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Preface

It is our great pleasure to introduce you to Evaluation and Management of
Dysphagia: An Evidence-Based Approach.

Dysphagia is a highly prevalent symptom with the most recent national health
interview survey in 2012 showing that this symptom affects 4% of the US popula-
tion (9.44 + 0.33 million adults), which is approximately 1 in 25 adults annually [1].
It also showed that only 22.7% of adults with dysphagia saw a healthcare profes-
sional and, even more staggering, only 36.9% of those that sought care were given
a diagnosis. We have also previously shown that adult US inpatients with dysphagia
have a longer hospital length of stay, higher inpatient costs, higher likelihood of
discharge to a post-acute care facility, and higher inpatient mortality compared to
those with similar patient, hospital size, and clinical characteristics without dyspha-
gia [2]. This highlights a critical gap in awareness of the disease and medical pro-
viders’ ability to provide timely diagnosis and management. The field of esophageal
diseases has been transformed over the last decade with the advent of newer diag-
nostic technologies (high-resolution manometry and EndoFLIP for motility disor-
ders, mucosal impedance device for eosinophilic esophagitis and gastroesophageal
reflux disease) and treatment options (per-oral endoscopic myotomy for patients
with achalasia) that decrease the latency period for diagnosis and management of
these patients.

This book is a comprehensive, state-of-the art review of various esophageal dis-
orders and will serve as a valuable resource for clinicians, surgeons, researchers,
and trainees with an interest in the management of patients with dysphagia. The
book provides an exhaustive literature review of all the current evidence behind the
diagnosis, evaluation, and management of various esophageal disorders and pro-
vides the reader with evidence-based algorithms written by prominent clinicians
and researchers in the field. When applicable, the writers have graded the recom-
mendations and levels of evidence based on a set criterion:

Level 1A: Large RCTs or systematic reviews/meta-analysis
Level 1B: High-quality cohort study
Level 1C: Moderate-sized RCT or meta-analysis of small trials
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Level 1D: At least one RCT

Level 2: One high-quality of non-randomized cohort
Level 3: At least one high-quality case control study
Level 4: High-quality case series

Level 5: Opinions from experts

The chapters are organized so that the reader systematically learns how to recog-
nize and narrow the differential for dysphagia followed by advances in diagnostic
tools and includes the most up-to-date information about medical, endoscopic, and
surgical options for patients with dysphagia of various etiologies. We are grateful to
the contributors and hope that this book provides insight into this commonly
encountered symptom and can pave the way for an evidence-based approach to tak-
ing care of this patient population.

Nashville, TN, USA Dhyanesh A. Patel, MD
Chicago, IL, USA Robert T. Kavitt, MD, MPH
Nashville, TN, USA Michael F. Vaezi, MD, PhD, MSc (Epi), FACG
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Chapter 1

Dysphagia: How to Recognize and Narrow
the Differential

Check for
updates

Kristle L. Lynch and David A. Katzka

Introduction

As M.EK Fisher once wrote, “First we eat, then we do everything else.” Though
the ability to swallow effortlessly is often taken for granted, dysphagia is a common
patient concern with significant impact on quality of life. It can be a challenging
symptom to diagnose with causes ranging from benign strictures to chronic allergic
disease to widespread malignancy. Narrowing down the differential diagnosis of
dysphagia can be difficult by history. This chapter will focus on signs and symptoms
that can be used to help pinpoint the underlying cause of dysphagia. Additionally
patient-reported outcomes that aid in disease monitoring and treatment will be
reviewed.

The word dysphagia stems from Greek terms dys (difficulty) and phagia (to eat)
[1]. This debilitating symptom affects humans across the globe with prevalence
rates reported as high as 22% [2]. However, it can be a complex symptom to assess
as there is often overlap with other esophageal and pharyngeal symptoms such as
globus, heartburn, and regurgitation. Causes of dysphagia vary worldwide. In west-
ern nations such as the United States, esophageal adenocarcinoma and eosinophilic
esophagitis (EoE) are increasing in incidence. With the introduction and increasing
use of proton pump inhibitors, reflux related strictures are decreasing. Contrastingly,
eastern nations are noting an increase in squamous cell carcinoma [3].
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Dysphagia Overview

Dysphagia is divided into several main categories, oropharyngeal vs. esopha-
geal and mechanical vs. dysmotility. As apparent in the term, oropharyngeal
dysphagia stems from abnormal processes affecting the mouth and pharynx.
Patients with oropharyngeal dysphagia have problems transferring liquid or
food boluses to the esophagus. Associated symptoms that may help distinguish
oropharyngeal dysphagia from esophageal dysphagia include functions related
to neuromuscular dysfunction such as drooling, food spillage from the mouth,
inability to masticate, piecemeal swallowing, difficulty initiating a swallow,
nasal regurgitation, need for repeat swallows, coughing, sialorrhea, xerostomia,
dysarthria, dysphonia, or choking [4, 5]. Esophageal dysphagia encompasses
all disorders that originate below the upper esophageal sphincter, causing issues
with transit to the stomach. Patients classically complain of the sensation of
slowed movement of food or liquids boluses in the chest though occasionally
may refer symptoms to the neck from a more distal source of obstruction. The
onset of symptoms is after the swallow as opposed to during the swallow. These
patients do not have respiratory symptoms as the site of obstruction is distal to
the airway. Patients with esophageal dysphagia may also tolerate more and/or
larger boluses due to the capacious nature of the esophageal body when com-
pared to the pharynx.

