique endoscopists utilize to pro-
mote hemostasis through cauterization of the bleeding site, resulting in coagulation
of the lesion. Thermal therapy can be further categorized into contact and noncon-
tact techniques.

Contact thermal therapy is performed through direct tissue contact with the cau-
terizing device. Through direct tissue contact, the device compresses the bleeding
site while simultaneously cauterizing the tissue in a process called coaptive coagu-
lation. Cauterizing devices can be further subdivided into bipolar probe (ex. Gold
Probe), heater probe (ex. HeatProbe), and monopolar probe (ex. Coagrasper). These
devices are especially useful in treating active hemorrhages and nonvisible vessels
such as those underlying peptic ulcers.

Bipolar probes generate heat from electrical currents that pass through elec-
trodes; the heat is transferred onto the bleeding tissue through contact (Fig. 10.1).
The electrical current must be transferred to the tissue at an angle or perpendicular
to the bleeding site to achieve desiccation. The current will automatically stop flow-
ing when it reaches a specified temperature in the tissue. This makes administering
thermal therapy easier and more straightforward. An inherent limitation of the probe
does not allow for deep tissue penetration; this eliminates the possibility of this
device causing perforation of the underlying tissue and increased rates of rebleeding
[2]. Thermal therapy works by facilitating tissue damage; therefore, multiple rounds
of this therapy to the same bleeding site is not recommended. Additional limitations
of the bipolar probe include its dependence on the inherent tissue properties such as
tissue water, resistance, or desiccation. Device properties and settings can be altered
depending on the lesion that is being treated [3]. Bipolar probes are specifically
recommended to manage hemorrhaging ulcers and nonbleeding visible vessels [4].

Heater probes are yet another type of contact diathermy. Although they have
similar efficacy to bipolar probes, they are more difficult to use because they require
perpendicular application of heat. Furthermore, the design and heating technology
of the device make it easier to cause deep tissue coagulation [5]. Therefore, heater
probes require experienced endoscopists to minimize the risk of perforation. When
used properly, heater probes efficiently achieve hemostasis of peptic ulcers. A study

Injection Gold Probe:

Active
Arterial Bleed

Coapted artery
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Fig. 10.1 Bipolar thermal hemostasis via Injection Gold Probe™. Copyright Boston Scientific
Corporation. Courtesy of Boston Scientific
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that compared the efficacy of heater probes and hemoclips (a form of mechanical
therapy) found that heater probes are more successful in halting peptic ulcer bleed-
ing in the upper two thirds of the posterior wall of the lesser curvature of the corpus
of the stomach and the posterior wall of the duodenal bulb — areas that are hard
reach with mechanical therapy [5].

Monopolar probes are another method of performing contact thermal therapy.
Like bipolar probes, they promote coagulation through cauterization via an electric
current. However, due to their one-electrode device nature, monopolar probes require
grounding pads. Furthermore, the technique required to deliver the current to the
bleeding site also differs from the bipolar probe technique. For monopolar probes,
either the edges of the bleeding site are tautly pulled away from the GI wall and then
cauterized or the probe is lightly touched to the center of the stigmata. Monopolar
probes have been shown to be effective in treating non-variceal bleeding. Some dis-
advantages to monopolar probes include that the device has no inherent limitation on
the current transferred to the bleeding site. This increases the chances of deep tissue
penetration and formation of GI perforations [6]. It is important that endoscopists
using this thermal modality have proper training in administering treatment. New
monopolar hemostatic forceps, Coagrasper, attempt to address this limitation by
maintaining the voltage at a constant level to decrease the chance of deep tissue coag-
ulation and promoting soft coagulation. Although studies are limited, there have been
promising outcomes with the use of these new devices in effectively managing gas-
troduodenal ulcer bleeding [7]. Small comparative studies have preliminarily shown
that the Coagrasper is more effective than the heater probe and hemoclips in achiev-
ing primary hemostasis with less adverse effects and lower rebleeding rates [7, 8].

Noncontact thermal therapy is performed through indirect tissue contact with the
cauterizing device. This technology is used in the Argon Plasma Coagulation (APC)
device. APC stimulates hemostasis with an electrical current generated from ioniz-
ing argon gas. The ionization energy is then dispersed into the nearby tissue, making
this therapy less precise and able to cover large areas. Depending on the clinical
situation, this can be an advantage of the APC, when compared to the contact ther-
apy devices, by allowing the device reach to bleeding sites that are in hard-to-reach
areas. APC results in more superficial coagulation because coaptive coagulation is
not possible with APC treatment due to the nature of noncontact diathermy. Due to
its low penetrance of tissue, APC is particularly useful in managing superficial
bleeding sites such as Arteriovenous malformations (AVMs), gastric antral vascular
ectasias, and chronic radiation proctitis (CRP) [9-11].

Regarding its use in treating CRP, radiofrequency ablation (RFA) is another
endoscopic modality that has made headway. As its name suggests, RFA works to
ablate tissue with radiofrequency energy delivered through a catheter [10]. This
form of intervention has been especially successful in treating CRP in patients who
have had recurrent bleeding after APC treatment. The RFA technique offers the
advantage of covering broader areas and making even less superficial ablations,
further lowering the complications associated with thermal therapy and decreasing
the chance of rebleeding [12]. With further research, RFA may emerge as the stan-
dard treatment for individuals with complicated cases of CRP.
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Mechanical Therapy

Mechanical therapy requires the use of devices that promote hemostasis by physi-
cally closing the bleeding source. Clips and Bands are the most common agents
used to perform mechanical endoscopic therapy.

Clips can further be categorized as Through the Scope Endoclips (Endoclips),
which are widely used, and Over-The-Scope-Clips (OTSC) (Fig. 10.2). The endo-
clips and OTSCs differ in how they are deployed, the amount of area they can com-
press, and the efficacy of the clips in treating peptic ulcers and recurrent bleeding
ulcers [13—15]. The mechanical agent of choice is dependent on recognizing the
type of lesion or bleeding site. There are a variety of endoclips which allow for dif-
ferent movements during and after deployment of the clips [4]. Endoclips are
deployed through-the-scope and require trained endoscopists for proper placement
(Fig. 10.3). In order to properly place the clip, it is important for the hemorrhaging
area to be visible and clear to receive the clip. Poor visibility of the stigmata can
lead to improper placement of the clip and increased rates of recurrent bleeding.
Multimodal therapy that pairs injections with endoclips can help mitigate this prob-
lem. In spite of the advancements that have made endoclips more user-friendly,
anatomical locations of lesions and difficult deployment of endoclips persist as

Fig. 10.2 Open Endoclip.
(Copyright Boston
Scientific Corporation.
Courtesy of Boston
Scientific)
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Fig.10.3 (a) Open clip. (b) Deployed, closed clip. (Copyright 2005 Boston Scientific Corporation.
Courtesy of Boston Scientific)
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limiting factors in their efficacy [16]. Endoclips are recommended for achieving
hemostasis in non-variceal type bleeding such as bleeding peptic ulcers, Mallory-
Weiss tears, Dieulafoy’s lesions, diverticular bleeding, and postpolyectomy bleed-
ing [17-21].

As the name suggests, OTSC are deployed over the endoscope. Placement of
OTSC requires clasping the edges of the hemorrhagic site and pulling them into the
endoscope, effectively embedding them in the OTSC compartment (a cylindrical
cap-like structure). OTSC can close bleeding sites of larger diameters than endo-
clips [22]. Despite this, OTSC are generally used as a second-line mechanical tool
because they are more expensive and not always the most cost-effective option
when compared to endoclips. OTSC can be used to treat rebleeding sites that were
unsuccessfully managed by endoclips and are typically used to promote hemostasis
of perforations and fistulas [14, 23-26]. Studies show that OTSC remain in situ up
to 39 days longer (with an average of 25 days longer) than endoclips and result in
decreased levels of recurrent bleeding [14, 27].

Some evidence suggests that clips are more efficacious than thermal therapy,
especially for the treatment of ulcers. This is partly due to the way the clips result in
hemostasis. Tamponade is promoted through compression of blood vessels and not
through tissue damage, which is how thermal therapy works [28]. Meanwhile, other
studies show that clips are less successful in achieving homeostasis of ulcers than
thermal therapy [5]. Overall, more research is necessary to conclude which modal-
ity is more effective.

Endoscopic band ligation (EBL) is another mechanical tool that is used to com-
press the bleeding site and promote hemostasis (Fig. 10.4). The EBL is performed
in a similar manner to OTSC, and rubber bands are used to compress the bleeding
site instead of a cylindrical cap-like structure [29]. In contrast to clips, EBL is the
preferred mechanical device used to treat variceal bleeding [30]. EBL is specifically
recommended for treating esophageal varices due to decreased rebleeding rates and
complications [31, 32]. The efficacy of EBL in treating non-variceal bleeding has

Fig. 10.4 Deployed band.
(Copyright Boston
Scientific Corporation.
Courtesy of Boston
Scientific)
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also been studied. With increasing research on the use of EBL to treat non-variceal
bleeding, perceptions have changed regarding the efficacy of this technique. EBL
can be also used in effectively managing Dieulafoy lesions, Mallory Weiss tears,
and peptic ulcers [33-35].

Injection Therapy

Injection therapy for GI hemorrhage aims to promote hemostasis through the intro-
duction of a variety of substances into the stigmata (Figs. 10.5 and 10.6). We will be
focusing on three main injectable agents: epinephrine, tissue adhesives (or glue),
and sclerosing agents, all of which are further discussed below.

Fig. 10.5 Needle.
(Copyright Boston
Scientific Corporation.
Courtesy of Boston
Scientific)

Fig. 10.6 Needle injection
of an agent to promote
hemostasis
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Fig. 10.7 White out effect
on mucosa after
epinephrine injection: it is
important to realize that
epinephrine is a temporary
measure only and other
therapeutic modalities are
needed

Epinephrine injections are administered around the source of bleeding to pro-
mote vasoconstriction, allowing for temporary hemostasis (Fig. 10.7). The volume
of epinephrine injections ranges from 1 mL to 40 mL. Depending on the volume
injected, epinephrine can produce different results. A larger dose produces a longer
period of hemostasis and a decrease in the rate of rebleeding [36]. Advantages of
epinephrine injections include straightforward application and temporary relief that
clears the site of bleeding, allowing for better visibility of the stigmata. This is espe-
cially useful when following up the injection with mechanical or thermal therapy to
achieve long-term hemostasis. Generally, one-time injections are rendered less effi-
cacious than thermal and mechanical therapy. When paired with another treatment
modality, injections are less likely to lead to rebleeding episodes [37-39].

Tissue adhesive injections (Glue) achieve initial hemostasis by causing tempo-
rary tissue injury. ECGI is one of the primary agents injected to promote thrombo-
sis. ECGI is typically used in the management of gastric varices. Similar to
epinephrine, it achieves short-term hemostasis [40]. Yet, recurrent bleeding post-
treatment is common. Therefore, it is recommended to pair ECGI injections with
another endoscopic treatment modality to achieve long-term hemostasis. An addi-
tional limitation is due to the tissue injury incurred from the injection; physicians
can only administer minimal amounts of the ECGI [41]. Despite EBL being more
efficacious than ECGI in treating esophageal varices, ECGI therapy is preferred
over EBL to treat gastric varices due to its lower complication rate [31, 32, 42, 43].

Other injectable agents include sclerosants, which are not typically used during
endoscopic therapy in the US. Injection of sclerosing agents results in tissue injury
through endothelial damage, which leads to subsequent thrombosis and fibrosis of
the area, resulting in hemostasis. Common sclerosing agents include saline, throm-
bin and fibrin sealant, fatty acid derivatives (ethanolamine oleate and sodium mor-
rhuate), synthetic agents (sodium tetradecyl sulfate and polidocanol), and alcohols
[44]. Saline has been shown to be less effective than epinephrine — leading to higher
rebleeding rates [2]. Fibrin sealants show promising results in achieving primary
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hemostasis. Fibrin sealants promote coagulation through the facilitation of platelet-
platelet aggregation. They have been shown to be more effective than polidocanol in
preventing rebleeding events [45]. More research is needed to establish the efficacy
of fibrin sealants in relation to other injectable agents and other therapeutic endo-
scopic modalities. Sclerosing agents are seen to be a preferred mode of treating
esophageal varices, especially in developing and under resourced countries, where
cost is a major barrier to care. Some case reports show that sclerotherapy has also
been successful in managing non-variceal bleeding sites like Dieulafoy’s lesions
[44]. In terms of efficacy, there is a lot of conflicting research on which sclerosing
agent is most successful. When choosing an agent, it is recommended that the physi-
cian take cost, risk for complications, and patient history into consideration. Overall,
the current consensus is that injectable agents are more efficacious when used in
combination therapy for ulcers, gastric varices, non-variceal bleeding, etc. [2, 37, 40].

Topical Therapy

Topical therapy is another modality used in treating hemorrhagic GI sites. Topical
therapy comes in many forms, most notably as a procoagulant spray, Hemospray.
Hemospray is an inorganic powder that is applied to the source of bleeding and
causes coagulation through a couple of mechanisms (Fig. 10.8). Like mechanical
agents, Hemospray facilitates a physical tamponade. Additionally, when the powder
substance is dispensed, it adheres to the bleeding site and absorbs bleeding factors,
creating a barrier over the source [46]. Advantages to this method of application
include that it does not require much precision, it can cover large areas, and it is
relatively safe to use because it does not create tissue injury.

Furthermore, the procoagulant spray is versatile and has been successfully used
as a monotherapy in addition to its uses in combinatory therapy. Procoagulant spray
can be used similarly to epinephrine injections where it promotes initial hemostasis to
momentarily stop active bleeding [47]. Unlike epinephrine injections, procoagulant

Fig. 10.8 This a picture of
a small bowel tumor in the
distal duodenum where
active bleeding was
stopped using Hemospray.
Once stable, the patient
underwent surgical
resection
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spray monotherapy has had success in achieving long-term hemostasis in patients
with acute lesions that have low risks of recurrent bleeding. Disadvantages to this
form of therapy include that it is relatively superficial, so it is limited to the types
of lesions that it can treat and not recommended as the sole treatment of hemo-
stasis of underlying vessels. For bleeding sites known for high recurrent rates, it
is recommended that Hemospray is used in combination with another endoscopic
intervention. Additionally, Hemospray presents technical challenges in how it is
delivered, leading to the clogging of the endoscope [46]. Despite this, Hemospray
has been demonstrated to have successful outcomes in controlling both non-variceal
and variceal bleeding. Further applications of hemostatic powders include manage-
ment of tumoral GI bleeds. Endoscopists are also using hemostatic spray as second-
line intervention for individuals whose bleeding was unsuccessfully managed with
conventional treatment (injection, thermal, or mechanical therapies) [48]. Overall,
studies show that hemostatic spray is a viable modality to manage GI bleeding. As
with many of the other therapeutic endoscopic modalities, more research is needed
with larger experimental populations.

Combination Therapy

With lesions that have a high risk of rebleeding, it is common to use a combination of
therapeutic endoscopic modalities to achieve homeostasis. A multimodal approach
that pairs modalities that successfully achieve temporary hemostasis with interven-
tions that promote long-term hemostasis is recommended for the management of pep-
tic ulcers and actively bleeding sites [49]. For example, combining epinephrine
injections, which promote immediate hemostasis, with endoclips can help the endos-
copist gain better visibility of the bleeding site and decrease the chance of improper
placement of the endoclip. In general, proper placement of the clips and deployment
of bands is correlated with decreased chances of rebleeding. Research shows that
when epinephrine injections are combined with another modality, they result in better
outcomes than when used as a monotherapy [37-39]. Similarly, multimodal therapy
including hemostatic powder and a conventional modality, has shown to be more effi-
cacious than hemostatic powder alone in management of peptic ulcer bleeding [50].
However, when comparing thermal contact monotherapy with injection plus thermal
contact dual therapy, there is no significant difference in patient outcomes [49].
Although there are limited studies evaluating dual endoscopy therapy, which includes
a combination of thermal, mechanical, or sclerosing injections, vs. monotherapy effi-
cacy, the present data indicates that both therapies are equally efficacious [49].

Complications of Endoscopic Therapy
Endoscopic therapy for GI bleeding has many benefits and is minimally invasive.

Nevertheless, there are complications associated with endoscopic therapy.
Complications can be due to procedural challenges — such as poor visualization,
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location of the lesion, and device limitations — and operational errors due to lack of
experience. Although risks can be minimized by good technique, some complica-
tions cannot be escaped. As with any other procedure, risk of infection and trauma
are high. Perforations and tissue injury are common complications, especially when
using thermal therapy. Specifically, for severe cases, risk of recurrent bleeding is
high. Therefore, with any patient, it is important to weigh the risks and benefits
before performing treatment [51, 52].

Interventional Radiology Management
of Gastrointestinal Bleeding

While the primary focus of this text is the treatment of occult GI bleeding, many of the
techniques discussed may be utilized in the treatment of overt/acute GI bleeding.
Similarly, many disease conditions, namely portal hypertensive conditions and sys-
temic diseases, may result in both chronic occult and overt episodes of GI bleeding.
Interventional radiology therapy of GI bleeding is most successful when a bleed can
be localized usually via endoscopy or non-invasive imaging. Triple phase CT angiog-
raphy (CTA) without oral contrast (noncontrast, arterial phase, and venous phase)
may be obtained in any patient with occult GI bleeding. Referring providers should
provide a clinical history of occult GI bleeding, to indicate a desire to rule out underly-
ing vascular anomalies rather than active bleeding. Nuclear medicine tagged red blood
cell scintigraphy (“bleeding scan”) has added sensitivity with the ability to detect
bleeding rates as low as 0.1 mL/min; however, image acquisition is time consuming,
lacks anatomic detail, and fails to identify the bleeding source in up to 50% of patients.
When physicians have failed to identify and manage the bleeding source through
therapeutic endoscopic modalities, IR methods can be pursued. Treatment of occult
arterial gastrointestinal bleeding is via angiography and embolization. Treatment of
variceal hemorrhage requires different access methods, equipment, and techniques
including portosystemic shunt creation (TIPS/DIPS) and/or balloon-occluded or
plug-assisted retrograde transrenal obliteration of varices (BRTO/PARTO) [53, 54].

Arterial Bleed
Introduction

Angiography may be pursued in patients whose bleeding is not controlled endoscopi-
cally or when complete workup fails to identify a bleeding source (Fig. 10.9). Catheter
directed angiography is less sensitive in detecting bleeding than computed tomo-
graphic angiography (CTA) or nuclear medicine scintigraphy, but offers the benefit
of concomitant therapy, namely embolization. The goal of embolization is to provide
a scaffold for thrombus formation to occlude the pathologic blood vessel, reducing
arterial perfusion pressure and bleeding. Embolic materials include commonly used



176 E. Rrapi et al.

Fig. 10.9 (a) Selective arteriogram of the gastroepiploic artery reveals persistent pseudoaneurysm
(white arrow) in the region of endoscoically placed clips over a suspected dieulafoy’s lesion (black
arrow) (b) Coil embolization was performed across the region of focal vascular abnormality
(black arrow)

metallic coils and plugs, biologic and synthetic materials of varying shapes and sizes,
and liquid glues or adhesives. These devices have varying biodegradability, onset,
and visibility on fluoroscopy. Water or oil-based contrast media may be mixed with
embolic agents to improve visibility on x-ray. Metallic embolic agents are generally
permanent and will be visible on all of the patient’s subsequent medical imaging.

Anatomy and Common Culprit Artery for Upper and Lower

The upper GI (UGI) tract is predominantly supplied by the celiac trunk. Superior
mesenteric artery (SMA) interrogation is warranted if celiac interrogation does not
reveal conventional anatomy. The lower GI (LGI) tract is supplied by the SMA,
inferior mesenteric artery (IMA), and in cases of IMA occlusion, by the internal
iliac arteries. Celiac artery interrogation may be necessary in rare instances of a
replaced middle colic artery. Common culprit vessels in the UGI tract include the
left gastric artery (fundal and gastroesophageal bleeding) and gastroduodenal artery
(duodenal bleeding). LGI tract bleeding can be from a variety of sources and com-
plete workup with non-invasive imaging and colonoscopy prior to angiography is
highly recommended.

Access
The most common access site is via the right common femoral artery. This access

point is usually palpable, offers a short distance to select the mesenteric vasculature,
and offers the ability to tamponade access site bleeding with manual compression
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against the femoral head. Left radial artery access has emerged as an alternative to
femoral arterial access, particularly in patients with increased risk of bleeding (high
body mass index, chronic kidney disease, thrombocytopenia, inability to receive
blood transfusion) or those with difficulty lying flat (low back pain, congestive heart
failure, cognitive impairment) [55]. Radial access allows patients to sit up immedi-
ately following their procedure and is associated with increased patient
satisfaction.

Prerequisite/Indications

The left gastric artery represents a special circumstance in UGI bleeding, as empiric
embolization of endoscopically proven lesions is generally well tolerated due to the
presence of multiple collateral vessels. Embolization for LGI bleeding is rarely
empirical and recommended only upon confirmation of focal vascular anomaly or
contrast extravasation due to the increased risk of bowel ischemia or delayed colonic
ischemic stricture. Due to these risks, embolization for LGI bleeds may only be
performed if selective catheterization is possible at the level of the mesenteric bor-
der of the colon. In the context of negative angiography and high clinical suspicion,
provocative angiography may be considered to identify occult sources of bleeding
localized by endoscopy or nuclear medicine scintigraphy. This approach requires an
infusion of intra-arterial tissue plasminogen activator (tPA) or other thrombolytics
to lyse suspected blood clots and “provoke” bleeding. Surgical consultation prior to
considering this approach is prudent, as provoked bleeding may not be controllable
and may necessitate emergent surgery. For this reason, provocative angiography is
seldom employed [53, 56-59].

Technique

Coil embolization is the process of direct delivery of metallic coils to the area of
vascular pathology (Fig. 10.10). Coils are sometimes referred to as mechanical
embolic agents (in contrast with flow directed agents). Multiple coils are frequently
utilized to create a “tight pack,” amenable to thrombus formation. Embolic materi-
als may be combined to increase the likelihood and speed of vessel thrombosis at
the treating physician’s discretion. If a catheter cannot be advanced close to the
diseased vessel coil, embolization may still be performed across the branch vessel
origin. When this approach is utilized, subsequent angiography of the Celiac, SMA,
IMA, or internal iliac arteries must be performed to evaluate for collateral blood
flow to the site of abnormality. In contrast to mechanical embolics, flow directed
embolic agents such as N-butyl cyanoacrylate (NBCA), Onyx, spherical or irregular
polyvinyl alcohol (PVA) particles, slurry or particle preparations of Gelfoam, or
other spherical embolic agents, may be utilized to treat an entire vascular bed. This
approach may be useful if there are multiple sources of bleeding or the cause of
bleeding is determined to be an arteriovenous malformation or gastrointestinal
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Fig. 10.10 (a) Selected images from tagged red blood cell scintigraphy show extravasation of
radiotracer into small bowel in the left lower quadrant. (b) selective angiography of the jejunal
artery reveals a pseudoaneurysm (black arrow). (¢) coil embolization (white arrow) decreases fill-
ing of the pseudoaneurysm with preserved blood flow to distal small bowel

tumor. Liquid embolic agents, such as NBCA and Onyx, may be used in patients
with uncorrected coagulopathy secondary to their ability to form a cast of the target
vessel. Spherical embolic agents and drug-eluting beads are flow directed agents,
which are advantageous in the treatment of an entire vascular bed [53]. Adequate
diagnostic information regarding blood flow and experience preparing and using
these agents is essential for safe deployment [53, 56-61].

Success Rate

Technical and clinical success of embolization for UGI bleeds is 93% and 67%,
respectively [62]. The success rates for LGI bleeds are more varied by clinical
context but average technical success is 88%, while average clinical success is
83% [63].
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Complications

Arterial access for angiography is associated with risk of access site (groin) com-
plications including hematoma (<3.1%), bleeding (<2.5%), and pain (<6.4%).
Damage to the underlying artery resulting in pseudoaneurysm (<0.6%), retroperi-
toneal hematoma (<1%), AV fistula (<1%), or distal thromboembolism and limb
ischemia (<0.4%), are rare complications, which warrant additional care and
potentially subsequent procedures. All embolization procedures result in a degree
of risk of subsequent bowel ischemia around 12%, which skews higher or lower
based on the territory being treated and quality of collateral circulation [64]. Post
procedure abdominal pain, passage of bloody stools, and occasionally fever and
leukocytosis, may be encountered after embolization. The benefits of interven-
tional radiology therapy relative to the risks should be discussed, but are generally
recognized to have associated morbidity and mortality superior to surgical inter-
vention [65].

Variceal Bleed
Introduction

Variceal hemorrhage (VH) is the leading cause of mortality in patients with portal
hypertension. VH may present as occult bleeding, particularly secondary to ectopic
varices, which are less amenable to endoscopic treatment [66].

Anatomy and Common Culprits

Esophageal varices (EV), gastric varices (GV), and gastroesophageal varices (GEV)
make up the majority of endoscopically encountered culprits for bleeding. Ectopic
varices are dilated mesoportal varices or portosystemic collaterals, which exist
throughout the GI tract outside the gastroesophageal region. Ectopic varices are an
underappreciated source of hemorrhage more common in extrahepatic (20-30%)
versus intrahepatic portal hypertension (1-5%) [66].

Access
Clinical determination of the source of bleeding is important prior to interventional

therapy of VH and access occurs via right internal jugular (RIJV) or right common
femoral venous (RCFV) access rather than arterial access.
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Prerequisites/Indications

Endoscopy is the preferred means of initial evaluation in patients with active or
suspected VH. Since ectopic varices may be endoscopically occult, non-invasive
cross-sectional imaging with portal venous or triple phase CT/CTA or contrast-
enhanced MRI are recommended adjunctive testing. Patients with isolated or pre-
dominantly gastric varices may be amenable to treatment with BRTO and/or
combination therapy with staged BRTO and TIPS or TIPS with antegrade transve-
nous obliteration or embolotherapy. Optimal management of VH requires multidis-
ciplinary cooperation and thoughtful risk/benefit discussion with the patient prior to
intervention.

Technique

TIPS RIJV is the conventional access method for TIPS. The left internal jugular
vein may be utilized and is reported to offer more favorable angles for accessing the
right hepatic vein, however, limited user experience may limit this benefit. Right
hepatic vein access is preferred for its reliable positioning in the posterior liver
parenchyma, which may be confirmed with lateral fluoroscopy. Reference to a pre-
operative CT or an intra-procedural wedged hepatic CO, venogram may be per-
formed to confirm the relationship of the portal vein to the right hepatic vein. A non
posterior location may suggest either selection of a middle hepatic vein or accessory
right inferior hepatic vein, which in the cirrhotic liver may not have a consistent
relationship with the portal vein and may increase the risk of extracapsular liver
puncture and subsequent bleeding. Hockey stick shaped catheters and use of hydro-
philic guidewires (Glidewire or Roadrunner) may facilitate right hepatic vein selec-
tion. Measurement of hepatic portal venous pressure gradient (HVPG) may be
performed prior to and following the procedure to confirm adequate decompression
for the indication (HVPG<12 mmHg is favored for treatment of varices). A needle
is fired generally within the proximal 2-3 cm of a hepatic vein in the direction of the
portal vein and slowly retracted under aspiration until portal venous blood is aspi-
rated. Contrast injection through the needle confirms portal venous access. Coring
(Colapinto) vs non-coring (Rosch-Uchida kits) needles allow for either advancing a
wire through the access needle or over-sheathing and needle retraction to secure
portal vein access. Dilatation of the parenchymal tract between the hepatic and por-
tal veins with an angioplasty balloon is required to allow for sheath advancement
into the portal vein and subsequent deployment of a bile-impermeable covered stent
graft. Access to the portal venous system affords the opportunity for direct treat-
ment of varices either via obliteration/sclerosis or embolotherapy. Portal venogra-
phy prior to stent deployment illustrates flow dynamics of portal hypertension and
the filling of varices and other porto-systemic shunts (Fig. 10.11).

Accessing the portal vein is generally considered to be the most technically chal-
lenging step of portosystemic shunt creation. Consequently, several advanced
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Fig. 10.11 (a) Portal venogram following TIPS reveals filling of gastroesophageal varices. (b)
confirmed by selective injection of the coronary vein. (¢) Varices are no longer filling following
TIPS and coil embolization (white arrow)

techniques have been described in the literature to combat this challenge (Table 10.2)
[67, 68]. In patients with non-opacification of the hepatic veins, as seen with Budd-
Chiari syndrome, left internal jugular vein access may promote cannulation of a
right or middle hepatic vein stump for wedged CO, portography. At the author’s
institution, percutaneous puncture of the liver targeting a snare in the IVC has been
described as a means of creating an artificial tract through which CO, portography
and subsequent portal vein localization may be performed. Either of these tech-
niques carry increased risk of bleeding due to proximal puncture of the portal vein
in the former case and liver capsule transgression in the latter.

Portal vein thrombosis is a rare situation which necessitates portal vein recanali-
zation for successful shunt creation. Recanalization may proceed via transhepatic,
transjugular, transmesenteric, trans-splenic, or combined surgical approaches.
Wedged CO, portography and pre-procedural CT are again used to localize the main
portal vein. Once access is obtained, a stiff, angled Glidewire and angiographic
catheter are used to secure access and enable recanalization via either mechanical or
Fogarty thrombectomy, catheter directed thrombolysis, or stenting.
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Table 10.2 Complex portal vein access strategies

E. Rrapi et al.

Problem Technique Special considerations
Hepatic vein LIJ access and HV stump CO, Increased bleeding risk
occlusion portography

Hepatic vein DIPS Increased bleeding risk
occlusion Transcaval puncture Special IVUS catheter is

recommended

Intrahepatic tumor,
cysts, poor IJ/SVC

Pre-procedural CT localization,
hybrid imaging

Increased radiation dose, increased
procedure time, possibly increased

HV access bleeding risk, potential for

malignant seeding

Inability to puncture
portal vein despite
multiple attempts

“Gun-sight” technique Multiple punctures increase
bleeding risk, increased radiation

dose

Portal vein thrombus | Portal vein recanalization Increased bleeding due to multiple

punctures and/or procedures

Difficulty with portal
vein localization

Marking hepatic artery with
microcatheter

Snare, basket, or wire deployment
in portal vein via para-umbilical
vein, direct varix access or
trans-splenic puncture

Multiple access required, increased
bleeding risk

Failure to localize the portal vein, despite wedged CO, portography and multiple
puncture attempts, may be addressed with “gun-sight technique,” described by
Haskal et al. [68]. This technique involves placement of a snare within both the IVC
and portal vein through access conventionally described via a recanalized para-
umbilical vein, although trans-splenic puncture may enable similar snare deploy-
ment. As described, a large snare is deployed within the IVC and small snare within
the portal vein, which are aligned on fluoroscopy allowing for needle puncture tra-
versing both snares and through and through wire access. As with other advanced
methods, bleeding risk is the primary concern given the need for additional
punctures.

The presence of intrahepatic tumors, cysts, or no suitable hepatic vein access
may necessitate transcaval shunt creation. Pre-procedural CT and/or hybrid imaging
modalities (live fluoroscopy and either cone beam or pre-procedural CT) are essen-
tial to select an appropriate level for caval puncture in the direction of the portal
vein. Portal access needles must be modified to assume an almost 90-degree angula-
tion to allow for portal vein puncture, and caution to avoid capsule transgression is
needed to minimize bleeding risk. The use of intravascular ultrasound (IVUS) to
localize the portal vein from the IVC is the basis for the DIPS procedure
described below.

Access to the portal vein may be obtained via a recanalized umbilical vein or via
percutaneous trans-splenic puncture of a dilated splenic vein. These access routes
allow for a snare to be deployed in a portal vein branch and targeted on
fluoroscopy.
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DIPS Direct intrahepatic portosystemic shunt arose as an advanced technique to
portosystemic shunts directed at patients with absent jugular or SVC access to the
hepatic veins, Budd-Chiari patients, and patients with pre-existing occluded
TIPS. The portal vein is localized utilizing an intravascular ultrasound (IVUS) cath-
eter positioned within the IVC via RCFV access. A modified needle is then fired
into the portal vein under ultrasound guidance with the remaining steps identical
to TIPS.

Balloon-occluded Retrograde Transvenous Obliteration (BRTO) and
PARTO Unlike TIPS/DIPS, transvenous obliteration procedures are directed
towards direct treatment of isolated gastric varices. These procedures do not allevi-
ate and may exacerbate portal hypertension and associated sequelae (esophageal
varices, ascites, pleural effusion, etc). A balloon or vascular plug is utilized to
occlude the drainage of a gastrorenal or splenorenal shunt, prior to introduction of
sclerosant to confine the sclerosant to varices (Fig. 10.12). The balloon is placed via
a vascular access sheath and must be left inflated for up to 4 hours, after which the
patient should have imaging to evaluate efficacy of variceal obliteration.
Alternatively, coils and plugs may be utilized to permanently occlude shunt drain-
age, which eliminates the need for subsequent angiography, yielding a logistical
improvement in patient management [69].

Success Rate

Combination of TIPS and embolotherapy is associated with statistically lower
rebleeding rates when compared to TIPS alone in 5 of 8 studies performed between
2005 and 2014 [70]. Initial clinical success with TIPS is high (97-100%); however,
rebleeding rates secondary to GEV’s are as high as 20% and 20-40% for ectopic
varices [59, 71]. DIPS is associated with a greater risk of extrahepatic puncture and
bleeding relative to traditional TIPS, but has similar outcomes [72]. BRTO is suc-
cessful in controlling bleeding from gastric varices in greater than 95% of patients
and has significantly lower rates of hepatic encephalopathy when compared with
TIPS (1% vs 30%). Efficacy of transvenous obliteration procedures for ectopic vari-
ces is not well established and requires further research [71].

Complications

TIPS is a generally safe procedure with a complication rate for experienced opera-
tors of 5% and a mortality rate of less than 2% in elective cases. Complications
associated with right internal jugular vein access are rare with ultrasound guidance,
but include carotid or subclavian artery puncture, pneumothorax, and injury to adja-
cent cervical structures. Guidewires advance into the right atrium or right ventricle
may induce a cardiac arrhythmia which is typically transient and resolves with
retraction of the offending catheter or guidewire. Rarely sustained arrhythmias may
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Fig. 10.12 (a) Coronal contrast enhanced CT shows filling of gastric varices. Additional images
revealed the source as a prominent gastro-renal shunt. (b) Balloon assisted retrograde venogram of
a gastrorenal shunt opacifying gastric varices. (¢) Venogram following administration and indwell-
ing of sodium tetradecyl sulfate foam and lipiodol shows reduced filling of gastric varices



10  Bipolar and Monopolar Cautery, Clips, Bands, Spray, Injections, Embolization... 185

be encountered including supraventricular or ventricular tachycardia. The most seri-
ous early complication associated with TIPS is intraperitoneal bleeding secondary
to either extrahepatic portal vein puncture (2%) or extracapsular liver puncture
(5%). Transgression of the liver capsule may allow for injury to extrahepatic organs
such as bowel, kidney (1.5%), or gallbladder (10%) [73]. Intrahepatic biliary duct
puncture (5%) is a complication of more commonly historically with the use of non-
covered stent grafts [73]. Hemobilia related to biliary duct puncture or inadvertent
hepatic arterial puncture (<1%) are rare but may require subsequent angiography
embolization if there is suspicion of significant bleeding. Wedged hepatic venogra-
phy, particularly with carbon dioxide can cause laceration of the liver parenchyma
or liver capsule rupture if injections are performed too forcefully.

The most common early complication following TIPS is worsening of hepatic
encephalopathy (20-50%), which is managed medically, but in less than 10% of
cases may necessitate revision or occlusion of the portosystemic shunt. Additional
complications ranging in incidence between 2—10% include hemobilia, portal vein
thrombosis, stent migration/misplacement (<1%), infection/biliary peritonitis,
nephropathy, and hemolysis [59, 74].

Complications of BRTO/PARTO are associated with exacerbation of the patient’s
existing portal hypertension and associated sequelae. The most notable of these is
esophageal varices, which are expected to enlarge (30-68%) and potentially bleed
(17-24%). Other complications include portal hypertensive gastropathy (5-13%),
ascites (0—44%), and hydrothorax/pleural effusion (0-8%) [69].

Future IR Therapies

Embolization therapy for other indications, specifically bleeding secondary to hem-
orrhoids, is currently under investigation. Small case studies outside the United
States have reported clinical success between 72-97% following either coil or coil
and particle embolization of the superior rectal arteries. These treatment methods
must first be validated, but in the future, they may offer an additional minimally
invasive treatment strategy for GI bleeding secondary to hemorrhoids [75-77].

Surgical Management of Gastrointestinal Bleeding

For any patients with bleeding, the therapeutic protocol should include a thorough
initial evaluation to classify the bleeding as occult, obscure, or overt, and then detect
the source of bleeding through endoscopy and/or angiography. Resuscitation, medi-
cal therapy, and correction of coagulopathy are essential [78, 79]. Indications for
surgical management of GI bleeds include inadequate resources for the manage-
ment of GI bleeds, such as lack of skilled endoscopists, repeated hospitalization for
GI bleeding, other indications for laparotomy, and, most importantly, failure of at
least two attempts at endoscopic management [80-83]. The operative approach is
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dictated by the etiology of bleeding, the patient’s hemodynamic status, whether the
bleeding is obscure, and the location (known vs. unknown site of bleeding). With
the advances in surgical techniques, most of the surgeries are now minimally inva-
sive and done laparoscopically.

Upper GI Bleed
Peptic Ulcer Bleeding

The overall goals of surgery for peptic ulcer bleeding include control of bleeding,
suppression of gastric acid secretion with or without an accompanying drainage
procedure, eradication of Helicobacter pylori infection, and exclusion of cancer.

Surgical strategies that are used in clinical practice to control bleeding in the
stomach secondary to peptic ulcer disease include:

* excision of ulcers in more proximal locations,
o distal gastrectomy, or
e simple suture ligation (a less morbid and preferred option).

Control of bleeding typically involves over-sewing of ulcers that occur in areas
that are not easily amenable to resection, such as in the duodenum or the proximal
stomach. Following a distal gastric resection, reconstruction can be done in two
configurations: a gastroduodenostomy (Billroth I reconstruction) or a gastrojeju-
nostomy (Billroth II reconstruction) [83]. A Billroth I reconstruction involves the
creation of an anastomosis between the duodenum and the gastric remnant, while a
Billroth II reconstruction consists of an anastomosis between the stomach and a
jejunal loop. Based on the location and pathogenesis, gastric ulcers can be catego-
rized into the five types. Type 1 ulcers occur in the body of the stomach, high along
the lesser curvature near the incisura, and are associated with H. pylori infection.
Type 2 ulcers usually occur in the pre-pyloric area and are often associated with
duodenal ulcers. Type 3 ulcers occur in the antrum. Type 4 ulcers occur along the
lesser curvature of the stomach near the gastroesophageal junction (GEJ). Type 5
ulcers are diffuse ulcerations of the gastric mucosa associated with nonsteroidal
anti-inflammatory drug use. This classification of gastric ulcers not only reflects the
pathogenesis but also determines the surgical management, which often includes a
combination of the strategies discussed (Table 10.3).

Bleeding from a duodenal ulcer occurs when the ulcer posteriorly erodes into the
gastroduodenal artery. This bleeding can be surgically controlled by simple suture
ligation through an opening in the anterior duodenal wall (anterior duodenotomy).
A generous Kocher maneuver is performed to mobilize the duodenum followed by
an anterior duodenotomy over the first and second portions of the duodenum through
the pylorus. Once the site of bleeding is exposed, direct digital pressure should be
applied immediately, followed by placement of 3 to 4 U sutures around the bleeding
ulcer using non-absorbable suture material. Finally, the duodenostomy should be
closed in a transverse fashion.
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Table 10.3 Summary of surgical management for GI bleeding

Source of GIB

Treatment options

Notes

Type 1 gastric
ulcer

Distal gastrectomy (antrectomy) and
Billroth I*

Type 1 gastric ulcers are higher on
the lesser curvature and do not have
elevated acid production

Type 2 gastric Antrectomy and Billroth I/II and Associated with a duodenal ulcer
ulcer Vagotomy* and acid hypersecretion

Type 3 gastric Antrectomy and Vagotomy* Prepyloric ulcer. Acid

ulcer overproduction

Type 4 gastric No consensus on treatment. Subtotal | Near GEJ

ulcer gastric resection or distal

gastrectomy often pursued

Type 5 gastric
ulcer

Packing of the stomach and subtotal
gastrectomy

Duodenal ulcer

1. Oversew + Truncal Vagotomy+

Pyloroplasty
2. Oversew + Truncal Vagotomy +
Antrectomy
3. Oversew only**
Mallory-Weiss Over-sewing
tears
Dieulafoy lesions | Over-sewing

Aorto-enteric

Graft explantation, extraanatomical

fistulas bypass, enterotomy repair
Hemobilia Angiography
Hemosuccus Angiography
pancreaticus

Small bowel Segmental resection
bleeding

Colonic bleeding | Segmental resection
Bleeding * Portocaval shunt

esophageal varices

* Splenorenal shunt
 Esophagogastric devascularization
and transection

Sinistral
hypertension

Splenectomy

*For unstable patients, biopsy and oversew or wedge resection should be done instead.
**For unstable patients

After control of bleeding, it is important to initiate treatment to suppress gastric
acid production. This can be effectively achieved with medications, and this strat-
egy should be considered as first-line therapy in patients with bleeding peptic ulcers,
who have not received prior treatment and are compliant with the regimen. Vagal
denervation of the stomach effectively reduces acid secretion and contributes to
duodenal ulcer healing. A vagotomy is achieved by severing the vagus nerve at three
possible levels. Based on the level at which the nerve is cut, a vagotomy is classified
into truncal, selective, or highly selective vagotomy. Truncal vagotomy involves
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transection of the vagus proximal to GEJ. Selective vagotomy involves transection
of the vagus below the GEJ with preservation of the hepatic and celiac branches.
Highly selective vagotomy involves transection of only those branches of the vagus
that supply the stomach, with preservation of the hepatic, celiac, and antral branches.
Emergency truncal vagotomy is necessary only for patients who have failed proton
pump inhibitor (PPI) therapy or are allergic to PPIs. Selective vagotomy is time
consuming and is not useful for the surgical management of peptic ulcer-induced
bleeding [84]. Vagotomy induced acid suppression results in altered gastric empty-
ing secondary to denervation of the pylorus and antral hypergastrinemia with gas-
trin cell hyperplasia. Highly selective vagotomy can effectively minimize
hypergastrinemia and altered gastric emptying. However, highly selective vagotomy
is associated with weaker acid suppression and a higher risk of ulcer recurrence.

Vagotomy should be accompanied by a drainage procedure as a counter-
regulatory mechanism for vagotomy induced delayed gastric emptying. A Heineke-
Mikulicz pyloroplasty and antrectomy (removal of the pylorus) are examples of
drainage procedures. The Heineke-Mikulicz pyloroplasty is a simple and rapid pro-
cedure. Antrectomy offers the advantage of including a bleeding ulcer in the resec-
tion and eliminates the parietal cells, resulting in greater acid suppression. However,
performing an antrectomy is time consuming and is therefore not ideal in emergen-
cies. Other complications of a vagotomy include dumping syndrome and post-
vagotomy diarrhea.

In summary, surgical options for bleeding duodenal ulcers include the
following:

» simple suture ligation through an anterior duodenotomy,

e suture ligation, antrectomy, and truncal vagotomy for stable patient’s refractory
to acid suppression therapy, or alternatively,

 suture ligation, vagotomy, and duodenoplasty.

Most of these procedures can be performed using minimally invasive technique;
however, these techniques are not advisable in emergent situations.

Following gastric acid suppression, a urea breath test, fecal antigen test, or
biopsy based tests should be performed for H. pylori testing, and antibiotics should
be administered for eradication [85]. Lastly, cancer is ruled out by evaluation of
biopsy specimens obtained from the edge and base of an ulcer [86].

Non-Peptic Ulcer Bleeding

Non-peptic ulcer bleeding includes bleeding from varices, tumors, Mallory-Weiss
tears, Dieulafoy lesions, aorto-enteric fistulas, hemobilia, hemosuccus pancreaticus,
as well as iatrogenic and traumatic injuries. Management of bleeding in such cases
depends upon the specific lesion.

Bleeding from Mallory-Weiss tears is usually self-limited and rarely requires
surgical intervention [87]. Dieulafoy lesions cause intermittent bleeding and are
difficult to localize. In both cases, surgery when required, involves over-sewing of
the lesions (the mucosa and the bleeding vessel, respectively) through a gastrotomy
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[88]. Management of GIB is most challenging in patients with diffuse erosive gas-
tritis refractory to medical management. Hemodynamic instability in patients neces-
sitates packing of the stomach as a temporary measure, intra-arterial vasopressin
injection, and ultimately subtotal or near-total gastrectomy [8§9-91]. In patients with
benign or malignant GI tumors, partial gastric resection is often indicated [92].