Mechanical dysphagia occurs typically though compromise of the lumen diam-
eter. As a result, these patients will note that bolus size and consistency are the most
important variables in producing symptoms. As a result, hard, dry, or chunky foods
such as meat or rice and also pills cause symptoms in mechanical causes of dys-
phagia, whereas softer foods and liquids are not problematic unless the narrowing
is almost to the point of obstruction. In contrast, motility disorders that cause dys-
phagia will typically involve both solids and liquids. This is because intact sphincter
and esophageal body function are required for passage of all bolus consistencies.
Early on in a disease such as achalasia, however, solid dysphagia may dominate
with liquids becoming problematic later as lower esophageal sphincter dysfunction
worsens. In some esophageal diseases, there may be a combination of dysmotil-
ity and mechanical obstruction. For example, a Zenker’s diverticulum may form
poor upper esophageal sphincter compliance but in turn compress the proximal
esophagus.

Itis also important to consider the sensory component of dysphagia. Disorders
of esophageal hypersensitivity such as functional dysphagia may yield a sense
of food sticking or slow transit when in fact motor function is normal and the
patient is sensing physiologic passage of the bolus. Conversely, in disorders
such as achalasia, where sensory function may be lessened, patients may not
be cognizant of bolus impedance until large or multiple boluses have become
obstructed.
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Oropharyngeal Dysphagia

The most common cause of oropharyngeal dysphagia is neurologic dysfunction
in older patients and myopathies, rings, or webs in younger patients [3]. Muscle
weakness, drooling, focal weakness, hemiplegia, vision changes, vertigo, tinni-
tus, fatigability, tremor, ataxia, and trouble speaking are symptoms that may point
toward a neurologic deficit, particularly of cranial nerves leading to oropharyngeal
dysphagia. Additional attending symptoms with dysphagia are common as a single
cranial nerve will typically innervate muscles that contribute to multiple aspects
of the swallowing phases as well as speaking. Thus phases such as preparation
of the bolus, elevation of the palate, and speaking may all be involved in a single
cranial nerve injury. Thus a careful history evaluates all aspects of the swallowing
phases. Liquids typically cause more difficulty, particularly with attending respira-
tory symptoms such as cough. This is because the normal mechanisms that protect
the airway are commonly affected in oropharyngeal dysphagia; they are less suc-
cessful in preventing liquid than solid penetration of the laryngeal vestibule.

If patients present with a known history of neurologic disease such as Parkinson’s
disease, cerebrovascular accident, multiple sclerosis, or amyotrophic lateral scle-
rosis, oropharyngeal dysphagia should be suspected. Similarly, patients with stri-
ated muscle dysfunction such as with myasthenia gravis or polymyositis commonly
have oropharyngeal dysphagia. On the other hand, these and other neuromuscular
diseases may present with dysphagia before more evident neurologic symptoms
develop [3]. Anatomic abnormalities such as osteophytes may cause oropharyngeal
compression but there are no specific differentiating symptoms to raise suspicion
for these. A proper oral examination is critical in dysphagia to assess for poor denti-
tion and loss of salivation (often a medication side effect) as probable causes. A full
list of potential causes of oropharyngeal dysphagia can be seen in Table 1.1 and a
suggested algorithm is seen in Fig. 1.1.

Patients with pharyngeal dysphagia often indicate the sensation of bolus holdup
in the cervical esophagus with multiple swallows required to transfer the bolus.
However, distal esophageal obstruction can also cause symptoms in the cervical
region; this occurred in up to 30% of patients in one study [6]. Thus this is not a spe-
cific indicator of location and does not definitively distinguish clinically between
oropharyngeal and esophageal dysphagia.

Esophageal Dysphagia

Patients with esophageal dysphagia often indicate food and/or liquids moving
slowly or getting stuck in the chest. Classically, dysphagia to solids alone was
thought to indicate a structural issue, whereas dysphagia to liquids and solids was
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Table 1.1 Differential diagnosis of oropharyngeal dysphagia

Neurologic
Cerebrovascular accident
Parkinson’s disease
Multiple sclerosis
Central nervous system tumor
Botulism
Supranuclear palsy
Amyotrophic lateral sclerosis
Myotonic dystrophy
Postpolio syndrome
Tardive dyskinesia
Acute demyelinating process

Anatomic
Diverticulum
Malignancy
Thyromegaly
Osteophyte
Prior head or neck surgery
Cervical web
Cricopharyngeal bar

latrogenic
Medication induced
Radiation injury
Post-surgical

Guillain Barré syndrome Corrosive
Rabies
Lead poisoning
Muscular Oral
Myasthenia gravis Poor dentition
Polymyositis Loss of salivation

Pharynx or neck infection

Mixed connective tissue disease
Sarcoidosis

Myotonic dystrophy

Upper esophageal sphincter dysfunction
Paraneoplastic syndromes

Sjogren’s syndrome

thought to indicate a motility disorder [4]. A recent study reviewed consecutive
esophageal manometries in 200 patients with non-obstructive dysphagia and found
that achalasia occurred significantly more often in patients with mixed dysphagia
than solid food dysphagia [7]. A lack of strong follow-up studies remains. However,
clinical application of this teaching may not be unreasonable with the caveat that in
any patient with longstanding dysphagia of any type, workup for a motility disorder
should eventually be pursued.