Variceal Bleed

Sengstaken-Blakemore tube or self-expanding metal stent placement is useful to tam-
ponade the bleeding site and stabilize patients with variceal bleeding that is refractory
to multiple endoscopic treatments. This procedure provides adequate time for initia-
tion of resuscitative measures, correction of coagulopathy, and optimization for fur-
ther intervention [93]. Depending on the availability of surgeons with the required
expertise, patients with active bleeding and acceptable surgical risks should be con-
sidered for portacaval (nonselective) shunt placement. For patients without active
bleeding, a more selective distal splenorenal shunt should be considered. Complete
esophagogastric devascularization and transection (the Sugiura procedure) may be
performed as a last resort in patients in whom shunt placement is not possible.
However, this approach is associated with a significantly high mortality rate [94].
Poor surgical candidates with variceal bleeding, who are otherwise stable, should
undergo transjugular intrahepatic portosystemic shunt (TIPS) placement. However,
careful patient selection is important because of serious complications, such as
worsening encephalopathy associated with this procedure. Patients deemed appro-
priate candidates for the TIPS procedure should undergo evaluation for liver trans-
plantation at a transplant center. For patients with noncirrhotic sinistral (left-sided)
portal hypertension, the approach to treatment is different. Noncirrhotic sinistral
portal hypertension results from occlusions in prehepatic structures, most com-
monly the splenic vein, which leads to the redirection of blood from the portal
venous system to the systemic circulation, often causing isolated gastric varices.
Pathological processes in the pancreas like pancreatitis, tumors, etc. can cause
splenic vein obstruction. For patients with bleeding gastric varices secondary to
noncirrhotic sinistral portal hypertension resulting from splenic vein thrombosis,

splenectomy is curative and the treatment of choice [95].

Special Causes

Aorto-enteric fistula management necessarily involves surgical intervention owing
to a breach in the integrity of the aortic wall and graft infection. Most patients
undergo ligation of the aorta, and explantation of the graft with the placement of an
extra-anatomical bypass (e.g., an axillary-to-femoral bypass). Alternatively, the
infected aortic graft can be replaced with a femoral vein or cryopreserved aortic
allograft. The enterotomy, which is commonly located in the third portion of the

duodenum, should be resected with subsequent reconstruction [98].
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Colonic Lower GI Bleed

Right or left hemicolectomy or any other segmental resection is recommended
for patients with lower GIB that can be localized to the colon, provided the bleeding
site can be accurately localized and/or embolized; blind total colectomy should be
avoided. Depending on the size and spread, resection of an underlying tumor is
often done through minimally invasive laparoscopic or laparotomic techniques.
Both techniques have comparable outcomes, although laparoscopic resection less-
ens recovery time [96, 97].

Small Bowel Bleed

The small bowel should be suspected as the site of bleeding in patients with obscure
GIB in whom mesenteric angiography, esophagogastroduodenoscopy, capsule
endoscopy, colonoscopy, tagged red blood cell scan, enteroclysis, Meckel’s scan,
and enteroscopy are all non-diagnostic. The recommended course of action is to
avoid exploratory procedures in patients in whom the source of bleeding cannot be
confirmed. The most common source of bleeding in the small bowel is arteriove-
nous malformations (AVMs), which cannot be identified through visual inspection
or palpation. Therefore, intraoperative endoscopy is essential in patients transferred
to the operating room for management of obscure bleeding. The endoscopic proce-
dure is performed to evaluate the small bowel lumen, and the surgeon feeds the
small bowel on to the endoscope. The surgeon carefully manipulates the small
bowel loops so that the endoscope can accurately capture views of most segments
of the small bowel to evaluate as much of the small bowel lumen as possible. The
combination of endoscopic luminal visualization, palpation of the bowel, and trans-
illumination increases the rate of detection of AVMs, masses, or any mucosal
defects. Endoscopic sclerotherapy, endoscopic coagulation, or resection of the
affected small bowel segment can be performed following accurate localization of
bleeding sites. Meckel’s diverticulum and masses are more obvious pathologies,
which are treated with segmental small bowel resection.

Conclusion

Gastrointestinal bleeding can be approached in a myriad of ways. Due to the variety
of lesions, pathologies, and lack of large randomized control trials, there is no stan-
dardized treatment for GI bleeding. Therefore, management of the bleeding site is
based on the location, type of lesion that is being treated, and available expertise.
Generally, physicians tend to start with the least invasive therapies—endoscopic
hemostasis—and then progress to more involved interventions such as embolization
and minimally invasive surgery, and ultimately open surgery.
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Intro

The pediatric mantra “children are not just small adults” certainly holds true for the
evaluation and management of occult gastrointestinal bleeding. Unlike the adult
population in which fecal immunochemical testing or guaiac based hemoccult test-
ing are commonly performed to detect occult bleeding as part of routine colorectal
cancer surveillance algorithms, evaluation for occult bleeding in children is most
often triggered by findings of unexplained and/or refractory anemia. Although the
differential diagnosis of occult gastrointestinal blood loss in children has similari-
ties to adult causes, there are several pediatric specific processes that vary based on
the age of the child. While occult bleeding in adults raises concern for potential
gastrointestinal malignancies, these are extraordinarily rare in pediatrics. In con-
trast, problems such as allergic colitis (cow milk protein allergy), anatomic abnor-
malities (juvenile polyps, Meckel’s diverticulum, vascular malformations,
anastomotic ulcers and intestinal duplications), and inflammatory etiologies
(Crohn’s disease) are more prevalent in infant, school aged, and adolescent popula-
tions respectively. Furthermore, there are particular pediatric specific implications
in the diagnostic and therapeutic approach, particularly in infant and preschool aged
children. These include limitations interpreting fecal occult blood testing as well as
challenges with endoscopic evaluation. Patient age and size present potential barri-
ers when obtaining small bowel evaluation with capsule endoscopy or enteroscopy.
Addressing the causes of occult gastrointestinal bleeding with therapeutic endos-
copy can also be more challenging since there are fewer endoscopic tools available
because of the smaller working channel on 5.2 mm endoscopes.
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Epidemiology/Etiology

It is difficult to ascertain the epidemiology of occult gastrointestinal bleeding in
pediatrics given its occult nature, underrecognition, and diagnostic limitations. In
general, the epidemiology of all pediatric gastrointestinal bleeding, both occult and
overt bleeding, is poorly elucidated in the current literature [1, 2]. While overt gas-
trointestinal bleeds have more obvious clinical signs of hematemesis, melena, etc.
the suspicion for occult bleeding relies on more subtle findings of pallor and iron
deficiency anemia in combination with fecal occult blood testing.

The potential etiologies which formulate the differential diagnosis of occult
bleeding in pediatrics are unique to that of their adult counterparts. In approaching
pediatric occult gastrointestinal bleeding, clinicians must take into account the
patient’s age as well as the presenting symptoms and physical exam. Dividing popu-
lations up into infant/preschool, school aged, and adolescent can be helpful in
approaching potential causes of gastrointestinal bleeding in children (Table 11.1).
Overall, children show a greater likelihood of having anatomic abnormalities such

Table 11.1 Etiology of occult gastrointestinal bleeding by age

Infant/preschool School aged Adolescent
Inflammatory | Allergic Celiac sprue Inflammatory bowel
Cow milk protein Very early onset IBD disease
allergy (allergic colitis) | Gastritis/esophagitis Celiac sprue
Eosinophilic Eosinophilic Gastritis/esophagitis
gastrointestinal disease | gastrointestinal disease | Eosinophilic
Celiac sprue Lymphonodular gastrointestinal disease
Gastritis/esophagitis hyperplasia Lymphonodular
hyperplasia
Anatomic Juvenile polyps Juvenile polyps Meckel’s diverticulum
Meckel’s diverticulum Meckel’s diverticulum | Juvenile polyps
Gastrointestinal Gastrointestinal Gastrointestinal
duplications duplications duplications
Anastomotic ulcers Anastomotic ulcers Anastomotic ulcers
Vascular Telangiectasia Telangiectasia Telangiectasia
Hemangiomas Hemangiomas Hemangiomas
Vasculitis (Henoch Angiodysplasia Angiodysplasia
Schonlein Purpura) Vasculitis (Henoch Vasculitis (Henoch
Schonlein Purpura) Schonlein Purpura)
Hepatobiliary | N/A Esophageal/rectal Esophageal/rectal
varices varices
Portal vein thrombosis |  Portal vein thrombosis
Cirrhosis Cirrhosis
Infectious Hookworm Hookworm Hookworm
Strongyloides/Ascaris Strongyloides/Ascaris Strongyloides/Ascaris
Malignancy | N/A Gastrointestinal stromal | Gastrointestinal stromal
tumors (GIST) tumors (GIST)
Miscellaneous | Coagulation disorders Coagulation disorders Coagulation disorders
Non-accidental trauma Non-accidental trauma | Non-accidental trauma
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as small intestinal polyps, Meckel’s diverticulum, intestinal duplications, vascular
malformations, as well as inflammatory etiology such as Crohn’s disease compared
to their adult counterparts.

Inflammatory
Allergic

Cow milk protein allergy (CMPA), also referred to as food protein induced colitis/
enterocolitis, is a non-IgE mediated food protein induced allergic inflammatory dis-
order that has a diverse spectrum of clinical manifestations. These range from non-
specific symptoms such as abdominal pain, fussiness, poor weight gain, regurgitation,
emesis, and loose stools to more striking symptoms such as growth failure, hemato-
chezia, acidosis, and enterocolitis syndrome [3, 4]. Gastrointestinal blood loss is
more often occult, though can progress to more fulminant proctocolitis with overtly
bloody stools. Cow milk protein allergy presents in infants with the peak onset at
around 4-6 months of age. Its overall incidence is estimated to be quite high at
nearly 2-3% of infants out of a general population cohort [3], and is even higher in
some select populations including premature infants. The natural course of this dis-
order is gradual resolution over the first 2 years of life and in normally growing
children with no other symptoms besides occult blood loss, families can continue an
unrestricted diet with close outpatient monitoring. While histopathology reveals a
predominately eosinophilic infiltrate [4, 5], the diagnosis of CMPA is typically a
clinical diagnosis and endoscopy/colonoscopy is not routinely recommended.
Rather CMPA can be presumed based off of compatible clinical history, exclusion
of other potential etiologies, and symptomatic response when breastfeeding moth-
ers restrict their diet or infants are transitioned to a partially hydrolyzed or elemental
formula. While the majority of infants will have clinical response and resolution of
bleeding with transition to a partially hydrolyzed formula, a small percentage will
require an elemental formula [6]. CMPA is the most common etiology for occult
gastrointestinal blood loss in the first year of life. Attempts to comport the diagnosis
with positive fecal occult blood test are limited by its poor specificity in this age
range and thus the diagnosis of CMPA largely remains a clinical diagnosis based on
symptom constellation and clinical response to dietary exclusion [7].

Celiac

Celiac disease is an immune-mediated enteropathy driven by gluten sensitivity and
it is highly prevalent with estimated rates of pediatric Celiac disease ranging from
1:300 to as many as 1:80 children. The classic presentation of abdominal distention,
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diarrhea, and weight loss/growth failure is more common in childhood celiac dis-
ease than in adults [8]. However, with increased availability and widespread use of
serologic testing, there has been a shift in how children with celiac disease present
with one study describing the classic symptomatology decreasing from 67% to 19%
[9]. They attributed this to increased detection of atypical cases in older children
and adolescents which led to a dramatic corresponding shift in the average age of
diagnosis from approximately 2 years of age to 9 years of age during that same time
span [9, 10]. While the presentation of refractory iron deficiency anemia has long
been well described in adult celiac patients, it was only more recently confirmed as
a common initial manifestation in children. One pediatric cohort study demon-
strated that upwards of 25% with refractory iron deficiency anemia had positive
celiac serologies and another noted that more than 25% of children with untreated
celiac disease had a positive fecal occult blood test [11, 12]. This yielded recom-
mendations for early celiac serologic screening in the setting of iron deficiency
anemia and concern for occult bleeding in order to make more timely diagnosis,
minimize celiac associated complications, and avoid repeated courses of iron sup-
plementation [8].

Inflammatory Bowel Disease

With an incidence of 10 per 100,000 children, there are approximately 70,000
children with inflammatory bowel disease (IBD) in the United States. Although
children frequently present with abdominal pain, diarrhea, and weight loss, a small
percentage of children have symptoms associated with anemia alone. Unexplained
iron deficiency anemia with gastrointestinal bleeding, particularly in school aged
and adolescent patients, must raise concern for IBD. While in younger children
with occult GI bleeding the possibility of IBD must be entertained, very early onset
inflammatory bowel disease defined as onset of symptoms prior to 6 years of age
is quite rare. Chronic occult blood loss and iron deficiency are a common presenta-
tion for inflammatory bowel disease in the pediatric population, with 67-76% of
children with IBD having anemia at the time of diagnosis [13]. Interestingly, 70%
of school age children with IBD present with anemia compared to 42% in adoles-
cents and 40% in adults [14]. Diagnosis of children with suspected inflammatory
bowel disease frequently relies on laboratory testing, though fecal occult blood
testing has been suggested as a screening tool. In one study of 335 children under-
going testing for IBD, combining screening laboratory studies with fecal occult
blood testing and perianal examination increased the sensitivity of diagnosing IBD
from 80.5% to 97.6% [15].
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Helicobacter Pylori

Helicobacter pylori infection in children is a frequent cause of upper abdominal
pain, nausea and dyspepsia. Although noninvasive screening for H pylori exist,
national guidelines still recommend endoscopic evaluation to evaluate for infection
[16]. Indeed nodular antral gastritis is a nearly pathognomonic finding for childhood
H pylori infection and is seen more commonly in children than in their adult coun-
terparts [17]. Lymphoid follicle hypertrophy and thickening of the gastric mucosa
folds were also seen more commonly in the pediatric population, while gastric
mucosal atrophy, intestinal metaplasia and dysplasia occurred less frequently in
children. Because H pylori has been associated with duodenal ulcers and chronic
gastritis, children can have both positive fecal occult blood tests and iron deficiency
anemia with an active H pylori infection. Several meta-analyses have confirmed that
the association between unexplained iron deficiency anemia and H pylori infection
is also seen in pediatrics [18, 19]. Diagnostic testing for H. pylori infection should
be considered in children with refractory iron-deficiency anemia. Indeed, one small
study evaluating adolescents with unexplained iron deficiency anemia found that
the most common endoscopic finding was antral gastritis. With almost 40% of their
cohort population having histopathologic findings consistent with H pylori infec-
tion, this prompted guidelines to recommend targeted biopsies for H pylori on upper
endoscopy for the indication of iron deficiency anemia [16, 18, 19].

Anatomic

Juvenile polyps are the most common cause for painless lower gastrointestinal
bleeding in children [20, 21]. Frequently, bleeding associated with colonic polyps
is overt bright red blood per rectum, but presentation is variable based on polyp
location and can be more insidious in nature. Juvenile polyps are hamartomatous
growths that are commonly seen in children with peak age on incidence from 2 to
4 years of age. Large retrospective cohort indicates that the incidence of colorectal
polyp across all pediatric colonoscopies is approximately 6% irrespective of indica-
tion, but increases to 12% for indication of lower gastrointestinal bleeding [21].
Younger age, male sex, and non-white race were all significantly associated with
polyp detection. However, it appears that the likelihood of polyp detection may be
significantly higher in certain populations as smaller cohort studies have found inci-
dence rates that range as high as 42-57% based on population characteristics [22,
23]. In children and adolescents, 85-90% of polyps are juvenile (hamartomas) pol-
yps with the remainder made up of hyperplastic/inflammatory polyps and adeno-
mas. The vast majority of patients (80-95%) will have a single isolated polyp
detected with the bulk of these located in the left colon [22]. One study character-
izing distribution of juvenile polyps noted that 68% were isolated to rectum, 20%
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to the rectosigmoid, and 12% in the descending colon [21, 23]. While single iso-
lated polyps are predominant, the presence of multiple polyps, particularly in the
setting of positive family history or polyp location outside the colon should raise
concern for genetic polyposis syndromes prompting consideration for further diag-
nostic evaluation. Small bowel polyps in particular can represent an obscure cause
for occult bleeding that may not be readily identifiable with standard esophagogas-
troduodenoscopy and ileocolonoscopy.

A number of other anatomic variants can manifest with gastrointestinal bleeding
early in childhood. These includes Meckel’s diverticulum which is a small out-
pouching that represents the most prevalent congenital abnormality of the gastroin-
testinal tract. It is a remnant of the omphalomesenteric duct and has associated
ectopic gastric or pancreatic tissue in estimated 44% and 37% of cases respectively
[24]. While most characteristically it presents with overt episodes of painless gas-
trointestinal bleeding it has been described in cases of insidious chronic bleeding
and may also represents an incidental finding in completely asymptomatic individu-
als. It is classically known for its “rule of 2’s” in which estimated fraction of 2% of
the population has this small diverticulum with typical length of approximately
2 inches and location roughly 2 feet from the ileocecal valve. The peak age of inci-
dence is prior to 2 years of age and frequently the diverticulum expresses ectopic
gastric tissue which predisposes to bleeding. While Meckel’s is most commonly
described it is possible to get duplication cysts in a number of locations throughout
the gastrointestinal tract and if gastric ectopic tissue is present so too is the potential
risk for bleeding. Technetium-99 m pertechnetate imaging offered high diagnostic
yield in detecting Meckel’s or other diverticulum which express ectopic gastric
mucosa [24, 25].

Chronic occult bleeding and anemia are well described long term complica-
tions associated with ulcer formation at intestinal anastomoses. Ileocolonic anas-
tomotic sites in infants with history of necrotizing enterocolitis are commonly
described to have delayed complications such as ulcer formation (Fig. 11.1a). One

Fig. 11.1 Anastomotic ulceration. (a) Ulceration at ileocolonic anastomosis. (b) Serial transverse
enteroplasty [26]. (¢) Staple line erythema as a complication of serial transverse enteroplasty
(STEP) bowel lengthening procedure
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study described symptomatic ulceration at previous ileocolonic anastomosis in six
children who had underwent ileocecal resection for necrotizing enterocolitis with
mean onset of symptoms over 5 years after initial successful surgical management.
The etiology for these inflammatory ulcerations is unclear but anecdotally they are
refractory to treatment with anti-inflammatory medications and have high recur-
rence rate following surgical revision [27]. Ileocolonic anastomoses seem particu-
larly vulnerable to anastomotic ulcer bleeding and multiple studies demonstrate the
timing can be markedly delayed with one study showing the interval between sur-
gery and detection of anastomotic ulcer ranged from 15 months to over 2 decades.
In this study where a small cohort of patients with ileocolonic anastomotic ulcer
bleeds underwent surgical revision, the majority failed to demonstrate clinical
improvement with ulcer recurrence at the new anastomotic site [28]. Additionally,
staple line associated ulcerations in patients with intestinal failure who have under-
gone serial transverse enteroplasty procedure (STEP) for bowel lengthening is a
well described phenomenon that leads to chronic refractory occult gastrointestinal
bleeding (Fig. 11.1b, ¢) [29].

Vascular

Multisystem vascular disorders and vascular anomalies including angiodysplasia,
telangiectasia, hemangiomas, and more rare vasculocutaneous syndromes such as
blue rubber bleb nevus syndrome can lead to chronic occult gastrointestinal blood
loss (Table 11.2) [2]. Additionally, genetic polyposis syndromes are often associ-
ated with occult bleeding. These commonly present in childhood and careful physi-
cal exam and history can be helpful in raising suspicion for such vascular lesions
and polyposis syndromes. Skin findings such as telangiectasias, blue nodules, hem-
angiomas, or pigmented macules (lentigines) raise suspicion for multisystem vascu-
lar disorders such as hereditary hemorrhagic telangiectasia, blue rubber bleb nevus
syndrome as well as polyposis disorders, such as Peutz-Jeghers syndrome and juve-
nile polyposis syndrome (Fig. 11.2) [2, 30].

Table 11.2 History and cutaneous findings associated with multisystem vascular and polypsosis
syndromes

Cutaneous manifestation, historical clues Diagnosis/vascular lesion
Oral lentigines, pigmented macules Peutz-jeghers (Hamartomatous polyps)
Epistaxis, cutaneous telangiectasia’s, and Osler-Weber-Rendu or hereditary hemorrhagic
positive family history telangiectasia
Cutaneous hemangiomas Infantile visceral hemangiomas
Multifocal nodular blue venous Blue rubber bleb nevus syndrome
malformations
Purpuric rash, abdominal pain, hematuria Henoch Schonlein Purpura (IgA mediated
vasculitis, intestinal purpura)
Juvenile polyposis syndrome
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Fig. 11.2 (a) Segmental hemangioma seen in PHACES Syndrome [31]. (b) Oral lentigines asso-
ciated with Peutz-Jegher Syndrome. (c¢) Blue vascular lesions in Blue Rubber Bleb Nevus
Syndrome [32]. (d) Palpable purpura of Henoch-Schonlein Purpura [33]

Hepatobiliary

Esophageal varices and portal hypertensive gastropathy related to chronic liver dis-
ease can present with occult gastrointestinal bleeding (Fig. 11.3). Overall, chronic
liver disease presenting with portal hypertensive sequelae is relatively uncommon in
the pediatric population. However, variceal bleeding from portal hypertension caused
by cirrhosis from chronic liver disease or portal vein thrombosis may occur. Prematurity
and history of umbilical vein catheterization as well as hypercoagulable disorders are
notable risk factors for portal vein thrombosis. Smoldering chronic hepatitis from
Wilson disease, alpha-1 antitrypsin, or autoimmune hepatitis leading to cirrhosis
infrequently presents as unexplained anemia from varices or portal gastropathy.
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Fig. 11.3 Sequelae of portal hypertension in children. (a) Esophageal varices from portal vein
thrombosis (b) portal gastropathy from autoimmune hepatitis

Infectious

Although chronic helminthic infections in the United States and other developed
nations are relatively uncommon given sanitation efforts and safe water supply,
parasitic infection still must be considered in the evaluation of occult gastrointes-
tinal bleeding. This particularly should be a concern in the setting of growth fail-
ure. Careful history to elucidate risk factors such as immigrant status and history
of recent international travel should direct attention towards ova and parasite test-
ing as part of the evaluation of chronic bleeding. Hookworm, Strongyloides, and
Ascaris are the most common helminthic infections to manifest with occult
bleeding.

Malignancy

In contrast to the adults where occult bleeding may portent colorectal carcinomas,
gastrointestinal malignancies are exceedingly rare in children. Secondary malignan-
cies with intestinal metastasis are more common than primary tumors. Of those
primary gastrointestinal tumors, gastrointestinal stromal tumors are the most com-
mon though still quite rare with an estimated incidence of 0.02 cases per million
children [34]. Juvenile polyposis syndromes place individuals at increased risk for
development of intestinal malignancy, but most of these carcinomas manifest
beyond the second decade of life.
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Diagnostic Considerations

In adult populations screening for fecal occult blood with stool guaiac based and
immunohistochemical screening methods is commonplace to evaluate for occult
gastrointestinal blood loss and plays a huge role in surveillance for early detection
of colonic malignancies. However, widespread use in pediatrics is more limited
particularly in infants and younger children. Multiple studies have demonstrated
that stool guaiac has poor specificity in the infant population [7, 35, 36]. One study
looked at fecal occult blood tests in all hospitalized infants, irrespective of the etiol-
ogy for their admission, and found that approximately 22% of infants had at least
one positive hemoccult result during their inpatient stay [35]. A more recent study
trying to determine the role of fecal occult blood testing in screening for cow milk
protein allergy found that their asymptomatic control populations of healthy infants
at standard well checks had positive stool guaiac rates of 34% despite the absence
of any gastrointestinal symptoms [7]. Given its marked poor specificity, fecal occult
blood testing in the infant population is not recommended and must be interpreted
with caution as it may lead to excessive diagnostic workup, treatment, and unneces-
sary formula changes. The exact mechanism to explain this high positive stool
guaiac test rate is poorly elucidated at this point, but is speculated to represent a
degree of immaturity of barrier function and immunity in the gut.

Endoscopy

Chronic occult gastrointestinal bleeding may occur anywhere in the gastrointestinal
tract from the oral cavity to the anus. In most cases, the site can be identified by
upper endoscopy and ileocolonoscopy. Esophagogastroduodenoscopy and colonos-
copy are the first line diagnostic tools for detection of occult gastrointestinal bleed-
ing. However, while the yield of endoscopy for detection of overt gastrointestinal
bleeding is well defined, the yield of esophagogastroduodenoscopy and colonos-
copy for evaluation of occult gastrointestinal bleeding and iron deficiency anemia is
less clearly delineated in the pediatric literature.

Insidious blood loss from the gastrointestinal tract has been identified as one of
the most frequent causes of iron deficiency anemia in older children and adoles-
cents. Two retrospective studies examining the yield of esophagogastroduodenos-
copy for evaluation of unexplained chronic iron deficiency anemia and
gastrointestinal bleeding suggested that the diagnostic yield was 53% and 57%
respectively [18, 37]. In the cohort of patients with unexplained chronic iron defi-
ciency anemia the most common endoscopic abnormalities described were antral
gastritis followed by duodenal ulcers [18]. However, the remaining cases of obscure
gastrointestinal bleeding in which occult bleeding is not localized with endoscopy
or small bowel radiological imaging is referred to as obscure-occult bleeding and
these patients benefit from further small bowel evaluation for the source of bleeding
[1]. A separate study evaluating diagnostic yield of colonoscopy for various
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indications found a yield of approximately 66% which was second only to the etiol-
ogy of overt lower gastrointestinal bleeding [38].

Once endoscopic abnormalities are detected the ability to provide therapeutic
intervention can have pediatric size specific obstacles. Particularly in neonates and
young infants, smaller caliber endoscopes are necessary which often have a narrow
diameter and smaller working channel which can restrict options for therapeutic
intervention of bleeding. Commercially available gastroscopes for infants com-
monly have an outer diameter of approximately 5.5 mm and a working channel
diameter of approximately 2.0 mm. When no source of bleeding is found on EGD
and colonoscopy, bleeding from the jejunum or proximal ileum is usually the cul-
prit. Evaluation of the small bowel is technically challenging at baseline in all popu-
lations, but certainly pediatric size can play a role in complicating evaluation of
small bowel disease.

Wireless Capsule Endoscopy

Wireless capsule endoscopy (WCE) is a minimally invasive technique for the evalu-
ation of small bowel pathology and obscure gastrointestinal bleeding (Fig. 11.4). It
was first employed in the pediatric population in 2004 for use in adolescent patients
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Fig. 11.4 (a) Wireless capsule endoscopy [39]. (b) Small bowel polyp (¢) Small bowel aph-
thous ulcer (d) Small bowel ulceration from eosinophilic gastroenteritis (e) Small bowel
Crohn’s disease
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1018 years of age and was later expanded to use in children greater than 2 years of
age in 2009. Over the past decade it has steadily gained traction as the primary
modality for assessing small bowel disease involvement. While an early case series
was concerning for a relatively high adverse event rate from capsule retention and
capsule failure requiring endoscopic or surgical retrieval, these have not been real-
ized in larger scale studies that demonstrate an excellent safety profile [40—42]. Even
in populations with established Crohn’s disease where risk of stricture is the greatest,
wireless capsule endoscopy has been found to have an excellent safety profile with
minimal risk of retention [41, 42]. To assuage concerns regarding potential capsule
retention, passage of a dissolvable patency capsule is typically recommended to
exclude an unrecognized stricture prior to video capsule swallowing or deployment.

The diagnostic yield for WCE in pediatrics is estimated to be as high as 61%
across all indications. However, its yield appears to be greatest in evaluation of pol-
yposis syndromes and established Crohn’s disease with rates of detection of positive
findings in 75% and 65% for these populations respectively. While in comparison,
yield in detection of a small bowel source of obscure gastrointestinal bleeding and
iron deficiency anemia ranges from 27% to 42% [41, 43, 44]. While WCE has
gained traction in the assessment of small bowel disease, certain limitations and
pediatric implications still apply. Tolerability of capsule swallowing remains a pedi-
atric specific barrier as the typical video capsule measures 26 x 11 mm and thus
remains an obstacle for ingestion in young children. One study evaluating tolerabil-
ity of video capsule endoscopy in school aged children identified age, height, and
prior experience with capsule swallowing as the best predictors and determinants of
swallowability. If children are unable to swallow the pill, endoscopic deployment is
typically completed at the time of EGD. However, placement at the completion of
upper endoscopic evaluation with biopsy can complicate interpretation given the
creation of biopsy related bleeding as possible artifact in the small bowel that must
be distinguished and differentiated by the interpreter from true small bowel pathol-
ogy. WCE is most commonly employed for the evaluation of chronic gastrointesti-
nal bleeding in the setting of Crohn’s disease with known normal upper and lower
endoscopy findings. Further limitations of WCE are similar to that in adults in that
it does not allow for direct tissue sampling, leads to imprecise localization of bleed-
ing, and inability to therapeutically intervene. WCE is a novel, noninvasive, and
useful tool for the investigation of the small intestine in children. It is superior and
more sensitive than other conventional endoscopic and radiologic investigations in
the assessment of the small bowel and should be routinely employed as a diagnostic
tool in the work-up of obscure gastrointestinal bleeding.

Small Bowel Enteroscopy

Balloon assisted enteroscopy to assess for a small bowel source of bleeding has
been used sparingly in the pediatric population largely due to limited experience
and lack of expertise in performing enteroscopy in small children. However, case



11 Pediatric population 211

reports have described the success of single balloon assisted anterograde enteros-
copy and retrograde enteroscopy in patients as young as 3.7 years and 1.6 years
respectively and with lowest body size down to 12.9 and 10.8 kg respectively [45,
46]. While anterograde and retrograde techniques are both employed, anal route
retrograde enteroscopy has been associated with shorter procedure duration for
achieving diagnosis. The overall diagnostic yield for small bowel lesions using
double balloon enteroscopy ranges from 48% to 70% depending on patient popula-
tion, indication, and inter-center variation [46—49]. Enteroscopy findings in the set-
ting of occult bleeding include most commonly polyps, mucosal ulcers and erosions,
and more rarely angiomas, angiodysplasia, and other vascular anomalies. Head to
head studies have demonstrated similar diagnostic yield between WCE evaluation
and double balloon enteroscopy but note that enteroscopy is advantageous in that it
facilitates the possibility of endotherapeutic intervention to address abnormal muco-
sal findings. Studies have shown up to 46.5% success rate in completion of thera-
peutic intervention with small bowel enteroscopy. Many experts purport the usage
of MR-enterography and capsule endoscopy as complementary in tools in the diag-
nostic work-up to better identify candidates appropriate for enteroscopy. One study
evaluating an algorithmic approach of WCE evaluation prior to enteroscopy found
that capsule endoscopy enhances the diagnostic and therapeutic yield of enteros-
copy to 95% and 82% respectively. Although the procedure is technically challeng-
ing, few major complications have been reported and are primarily associated with
therapeutic interventions [48]. Ultimately, few centers have sufficient patient vol-
ume and technical expertise to perform routine enteroscopy in young children, and
thus it has not become a mainstay in the evaluation of small bowel pathology.

Radiology Evaluation

Diagnosis of lower gastrointestinal bleeding (LGIB) represents a significant diag-
nostic and therapeutic challenge and the utilization of radiologic cross sectional
imaging is often helpful. While CT enterography (CTE) has been utilized in adults
with occult LGIB, its use in children has been primarily limited to evaluation of
extent of disease for patients with inflammatory bowel disease. Although, one study
suggests CTE may have value in localizing the source of LGIB prior to surgical or
endoscopic intervention [50]. However, the benefit of earlier lesion identification
prior to endoscopy evaluation must be weighed against the radiation exposure and
patient discomfort due to bowel distention associated with enterography. In addition
to cross sectional imaging, nuclear medicine technetium-labeled tagged red blood
cell scans have also been utilized to locate occult GI bleeding. Although typically
thoughts of more often in individuals with larger lower GI bleeds since there is a
threshold of active bleeding necessary to detect the bleeding, reports that as little at
0.1 ml/min is needed to detect a bleed [51]. Although little data is available on
tagged red blood cell scans in children, a 2008 study of 22 patients with GI bleeding
demonstrated a diagnostic yield of almost 40% with this study [52].
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Conclusion

Occult gastrointestinal bleeding is a relatively uncommon problem in the pediatric
population but fecal occult blood testing should be considered in children with
unexplained anemia. There are more differences than similarities in the causes of
occult gastrointestinal bleeding in children compared to adults. Careful consider-
ation of the child’s age, history and physical exam is important when deciding on
the most appropriate diagnostic test for occult gastrointestinal bleeding. Evaluation
with endoscopy, wireless capsule endoscopy and radiographic imaging is similar to
that of adults but can be more challenging primarily due to size limitations in young
children.
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Chapter 12 )
Premenopausal Women

Check for
updates

Alicia Wiczulis and Katherine Kashinsky

Anemia in a menstruating woman may be falsely attributed to heavy periods, and an
opportunity to recognize an occult gastrointestinal bleed could be missed.

A woman of reproductive age who reports abnormal menstrual bleeding deserves
further evaluation. Her concerns may include a change in her typical bleeding pat-
tern or an increase in blood loss. Her evaluation begins with a careful history, and
her provider should have a basic understanding of what constitutes normal bleeding
and when further testing or referral is warranted.

Normal Menses

A normal menstrual cycle requires complex coordination between multiple sys-
tems: neural, endocrine, hematologic, and other pathways interact to maintain this
fundamental part of the reproductive system. Any insult to this process, including
stress, weight change, illness, or medications, may upset this balance and change an
individual’s typical pattern.

Normal menstrual flow usually lasts about 5 days, and the normal cycle duration
(including bleeding days) is 21-35 days.

Some women never establish normal menses and may report abnormal bleeding
since menarche. These women may have an underlying bleeding disorder, such as
von Willebrand disease (VWD), and a longstanding history of heavy menses. Those
patients will likely report other symptoms, such as frequent nosebleeds, that can
help steer a provider toward the correct diagnosis.
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Some women may not realize that their menses are abnormal, especially if they
have always been heavy, so it is important to quantify the amount of blood lost in a
standardized fashion. Conversely, some women may report heavy bleeding, when in
fact, the amount of blood lost is within the normal range.

Bleeding Interval

Typical menstrual cycles occur at a regular frequency anywhere from 24 to 38 days
in duration. Bleeding usually occurs for 4.5-8 days. More than 9 days may be con-
sidered abnormal [1].

Certain types of contraceptives may cause irregular bleeding outside of normal
menstruation. This is especially true in the first 1-3 months of use. Thirty percent of
women using a combined estrogen-progestin pill, a patch, or the ring may see
unscheduled bleeding during the first month; 25% with progestin only contracep-
tives during the first year; and with the copper-IUD [2].

Anovulatory bleeding is defined as uterine bleeding that does not result in
response to ovulation.

In adolescents up to 18 years old, anovulatory bleeding may occur due to an
immature or dysregulated hypothalamic-pituitary-ovarian axis. This is not consid-
ered pathologic in nature.

In patients aged 40+ until menopause, anovulatory may be due to a physiologic
decline in ovarian function. However, a range of pathologies may also cause anovu-
latory bleeding, and therefore should not be ruled out in favor of physiologic
decline [3].

Quantifying Bleeding

During menses, the average amount of blood lost is 34 ml + 2.4 ml per month. The
amount is generally consistent in an individual patient from onset of menarche to
menopause, so significant changes in the amount lost may indicate other factors at
play [4].

Heavy menstrual bleeding (HMB) lasts longer than 7 days or exceeds 80 ml per
period. Women with HMB may develop iron deficiency anemia, which can be pro-
found. On average, 1.0 mg of iron is lost per 60 ml of blood during menses. The
critical loss at which iron deficiency may occur is around 1.2—1.6 mg of iron, which
is about 72-96 ml of blood. It must be noted however, that the exact amount needed
to cause an anemic state depends on dietary intake and absorption as well as overall
state of health of the patient [4].

Our ability to quantify menstrual blood loss is limited in the clinical setting.
While the average woman doesn’t know the volume of blood lost with menses, she
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can usually report the number of sanitary products she uses on a typical day of
bleeding. The provider may ask what products she is using (see below), how often
she changes them, and whether they are saturated when they are changed. The pro-
vider should also ask whether the patient passes blood clots or bleeds through cloth-
ing or bedding [5].

There are many different sanitary products available to women, including pads,
tampons, menstrual cups, and absorbent underwear. Some products have different
levels of absorbency or come in different sizes to accommodate different volumes
of flow. The approximate volumes held by different products are outlined in
Table 12.1.

The most commonly used sanitary products are tampons and pads. Sanitary pads
vary widely in their absorbency, which can make it difficult to quantify blood loss.
If a woman changes the type or brand of pad she is using, she may report needing to
change it more or less frequently, when in fact, her bleeding is unchanged [6].

Patients must not just be asked how many times per day that they change their
product, they must also be asked why. Some women may change them on a sched-
ule whereas others may only change them when they’re fully saturated [6]. A sam-
ple set of questions is included in Table 12.2.

Table 12.1 The maximum

Sanitary product Volume (ml)
volumes held by various
- Pads
sanitary products based on -
data from the FDA and Liner -
various product listings Regqlar -
by brands Maxi pad -
Tampons
Light <5.5
Regular 5.5-8.5
Super 8.5-11.5
Menstrual cups
Slim/small 17-22
Regular 30
Large 32
Underwear 10-15

Table 12.2 Suggested
questions to characterize
uterine bleeding [6]

When was the first day of your last
menstrual period and several
previous menstrual periods?

Is there a possibility that you could
be pregnant?

How heavy is your bleeding?

Do you pass blood clots?
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Abnormal Uterine Bleeding

Terminology

The classification system for abnormal bleeding was updated in 2011 by the
International Federation of Gynecology and Obstetrics (FIGO), and this new
nomenclature has been adopted by the American College of Obstetricians and
Gynecologists (ACOG) [3].

Although the previous system for classifying abnormal bleeding has been
replaced, familiarity with the old terms may be useful when reviewing patient
records or older publications, shown in Table 12.3 below.

Additionally, the older phrase dysfunctional uterine bleeding (DUB) has been
replaced by the term abnormal uterine bleeding (AUB), which includes heavy men-
strual bleeding (HMB) and intermenstrual bleeding (IMB). HMB and IMB may
occur alone or together in an individual patient. The term DUB should no longer be
used, but it may still be seen in patient records [3].

The FIGO classification system was created to improve standardization and
specificity when describing AUB in reproductive-aged women. The system does
not apply to pregnant women or postmenopausal women. The new classification
system incorporates bleeding pattern and etiology, and it is referred to by the acro-
nym PALM-COEIN (polyp, adenomyosis, leiomyoma, malignancy and hyperpla-
sia, coagulopathy, ovulatory dysfunction, endometrial, iatrogenic, and not yet
classified) [7].

PALM-COEIN

In the PALM-COEIN system (Fig. 12.1), PALM represents structural causes of
AUB (polyps, adenomyosis, leiomyoma, malignancy and hyperplasia), and COEIN
represents nonstructural causes (coagulopathy, ovulatory dysfunction, endometrial,
iatrogenic, and not yet classified). Understanding the fundamentals of this classifi-
cation system can provide some guidance to providers when they begin to evaluate
a patient with AUB [7].

Tabl? 12.3 Preferred Polymenorrhea Cycle lasting less than 21 days
terminology per . Oligomenorrhea Cycle lasting longer than 35 days
recommendations to :

characterize bleeding and Menorrhagia Menstrual blood loss greater than 80 ml
pain complaints [1] Metrorrhagia Bleeding between periods

Menometrorrhagia | Heavy menstrual bleeding with
intermenstrual bleeding




12 Premenopausal Women

Polyp
(AUB-P)

Adenomyosis
(AUB-A)
Structural
causes Leiomyoma
(fibroid)
(AUB-L)

Malignancy &
hyperplasia
(AUB-M)

Coagulopathy

AUB: (AUB-C)

HMB and/or IMB

Ovulatory
dysfunction
(AUB-0)

Endometrial
(AUB-E)
Nonstructural
Causes

latrogenic
(AUB-I)

Not yet classified
(AUB-N)
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Usually benign lesions
originating from the
endometrium

Presence of endometrial
tissue within the
myometrium

Benign fibromuscular
tumors of the
myometrium

Atypical (premalignant)
hyperplasia of the
endometrium or
endometrial neoplasia.

Systemic disorders of
hemostasis, due to
patient condition (e.g.,
von Willebrand disease)
or pharmacologic
intervention (e.g.,
anticoagulation for
hypercoagulable state)

Irregularly timed or
infrequent ovulation
leads to unpredictable
and inconsistent
bleeding patterns

Regular heavy menses
with exclusion of other
causes

Unscheduled bleeding
due to medical
interventions, such as
hormonal
contraception
(excluding
pharmacologic
anticoagulation, which
would be classified as
AUB-C)

Causes of AUB that are
incompletely described
or understood

Fig. 12.1 Classification of AUB based on current PALM-COEIN system. [Adapted, 7]
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Pregnancy

The possibility of pregnancy should always be considered in sexually active women.
Pregnancy and miscarriage can lead to a change in a woman’s bleeding pattern, and
these diagnoses can be easily excluded with a point-of-care urine test. Failure to
promptly diagnose pregnancy may occur in women who report a history of irregular
menses or infertility. All contraceptive methods have the potential to fail; even sur-
gical sterilization, so a sexually active woman who reports using contraception can
still become pregnant, even if that likelihood is low.

AUB Etiology by Age

The most common causes for AUB vary at different stages of the reproductive lifes-
pan. While anovulation and coagulation defects account for a greater proportion of
AUB in adolescents, older reproductive-aged women experience more AUB from
pregnancy and sexually transmitted infections [8].

As women age, the incidence of uterine fibroids, polyps, and adenomyosis all
increase, and as women approach menopause, ovulation becomes less frequent, so
anovulation once again accounts for a significant amount of AUB cases.

The risk of gynecologic malignancy also increases with age, and cancer in any
part of the reproductive tract can lead to vaginal bleeding. Globally, cervical cancer
is the most common gynecologic malignancy and the leading cause of death from
gynecologic cancer. Its incidence is highest in regions without effective screening
programs, especially in less developed countries [9].

In more developed countries, uterine cancer (most of which occurs in the endo-
metrium) is the most common gynecologic malignancy. Because endometrial can-
cer leads to AUB, many of these women present for care early enough that the
diagnosis is made at an early stage, when outcomes tend to be better.

Endometrial Hyperplasia and Cancer

Endometrial hyperplasia describes a range of histopathologic changes to the uterine
lining. The World Health Organization classified endometrial hyperplasia into two
broad categories:

e Hyperplasia without atypia, which contains low levels of mutations and normal
glandular structure. These structures may be simple or complex. This type of
pathology has only a 1-3% chance of becoming an invasive carcinoma.

e Atypical Hyperplasia/Endometrioid Intraepithelial Neoplasia, whereby there are
mutations and structural changes that are typical for invasive carcinoma. These
patients are at a very high risk of developing endometrial cancer [10].
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There are multiple risk factors for endometrial hyperplasia in women, most nota-
bly unopposed estrogen stimulation of the endometrium, which causes increased
cell proliferation and growth. Without progesterone to stimulate shedding of the
endometrium, the unopposed estrogen can lead to changes in the tissue causing
hyperplasia. This can come from exogenous estrogen exposure as with use of estro-
gen agonists, obesity, early menarche or late menopause, or nullparity.

There are several different forms of endometrial cancer, but 80% are endometri-
oid adenocarcinoma. This type is graded on a scale of 1-3 based on the level of
differentiation of the tissue and it develops from endometrial hyperplasia [11]. As
with hyperplasia, endometrial cancer is dependent on estrogen stimulation for
growth. Other forms include papillary serous carcinomas, clear cell carcinoma,
mixed cell type, and carcinosarcomas [12].

Both hyperplasia and cancer can cause increased or prolonged bleeding during
menstruation or off-cycle in premenopausal women. As the disease progresses,
patients may present with pressure or pain in the uterus, enlargement of the uterus
and increased girth of the abdomen, bloating, or early satiety [8].

Lynch Syndrome

Lynch Syndrome, formerly called Hereditary Nonpolyposis Colorectal Cancer
(HNPCC), is an autosomal dominant hereditary mutation in DNA mismatch pro-
teins that leads to a high risk of certain types of cancer, including colorectal, endo-
metrial, ovarian, and breast cancer [13]. Thus, patients with a family history of this
disease should be screened and properly counseled [14].

The most common extracolonic manifestation of Lynch syndrome is endometrial
cancer, and the mean age at diagnosis (46—54 years) is about 10 years sooner than in
the general population. Because this age range overlaps with perimenopause in many
women, AUB may be attributed to anovulation, which may delay diagnosis [15].

Women known to be affected by Lynch syndrome should undergo increased sur-
veillance for endometrial cancer via annual endometrial sampling beginning at age
30-35 or 5-10 years prior to the earliest age of first diagnosis of Lynch-associated
cancer of any kind in the family [15].

Initial Evaluation of AUB

Figure 12.2 illustrate management steps for AUB. Taking a thorough history can
elicit a sound differential in many women with AUB. This can lead to an expedited
diagnosis while minimizing superfluous tests, and initial studies should be based on
the patient’s history and physical exam.
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Anemic patient
reports abnormal
uterine bleeding

Complete
history

Pregnancy test
indicated?