There are further clinical clues in dysphagia patients that are often useful.
Patients with esophageal dysmotility such as achalasia or Chagas disease often
note regurgitation [1, 8]. An associated history of food impaction is classically
seen in structural causes such as eosinophilic esophagitis or peptic strictures [3].
In patients who require endoscopic removal of food impaction, it is more likely
than not to be from eosinophilic esophagitis in younger patients, with prevalence
rates in this subgroup reported to be up to 54%. [9] In older patients, a Schatzki
ring is more typical. Dysphagia to solids without food impaction may indicate
esophageal webs. Furthermore, it is apparent via clinical observation that patients
with mechanical causes of dysphagia tend to feel symptoms at the start of the
meal with a single poorly chewed bolus whereas patients with motility disorders
feel symptoms later in the meal when several boluses have become compounded
in the esophagus. Indeed, some of these patients will describe a stacking effect.
Furthermore, patients with mechanical obstruction may regurgitate the single
lodged bolus for relief whereas those with motility disorders will regurgitate a
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Fig. 1.1 Oropharyngeal N
dysphagia History of . .
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Fig. 1.2 Esophageal dysphagia

larger quantity of food and beverage. The absence of regurgitation and vomit-
ing may indicate a patent esophagus such as patients with ineffective esophageal
motility, early to moderate scleroderma, or reflux-related esophageal dysmotility.
Figure 1.2 notes an algorithm for narrowing the differential diagnosis for esopha-

geal dysphagia based on clinical details.



6 K. L. Lynch and D. A. Katzka

Regarding structural causes of dysphagia, investigators have used balloon dis-
tension techniques to evaluate the accuracy of patient symptom localization. In one
study of 139 patients with esophageal strictures, the majority of patients (74%)
were able to localize symptoms to within four centimeters of the esophageal lesion
as seen on barium esophagram. Patients were significantly more likely to report
symptoms from distal lesions being more proximal than vice versa [10]. In another
study of 16 distal esophageal rings, only 75% of patients felt any symptom when
a marshmallow was impacted at the site. Of these patients, 11 of the 12 reported
symptoms more proximal to the implicated area [11]. Further studies reveal similar
findings of proximally referred symptoms [12, 13]. Thus patient localization of dys-
phagia is likely only clinically useful when localized distally, to the substernal area.
The broad list of potential causes of esophageal dysphagia is outlined in Table 1.2.
Medication lists should be scrutinized as various drugs can lead to oropharyngeal
and esophageal dysphagia via both anticholinergic pathways and localized muco-
sal effects [5, 14] (Table 1.3). For instance, opiates have been described to cause
a range of motility disorders from esophagogastric outflow obstruction to type III
achalasia [15, 16].

Patient-Reported OQutcomes

Patient-reported outcome (PRO) measures are uninfluenced expressions of a
patient’s experience that are captured in a standardized format to allow assessment
of patient-centered outcomes [17]. They can be critical in disease monitoring and
treatment response [18]. Thus, PRO measures are used widely in the approval pro-
cess for medications as well as devices. In fact, most randomized controlled trials
funded by the National Institute of Health are required to include PRO measures

Table 1.2 Differential diagnosis of esophageal dysphagia

Motility Anatomic and structural
Achalasia Malignancy
Hypertensive esophageal sphincter Benign tumors
Diffuse esophageal spasm Esophageal polyp
Jackhammer esophagus Esophageal rings
Eosinophilic esophagitis Cervical webs
Ineffective esophageal motility Eosinophilic esophagitis
Chagas disease Foreign body
Pseudoachalasia Strictures
Reflux-related dysmotility Osteophytes
Scleroderma Vascular compression
Lupus Mediastinal or hilar lymphadenopathy
Mixed connective tissue disease Post-surgical
Medication induced

Infectious Other
Candida esophagitis Functional dysphagia
Viral esophagitis
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Table 1.3 Medications
implicated in causing
oropharyngeal and
esophageal dysphagia [5, 14]

Opioids

Olanzapine, clozapine

Anmitriptyline

Botulinum toxin

Procainamide

Amiodarone

Iron

Potassium

Non-steroidal anti-inflammatory medications
Tetracyclines, macrolides

Bisphosphonates

Calcium channel blockers

Nitrates
Alcohol
Theophylline

Cholesterol-lowering medications

Phenothiazines

Cytotoxins

[17, 18]. Over the past three decades, there have been over 40 different PROs devel-
oped specifically for diseases that cause dysphagia. A recent systematic review of
dysphagia-related PROs evaluated the following categories to assess for rigor: con-
ceptual model, content validity, reliability, construct validity, scoring and interpreta-
tion, burden, and presentation. Of the 34 studies that met criteria for extraction and
analysis, there were 7 studies thought to be of satisfactory analysis. These outcome
measures assess mechanical and neuromyogenic oropharyngeal dysphagia, esopha-
geal cancer, achalasia, and eosinophilic esophagitis [18].