Positive Pregnancy

test

Negative Is blood loss Consider
Y excessive? referral to Gl

Refer to Ob-

Yes

Consider initial tests:
CBC

TSH
Pelvic ultrasound

Fig. 12.2 Algorithm for initial work up including labs and imaging studies. [Adapted, 1]
Basic labs to consider:

e Pregnancy test

e Complete blood count (CBC)

e Thyroid-stimulating hormone (TSH)
e Gonorrhea and chlamydia screening
e Pap smear*

e Coagulation studies™

* Prolactin*®

* If indicated by history

Pelvic ultrasound, including transvaginal evaluation, is the gold standard for
imaging the pelvic organs, and it should be considered as part of an initial workup.
A CT of the abdomen and pelvis may identify abnormalities in the uterus or ovaries,
but ultrasound may still be necessary to better characterize the findings [8].
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Chapter 13
Geriatric Population

Rebecca J. Stetzer, Julian Remouns, and Ali Hani Al-Tarbsheh

Introduction

Evaluation of occult bleeding in older adults warrants special consideration due to
changes in likely etiology along with the balance of potential risks of the procedures
used to evaluate bleeding to the potential benefit of diagnosing the source of the
bleeding. The likelihood of serious life-limiting conditions increases with age, but
so does the potential for complications from evaluation and treatment. It is essential
to evaluate patients’ comorbidities, frailty status, and care priorities before deciding
on the approach to evaluation of occult blood in the older adult.

Common Causes of Occult GI Bleeding in Older Adults

Upper Gastrointestinal Tract
Peptic Ulcer Disease, Esophagitis and Gastritis

Similar to the general adult population, peptic ulcer disease (PUD) is the most com-
mon cause of upper gastrointestinal bleeding (UGIB) in the geriatric population [1,
2]. PUD with associated esophagitis, gastritis and duodenitis accounts for up to
70% of UGIB cases in elderly patients and is responsible for 60-90% of hospitaliza-
tions for UGIB [3-5]. The increasing incidence of GI tract inflammation and PUD
is due in part to the widespread use of nonsteroidal anti-inflammatory drugs
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(NSAIDs) and aspirin, particularly in older adults. With the consumption of daily
aspirin for cardiac health in addition to chronic NSAID use for musculoskeletal
pathologies, older adults are at a higher risk of mortality almost four times that of
NSAID non-users.

Varices

Esophageal and gastric varices are another source of UGIB that may present with
occult findings. Although overt hematemesis is a common symptom of variceal
hemorrhages, a small or slow bleed may not be visualized by a patient with eme-
sis or alternatively, the patient may present without emesis. Population-based
studies found that variceal disease was found in up to 21% of older adults over the
age of 65 years [4]. While portal hypertension-related bleeds are more commonly
seen in patients younger than 60 years, older patients with chronic liver disease
are at high risk for the development of varices and subsequent hemorrhage [1].
Without such history, the incidence of esophageal varices is actually quite low in
elderly.

Angioectasia

Angioectasia, the degeneration of normal vasculature, are the most common
vascular aberration of the GI tract. Risk increases with age [2], with studies
reporting incidence of approximately 25% in those age 60—70 and 70% in peo-
ple over 70 years of age. Incidence in older adults with UGIB range from 4%
to 11%. Bleeding is typically occult, recurrent and presents as iron defi-
ciency anemia.

Lower Gastrointestinal Tract
Diverticular Hemorrhage

Bleeding from colon diverticula is the main cause of lower GI bleeding (LGIB)
in adults accounting for almost half of all cases [6]. The presence of divertic-
uli increases with age with studies showing a prevalence of less than 5% in
patients under 40 years of age, 30% over 50, 60% over 80 and 65% over
85 years of age.

Most patients with diverticulosis are symptomatic and approximately 3—15%
have clinically significant bleeding, typically presenting with painless hematoche-
zia [7]. Mortality rates may be up to 10% of all elderly patients with signs of diver-
ticular hemorrhage. Patients at highest risk of bleeding include those with aspirin
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and NSAID use, anticoagulation, hypertension, and constipation. Bleeding sponta-
neously resolves in about two-thirds of patients but may recur in up to 40% within
4 years [5, 7].

Colitis

Colitis can result from a variety of different etiologies and may be difficult to deter-
mine based on clinical presentation and endoscopic findings. In the elderly popula-
tion, ischemic and infectious colitis are more common than inflammatory bowel
disease (IBD) with ischemic colitis as the cause of LGIB in up to 19% of patients.

Ischemia of the colon typically affects the splenic flexure and rectosigmoid
colon, the “watershed” areas of the colon. High risk patients are those with cardio-
vascular disease, cardiac thromboembolism, and acute hypotension. Other risk fac-
tors include hypercoagulable states, vasculitis and medications. The high occurrence
of colonic atherosclerosis in older adults makes its significance difficult to deter-
mine. The typical presenting symptom of ischemic colitis is crampy abdominal
pain. Bleeding occurs from reperfusion injury after the ischemic event has resolved
so occult bleed may be an initial sign of progression [5, 7].

Infectious colitis patients will present with signs and symptoms of infection but
may have occult bleeding as a herald event signifying an insidious course of infec-
tion. Elderly population is at increased risk for infectious colitis and mortality
increases with age. Common pathogens include Campylobacter, Salmonella,
Shigella, and certain strains of E. coli. E. coli O157:H7 can cause acute thrombotic
thrombocytopenic purpura. Clostridium difficile causes bleeding in less than 10%
of cases but should be on the differential as well. LGIB in patients with AIDS-
related thrombocytopenia and opportunistic infections with CMV, HSV, and HHV-8
carry over a 25% mortality rate [5, 7].

The second peak in incidence for inflammatory bowel disease (IBD) following a
bimodal age distribution occurs between 60 and 70 years of age and approximately
15% of patients with IBD develop symptoms in this age group. Of those patients,
only 1.2-6% of patients present with acute LGIB. There are limited studies that
evaluate occult bleeds and IBD diagnosis and given the broad differential for colitis
in the older adult population, it is often difficult to definitively diagnose IBD [5, 7].

Neoplasm

Multiple studies have shown that a significant proportion of upper GI neoplasms
present with bleeding as the initial symptom. The majority of patients who are
found to have UGIB due to neoplasm present with severe signs of bleeding includ-
ing frank hematochezia, melena or symptoms of anemia [8, 9]. Additionally, neo-
plasms have been found to be the cause of up to 20% of cases of LGIB in older
adults. While hematochezia may be present, such bleeds are commonly occult,
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particularly tumors of the ascending colon [5, 7]. In the setting of weight loss or
obstructive symptoms, patients with signs of occult blood loss, high suspicion for
malignancy is warranted.

Other Causes

As in UGIB, vascular anomalies, predominantly vascular ectasias may be the source
of occult bleeding of the lower GI tract. Vascular ectasias account for 3—15% of
patients with LGIB. The same risk factors associated with upper GI tract ectasias
apply to the lower GI tract.

In a patient with a history of recent lower endoscopy, post polypectomy bleeding
may be considered [10]. If the patient has been using chronic NSAIDs, in addition
to being at higher risk of aforementioned source of bleeds, NSAIDs can be an etiol-
ogy of occult hemorrhage. Anorectal pathologies such as hemorrhoids, rectal ulcers,
radiation proctopathy can also be a source of occult bleeding although these causes
do not characteristically result enough loss to lead to anemia [7].

Due to increased vulnerabilities in older patients, the decision about employing
these procedures necessitates analysis of risks and benefits.

Evaluation of the Positive Fecal Occult Blood Test

The preferred method of evaluation of a positive fecal occult blood test is through
direct visualization via endoscopy. While evaluation may lead to an etiology of the
bleeding and subsequent targeted management, the procedure itself exposes the
patient to risks that may cause even more harm. Over 25% of patients over the age
of 65 have more than five comorbid medical conditions. While comorbid conditions
can increase the risk and severity of GI bleeds from sources like ulcers or neo-
plasms, it can also reduce the benefit from treatment in older patients. It has been
shown that there is lower survival rates after initial diagnosis, poorer survival after
chemotherapy and increased duration of hospitalizations in older, sicker patients
[11]. Given the higher rate of medical comorbidities and propensity of poly-
pharmacy in elderly patients, the impact of the patient’s medical conditions should
be weighed against the need for endoscopy. Before proceeding with evaluation, one
must address the question of whether or not evaluation and treatment of the occult
bleed will improve quality of life and/or survival.

Procedure-Specific Considerations

Adequate sedation is one of the most important factors for a successful endoscopy.
Age-related effects on the body put the geriatric population at higher risk for adverse
effects from sedation. Physiologic changes such as decreased arterial oxygenation,
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delayed or blunted cardiorespiratory stimulation in response to the body’s require-
ments, increased risk of aspiration, and reduced hepatic and renal clearance mecha-
nisms are factors that make the choice of sedation more difficult when managing an
older adult [12, 13]. For these reasons, guidelines recommend using fewer sedative
agents at lower doses and infusion rates. Endoscopies without sedation are not com-
monly performed in the United States, but are an option for higher risk patients
[11-13].

The major procedural complication of endoscopy, particularly colonoscopy, is
perforation. Bowel perforation can be a surgical emergency and puts the patient at
significant risk of life-threatening infection. Older patients have a 30% higher risk
of experiencing a perforation during colonoscopy when compared to sigimodos-
copy [14]. This is due to the higher prevalence of diverticulosis, tortuosity of the
intestines, inadequate bowel preparation and post-surgical adhesions or strictures,
which threaten the integrity of the tissue as well as making the procedure more
technically challenging [12, 13, 15, 16]. Furthermore, there is a higher risk of mor-
tality associated with perforation [14]. Other complications include bleeding, diver-
ticulitis, acute cardiopulmonary events, and other serious illness directly related to
the endoscopy procedure [17].

According to multiple population-based studies, the largest barrier to evaluating
GI bleed in older adults was inability to complete the colonoscopy. Strictures and
severe diverticular disease contribute to such difficulty but the predominant cause of
incomplete evaluation is poor bowel preparation [18]. In a systematic review, the
colonoscopy success rate was found to be directly related to the quality of colonic
preparation in patients over 80 years of age [15]. There are multiple reasons for
poorer bowel preparation in older populations compared to younger adults that are
both physiologic and non-physiologic. Altered gastrointestinal motility, altered
anatomy from previous surgeries, medication-related constipation and higher inci-
dence of obstipation are major physiologic culprits in the patient’s inability to suc-
cessfully complete abowel regimen. Outside factors such as decreased understanding
of instructions, functional limitations, greater burden of comorbid conditions are
significant as well [11]. Due to the potentially fatal effects of sodium phosphate and
magnesium-based solutions for colonoscopy preparation such as hyperphosphate-
mia, hypernatremia, hypokalemia, hypermagnesemia, these substances are discour-
aged from use, particularly in older patients who are more likely to have comorbid
cardiac, renal or hepatic issues [16]. The superior safety profiles of polyethylene
glycol-based solutions make it the first-line colonoscopy preparation. While PEG-
based solutions are preferred, the large volume of fluid consumption required is
often difficult to achieve, even when dosing is split [11, 12, 16].

Pre-procedure Considerations

Comorbid medical conditions, cognitive function and functional status have been
shown to have significant impact on the risk of both adverse events and negative
long-term outcomes older adults [11, 12]. If concerns are identified during
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pre-procedure assessment, they will need to be evaluated and optimized.
Furthermore, whenever there is a question of benefit, the proposed procedure should
be discussed with the patient’s primary care provider prior to scheduling.

The history and physical can identify specific conditions that pose particular risk
or may require specific accommodations or approaches. Cardiac and pulmonary
disease needs optimization and assessment of tolerance of anesthesia as would be
done prior to any surgical procedure. The presence of implanted cardiac devices
should be noted as they have the potential for electromagnetic interference if electro
cautery must be used, and thus warrant continuous cardiac monitoring during the
procedure [13]. As always, careful medication review is important and the necessity
of continuing or discontinuing daily medications such as antiplatelet, anticoagulant
or anti-hypertensive agents evaluated [12]. People with Parkinson’s disease have
increased anesthesia-associated risks due to autonomic dysfunction, respiratory
dysfunction and medication interactions [19]; consultation with an anesthesiologist
would be recommended in these cases. Furthermore, exposure to anesthesia
increases the risk of additional cognitive decline in those with mild cognitive impair-
ment or dementia [20], necessitating risk-specific counseling.

Even if the patient’s comorbid conditions do not specifically affect the proce-
dure, the body has a decreased ability to compensate for and recover from stresses.
These comorbidities, combined with normal physiologic changes of aging, create a
state of homeostenosis, or decreased physiologic reserve [21]. This renders patients
at higher risk for complications from even low-risk procedures. Thus, it is essential
to assess the patient’s degree of homeostenosis prior to proceeding. This can be
done by evaluating frailty and cognitive status.

Frailty Evaluation

Frailty is a syndrome of weakness, fatigue and vulnerability that is common with
aging, and usually multifactorial in etiology. The presence of frailty has been shown
to be predictive of falls, worsening mobility, ADL disability, hospitalization, and
death. It provides important information about functional status and longevity [22,
23]. In the perioperative setting, the presence of frailty has been shown to indepen-
dently predict postoperative complications, length of stay, likelihood of discharge to
subacute nursing facilities, and mortality at 30 days and 6 months [24]. When evalu-
ating patients for endoscopy and colonoscopy, risks can be estimated by considering
it a minor surgery, as some anesthesia is used and anticoagulants and antiplatelet
agents need to be held for biopsies to be taken. Assessing the patient’s frailty status
can help put presenting symptoms and potential work up in perspective, which can
be helpful to patients and providers alike. A frailty screening initiative studied in VA
setting found communication of frailty scores with surgeons, anesthesiologists, and
critical care providers resulted in care plan modification and goals of care discus-
sion with palliative care consultants with mortality reduction demonstrated at 30,
180 and 365 days [25].
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The question then becomes how to best measure frailty. This is a challenge: there
are dozens of different published scores, with varying approaches and data used to
define the syndrome, and only a few evaluated in a surgical setting. Perhaps best
well known is the Fried score, which measures specific criteria for unintentional
weight loss, self-reported exhaustion, weakness, slow walking speed, and low phys-
ical activity [22]. However, the details and time needed for the Fried and most scores
can seem prohibitive for use in a gastroenterology office consult. The scale that is
perhaps most accessible during a time-constrained office visit is the Clinical
Frailty Scale.

The Clinical Frailty Scale assesses patients on a 9-point scale ranging from fit to
severely frail. It requires an understanding of the patient’s daily activity level. This
can be assessed with a few questions, which also help to assess goals and priorities.
Although it has not been evaluated specifically in a surgical setting, the Clinical
Frailty Scale has been validated against the very detailed Canadian Study of Health
and Aging 70-item Frailty Index [26]. Most importantly, it helps the provider factor
in the patient’s vulnerability when making evaluation and treatment recommenda-
tions. Please see Fig. 13.1 for details.

The 9-point Clinical Frailty Scale (CFS) was adapted from the 7-point scale used
in the Canadian Study of Health and Aging (CMAJ 2005;173:489-495) and has
been reprinted with permission of Geriatric Medicine Research, Dalhousie
University, Halifax, Nova Scotia [26].

Clinical Frailty Scale*

7 y Frail - C for
personal care, from whatever cause (physical or
cobnitive). Even so, they seem stabel and not at

1 Very Fit — People who are robust, active, energetic high risk of dying (within ~ 6 months).

and,otivated. These people commonly exercise
regularly. They are amoung the fittest for their age.

8 Very Severely Frail - Completely dependent
approaching the end of life. Typically, they could
symptoms but are less fit than category I. Often, they not recover even from a minor illness.

exercixe or are very active occasionally, e.g. seasonally.

* 2 Well — People who have no active disease
3 ManagingWell — People who medical problems
are well controlled. but are not regularly active 9.Terminally Il - Approaching the end of life. This
beyond routine walking. category applies to people with a life expactancy
<6 months, who are not otherwise evidently frail.

4 v — While not on others for
’ daily help, often symptoms limit activities. A common

Scoring frailty in people with dementia
complaint is being “slowed up”, and/or being tired

during the day. The degree of frailty corresponds to the degree of demenita.

Common symptoms in mild dementia include forgetting the
details of a recent event, though still remembering the event itself,
repeating the same question/story and social withdrawal.
evident slowing, and need help in high order IADLs

1 (finances, transportation, heavy housework, media-

f 5 Mildly Frail — These people often have more
1

‘i tions). Typically, mild frailty progressively impairs

shopping and walking outside alone, meal preparation
and housework.

6 Moderately Frail — People need help all

outside activities and with keeping house. Inside, they
often have problems with stairs and need help with
bathing and might need minimal assistance (cuing,
standby) with dressing.

Fig. 13.1 Clinical Frailty Scale

In moderate dementia, recent memory is very impaired, even
though they seemingly can remember their past life events well.
They can do personal care with prompting.

In sever dementia, they cannot do personal care without help.

* 1. Canadain Study on Health & Aging, Revised 2008.

2 K. Rockwood et al. A global clinical measure of fitness and

frailty in elderly people. CMAJ 2005;173:489-495
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Cognitive Status

Some frailty scales incorporate cognitive evaluation, but this is not true for all of
them, including the Clinical Frailty Scale. It is important to evaluate this indepen-
dently. Cognitive evaluation provides insight about the patient’s baseline function-
ing, ability to understand discussion of the medical issues and ability to follow
instructions. Fortunately, there is a quick and simple cognitive screening tool that is
relatively uninfluenced by level of education or language, the Mini-Cog [27]. The
Mini-Cog has three steps: 3-word registration, clock drawing, and 3-word recall. It
is scored on a scale of 0-5 based on number of words recalled and accuracy of the
clock. If abnormal, attention should be given to complexity of discussion and
instructions, with consideration for inclusion of a caregiver or healthcare proxy. The
patient should also be referred for further evaluation. The Mini-Cog can be found in
the end of this chapter and accessed at https://mini-cog.com/mini-cog-instrument/
standardized-mini-cog-instrument/.

Life Expectancy

The presence of frailty and cognitive impairment informs estimation of life expec-
tancy. Although not a precise science, there are a number of prediction tools that have
been studied and can offer a prediction using many of the same factors involved in
frailty evaluation. These can be accessed at ePrognosis (https://eprognosis.ucsf.edu/
bubbleview.php), where the tool best suited to the question at hand can be selected
(ie community-dwelling versus nursing home patients, 1-year versus 10-year life
expectancy. Having an understanding of the patient’s frailty, cognitive status and life
expectancy will help guide realistic goal-setting for patients and families.

Patient-Centered Care

The term patient-centered care can seem confusing — one would think a// medical
care is centered around the patient. This term refers to the medical team approach-
ing the patient’s problem rather than their diagnosis. The patient’s problem includes
not just the medical issues, but the context of physical and emotional comfort, per-
sonal and family preferences, and socioeconomic status [28].

Collaborative Goal Setting

Patient-centered care begins with exploring what health outcomes are most impor-
tant. For some, this may be longevity or surviving to a specific family event. For
others the priority may be maintaining independence or mobility, avoiding pain, or
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minimizing time at the doctor’s office. Within the context of the patient’s health-
priority outcomes the clinician must then evaluate the presentation of problem,
potential causes, potential outcomes of evaluation and treatment against the natural
history of the disease. Questions to ask include: Is the anemia severe or mild? Is the
patient frail or robust? Are there comorbidities that increase the risk of endoscopy?
With these considerations in mind, the provider can provide evaluation options, and
together with the patient (and loved ones) create a plan. Part of the provider’s job is
to help guide goal-setting so that the patient and family have realistic and achievable
outcomes [29].

Deciding When to Adhere to Guidelines and When to Stray

One of the challenges in treating older adult is that the disease-specific guidelines or
usual procedures may not be the best fit for our patients due to comorbidities or
frailty. Decision-making is less complex for those on either end of the scale. For
those with a 10-year or greater life expectancy who have few comorbid conditions
and are not frail, it is reasonable to proceed with disease-based guidelines insomuch
as they are aligned with patient preferences. For those with a 2-year or less life
expectancy or advanced end-stage disease it is usually best to de-escalate care and
focus on palliative symptom management [30].

The group in-between, with shortened life expectancy, multiple chronic condi-
tions, and impaired functional status, poses a particular challenge. It is this group
that is the focus of the Patient Priorities Care efforts to align decision-making with
each individual’s health care priorities [31]. Clinicians must acknowledge and com-
municate the patient’s health trajectory, tradeoffs to proceeding or stopping evalua-
tion, and the uncertainty inherent to either decision [32]. The key to making this
happen is communication among patient, family, and medical team. It is essential to
involve the primary care giver and any physician the patient has identified as a
trusted source of counsel and guidance. We have observed that patients are more
comfortable and confident when they come in to see a physician who can tell them
their team has discussed what is happening and have agreed on their recommenda-
tion. Please see Fig. 13.2.

Before proceeding with any interventions, health care proxy established and
advanced directives documented. Assessment of medical decision-making capacity
should be completed as well.

Medical Decision-Making Capacity Evaluation

Before concluding and acting upon plan the provider needs to be sure that the patient
fully understands what has been discussed and decided upon. The patient should be
able to describe the medical problem, engage in a discussion about the treatment
options including risks, benefits, and alternatives and clearly indicate a treatment
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Fig. 13.2 Patient-centered approach to evaluation of occult bleeding in older adults
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choice. If the patient does not appear to have capacity it is necessary to obtain con-
sent from the health care proxy as well while ensuring that the patient is not excluded
from the conversation or consent process [33]. If the patient’s medical decision-
making capacity is not clear, consult with the primary care physician and possibly,
a mental health specialist.

Conclusion

Both increasing age and the presence of chronic medical conditions impact the
approach to evaluation of fecal occult blood. Opening conversations with patients
about their health priorities will allow discovery of goals, hopes and fears. This
understanding gives medical providers a framework within which to consider poten-
tial etiologies, evaluation approaches, comorbid conditions, frailty and cognitive
status. Combined with input from the patient’s loved ones and primary care pro-
vider, this promotes a patient-centered approach to care in what can be challenging
cases to manage.
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Patients with Native Cardiovascular
Disease and Implantable Cardiac Devices

Mark Hanscom and Deepika Devuni

Introduction

The association between cardiovascular disease and gastrointestinal bleeding has
been well described. Gastrointestinal bleeding can occur with most cardiovascular
conditions, including aortic stenosis, aortic regurgitation, mitral valve stenosis,
mitral valve regurgitation, and hypertrophic cardiomyopathy. The most well
reported association is between gastrointestinal bleeding and aortic stenosis, a con-
dition called Heyde’s syndrome. Like other forms of gastrointestinal bleeding, man-
agement of bleeding with cardiovascular disease centers around initial resuscitation,
source identification, and subsequent hemostasis. More specific to bleeding associ-
ated with cardiovascular disease, management must also take into consideration the
presence of pre-existing coagulopathies. In addition to the fact that most cardiac
patients are on aspirin or other anti-platelet or anti-coagulant agents, most cardiac
patients also suffer from an acquired bleeding disorder mediated by the loss of von
Willebrand factor (VWF) multimers, a condition called acquired von Willebrand
syndrome (AVWS). Overall, gastrointestinal bleeding associated with cardiovascu-
lar disease tends to be recurrent and resistant to endoscopic treatment alone, neces-
sitating more aggressive pharmacologic and surgical interventions for sustained
control.
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Aortic Stenosis

The association between calcific aortic stenosis and gastrointestinal bleeding was
first described by Dr. Edward Heyde in 1958 [1]. His observations prompted further
reports of similar patients with both aortic stenosis and idiopathic gastrointestinal
bleeding [2—4]. The culprit lesion in these patients remained unidentified until
advancements in imaging and histopathology came to recognize it as the small,
tufted, red lesion known now as the angioectasia [5, 6]. The constellation of findings
comprising aortic stenosis and gastrointestinal bleeding from angioectasias has
since come to be called Heyde’s syndrome after its eponymous first describer.

The diagnosis of Heyde’s syndrome has been controversial since its first descrip-
tion in 1958. Initial reports based the diagnosis of aortic stenosis on less objective
criteria such as auscultation and other exam findings, and critics have raised con-
cerns about methodological deficiencies in these studies [7, 8]. The overall reported
prevalence rates of aortic stenosis in patients with angioectasias range from 0% to
41% [9]. However, more recent studies using echocardiographic confirmation of
aortic stenosis have suggested prevalence rates in the range of 0-1.6% [10, 11]. In
patients with pre-existing aortic stenosis, the rates of gastrointestinal bleeding range
from 2% to 20% [12]. Despite these criticisms, the diagnosis of Heyde’s syndrome
has remained durable, in part because of the elucidation of an explanatory mecha-
nism and demonstrated treatment strategies.

Pathogenesis

Multiple mechanisms have been proposed to explain the gastrointestinal bleeding
seen in patients with aortic stenosis and angioectasias. Initial proposals included the
presence of a common connective tissue disorder, mucosal ischemia from low car-
diac output, mucosal damage from cholesterol emboli, and mucosal damage and
vasodilatation from decreased tissue perfusion [13]. The true mechanism appears to
be multifactorial, resulting from a combination of increased angioectasia formation
and an acquired predisposition to bleeding from the loss of hemostatic von
Willebrand factor multimers.

The formation of angioectasias is believed to result from poor perfusion and
chronic obstruction of submucosal veins. In patients with cardiac, vascular, or pul-
monary disease, decreased perfusion to local gastrointestinal tissue leads to hypo-
oxygenation. In response, gastrointestinal smooth muscle contracts in an attempt to
compensate, causing an obstruction where the innervating vessels interface. This
obstruction then leads to increased intravascular pressure and subsequent dilatation
of the veins, venules, and capillaries. The vessels and capillaries become tortuous
and form an arteriovenous communication, or angioectasia. There terms angiodys-
plasia and arteriovenous malformation (AVM) are often used synonymously with
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angioectasia. Further ischemia or mechanical trauma to these lesions can then lead
to gastrointestinal bleeding [5, 6].

Patients with aortic stenosis are also at increased risk of bleeding from an
acquired bleeding disorder. Upwards of 80% of patients with severe aortic stenosis
have been demonstrated to have loss of the high molecular weight variant of von
Willebrand factor, a protein implicated in both hemostasis and angiogenesis [14].
High molecular weight multimers of VWF are created in the organelles of endothe-
lial cells and platelets, before being secreted into plasma in order to contribute to
hemostasis. HMW multimers are of particular importance in areas of turbulent
blood flow, such as AVMs, which require the high molecular weight multimers for
appropriate hemostasis [15, 16]. Once secreted into the plasma, multimers of von
Willebrand factor undergo proteolysis at the hands of the enzyme ADAMTS13. In
patients with aortic stenosis, the high shear stress imparted upon von Willebrand
factor as it traverses the stenotic valve leads to conformational changes in the pro-
tein and exposure of additional binding sites. These previously protected binding
sites are targeted and cleaved by ADAMTS13, resulting in accelerated degradation
of the von Willebrand factor multimers. The end result is an increase in the destruc-
tion of high molecular weight multimers of von Willebrand factor and an acquired
coagulopathy called acquired von Willebrand syndrome 2A (AVWS-2A).

Together, the combination of increased angioectasia formation and an acquired
bleeding disorder from loss of hemostatic high molecular weight VWF multimers is
thought to explain the increased risk of gastrointestinal bleeding seen in patients
with Heyde’s syndrome [15-18].

Diagnosis

Gastrointestinal bleeding in Heyde’s syndromes can manifest as overt bleeding with
melena or hematochezia or obscure bleeding with anemia or guaiac positive stools.
The characteristic bleeding lesion in Heyde’s syndrome is the angioectasia. Most
patients will present with multiple angioectasias, with a few patients having more
than 10 on initial evaluation. The most common location of bleeding lesions is in the
jejunum, comprising up to 36% of all cases. The next most common locations are
the duodenum and ileum, respectively [19].

The characteristic lab abnormality in Heyde’s syndrome is the loss of HMW
VWE. However, standard lab testing for the presence of von Willebrand disease is
often normal, as the defect is specific to the HMW multimers. If available, a point-
of-care platelet function analyzer can detect the presence of the bleeding disorder,
although this is not specific for AVWS-2A [12, 14].

Standard guidelines should be followed in the approach to the patient with gas-
trointestinal bleeding [20]. Following resuscitation, endoscopy is the standard of
care for its diagnostic and therapeutic capabilities. The initial endoscopic evaluation
comprises upper endoscopy and colonoscopy. If the initial exam does not identify a
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source of bleeding, second look endoscopy can be considered depending on the
clinical presentation. Given the high rate of small bowel lesions, second look exami-
nation with push enteroscopy might have the added benefit of improved diagnostic
yield. In cases of obscure bleeding, VCE is a first-line procedure for evaluation of
the small bowel, followed by deep enteroscopy and, in rare cases, intra-operative
enteroscopy, if needed [20].

The identification of angioectasias on endoscopy can be difficult. Lesions can
often be missed or misidentified as endoscope trauma, tube trauma, artifact, or gas-
tritis. Furthermore, the vascular nature of angioectasias means that alterations in
blood flow, such as from intra-procedural narcotics or anesthesia, can influence their
size and visibility. The use of naloxone has been suggested as a tool to enhance the
appearance of angioectasias and improve detection during endoscopic evalua-
tion [21].

Treatment and Prevention

Treatment of gastrointestinal bleeding associated with cardiac valvular disease can
be challenging. The difficulties arise, in part, from the multifocal and recurrent
nature of bleeding in these patients. Most patients with angioectasias will have mul-
tiple lesions across multiple sites. Over 60% of patients will have multiple upper
gastrointestinal lesions, and in up to 50% of patients with an upper gastrointestinal
tract lesion, there will be a concurrent colonic lesion as well [22].

In the acute setting, undifferentiated bleeding should be approached according to
established societal guidelines, with attention paid first to patient resuscitation and
stabilization [20, 23]. Medication lists should be reviewed for blood thinning agents
and stopped if it is safe to do so. Coagulopathies should be reversed if present. In
general, AVWS-2A does not respond to desmopressin or transfusion of clotting fac-
tors. However, it is reasonable to administer at least a test dose of desmopressin to
identify the rare patient who will respond [24]. Proton pump inhibitors, while of
questionable effectiveness, are still commonly administered.

Endoscopic intervention is both safe and effective in Heyde’s syndrome. The
most commonly used endoscopic intervention is APC [19]. Thermal cauterization
has also been demonstrated to be safe and effective, and in studies has been dem-
onstrated to reduce the number of blood transfusions needed in treated patients
[25]. Close to half of patients will require eventual additional endoscopic proce-
dures for full control, with an average number of procedures of 1.94 per patient
[25]. Surgical resection, while the historic treatment of choice, is no longer consid-
ered first-line and has not been demonstrated to be superior to endoscopic therapy
alone [26].

Following initial hemostasis, prevention must then be considered. The rate of
rebleeding in Heyde’s syndrome is high, with rebleeding occurring in up to 33-50%
of patients, often from other lesions in the gastrointestinal tract [27]. Iron supple-
mentation is popular, and in patients who suffer from iron-deficiency anemia despite
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oral supplementation, intravenous infusions should be administered [19, 27]. Other
pharmacologic treatments to prevent recurrent bleeding in Heyde’s syndrome
include octreotide, thalidomide, and hormones. Octreotide does not cure the culprit
lesion, but has been shown to reduce bleeding and the need for blood transfusions
[28]. Octreotide also benefits from being well tolerated. Hormone treatment, on the
other hand, has not been shown to be effective. In 1 RCT of 72 patients randomized
to ethinylestradiol and norethisterone or placebo, there was no difference in the
number of bleeding episodes or number of transfusions [29]. Furthermore, adverse
events were significantly higher in the treatment group, with the most common
adverse event being metrorrhagia, affecting 29% of patients. Other worrisome com-
plications of hormone therapy include pulmonary embolism and stroke. Thalidomide
has gained interest because of its anti-neoangiogenesis properties through the inhi-
bition of VEGEF. It has been demonstrated to reduce bleeding episodes, hospital
admissions, hospital readmissions, hospital admission duration, and number of
blood transfusions in patients with refractory bleeding. However, its use has been
limited by its high rate of adverse events, which approach 72% and include fatigue,
dizziness, and abdominal discomfort [30]. More rare but serious side effects include
thrombosis, peripheral neuropathy, and childbirth defects. Despite its reported effi-
cacy in international studies, thalidomide has not been widely adopted in part
because of these side effects.

The most durable treatment for gastrointestinal bleeding in Heyde’s syndrome is
aortic valve replacement (AVR). AVR offers the best chance for long-term resolu-
tion of bleeding and should be offered to patients who are surgical candidates [31].
The overall success rate of AVR in stopping further bleeding is 93% [32]. AVR has
been demonstrated to not just resolve further bleeding, but also increase VWF mul-
timers and in doing so correct the underlying coagulopathy [33, 34]. Vincentelli and
colleagues, for example, reported that in 92% of patients with Heyde’s syndrome
and AVWS-2A who underwent AVR, all had their VWF abnormalities corrected on
the first post-operative morning [15]. The reduction in bleeding episodes post-AVR
appears durable up to at least 12 months out post-operatively [35].

Both surgical and transcatheter aortic valve replacement have demonstrated ben-
efit in resolving bleeding and returning HMW VWF to normal levels. However,
when possible, use of a bioprosthetic valve has still been advocated for in order to
minimize the need for oral anticoagulation post-operatively [35-37].

Aortic and Mitral Regurgitation

There is more limited data on the association between regurgitant valvular disease
and gastrointestinal bleeding. There are case series reporting the loss of VWF mul-
timers and AVWS in patients with aortic regurgitation from various causes [12]. The
overall prevalence of gastrointestinal bleeding in severe aortic regurgitation without
co-existing aortic stenosis is 9% [38]. The degree of bleeding disorder, as deter-
mined by abnormal VWE, appears to be less than that seen in aortic stenosis.
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The association between mitral regurgitation and gastrointestinal bleeding has
been better described. Several case series have described the constellation of mitral
regurgitation, bleeding, loss of HMW VWF multimers, and AVWS which corrected
after surgical repair of the mitral valve [12]. The presence of AVWS in patients with
MR increases with more severe valve disease, reaching up to 85% in patients with
severe MR. In patients with mild and moderate MR, the presence of AVWS is 8%
and 64%, respectively. The rate of gastrointestinal bleeding in patients with MR is
17%, of which 89% of cases have severe MR [12, 39].

Hypertrophic Cardiomyopathy

Gastrointestinal bleeding has been well described in patients with HCM. Despite a
structurally normal valve, subvalvular obstruction creates an environment of turbu-
lent blood flow in the outflow tract that resembles that seen with aortic stenosis and
Heyde’s syndrome. Abnormal VWF multimers and Heyde’s syndrome-like bleed-
ing have both been reported [12]. The degree of abnormality is related to the sever-
ity of outflow obstruction, and can be corrected with septal reduction therapy, as
with septal myectomy or ablation [12, 14, 27].

Summary

Gastrointestinal bleeding has been well associated with cardiovascular disease.
While the most well-known association is with aortic stenosis, it also occurs with
other valvular diseases including aortic regurgitation, mitral regurgitation, and
HCM. The pathogenesis in each case is centered on an acquired bleeding disorder
resulting from the loss of HMW multimers of VWF as blood courses past the abnor-
mal valve. Clinical presentation varies, and an ultimate diagnosis can be difficult,
but evaluation should proceed according to standard guidelines with the exception
of consideration of early small bowel investigation. Once identified, gastrointestinal
bleeding is often remedied with correction of the underlying valvular problem. In
patients who are not surgical candidates, various pharmacologic options have been
studied with iron-supplementation and octreotide being among the best tolerated.

Implantable Cardiac Devices

The evolution of cardiac assist devices has introduced new problems for the practic-
ing gastroenterologist, including complications related to a range of prosthetic
devices, spanning from simple prosthetic and mechanical cardiac replacement
valves to entire implantable pumps such as the Impella or intra-aortic balloon pump.
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These devices have all been associated with significant rates of gastrointestinal
bleeding. In recent times, the introduction of the left ventricular assist device, or
LVAD, has seen even higher post-operative rates of gastrointestinal bleeding. Given
the expansion of cardiac assist devices in clinical care, it is important for the gastro-
enterologist to be comfortable and capable in the management of bleeding in
patients with these devices.

Left Ventricular Assist Devices (LVADs)

LVADs are surgically implanted mechanical pumps that provide circulatory support
to patients with end stage heart failure. Initial iterations of the LVAD used a pulsa-
tile flow mechanism that mimicked natural cardiac physiology. More recent itera-
tions have evolved to use a non-pulsatile flow or continuous flow mechanism.
Compared to their predecessors, the continuous flow devices are smaller, easier to
implement, and more durable, leading to their widespread adoption [40]. LVADs
have demonstrated improved quality of life and increased survival in patients with
end stage heart failure, leading to a proliferation in their use over the past decade
[41]. LVADs can be used now as both a bridge to transplantation or as a destination
treatment in patients who are not transplant candidates but desire life-prolonging
treatment.

One of the most common complications following LVAD implantation is gastro-
intestinal bleeding. The incidence of gastrointestinal bleeding in the newer continu-
ous flow LVADs is ten times that of their older pulsatile flow counterparts [40].
Additional risk factors for gastrointestinal bleeding include patient age, an elevated
creatinine, an elevated INR, a low platelet count, right ventricular dysfunction, and
a post-LVAD ejection fraction >30% [40, 42—44]. The incidence of gastrointestinal
bleeding is estimated between 20% and 61% [43—-46]. Most bleeding occurs late
after implantation at an average onset of 159 days after implantation [47]. Recurrent
bleeding is common with estimates ranging from 9% to 43% and as high as 71%
[40, 43, 44].

Pathogenesis

The mechanism behind bleeding in patients with LVADs is multifactorial, involving
anticoagulant use, alterations in hemodynamics, and loss of von Willebrand factor
multimers [40]. Most patients following LVAD implantation will be placed on anti-
coagulation. However, the rates of bleeding seen following LVAD implantation
exceed those expected with anticoagulation alone by more than fourfold [48].
Implantation with continuous flow LVADs also disrupts normal cardiovascular
hemodynamics through loss of the physiologic pulsatile flow [40]. Instead, LVADs
result in an environment similar to that seen in aortic stenosis, with a narrow pulse
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pressure, reduced aortic valve opening, and high shear stress. Similar to aortic ste-
nosis, there is loss of high molecular weight multimers of VWF associated with
LVADs from increased shear forces and subsequent multimer degradation. This
same loss of VWF multimers is not seen in patients following heart transplantation.
The loss of VWF multimers contributes to an acquired bleeding disorder and an
increased predisposition to bleeding [49, 50]. LVAD implantation has also been
associated with impaired platelet aggregation [51].

Diagnosis

The most common presentation of gastrointestinal bleeding in patients with LVADs
is overt upper gastrointestinal bleeding. Half of patients will present with melena
and another 7% of patients will present with hematemesis. Lower gastrointestinal
bleeding with hematochezia is relatively rare and occurs in 13% of cases. Most
patients present from the outpatient setting as hemodynamic instability is uncom-
mon [47].

The diagnostic approach to gastrointestinal bleeding in patients with LVADs is
similar to the approach in the general population. Following resuscitation, endo-
scopic evaluation is the standard of care [40]. Endoscopy will identify the bleeding
lesion in 60-90% of cases [52, 53]. EGD is the best first test with a diagnostic yield
approaching 50%. If no bleeding lesion is found, colonoscopy should then be pur-
sued, followed with deep enteroscopy. One alternative to this conventional approach
to endoscopy favors early enteroscopy. Early small bowel evaluation with device-
assisted enteroscopy has been associated with decreased number of transfusions,
decreased number of days to treatment, and decreased number of diagnostic tests
[54]. Initial evaluation with push enteroscopy might be an effective compromise and
has been advocated for by some practitioners [40]. Colonoscopies, on the other
hand, are likely overused [52]. Multiple procedures are often required before a
definitive diagnosis is reached, and the average patient will undergo 3.3 procedures
during the course of his investigation [52].

If small bowel evaluation is pursued, video capsule endoscopy is an important
adjunct to device-assisted enteroscopy. VCE allows the endoscopist to localize the
site of bleeding, plan his approach, and provide targeted treatment. VCE has been
demonstrated to be both safe and effective in patients with LVADs. In patients with
obscure gastrointestinal bleeding, the diagnostic yield of VCE ranges up to
80-100%. The most common finding is intraluminal blood and the most common
location is the jejunum [55, 56]. While there have been concerns related to LVAD
interference with capsule image acquisition, this can be minimized by positioning
the device leads as far away as possible from the capsule recorder. In over 100 stud-
ies of VCE in patients with implantable electromedical devices, including pacemak-
ers, ICDs, and LVADs, VCE did not result in disturbance of the cardiac devices
function [57].
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Treatment and Prevention

Standard guidelines for the management of gastrointestinal bleeding should be fol-
lowed in the initial approach to bleeding in patients with LVADs. The initial
approach includes establishing appropriate peripheral access, adequate resuscita-
tion with intravenous fluids and packed red blood cell transfusion, acid suppression
in cases of suspected upper gastrointestinal bleeding, and ongoing hemodynamic
monitoring. Reversal agents, such as phytonadione, FFP, and concentrated VWF
can be used but must be done so with caution and in consideration of the risk of
pump thrombosis. It can be prudent to consult with a Cardiologist before reversal if
safety is in question.

Once the patient has been well resuscitated, endoscopy is the initial treatment of
choice. The most common bleeding lesion in LVAD-associated bleeding is the pep-
tic ulcer, being identified in over 30% of cases. Behind peptic ulcers, vascular mal-
formations (27%), colitis (7%), and polyps (5%) are the next most commonly
identified lesions [47]. Endoscopic intervention of high-risk lesions results in suc-
cessful hemostasis in 90% or more of cases [52, 53]. Multiple modalities have dem-
onstrated success in LVAD-associated bleeding including argon plasma coagulation,
contact coagulation, and mechanical clips, with no one technique demonstrating
superiority over the others. Both moderate and deep sedation have been demon-
strated to be safe in the setting of endoscopy [40].

Rebleeding is frequent and can occur in up to half of cases but often remains
amenable to endoscopic intervention [53]. The median time to rebleeding is 7 days
and half of patients will bleed from a separate site than the initial target of hemosta-
sis. In cases of refractory bleeding, lowering the speed of the LVAD to increase
pulsatility might help to reduce bleeding. However, concerns related to the risk of
thrombosis has limited its widespread adoption outside of certain centers [58].
Endovascular embolization remains another treatment option for bleeding resistant
to endoscopic intervention [59].

Once initial endoscopic hemostasis has been achieved, attention is turned to the
prevention of recurrent bleeding. Pharmacologic treatments are similar to those
used for the prevention of angioectasia-related bleeding, and include octreotide,
thalidomide, and danazol. Octreotide alone has not been demonstrated to reduce
the rate of recurrent bleeding, the need for blood transfusions, or the need for fur-
ther endoscopic procedures outside of small case reports [60, 61]. However, there
was a favorable trend in the direction of these reductions. Thalidomide has been
used in case reports in the treatment of refractory gastrointestinal bleeding.
However, its use is limited by severe adverse events and regulations surrounding its
prescription [62]. There has been one successful case report describing the use of
danazol in the prevention of gastrointestinal bleeding [63]. Omega-3 acids have
been demonstrated to increase days free from gastrointestinal bleeding in limited
reports [64].
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The decision of what to do with anticoagulation is difficult and without uniform
guidance. Management of anticoagulation must include consideration of both the
risks of gastrointestinal bleeding and the risks of pump thrombosis. Some centers
have moved to lower international ratio targets in patients with LVADs and experi-
mented with a target of 1.8-2.2 down from 2 to 3. Further studies with longer follow
up are needed before the lower target range can be universally recommended [65].

The most durable treatment is cardiac transplant. Similar to sclerotic aortic val-
vular disease, the gastrointestinal bleeding seen in association with LVADs resolves
with correction of the underlying flow problem. Cardiac transplant and removal of
the device has been shown to prevent further episodes of bleeding [40].

Aortic Valve Prothesis

The lifetime of an aortic valve prosthesis is between 7 and 20 years. Prosthetic fail-
ure can occur as a result of thrombosis, calcification and obstruction, leaflet tear,
and paravalvular leakage [12, 14]. Failure of the prosthetic valve leads to recurrent
aortic stenosis or regurgitation and resumption of the previous pathophysiology.
Overall, gastrointestinal complications comprise close to 40% of bleeding compli-
cations in patients who undergo transcatheter aortic valve replacement. The rate of
late major bleeding seen after transcatheter aortic valve replacement is 5.9% and
occurs at a median time of 132 days [67]. The presence of a moderate or severe
paravalvular leak is an independent predictor of bleeding complications. Other risk
factors include baseline anemia, atrial fibrillation or flutter, and greater left ventricu-
lar mass. Compared to normal valves, abnormal valves have higher rates of abnor-
mal VWF multimers. The abnormal VWF multimers correct in patients with
minimal to no paravalvular regurgitation compared to those with moderate to severe
regurgitation, and intraprocedure measurement of abnormal VWF multimers using
PFA have been used to predict later valve dysfunction.