General Dysphagia

In 2004 the National Institutes of Health (NIH) launched a patient-reported out-
comes initiative to develop publicly available banks to measure patient experi-
ence. A gastrointestinal symptom scale was developed by the NIH, and disrupted
swallowing was measured via seven questions. This concise questionnaire was not
targeted toward any specific esophageal disease but encompassed general dyspha-
gia. It was practical in its ease of availability to the public, the short 7-day recall
period, and a reading level that did not exceed that of a sixth grader [19]. The Mayo
Dysphagia Questionnaire (MDQ) is another PRO developed for general dysphagia.
It was more extensive and consists of 28 items, encompassing dysphagia severity
and frequency, presence of allergies, gastroesophageal reflux disease and treatment,
and esophageal surgery and dilation history. This takes about 6 minutes to complete
and has been used in various clinical trials [20].
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Oropharyngeal Dysphagia

Given the high prevalence of oropharyngeal dysphagia in patients over 50 years of
age, a quality of life outcomes tool for oropharyngeal dysphagia is definitely justi-
fied. Unsurprisingly, numerous PROs have been developed [21]. The first validated
dysphagia-specific PRO for patients with head and neck cancer was developed at
M.D. Anderson in 2001. The MDADI (M.D. Anderson Dysphagia Inventory) con-
sists of a self-administered questionnaire assessing 20 items that encompass global,
emotional, functional, and physical well-being. This has been used in various stud-
ies assessing outcomes in head and neck cancer patients [22]. The SWAL-QOL is
a quality of care outcomes tool for oropharyngeal dysphagia that assesses ten main
categories including symptom frequency, eating duration and desire, fear, mental
health, and fatigue. The complementary SWAL-CARE is a medications implicated
in causing shorter and more patient-friendly assessment specifically looking into
quality of care and patient satisfaction. Brief versions of these PROs can be seen in
Table 1.4 [23].

Table 1.4 SWAL-QOL and SWAL-CARE abbreviated versions

Burden Mental Health
Dealing with my SP is very difficult My SP depresses me
SP is a major distraction in my life I get impatient dealing with my SP
Being so careful when I eat or drink annoys
me
Eating Duration My SP frustrates me
It takes me longer to eat than other people I've been discouraged by my SP
It takes me forever to eat a meal
Social
Eating Desire I do not go out to eat because of my SP
Most days, I don’t care if I eat or not My SP makes it hard to have a social life
I don’t enjoy eating anymore My usual activities have changed BOM SP
I’'m rarely hungry anymore Social gatherings are not enjoyable BOM SP
My role with family/friends has changed
BOM:* SP
Symptom Frequency
Coughing Fatigue
Choking when you eat food Feel exhausted
Choking when you take liquids Feel weak
Having thick saliva or phlegm Feel tired
Gagging
Having excess saliva or phlegm Sleep
Having to clear your throat Have trouble falling asleep

Drooling Have trouble staying asleep
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Table 1.4 (continued)

Problems chewing

Food sticking in your throat Advice (SWAL-CARE)
Food sticking in your mouth Food I should eat
Food/liquid dribbling out your mouth Foods I should avoid
Food/liquid coming out your nose Liquids I should drink
Coughing food/liquid out your mouth Liquids I should avoid

Techniques to help get food down
Food Selection Techniques to help me avoid choking

Figuring out what I can eat is a problem for When I should contact a swallowing clinician
me
It is difficult to find foods I both like and My treatment options
can eat

What to do if I start to choke

Communication Signs that I am not getting enough to eat or
drink
People have a hard time understanding me Goals of the treatment for my SP

It’s been difficult for me to speak clearly

Patient Satisfaction (SWAL-CARE)

Fear Had confidence in your swallowing clinicians
I fear I may start choking when I eat food Swallowing clinicians explained treatment to
you
I worry about getting pneumonia Swallowing clinicians spent enough time
with you
I am afraid of choking when I drink liquids Swallowing clinicians put your needs first

I never know when I am going to choke

Reprinted by permission from Springer Nature, McHorney et al. [23]
2BOM because of my, SP swallowing problem. Item content is abbreviated. The SWAL-QOL and
SWAL-CARE are available free of charge upon request

Esophageal Cancer

Despite recent advances in neoadjuvant chemotherapy, the mortality rate of esoph-
ageal cancer remains dismal. Thus quality of life is a critical consideration for
patients when assessing treatment options, and patient-reported outcomes are of
utmost value in this disease. Though there have been several PROs developed for
esophageal cancer, FACT-E (Functional Assessment of Cancer Therapy Esophageal
Cancer subscale) is one of the most comprehensive. FACT-E focuses on physical,
social, and emotional well-being as well as esophageal symptom frequency. This
PRO has been used in various clinical investigations. [24] The EORTC QLQ-OG25
was developed to assess health-related quality of life in patients with esophageal
and stomach cancer. This 25-item questionnaire assesses 6 critical patient outcomes:
dysphagia, eating restriction, reflux, odynophagia, pain, and anxiety [25, 26].
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Achalasia

Though achalasia treatment response is often evaluated by the well-known Eckardt
symptom score, a quality of life assessment has been developed. The MADS
(Measure of Achalasia Disease Severity) assessment encompasses food tolerance,
behavior modifications, pain, heartburn, distress, lifestyle limitation, and satisfac-
tion [27]. Though it is patient friendly and has shown to be valid and reliable, it has
not been widely adapted in achalasia treatment outcomes studies.

Eosinophilic Esophagitis

Eosinophilic esophagitis is a young disease described barely 30 years ago, with an
increasing incidence and prevalence. In concordance with this trend, there have been
several PROs developed for eosinophilic esophagitis in the recent years. The EoE
Activity Index (EEsAI) PRO is a widely used global assessment of EoE that includes
seven items that evaluate frequency and duration of dysphagia, severity of dysphagia,
and behavioral adaptations to various foods. The recall period is 7 days and 24 hours;
completion time is 8 minutes. This is currently being used in clinical trials [28]. Other
PRO measures which are not as widely used in EoE include the DSQ which assesses
solid food avoidance, dysphagia, and actions to improve dysphagia in a daily elec-
tronic diary and the Straumann Dysphagia Index (SDI) which is a non-validated PRO
which assesses frequency and intensity of dysphagia events [28, 29].