Mitral Valve Prosthesis

Mitral valve protheses are associated with gastrointestinal bleeding in cases with
abnormal valve function. For example, both gastrointestinal bleeding and abnormal
VWF multimers have been described with mitral paravalvular leak [12, 14].
Compared to normal valves after replacement or repair, dysfunctional valves are
associated with abnormal VWF and have an incidence of gastrointestinal bleeding
of 26%. In most cases, the bleeding originates from an angioectasia [12, 14]. Both
gastrointestinal bleeding and abnormal VWF multimers correct after surgical repair
of the abnormal valve.
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Other Cardiac Assist Devices

Other implantable cardiac devices associated with increased rates of gastrointestinal
bleeding include the Impella and intra-aortic balloon pump. The rates of gastroin-
testinal bleeding in these devices can reach upwards of 31% and is driven by a simi-
lar shear-stress acquired bleeding disorder [66].

Summary

Gastrointestinal bleeding is a common complication associated with implantable
cardiac devices. The LVAD, in particular, has been associated with bleeding in over
half of cases, and gastrointestinal bleeding is also seen with protheses and other
ICDs. Like with native cardiovascular disease, the pathogenesis is centered around
an acquired bleeding disorder resulting from destruction of HMW multimers of
VWEF that degrade from shear stress as blood courses past the foreign device.
Clinical presentation varies, and resuscitation and investigation is similar to other
sources of gastrointestinal bleeding with the exception of consideration of early
small bowel investigation. In patients with a correctable problem — such as a para-
valvular leak — correction can result in hemostasis. In patients with an LVAD who
are transplant candidates, heart transplantation is among the most durable treatment
option. In other patients who are not operative candidates, recurrent bleeding is
common, and prevention is multifactorial including device settings, anticoagulation
adjustment, and various pharmacologic agents.
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Mechanism of NSAIDs

Most NSAIDs are nonselective inhibitors of cyclooxygenase-1 (COX-1) and cyclo-
oxygenase-2 (COX-2) enzymes. While aspirin acetylates COX-1 and COX-2 irre-
versibly, NSAIDs do so reversibly. COX-1 is constitutively expressed and produces
mucosal protective prostaglandins to the gastric and duodenal mucosa. In addition,
COX-1 contributes to platelet aggregation through thromboxane production. COX-2
is inducible and plays a lesser role in protection of mucosal lining from acid and
pepsin. On that basis, it has been thought that COX-2 selective inhibitors have a
safer GI side effect profile. However, at clinically significant doses, COX-2 inhibi-
tion leads to similar adverse gastrointestinal effects. Moreover, animal studies have
refuted this “COX-2 hypothesis”, suggesting that both COX-1 and COX-2 inhibi-
tion are required for ulcer formation. [8, 21, 28] Therefore, it is not the selective
COX-2 inhibition alone, but perhaps the absence of dual inhibition of both isoforms
that explains the decreased GI side effects with COX-2 selective NSAIDs such as
celecoxib.

Most NSAIDs are completely absorbed and have trivial first pass hepatic metab-
olism. Side effects including renal, cardiovascular and gastrointestinal vary, and are
largely dependent on pharmacodynamics and pharmacokinetics [27]. It is also
important to note that NSAIDs notoriously interact with commonly used medica-
tions such as methotrexate and ACE inhibitors. Figures 15.1 and 15.2 illustrate the
inhibition of COX-1 and COX-2 and the downstream effects.
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Pathogenesis of NSAID-Induced Enteropathy and Colopathy

While some studies report 15-30% of patients on chronic NSAIDs develop peptic
ulcer disease, other studies observed as high as 80% of long term users eventually
develop NSAID-induced enteropathy [2, 6].

Aspirin has a pKa of 3.5 and ibuprofen 4.85. The more positive the pKa value,
the weaker the acid and so therefore, aspirin and NSAIDs are not ionized in the
gastric lumen but rather can travel across the mucosa. As the mucosa has a neutral
pH, NSAIDs then linger in the epithelial cells and can damage the epithelial cells
through this mechanism. The second and most critical means of destruction is by
inhibiting COX-1 and COX-2, thereby decreasing prostaglandin synthesis. Aspirin
dosages as low as 10 mg/day can inhibit gastric prostaglandins [8, 24]. In turn,
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human gastric mucosa can require up to 8 days to restore its COX-1 activity. Without
prostaglandins, the mucosal layer loses its cytoprotective properties and is now sus-
ceptible to unimpeded gastric acid secretion, proteolytic enzymes, bile acid and
toxins [6]. First, prostaglandins stimulate epithelial cell secretion of mucin and
bicarbonate which together form a protective alkaline barrier. Secondly, prostaglan-
dins also enhance mucosal blood flow and oxygen through vasodilation. In addition,
prostaglandins promote epithelial cell proliferation and movement towards the
luminal side [8]. Other proposed protective mechanisms include interference with
nitric oxide such that some studies are now investigating NSAIDs coupled with
nitric oxide and aspirin coupled with nitric oxide. In addition to interfering with a
variety of gastroduodenal defensive pathways, NSAIDs also promote subsequent
bleeding from peptic ulcer disease by inhibiting platelet aggregation and
vasoconstriction.

With increased utilization of capsule endoscopy, small bowel enteropathy is
more and more frequently identified. Pathogenesis in contrast to gastroduodenal
disease, involves intestinal gram-negative “dysbiosis” and bile toxicity as seen in
Fig. 15.3, particularly in those with NSAIDs plus a proton pump inhibitor (PPI) [2,
8]. In animal studies, NSAIDs with PPI causes disruption of the microbiome, with
overgrowth of gram-negative bacteria in the ileum and subsequent ulceration while
those with gram-positive bacteria such as Bifidobacteria and Firmicutes tend to be
without ulcers [8]. Similarly, human studies such as Washio et al. study showed that
COX-2 selective NSAIDs in combination with PPI had significantly higher inci-
dence of ulcers, particularly in the jejunum as compared to COX-2 selective NSAIDs
and placebo due to small bowel dysbiosis [8]. Interestingly, current prospective
studies including GI-REASONS trial and CONDOR trial are also finding that occult
GIB is more common in nonselective NSAIDs coupled with PPI compared to cele-
coxib alone [8].
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Fig. 15.3 Pathogenesis of NSAID-induced enteropathy. https://link.springer.com/article/10.1007/
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In the lower GI tract, NSAIDs, especially enteric-coated and slow release formu-
lations which permit more exposure of the drug in the colon, increase colonic ulcers,
diverticular bleeding and exacerbations of inflammatory bowel disease [12]. In
comparison to gastric and small bowel ulcers, colonic ulcers are much less com-
mon, less described and found in less than 5% of patients on chronic NSAIDs [9].
There is also a predilection for right-sided and proximal colon. With increasing use
of the sustained release formulation, more drug reaches the cecum which then acts
as a “reservoir” and becomes directly toxic to the right colon [11, 12, 14, 15].
Histologic exams have reported pill-coated NSAID particles in histiocytes in ulcer
and granulation tissue biopsied in the right colon. Distally, proctitis can develop
with rectal NSAIDs. Primary mechanisms for NSAID-induced colopathy are
decreased blood flow and disruption of epithelial cells as well as decreased prosta-
glandin production by colonic mucosa [15]. Disruption of epithelial cells leads to
exposure to and bacterial translocation and inflammatory reactions. Colopathy can
occur within days of NSAID use [11].

Although much of literature focuses on oral NSAIDs, it is important to remem-
ber that NSAIDs also come in topical formulations. There have been case reports
where topical NSAIDs have also led to occult GI bleeding. Hirose et al. reported a
case of an occult GI bleed in an elderly woman using eight sheets of 20 mg of keto-
profen patches every day [5].
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Risk Factors for NSAID-Induced Enteropathy

Dosage, duration and individual risk factors and co-morbidities dictate the risk of
developing peptic ulcers. Expectedly, both increased dosage and duration augment
the risk. An overall average of three months is generally noted but even continuous
use during a two-week period can cause mucosal injury. Oral NSAIDs in conjunc-
tion with glucocorticoids, warfarin, antiplatelets, topical NSAIDs, and SSRIs poten-
tiate GI bleeding. The following factors increase risk of GI toxicity: previous ulcer
disease, age greater than 60, high dose NSAIDs combined with steroids, antiplatelet
agents and anticoagulants, chronic NSAID use, untreated H. pylori infection, hemo-
dialysis and SSRIs [8]. In 2009, the ACG stratified risk of NSAID-induced PUD
into low, moderate and high as seen in Fig. 15.4 below.

Clinical Presentation and Complications

Melena and hematemesis from NSAID-induced ulcers are well known conse-
quences. Close to 15% of peptic ulcers bleed with a mortality rate of roughly 10%.
Patients with peptic ulcers can experience epigastric pain or remain asymptomatic,
with many eventually presenting with occult GI bleeding or iron deficiency over
time [3]. >!Chromium-labelled erythrocyte studies in NSAID-induced enteropathy
cases estimate occult blood loss from one cc to up to 10 cc a day [1]. When symp-
tomatic, patients usually describe the pain as a hunger sensation with pain worse

—
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Fig. 15.4 Risk stratification of gastroduodenal toxicity in NSAID use. (Adapted from 2009
American College of Gastroenterology)
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Fig. 15.5 (a) Small bowel diaphragm. (b—d) Small bowel NSAID-induced ulcers. https:/link.
springer.com/article/10.1007/s00535-009-0102-2

after eating in gastric ulcers and better with eating in the case of duodenal ulcers.
The emergence of early satiety and vomiting suggests obstruction secondary to the
ulcer itself or formation of diaphragms. Diaphragms often develop in the ileum but
can occur throughout the small bowel, as seen in Fig. 15.5 [6]. Dysphagia may be
due to peptic strictures. Worsening abdominal pain may be the initial clue to
perforation.

In NSAID-induced colopathy, iron deficiency anemia, change in bowel habits,
abdominal pain are reported signs and symptoms [12, 14, 25]. Like the upper GI
tract, ulcers leading to occult or overt GI bleed and strictures leading to obstruction
can also form in the colon.

Diagnosis

Surrogate markers such as fecal excretion of 111-Indium, fecal calprotectin, and
SIChromium-labelled erythrocyte studies can indicate intestinal inflammation due to
NSAIDs [8, 24, 28]. In current practice, endoscopy is the standard for diagnosis.
NSAID-induced enteropathy can range from red spots, erosions to round, annular or
linear ulcers seen during upper endoscopy [1]. While varied in appearance, these
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ulcers are usually superficial and less than one centimeter in diameter. Most duode-
nal ulcers will form in the duodenal bulb and gastric ulcers in antrum or pyloric
channel. In the colon, ulcers can occur throughout but rarely on the ileocecal valve.

The first diagnostic step in occult GI bleeding is upper endoscopy and/or lower
endoscopy. If unrevealing, capsule endoscopy or small bowel enteroscopy should
be utilized to evaluate the small bowel [1]. Studies have shown the positive predic-
tive value of small bowel enteroscopy exceeds that of a capsule endoscopy when
looking for small bowel ulcers, however more large-scale studies are still needed.
Regardless, capsule endoscopy studies have estimated up to 50-80% of NSAID-
induced enteropathy can occur in the small bowel. Capsule studies have seen small
bowel erosions and ulcers in as little as seven days of 100 mg of enteric-coated
aspirin. Jejunum and ileum are affected equally. Equally important to note, is that
discontinuation of aspirin and other NSAIDs can lead to negative capsule study,
especially as small erosions and superficial ulcers can heal quickly with cessation of
culprit medications [7].

In the colon, NSAID-induced ulcers typically occur in the right colon and trans-
verse and less so in the left colon [10]. They are usually well-circumscribed, circular
or semicircular. Most ulcers heal within four weeks of drug withdrawal [10].
Persistent ulceration, healing and fibrosis lead to diaphragm-like strictures, espe-
cially in the right colon [13].

Prevention and Management

Perhaps the best and ideal strategy is to avoid NSAIDs in patients already at
increased risk for peptic ulcer disease. These patients include those with H. pylori,
Zollinger-Ellison syndrome, inflammatory bowel disease, sarcoidosis, CKD, CMV
and HSV infections. However, given the myriad chronic conditions including car-
diovascular and rheumatologic diseases, avoidance may be next to infeasible and so
additional strategies can be incorporated in preventing and managing NSAID-
induced enteropathy and colopathy.

Screening for occult bleeding in those taking NSAIDs or anticoagulants through
biomarkers such as FOBT is not recommended [17]. However, testing for and eradi-
cating H. pylori is recommended in those requiring prolonged NSAID use. Proton
pump inhibitor remains the mainstay primary and secondary prevention strategy. In
those who must continue on NSAIDs or aspirin for long term, PPI should be pre-
scribed for as long as they are on those medications. There is no overwhelmingly
convincing data that one PPI is superior than another PPI. As previously mentioned,
while protective of the gastroduodenal tract, PPI in combination with NSAIDs can
lead to small bowel ulcers through intestinal dysbiosis. This however, does not
change the current recommendations in adding a PPI to long term NSAID and aspi-
rin users.

Despite conflicting evidence, some practitioners still gravitate towards selective
or relatively selective COX-2 inhibitors such as celecoxib, etodolac, diclofenac and
meloxicam rather than nonselective NSAIDs in high risk patients. Although not
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rigorously studied, high risk patients who must take aspirin and NSAIDs together,
can derive benefit from switching to selective COX-2 inhibitor plus PPI versus non-
selective NSAID plus PPI. Of note however, selective COX-2 inhibitors do not pro-
vide any added benefit in decreasing lower GI bleeding related to NSAIDs [9].

In the lower GI tract, most ulcerations heal but strictures usually do not and may
require balloon dilation and even surgical intervention or segmental colectomy if
symptomatic [11, 15].

Alternative Therapies

While avoidance of NSAIDs and aspirin seems impossible, one alternative is utiliz-
ing topical NSAIDs in cases of pain relief, with the idea that there are less systemic
effects. PPIs are preferred in prevention of peptic ulcer disease in NSAID users, but
there are several other alternatives, although inferior, which can serve as adjuvant
therapy. Misoprostol is a prostaglandin E analog. A study showed a relative risk
reduction of 40% in bleeding and complications related to NSAIDs and aspirin
when patients were taking 200 mcg four times a day for at least six months com-
pared to placebo. A more recent 2018 randomized, double-blind, placebo-controlled
trial conducted by Taha et al. looked at obscure GI bleeding in patients taking aspi-
rin and NSAIDs and found that there was a statistically significant difference in
healing of small bowel ulcers and erosions in the misoprostol group compared to the
placebo group after eight weeks of therapy [4]. Unfortunately, misoprostol is not
well tolerated due to substantial GI side effects including abdominal pain and diar-
rhea. Nonetheless, it may be worthwhile to consider misoprostol in patients with
recurrent peptic ulcer disease on NSAIDs.

Sucralfate is another adjuvant therapy that can be effective in treating particularly
duodenal ulcers by forming an adhesive “bandage” at the site to encourage healing.
In addition, sucralfate can also impede pepsin activity in gastric secretion.

There are several other new alternatives currently being studied. Rebamipide
enhances intracellular prostaglandin synthesis and has been shown to reduce NSAID-
induced enteropathy in animals in the STORM trial [8]. Tranexamic acid, dipeptidyl
peptidase inhibitors, geranylgeranylacetone which facilitates mucous production,
irsogladine a PDE inhibitor which promotes gap junction integrity, nitric oxide
releasing NSAIDs are all under investigation. Given evidence that PPI can add insult
to NSAID-induced enteropathy through intestinal dysbiosis, studies such as Satoh
et al. have also looked at soluble fiber and probiotics as a preventative approach [22].

Anticoagulation: Mechanism and Pathogenesis

The mechanism of warfarin, as seen in Fig. 15.6, is inhibition of vitamin K depen-
dent clotting factors (II, VII, IX, X), protein C and protein S and thereby systemic
anticoagulation. Apixiban, rivaroxaban and edoxaban are factor Xa inhibitors which
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prevent thrombin formation. Dabigatran inhibits thrombin, which in turn impedes
fibrin production.

But in addition to its action in the coagulation cascade, DOACs also have a direct
effect on intestinal mucosa as most are only partially absorbed. In particular, the
tartaric acid in dabigatran is erosive to the gastroduodenal mucosa [18].

Warfarin can be reversed using Vitamin K, fresh frozen plasma or prothrombin
complex concentrate. Reversal agents available for dabigatran include hemodialysis
and idarucizumab, which is a humanized monoclonal antibody fragment targeted
against dabigatran. For the other DOACs, andexanet alfa is a recombinant modified
protein mimicking factor Xa and thus binds apixiban, rivaroxiban and edoxoban.
Aripazine is a cation and still being studied in reversal of all DOACs.

Overall, DOACs are associated with decreased risk of mortality due to fatal
bleeding but associated with higher risk of GI bleeding compared to warfarin [18,
19]. Compared to warfarin, dabigatran and edoxaban at higher dosages and standard
dose rivaroxaban are associated with higher gastrointestinal bleeding events.
Rivaroxaban is thought to be higher risk for GIB due to its higher peak serum
concentrations.

Unlike NSAIDs which tend to affect the upper tract, DOACs tend to affect the
lower GI tract. This is seen in the RE-LY trial looking at dabigatran, particularly
given its incomplete absorption in the upper GI tract and therefore subsequent ero-
sive effect in the lower tract [19]. In addition to its obvious effect on systemic anti-
coagulation, current phase 3 trials have identified additional risk factors for bleeding
including age greater than 75, history of GIB, diverticulosis, angiodysplasias, renal
disease, use of antiplatelets or NSAIDs and a HAS-BLED score of equal to or
greater than 3 [19].
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Fig. 15.6 Mechanism of warfarin and DOACs. https://link.springer.com/article/10.1007/
s40800-016-0031-y
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Etiology of Occult GI Bleeding in the Setting
of Anticoagulation

A prospective study by Jaffin et al. suggested that those on anticoagulants with occult
bleeding were not due to the anticoagulant itself but pre-existing intestinal and
colonic lesions [9, 16]. Many studies such as the COMPASS trial have looked at the
higher incidence of GIB with anticoagulation and relation to occult malignancies,
whereby initiation of anticoagulation unveils the presence of pre-existing cancer.
The study found that anticoagulation therapy significantly increased the incidence of
a positive fecal occult blood test (FOBT). However, positive FOBT was not related
to increasing PT/PTT [16]. This suggests occult bleeding in anticoagulated patients
was due to underlying organic lesions rather than systemic anticoagulation. With that
being said, the most common causes of occult bleeding are seen in Fig. 15.8.

Management of Occult GI Bleeding on Anticoagulants

While many practitioners test FOBT to gauge a patient’s risk of GI bleeding prior
to starting therapeutic anticoagulation, this is not recommended [17]. First off,
FOBT has only been validated for colorectal cancer screening and not a means to
evaluate GIB risk. Moreover, FOBT is an imperfect test, known for false positives
in individuals consuming certain peroxidase-containing foods and false negatives
in ascorbic acid-containing food items. Thus, it should not be used to predict bleed-
ing risk prior to starting anticoagulation or used to dictate the discontinuation of
anticoagulants.

In contrast, tools such as the HAS-BLED score, HEMORR,HAGES and
ATRIA can be used to predict and assess a patient’s risk of GIB on anticoagula-
tion. HAS-BLED has been favored as it more reliably predicts clinically signifi-
cant GIB [20]. HAS-BLED takes into account hypertension, renal and liver
dysfunction, bleeding disorder, labile INR, age greater than 65, concurrent alco-
hol, NSAID or aspirin use.

Certain prevention strategies can be employed however in minimizing GI bleed-
ing from angiodysplasias, pre-existing ulcers, portal hypertensive gastropathy and
colopathy and underlying malignancy. For example, adding proton pump inhibitor
may mitigate the risk of GIB especially from pre-existing ulcers. Target INR for
warfarin should be maintained within range and dosage of DOACs should be renally
adjusted. The 2008 ACCF/ACG/AHA consensus statement recommends keeping
the INR between 2.0 and 2.5 for patients (excluding high risk patients such as those
with mechanical valves) on warfarin plus aspirin and clopidogrel [21]. Combination
therapy with other antiplatelets and NSAIDs should be minimized and prescribed
for the shortest duration indicated. As seen in Fig. 15.7 above, serum concentration
of DOAC:s can be notoriously increased by azoles and protease inhibitors that inhibit
CYP3A4 and therefore should be dose-adjusted accordingly when applicable.
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Fig. 15.7 Mechanism and reversal agents of warfarin and DOACs. *Aripazine is under
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Resumption of Anticoagulants after GIB

In the setting of normal renal function, DOACs are generally out of systemic circu-
lation in approximately 12-24 h. A retrospective study by Sengupta et al. showed
that restarting DOAC:s after GI bleeding was not associated with recurrent GI bleed-
ing [20]. Currently, there are no formal set guidelines on resumption of DOACs.
Figure 15.9 below outlines the following recommendations taken from 2016 ASGE

guidelines:

Low bleeding risk peri-

endoscopy

Low cardiovascular risk

¢ continue warfarin or
DOAC

cardiovascular risk

e continue warfarin or
DOAC

bleeding risk peri-
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bridge and restart same day

« discontinue DOACs for at least 2 half-lives
and restart after hemostasis *“DOACs have
rapid onset of action (1-4 hours)

Fig. 15.9 2016 ASGE guidelines on resumption of anticoagulation after GI bleeding
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Chapter 16 )
Patients with Genetic Diseases

Check for
updates

Krishnakumar Hongalgi, Katherine Donovan, David Miller,
and Nikki Allmendinger

Introduction

There are multiple genetic conditions that predispose an individual to occult gastro-
intestinal bleeding. These genetic mutations lead to disorders of hemostasis, and the
vascular, inflammatory, or immune systems and therefore predispose one to occult
gastrointestinal bleeding. Most of these conditions present with outward signs that
will make it apparent that there is an increased risk of occult bleeding and raise
suspicion to the point that there is a low threshold for endoscopic evaluation. Family
history is critical in evaluating a patient with occult gastrointestinal bleeding as this
information can allow for a more focused approach to the evaluation.