Summary

Proper oropharyngeal mechanisms and esophageal propagation of food and liquid
boluses are essential to daily life. Unfortunately dysphagia is a common patient
complaint and can stem from a plethora of causes. A careful review of the patient’s
history, physical exam, and clinical presentation can often narrow down the differ-
ential. It is critical to separate the symptoms into either oropharyngeal dysphagia
or esophageal dysphagia, as treatment options differ significantly. Patient-reported
outcome measures have been well studied in various esophageal disorders and
should be followed to evaluate quality of life in these cumbersome diseases.
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Chapter 2 )
Advances in Testing for Dysphagia

Check for
updates

Afrin N. Kamal and John O. Clarke

Introduction

The act of swallowing relies on a complex series of voluntary and involuntary neu-
romuscular events to help propel food or liquid bolus past the mouth and along the
esophageal lumen into the stomach. Myenteric inhibitory neurons signal relaxation
of the lower esophageal sphincter, contraction and shortening of the inner circular
and outer longitudinal layers, coordination of peristalsis, and triggering of the swal-
lowing center in the medulla and pons to create a primary peristaltic wave. These
functions act together to create what is referred to as a “normal” swallow. Dysphagia,
on the other hand, refers to the subjective sensation of difficulty in the swallowing
process, estimated to have a prevalence of 6-9% in all age groups, with a rise at
age > 50 years. Dysphagia itself remains a broad symptom category, further sepa-
rated as either oropharyngeal or esophageal in origin. Whereas some patients can
experience difficulty with swallow initiation in oropharyngeal dysphagia — with
symptoms such as coughing, choking, aspiration, and nasal regurgitation — others
can experience a sensation of food “sticking” in the throat or upper chest as seen in
esophageal dysphagia.

Etiologies of dysphagia can be the result of structural or neuromuscular
dysfunction [1, 2]. Solid food dysphagia often is attributed to structural disor-
ders including inflammatory, fibrotic, or malignant conditions, whereas mixed
liquid and solid food dysphagia can reflect underlying dysmotility such as
with achalasia and diffuse esophageal spasm [3]. As patients present with
symptoms of difficulty swallowing, it is important to choose the appropriate
diagnostic modality to help establish the underlying etiology of symptom
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pathogenesis. This chapter aims to discuss diagnostic tools commonly utilized
in dysphagia assessment, reviewing mechanism of action, protocol, and diag-
nostic yield. Specifically, this chapter will address the role of fluoroscopy,
endoscopic evaluation of swallowing, manometry, and the functional lumen
imaging probe. Each of these plays an important yet complementary role in the
evaluation of dysphagia. While most patients will require only a subset of
these tests for optimal evaluation, all have a potential role in evaluation and are
part of the armamentarium available to the dysphagia provider. Obtaining a
careful history and clinical assessment of the presentation allows one to cus-
tomize a diagnostic strategy for each individual patient so as to maximize
diagnostic yield while simultaneously limiting the number of studies required
to achieve a diagnosis.

When considering studies to evaluate dysphagia, it is helpful to separate diagnos-
tic modalities by location. Oropharyngeal dysmotility primarily results from dys-
function of the oropharyngeal musculature and coordination. This is a rapid process
and is best evaluated by studies that allow either rapid sequencing or direct visual-
ization. As such, oropharyngeal dysmotility is primarily evaluated by fluoroscopy
with rapid sequencing and fiberoptic endoscopic evaluation of swallowing, usually
in that order. In contrast, esophageal dysphagia usually results from either structural
or motility processes and can be best identified with modalities that do not require
rapid sequencing but rather can focus on esophageal mucosa, wall dynamics, and
emptying. While endoscopy is often the first study, fluoroscopy (without necessarily
rapid sequencing), manometry, and the functional lumen imaging probe all have a
complementary and defined role. For the remainder of this chapter, we will address
each of these modalities in turn (Table 2.1).

Table 2.1 Summary of the key diagnostic tests available to assess dysphagia with respective
advantages and disadvantages of each. (a) focuses on studies available to assess oropharyngeal
dysphagia. (b) focuses on studies available to assess esophageal dysphagia

‘ Advantage
(a) Oropharyngeal dysphagia

Disadvantage

Videofluoroscopic
swallowing study (VFSS)

Visualizes oropharyngeal function
Real-time fluoroscopic imaging
Less radiation than
cineradiography

Lacks visualization of the
esophageal lumen and
gastroesophageal junction
Lack of therapeutic
capabilities

Requires radiation

Fiberoptic endoscopic
evaluation of swallowing
(FEES)

Direct visualization of
oropharyngeal region

Can be utilized using different
food consistencies

Performed in-office setting without
sedation

Evaluates aspiration during and
after each swallow

Lack of therapeutic
capabilities

Minimal esophageal lumen
structure and/or motility
evaluation

Can be uncomfortable
More invasive than
radiography
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‘ Advantage

Disadvantage

(a) Oropharyngeal dysphagia

High-resolution
pharyngeal manometry

Can measure pressure and
coordination of oropharyngeal
region and upper esophageal
sphincter

May help define mechanisms of
oropharyngeal dysphagia not clear
after above

Can be uncomfortable for
patients

Normative data are limited
Analysis is difficult and not
supported by current software
Clinical significance of many
findings remains unclear

(b) Esophageal dysphagia

Barium esophagram

Assesses structure of the
esophagus

Can detect gross motility
disturbance

Can add a 13 mm barium tablet to
the protocol for dysphagia

Can give information to aid in
therapeutic endoscopy

Lack of therapeutic
capabilities

Requires swallowing oral
contrast and radiation

May add time and expense if
endoscopy is required anyway

Endoscopy

Both diagnostic and therapeutic
Ability to biopsy esophagus
Only means to diagnose
eosinophilic esophagitis

Minimal esophageal motility
evaluation

Invasive diagnostic tool
requiring sedation

May miss subtle structural
lesions if esophagus not fully
insufflated

High-resolution
esophageal manometry

Gold standard for assessment of
esophageal motility

Can provide information for
achalasia that can affect prognosis

Patient discomfort can be a
factor

Only assesses motility
Diagnostic only

Clinical implications of many
manometry diagnoses

uncertain

Endoflip Allows direct measurement of Very limited normative data
esophageal diameter and wall Not widely available
stiffness Technical concerns as
Also allows measurement of measurements are based on
secondary peristalsis only one pressure sensor
Can guide treatment decisions Must be combined with
When combined with endoscopy | endoscopy
allows simultaneous assessment of | Data are more limited as
structure and motility compared to other tests listed

Fluoroscopy

The process of deglutition results in complex muscular coordination, resulting in
valvular closure and opening of the upper and lower esophageal sphincters, with in
between passage of swallowed material along the upper digestive tract and along the
esophageal lumen. The ability to identify abnormalities in deglutition function,
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therefore, requires examination of two basic processes. First is assessing bolus trans-
port along the upper digestive tract, with safety and airway protection monitoring,
followed by measuring bolus passage through the esophagus and into the gastric
lumen. As mentioned, dysfunction in these processes can lead to either oropharyn-
geal or esophageal swallowing dysfunction. Radiographic imaging with ingested
barium contrast is a noninvasive contrast-enhanced method enabling visualization of
the structural anatomy and function of the gastrointestinal system. Based on ana-
tomical focus, radiographic imaging can range from a focus on the oropharyngeal
function with a videofluorographic swallowing study (VESS), prioritized imaging of
the esophagus and gastroesophageal junction (GEJ) via a barium esophagram, or
other protocols that may focus on different regions or combine a focus on both oro-
pharyngeal and esophageal function — such as a videopharyngoesophagram [4]. The
particular fluoroscopic protocol employed can direct the evaluation as clinically indi-
cated. Specific fluoroscopy protocols are detailed in Table 2.2.

Table 2.2 Summary of common fluoroscopy protocols used in clinical practice, with suggested
applications

Study Summary Tips and tricks

Esophagram Barium is swallowed Reasonable protocol for
while still images are esophageal dysphagia
taken to evaluate Tablet can be a very helpful
esophageal structure and | addition in solid dysphagia
emptying Can be specific for achalasia but
Can add a 13 mm tablet insensitive

Timed barium esophagram Barium is ingested and Helpful for monitoring of
then spot images are achalasia pre/post therapy
obtained to assess Limited utility outside of
emptying achalasia but can be a validated
Minimizes radiation tool to assess for impaired

esophageal emptying

Upper gastrointestinal series Essentially a barium Reasonable to obtain if you are

(UGI) esophagram extended to | worried about gastric issues in
also look at the stomach addition to esophageal
and duodenal C-loop Probably not necessary if only

concerned about dysphagia

Videofluoroscopic swallowing Rapid sequence images of | Recommended initial diagnostic

study (VESS) or Modified the oropharynx and upper | test for oropharyngeal dysphagia

barium swallow (MBS) esophageal sphincter to Limited utility at assessing
evaluate oropharyngeal esophageal dysphagia — if not
dysphagia or aspiration sure based on history whether

dysphagia is esophageal or
oropharyngeal would ask
radiology to extend the study

Videopharyngoesophagram (or | Rapid sequence images of | Used in some academic centers
cine-esophagram) the oropharynx and but probably not necessary in
esophagus most cases

Higher amounts of radiation
than the protocols above
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In the evaluation of suspected oropharyngeal dysphagia, the videofluorographic
swallowing study (VFSS), also referred to as modified barium swallowing examina-
tion (MBS), provides a rapid sequence evaluation of oropharyngeal coordination
and bolus transit and is often considered the initial instrument of choice for evalua-
tion of oropharyngeal dysmotility. Historically, MBS was also known as the “cookie
swallow” technique, reflecting J.A. Lodgeman’s protocol instructing patients to
swallow 2 cc of radiopaque liquid, 2 cc of paste, and %4 of a cookie coated with
barium. Subsequently, Linden and Siebens et al. from Good Samaritan Hospital and
Johns Hopkins University, respectively, created a more individualized approach to
videofluorography. In this method, radiopaque food similar to what patients ate on
a more ordinary basis was applied, coating foods with barium. Robbins et al. modi-
fied this protocol further, adding a cup of 30 cc liquid barium to be swallowed.
Authors noted more aspiration events by drinking a higher volume of barium than
taking 2 cc boluses, therefore enhancing sensitivity for aspiration detection [5].
Applying these modifications, standard protocols in swallowing content vary from
facility to facility but in general consist of a radiopaque material such as barium
mixed with liquid and food of diverse consistency and size. As patients are seated
upright, real-time fluoroscopic imaging of the swallowing process is obtained, with
visualization of the oral cavity, pharynx, larynx, and upper esophagus, following
administration of graduated bolus volumes with various radiopaque consistencies.
Protocol technique consists of lateral imaging to assess the possibility of aspiration
during swallowing and subsequent anterior-posterior views with focus on symmetry
and vocal cord function. Due to the required use of fluoroscopy to optimize imag-
ing, optimum duration of fluoroscopy is considered less than 3 minutes in efforts to
reduce radiation exposure [6]. Subsequent imaging interpretations are often made
collaboratively with radiologists and speech-language pathologists, the latter pro-
viding recommendations on diet type and methods to reduce aspiration risks [7].