Vascular Causes

Hereditary Hemorrhagic Telangiectasia Syndrome (HHT) HHT or Osler
Weber Rendu syndrome is an autosomal dominant disorder with varying expression
and penetrance. The prevalence is about 1 in 5000 to 1 in 8000. There are three
genes (Tables 16.1 and 16.2) most commonly affected; although over 600 mutations
have been identified to be related to HHT. The occult bleeding can originate from
epistaxis or gastrocutaneous telangiectasias and can lead to iron deficiency anemia.
Gastrointestinal bleeding can be seen in about one third of patients with HHT in the
form of occult bleeding or bright red blood per rectum and is one of four criteria to
diagnose HHT. Most occult blood loss in HHT will due to unrecognized nasal
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Table 16.1 Summary of genetic diseases: cause and site of bleeding

Cause of Bleeding Location of Lesions
HHT Vascular abnormalities Stomach and duodenum
BRBNS Vascular abnormalities Anywhere in GI tract
FAP Abnormal mucosa Colon
JPS Abnormal mucosa Colon, stomach, duodenum
Inflammatory bowel disease Abnormal mucosa Anywhere in GI tract
Celiac Abnormal mucosa Small bowel

Table 16.2 Summary of genetic diseases: their mutations

Disease Chromosome Gene
Vascular | HHT 9q34.11, 2q24.1, 18q21.1 ENG, ACVLR1, SMAD4
BRBNS 9p21.2 TEK
KPS 3q26.32 PIK3CA
Polyposis | FAP 5q21-q22 APC
JPS 18q21.1 SMAD4
10q22023 BMPRIA
IBD 16q12.1, 5q33.1, 2q37.1, NOD2, IR GM, ATG 16 L1,
1p31.3, 18p11.21 IL23R, PTPN2
Celiac 6 p21-32 HLA DQAL1
Immune | WAS X chromosome WAS
SCID X chromosome IL2RG
11 pl2 RAGI, RAG2
XLA X chromosome BTK
Neurofibromatosis | 17 q11.2 NF-1

bleeding. The bleeding occurs due the fragile nature of the telengiectatic vessels.
Gastrointestinal loss is more common over the age of 40 years.

The initial presentation of occult blood loss is usually in childhood and usually
associated with a known family history of HHT. The presence of epistaxis with
characteristic telangiectasias on the lips, oral mucosa and/or fingertips should lower
one’s threshold for investigating the entire gastrointestinal tract for further vascular
anomalies that could be treated in various manners. Telangiectasias are more com-
monly seen in the stomach and duodenum and less so in the colon in patients with
HHT. (Fig. 16.1).

When there is persistent anemia in the setting of HHT, further investigation into
a gastrointestinal source should be pursued. This may include but is not limited to
upper endoscopy, colonoscopy and wireless capsule endoscopy. Therapeutic inter-
ventions available include surgical resection, sclerosing and clipping. Vascular
interventional techniques also play a role in managing the occult bleeding in HHT.

Blue Rubber Bleb Nevus Syndrome (BRBNS) BRBNS is a rare condition. It has
been associated with somatic mutations of the TEK gene which produces the TIE2
protein (Tables 16.1 and 16.2). Patients with BRBNS are born with a “dominant”
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Fig. 16.1 (a) https://commons.wikimedia.org/wiki/File:Case_115.jpg. LIP telangiectasias in
HHT; (b) Patient with hereditary hemorrhagic telangiectasia scientific figure on ResearchGate.
Available from: https://www.researchgate.net/figure/Multiple-spider-like-mucosal-telangiectases-
of-the-gastric-antrum-and-proximal-duodenum_fig 2_317678694 [accessed 25 Apr, 2020].
Multiple spider-like — mucosal telangiectasias in the duodenal bulb

Fig. 16.2 https://www.eventscribe.com/2017/wcogacg2017/ajaxcalls/PosterInfo.asp?efp=S11VT
UxLQVozODMyé&PosterID=115945&rnd=8.069134E-02. Isolated colonic lesions in a patient
with Blue rubber bled nevus syndrome

lesion and the number of lesions increases with age. The lesions are cutaneous and
internal venous malformations. Cutaneous lesions present as small round rubbery
lesions on the palms and soles. Gastrointestinal lesions are sessile lesions described
as hemangiomas and are seen in about 75% of patients with BRBNS. All parts of
the gastrointestinal tract have been documented to be involved although most com-
monly lesions are identified in the small intestine.

Investigation for sources of gastrointestinal bleeding should include upper
endoscopy, colonoscopy, wireless capsule endoscopy and magnetic resonance
imaging. Small bowel enterography/enteroscopy can also be considered as a modal-
ity for both investigation and possible treatment.

Gastrointestinal lesions in BRBNS lead to chronic bleeding and therefore iron
deficiency anemia. In more severe cases the lesions can cause intussusception and
intestinal ischemia. (Fig. 16.2)
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Fig. 16.3 https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0042-119038.pdf.
Endoscopic finding of ectasias and congestion of the submucosal and mucosal venous vessels and
hemangiomas affecting the rectum and the left colon

Treatment of BRBNS tends to be conservative and includes lifelong iron supple-
mentation and blood transfusions. Surgical resection is reserved for the most severe
and involved cases due to the risk of recurrence. Interventional vascular treatments
can also be considered. Sirolimus has been successfully used to cause regression of
lesions and therefore decreased bleeding.

Klippel-Trenaunay Syndrome (KTS) KTS is characterized by the triad of capil-
lary malformation, venous malformation, and limb overgrowth with or without lym-
phatic malformation (Fig. 16.3). Most patients with KTS have postzygotic somatic
mutations in the phosphatidylinositol-4, 5-bisphospate 3-kinase, catalytic subunit
alpha (PIK3CA) gene on Chromosome 3q26.32 (Tables 16.1 and 16.2). The risk of
coagulopathy generally correlates with the extent of venous disease. Gastrointestinal
venous malformations and varicosities may result in occult or life-threatening gas-
trointestinal bleeding most commonly originating from the rectum. The lack of sig-
nificant venous disease of the extremity or skin does not preclude the presence of
pelvic anomalies nor of a coagulopathy. Supportive care, interventional radiologic
procedures and surgical intervention should all be considered in the management of
all the various lesions seen in KPS.

Polyposis Syndromes

Juvenile Polyposis Syndrome (JPS) JPS presents in the first decade of life and is
characterized by painless rectal bleeding. Iron deficiency anemia from occult blood
loss may also be the presenting symptom. Patients can develop 5 to hundreds of
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polyps throughout their lifetime. Lesions are most commonly found in the colon,
but polyps may also be found in the stomach and small intestine. The lesions are
hamartomas and are due to the abnormal collection of tissue elements normally
found in the GI tract. These lesions are generally nonmalignant but adenomatous
changes can be seen in about 50% of juvenile polyps in the setting of JPS. The life-
time risk of malignancy in an individual with JPS is between 38% and 68%.

The genetic mutations seen in people with JPS are in the SMAD4 (18Q21.1) and
BMPRIA (10Q23.2) genes. One of these genes will have a mutation in up to 60%
of patients with JPS (Tables 16.1 and 16.2). The relationship between the clinical
picture and the genotype is inconsistent. The age of presentation and the number of
polyps is variable even with in the same family. The risk of gastric polyps and gas-
tric cancers seems to be higher in those patients with the SMAD4 mutation. JPS
patients may also have features associated with HHT and therefore systematic HHT
screening is recommended by NASPGHAN for all those with JPS and a SMAD4
mutation. This includes investigation of cerebral and pulmonary AVMs.

If a patient with JPS has an isolated BMPRIA mutation, then no further investi-
gation beyond endoscopy is recommended. Children with this mutation and a severe
phenotype with or without extraintestinal manifestation should be screened for
PTEN mutations.

If there is a known mutation in a family with JPS, genetic counseling and genetic
testing should be pursued between 12 and 15 years of age in an asymptomatic
child. If the mutation is not known then screening endoscopy (including EGD and
colonoscopy) should be done at the same age. If a child has symptoms and is found
to have more than 5 juvenile polyps on colonoscopy then genetic counseling and
testing should be pursued. Screening colonoscopies should then be done everyone
to five years. Further upper tract surveillance should be pursued in those with unex-
plained anemia or upper tract symptoms but is not needed in the pediatric
population.

Familial Adenomatous Polyposis (FAP) FAP is characterized by the presence of
a large number of adenomatous colonic polyps, frequently more than 100 polyps are
seen. It occurs in about 3 in 100,000 individuals but only accounts for about 1% of
colorectal cancers in the United Stated. In the classic form of the disease there is a
100% chance of developing colorectal cancer. An attenuated version of FAP also
exists and his characterized by more than 10 but less than 100 adenomatous polyps
and these patients have an 80% chance of developing cancer. The average being
56 years old at diagnosis of cancer. (Fig. 16.4).

Most patients present when they have signs and symptoms of colorectal cancer
including gastrointestinal bleeding, abdominal pain and diarrhea. Most patients
with FAP are diagnosed between 20 and 40 years old. The mean age of onset of
polyps is 16 years old. The more diffuse the polyps, the younger the age of presenta-
tion. Cancer is diagnosed, on average, at 39 years old.

FAP is inherited in an autosomal dominant pattern. The mutation is in the adeno-
matous polyposis coli (APC) gene located on chromosome 5 q21-q22 (Tables 16.1
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Fig. 16.4 By Samir at the
English language
Wikipedia, CC BY-SA 3.0.
Endoscopic image of a
colon with thousands of

polyps

and 16.1). There are more than 1000 mutations in the APC gene identified that can
lead to FAP. There is nearly complete penetrance of colonic polyposis but not of the
extracolonic manifestations. Twenty-five percent of cases of FAP are due to de novo
mutations in the APC gene, therefore these individuals will not have any family his-
tory of FAP. Somatic APC mutations are found in as many as 80% of sporadic
colorectal adenomas and cancers and are not related to the FAP phenotype.

The diagnosis of FAP should be suspected in any individual with 10 or more
cumulative adenomatous polyps. FAP should also be suspected in anyone with any
number of adenomatous polyps and extraintestinal manifestations. The constella-
tion of inherited colonic adenomatosis polyps together with extracolonic lesions has
become known as Gardner syndrome (GS). The benign extracolonic growths
include osteomas, epidermal cysts, fibromas, adrenal adenomas and desmoid
tumors. Other malignant extraintestinal manifestations include polyps outside the
colon (30-100%), thyroid cancer (up to 12%), hepatoblastoma (1-2%), pancreatic
cancer (2%). Brain tumors, most commonly medulloblastoma, may also be associ-
ated with FAP (1-2%). FAP and CNS involvement is referred to as Turcot’s syn-
drome. The presence of the APC gene mutation should trigger investigation for
these extracolonic lesions by history and physical exam.

For FAP, colon cancer screening should begin with colonoscopies starting
between 10 and 12 years old in those individuals at risk for FAP. Those at risk
include patients with a first degree relative with known FAP or those with more
than 10 adenomatous polyps or an individual with any number of polyps with
extraintestinal manifestations. Colonoscopies should be done annually while wait-
ing for colectomy. All individuals with typical FAP will need a colectomy in their
lifetime.
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Inflammatory

Inflammatory Bowel Disease (IBD) IBD encompasses Crohn’s disease and ulcer-
ative colitis. Both diseases are caused by unchecked inflammation that effects the
gastrointestinal tract as well other parts of the body including joints. IBD is charac-
terized by relapsing and remitting chronic inflammation of the GI tract. The inflam-
mation that occurs in the GI tract leads to chronic anemia due to both blood loss and
malabsorption. Blood loss can be obvious or occult. Microcytic anemia with occult
positive stool should trigger a concern for IBD. Twin studies have shown the best
evidence that there is a genetic role in the development of IBD. There is 50% con-
cordance in monozygotic twins and only less than 10% concordance in dizygotic
twins. Like many other diseases, IBD occurs in an individual with genetic predispo-
sition and an environmental trigger. The environmental trigger is usually not
obvious.

The understanding of the genetic basis of IBD is just emerging and will continue
to grow rapidly. There have been, at least, 163 susceptibility loci identified thus far
that confirm increased risk of IBD. NOD2 was the first gene identified to have sus-
ceptibility variants that predisposed one to Crohn’s disease (Tables 16.1 and 16.2).
Given what is known thus far, IBD seems to be a group of polygenic disorders in
which there are hundreds of susceptibility loci that confer risk for development of
IBD. Continued advances in whole genome sequencing and whole exome sequenc-
ing are sure to lead to a better understanding of the genetic contribution to IBD. In
the future, genetic information is sure to play a larger clinical role in the diagnosis
and treatment of IBD. For now endoscopy is the gold standard for diagnosing
inflammatory bowel disease as this allows biopsies and histologic evaluation.

Celiac Disease Although this disease does not generally present with occult bleed-
ing, it can cause malabsorption and therefore iron deficiency anemia. In looking for
the cause of anemia, one should always consider celiac disease even when fecal
occult blood is negative. Celiac disease is an immune mediated inflammatory pro-
cess in the small intestine in response to exposure to dietary gluten in genetically
susceptible individuals. The genetic susceptibility lies in the human leukocyte anti-
gen (HLA) DR3-DQ2 and/or DR4-DQS8 gene locus on chromosome 6. More than
99% of individuals with celiac disease have HLA DR3-DQ2 and/or DR4-DQS8,
compared with approximately 40% of the general population. Homozygotes for
DR3-DQ2 are at the highest risk for celiac disease. The presence of either the
HLA-DQ2 or DQS8 genotype is required to have celiac disease (Tables 16.1 and
16.2). In addition, other gene mutations at non-HLA loci are also required and the
risk of disease varies depending on these other mutations. The presence of gluten in
the diet is also required to confirm disease.

The inflammatory response leads to villous atrophy and crypt hyperplasia in the
proximal small intestines (Fig. 16.5). The malabsorption that occurs can lead to
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Fig. 16.5 Celiac_disease.
https://librepathology.org/
wiki/File:Celiac_
disease_-_high_mag.jpg

diarrhea, weight loss, and iron/vitamin deficiency. This is all easily reversed with
removal of gluten from the diet. The mucosa heals itself with removal of the protein,
resumes normal function and the occult blood loss resolves.

Immune Deficencies

Severe Combined Immunodeficiency (SCID) SCID are a heterogeneous group
of diseases due to defective development and function of both T and B cells. Both
cellular and humoral immunity is compromised. Failure to diagnose and treat early
leads to severe infections. GI bleeding is usually secondary to opportunistic
infections.

SCID is uncommon; 11 newborn screening programs in the United States identi-
fied SCID in 1 in 58,000 infants. Based on molecular defects SCID is broadly clas-
sified into typical SCID, leaky SCID, and Omenn syndrome. Patients who are not
diagnosed in neonatal period usually present with recurrent severe infections,
chronic diarrhea, and failure to thrive. Typical SCID have severe lymphopenia with
reduced autologous T cell count of <300/microL. Chest xray may show absent thy-
mic shadow. Genetic defects are either x linked or autosomal recessive involving
chromosome 11.

Given the immune defects common gastrointestinal infections can lead to GI
bleeding more readily. Campylobacter jejuni is a common bacteria that is more
likely to lead to gross or occult bleeding in an individual with SCID. Many common
viral infections affecting the GI tract may be more likely to lead to GI bleeding than
in an immuncompetent host.

Wiskott-Aldrich Syndrome (WAS) WAS is characterized by susceptibility to
infections due to both adaptive and innate immune deficiency, microthrombocyto-
penia, and eczema (Fig. 16.6). However, there is a wide spectrum of disease severity
due to WAS gene mutations. The most severe phenotype (classic form) of WAS is
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Fig. 16.6 https://
emedicine.medscape.com/
article/137015-overview.
Eczematous lesions in
Wiskott-Aldrich syndrome.
The lesion is essentially
indistinguishable from that
of atopic dermatitis except
for the presence of purpura
and petechiae

associated with bacterial and viral infections, severe eczema autoimmunity, and/or
malignancy. A milder variation is characterized by thrombocytopenia and less
severe or sometimes absent infections and eczema, called X-linked thrombocytope-
nia (XLT), to X-linked neutropenia (XLN) (Tables 16.1 and 16.2).

X-Linked Agammaglobulinemia XL A or Bruton-type agammaglobulinemia is
mainly a humoral immunodeficiency seen in male infant’s ages 3—18 months char-
acterized by recurrent bacterial respiratory tract infections and increased suscepti-
bility to enteroviral infection. Patient is usually a male with positive family history,
typical clinical features such as absence of the tonsils and adenoids. Their serology
with show agammaglobulinemia/hypogammaglobinemia and very low to absent
CD19+ B cells.

XLA is caused by mutations in the BTK gene (Tables 16.1 and 16.2) which has
a major role in promoting pre-B cell expansion. Salmonella and Campylobacter
species can cause gastroenteritis. Less commonly chronic rotavirus gastroenteritis
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and Giardia lamblia gastrointestinal infections can occur. Enteroviral infections can
present as dermatomyositis, meningoencephalitis and/or chronic hepatitis.

One third of patients had gastrointestinal manifestations and 11% were diag-
nosed with IBD or enteritis in a retrospective review study. Monitoring for autoim-
mune or gastrointestinal disease is recommended. Colorectal cancer has been
reported in 3 of 52 patients with XLA. (6%).

The diagnosis may be confirmed with a molecular study identifying a defect in
the BTK gene or BTK protein expression. Treatment involves replacement immune
globulin therapy and appropriate antibiotic use.

Chronic Granulomatous Disease (CGD)

Chronic granulomatous disease (CGD) is a genetically heterogeneous disorder of
phagocyte oxidative metabolism characterized by recurrent, life-threatening bacte-
rial and fungal infections with granuloma formation (Tables 16.1 and 16.2).

GI involvement is a common and recurring problem in CGD with predilection
for those with X-linked inheritance. GI involvement should be sought in children
usually younger than five years with abdominal pain, growth delay, or hypoalbu-
minemia. In a case series of 140 patients, 65% of the patients had either granuloma-
tous or ulcerative colonic lesions. IBD is noted to be common in CGD up to one
third effected and increases with age.

Noncirrhotic portal hypertension owing to microvasculature damage from
repeated liver and systemic injury was noted in a cohort of 194 patients was associ-
ated with poor prognosis. In portal hypertension it is important variceal bleeding as
a cause of occult bleeding.

In the immune deficiency disorders discussed, the occult blood loss is due to
inflammation caused by infections. These infections are due to do the genetic disor-
ders that cause immune deficiency and therefore susceptibility to infections.
Treatment of occult bleeding in the setting of immune dysfunction lies in establish-
ing maximum immune function, supportive care such as intravenous fluids and anti-
biotics when clinically indicated. In patients with CGD and inflammatory bowel
disease, anti-tumor necrosis factor medications are not recommended given the
increased risk of infections.

Neurofirmatosis

Neurofibromatosis type (NF-1), also known as von Recklinghausen disease, is the
most common type of neurofibromatosis. The hallmarks of NF1 are the multiple
café-au-lait macules and neurofibromas. Frequently (up to 80%) cognitive
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Fig. 16.7 GIST: https://
wWww.wjgnet.
com/1007-9327/full/v23/
127/WJG-23-4856-g001.
htm. Endoscopic a view of
a gastric gastrointestinal
stromal tumors

disabilities are also associated with NF-1. Optic pathway gliomas are the most com-
mon central nervous system tumor seen in NF-1. NF-1 is due to a mutation in the
NF-1 gene on chromosome 17q 11.2 (Tables 16.1 and 16.2).

NF-1 can be associated with gastrointestinal stromal tumors (GIST) that can be
located anywhere in the GI tract but are most commonly found in the stomach and
small bowel (Fig. 16.7). Most GIST are seen in adults over 40 years old but in the
setting of NF-1, these tumors are commonly seen in childhood. Occult gastrointes-
tinal bleeding may be the presenting sign in 28—-50% of cases. These lesions can be
identified on endoscopy, CT scan and MRI. Endoscopic ultrasound may also be
helpful in defining lesions suspicious for GIST. Surgical resection is the treatment
of choice with multiple prognostic factors considered to determine further evalua-
tion and management beyond removal of the tumor.

Hermansky-Pudlak Syndrome

Hermansky-Pudlak Syndrome (HPS) is a rare autosomal recessive disorder with a
wordwide prevalence of 1 in 500,000 to 1 in 1,000,000 with a prevalence of nearly
1 in 1800 in Puerto Rico (Tables 16.1 and 16.2). It typically presents with oculocu-
taneous albinism, bleeding diathesis, and different subtypes can lead to pulmonary
fibrosis, granulomatous colitis, and kidney failure. At present, 10 subtypes of HPS
have been recognized. HPS 1, 2, and 4 present with the most severe symptoms. HPS
3,5, and 6, present with the most mild symptoms. Severity of HPS 7, 8, and 9 are
largely unknown.
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The pathogenesis of HPS involves dysregulation of genes involved in production
of protein complexes associated with trafficking of lysosomes and lysosome-related
organelles. In subtypes of HPS associated with bleeding diathesis, platelet dense
bodies, otherwise known as delta granules, are absent or decreased in number, lead-
ing to defective secondary platelet aggregation. This manifests as typical symptoms
of defects in primary hemostasis, which would present as mucocutaneous bleeding,
prolonged bleeding after dental procedures, petechiae, easy bruising, and epistaxis.

Manifestations of the bleeding-diathesis of HPS with respect to gastrointestinal
bleeding present as both non-discriminant upper and lower GI tract bleeding due to
secondary platelet dysfunction in addition to bleeding from granulomatous colitis.

As the bleeding pathogenesis of HPS is due to a qualitative platelet disorder,
platelets levels are expected to be normal or slightly decreased. Treatment of bleed-
ing is largely supportive and should include platelet transfusion and desmopressin,
and TNF-a inhibitors have shown to be successful for treatment of bleeding from
granulomatous colitis.

Ehlers-Danlos Syndrome Type 1V

Ehlers-Danlos Syndrome is an inherited connective tissue disorder characterized by
hypermobility and hyperelasticity of the skin. There are thirteen recognized sub-
types ranging in severity. One of the most severe subtypes, Ehlers-Danlos Syndrome
Type IV (VEDS) is an autosomal dominant condition that refers to the vascular form
of the disease. A defect in COL3A1 dictating production of collagen type III, criti-
cal for blood vessel and organ integrity, is implicated (Tables 16.1 and 16.2).
Classical presentations of VEDS include easy bruising, skin lucency, visible vascu-
lature, and acrogeria. The major cause of death in VEDS patients is arterial dissec-
tion and organ failure.

Several gastrointestinal complications have been described in association with
vEDS including spontaneous gastrointestinal hemorrhage and hemoperitoneum,
paraesophageal hernias, and arterial lesions. Most arterial lesions manifest as aneu-
rysms, dissections, and ruptures of the celiac trunk, splenic, and hepatic arteries.
The most common reported complications are bowel perforation, spleen rupture,
hernias, rectal prolapse, and altered gut motility.

Vascular Ehlers-Danlos associated intestinal perforation has been widely docu-
mented and investigated. Both spontaneous and non-spontaneous perforations sec-
ondary to constipation have been reported, spontaneous events being the most
common. Perforations can be repaired with resection and diversion, but re-
perforation of the bowel frequently occurs. Treatment with total abdominal colec-
tomy (TAC) has been more successful in avoiding subsequent perforating events. It
is recommended that VEDS patients be counseled and treated for constipation, a
common symptom of EDS, in an attempt to avoid bowel perforation.
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