In contrast to digital cineradiography, which displayed cinematographic record-
ing on tape, VFSS provides the ability to view imaging immediately and with less
radiation exposure. On the other hand, acquisition of image frequency by VFSS is
less when compared to cineradiography, at 25-30 images/seconds compared to
50-80 images/seconds, respectively, leading to decreased temporal resolution [8].
The application of VFSS has become useful in evaluation of swallowing impair-
ments among patients with neurological deficits, such as in cerebral infarcts (25—
50%) [9, 10] and Parkinson’s disease (>80%) [11]. By incorporating this form of
radiologic study, etiology for oropharyngeal dysphagia symptoms in addition to
aspiration risk can be assessed [7, 12].

To measure the interobserver reliability of VFSS, Stoeckli et al. compared assess-
ments of 9 independent observers among 51 patients undergoing videofluoroscopy.
As measured by kappa coefficient, parameters for oral and pharyngeal phase, tem-
poral occurrence of penetration, and aspiration, in addition to location of bolus resi-
due, ranged between 0.01 and 0.56. High reliability, as represented by a coefficient
of 0.80, was only achieved with defined penetration and aspiration scores. Therefore,
the authors concluded that although evaluation of aspiration demonstrated high reli-
ability, this was not as evident among other parameters of oropharyngeal swallow [13].
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Furthermore, when assessing accuracy of VFSS, Giraldo-Cadavid et al. performed
a systematic review comparing frequencies of positive and negative results among
patients with oropharyngeal dysphagia who underwent evaluation via VFSS and
fiberoptic endoscopic evaluation of swallowing (FEES). When comparing these two
diagnostic techniques, analysis revealed greater sensitivity with FEES for aspiration
(0.88 vs. 0.77, p = 0.03), penetration (0.97 vs. 0.83; p = 0.0002), and laryngopha-
ryngeal residue (0.97 vs. 0.80; p < 0.0001), whereas both tests had similar specific-
ity. The authors suggested that FEES offered a slight advantage over VFSS, with the
caveat both techniques provided similar specificity in detecting oropharyngeal dys-
function [14].

Whereas VFESS captures dysfunction in bolus transport along the upper digestive
tract, barium esophagram is an integral tool to assess for structural and/or motility
abnormalities involving the esophageal lumen and gastroesophageal junction. This
technique applies radiographic still images with a contrast medium of barium sul-
fate (45% weight by volume), or less commonly a water-soluble agent such as
Gastrografin/diatrizoate, to better characterize the presence of esophageal pathol-
ogy. Barium sulfate is neither absorbed nor metabolized within a normal gastroin-
testinal tract and is employed for radiologic imaging for the purposes of improving
visualization. Given the radiopaque nature, where barium localizes can visually be
seen on X-ray films, generating visual contrasts to allow for identification of the
gastrointestinal anatomy. Therefore, interpreting barium esophagram requires
recognition of normal anatomy and therefore disruption in anatomy. These abnor-
malities in anatomy can be seen in the setting of hiatal hernia, esophageal strictures,
and achalasia [15, 16].

When performing an esophagram, patients are positioned in a partial lateral
decubitus position to displace the esophagus away from the spine during imag-
ing. Patients rapidly drink 100-200 cc of contrast to distend the esophagus. To
view more subtle lesions, slight deviations in standard protocol can occur such as
mixing water with contrast to reduce thickness or adding effervescent sodium
bicarbonate granules immediately prior to swallowed contrast to increase pro-
duction of air and therefore luminal distension. A barium esophagram is often an
initial imaging study performed for dysphagia, having the ability to identify
structural lesions such as ulcerations and strictures and benign or malignant neo-
plasms including fibrovascular polyps and adenocarcinomas, respectively, in
addition to gross disruptions in motility such as in achalasia and diffuse esopha-
geal spasm [15].

While barium esophagram focus on the detailed evaluation of the esophagus,
the motivation behind timed barium esophagram (TBE) is to concentrate on esoph-
ageal emptying while minimizing radiation exposure. By quantifying esophageal
emptying, this technique has been applied in the evaluation and monitoring post-
therapy of achalasia. Performed similar to barium esophagram, the key modifica-
tion which occurs is multiple sequential films at pre-defined intervals. To start,
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patients are advised to complete an overnight fast. At time of the study, patients
swallow low-density barium sulfate within 15-20 seconds, followed by three spot
left posterior oblique films taken at 1, 2, and 5 minutes to assess esophageal empty-
ing. In the setting of complete esophageal clearance at 2 minutes, many protocols
provide an option to omit the 5-minute film [17, 18]. Mechanistically, the degree of
esophageal emptying is based on the barium column height, measured from the
highest level of luminal contrast to the EGJ, in addition to the esophageal width,
measured as the widest part of the barium column. The barium column in most
normal subjects empties at I minute, whereas at 5 minutes complete barium emp-
tying occurs in all healthy individuals. Therefore, applying these parameters as
reference allows readers to differentiate normal emptying from stasis in the esoph-
agus, the latter most notably seen in achalasia. To assess interobserver agreement
in this interpretation, de Oliveira et al. applied timed barium swallows among 23
patients with achalasia and measured imaging interpretation among 4 experienced
observers. Authors revealed high reliability on height-times-width calculations in
addition to qualitative emptying percentage, as represented by a correlation coef-
ficient of 0.87 and 0.93, respectively [19]. Furthermore, TBE has been applied in
post-treatment assessment of esophageal emptying [18]. Vaezi et al. assessed pre-
and post-dilation barium column heights among 53 patients with achalasia under-
going pneumatic dilation. Authors revealed a significant improvement (p < 0.001)
in height and symptom relief following dilation [20]. Furthermore, Kostic et al.
aimed to quantify similar improvements in esophageal emptying following an
esophagomyotomy in patients with achalasia. By comparing pre-myotomy and
post-myotomy barium heights and widths relative to surgery, authors demonstrated
a postsurgical reduction in column heights at 1, 2, and 5 minutes (p < 0.001).
Additionally, complete esophageal emptying at 5 minutes was seen in 49% of the
measured population. Post-myotomy symptoms of dysphagia and regurgitation, on
the other hand, were found to be unrelated to TBE findings, suggesting that
although timed barium provides an objective assessment on esophageal emptying
following a myotomy, patient symptoms itself may not be as reliable an indicator
for assessing postsurgical improvement [21].

Complications to oral contrast are infrequent, mild, and self-limiting, with the
most common adverse effect being nausea and vomiting within 30 minutes of swal-
lowing oral contrast. Patients who are dehydrated or diagnosed with cystic fibrosis
may experience constipation or intestinal obstruction secondary to colonic impac-
tion, and rarely will patients experience mild allergic reactions. The most serious
complications include bronchospasm and laryngeal edema, in addition to contrast
aspiration or extravasation into the mediastinum. Safety of barium sulfate during
pregnancy is unknown, although radiography itself is contraindicated due to fetal
risk, and therefore not generally performed [15, 16]. Please see Fig. 2.1 for exam-
ples of fluoroscopic images in patients with dysphagia taken from patients seen in
our dysphagia clinic.
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Fig. 2.1 The following images were obtained from patients seen at the Stanford University
Dysphagia Clinic. Image (a) shows a normal barium esophagram with no signs of structural abnor-
mality. Image (b) shows a patient with a large hiatal hernia. Image (¢) shows a patient with acha-
lasia with a megaesophagus and sigmoidization with a sinktrap deformity. Image (d) shows a
patient with a cervical esophageal stricture with estimated diameter of 8 mm

Fiberoptic Endoscopic Evaluation of Swallowing

Fiberoptic endoscopic evaluation of swallowing (FEES) provides visualization of
the hypopharynx, larynx, and proximal trachea by the use of a flexible fiberoptic
rhinopharyngolaryngoscope. The introduction of FEES in 1988 by Langmore et al.
[22] opened a new paradigm for swallowing evaluation. The technique applies two
endoscopic positions referred as “pre-swallow” and “post-swallow.” The former
maintains views of the soft palate and tip of the epiglottis, evaluating for premature
spillage of a bolus and/or swallowing delay. Patients sound out high-pitched words
and cough, allowing the performer to assess for pharyngeal wall approximation and
laryngeal adductory tasks. The post-swallow position, on the other hand, concen-
trates on the inferior larynx and subglottis to assess for the laryngeal penetration and
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aspiration. This occurs by administering boluses in small amounts, encompassing
thin liquids, thick liquids (i.e., nectar), puree, and solids, with evaluation of aspira-
tion events during and after each swallow [23, 24].

Both speech-language pathologists and otolaryngologists can perform FEES
with slightly different training practices, the former obtaining 10-14 hours in for-
mal class training and 10-20 FEES observations, whereas the latter group obtaining
swallowing physiology through CME courses at workshops or national meetings [1,
2]. The application of FEES in clinical practice, however, has been applied in other
medical disciplines. Lee et al. describes an increased frequency of FEES performed
by gastroenterologists in South Korea. To characterize the safety and tolerance, the
authors evaluated the incidence of laryngospasm, epistaxis, vasovagal syncope, air-
way compromise, and significant disruption in cardiovascular integrity, in addition
to self-reported discomfort. In total, 303 examinations were performed primarily for
the evaluation of dysphagia. Gastroenterologist-directed FEES failure occurred in 5
patients and among 128 examinations, only 50.3% and 6.0% reported mild and
moderate discomfort, respectively [25].

As mentioned, when comparing FEES to VFSS, Giraldo-Cadavid et al. demon-
strated higher sensitivity with FEES in detection of aspiration, penetration, and
laryngopharyngeal residue [14]. Langmore et al. aimed to measure similar epide-
miologic values when comparing FEES to videofluoroscopy. Among 21 patients
with symptoms of oropharyngeal dysphagia, authors calculated a sensitivity of 75%
and specificity of 56% for premature spillage, 93% and 50% for pharyngeal residue
and, and 100% and 75% for laryngeal penetration, in addition to 88% and 92% for
tracheal aspiration, respectively. Furthermore, a positive predictive value (PPV) of
82% in pharyngeal residue and 88% in tracheal aspiration was noted, suggesting
FEES adequately predicts “true” findings when compared to videofluoroscopy.
Although sample size was relatively low (n = 21), the authors concluded FEES was
a valuable instrument in evaluating swallowing physiology [26]. Therefore, with the
trend in greater supportive data, FEES has often become a benchmark test in the
evaluation of swallowing function and oropharyngeal dysphagia [23].

Endoscopy

Esophagogastroduodenoscopy (EGD), often referred to as an upper endoscopy, is
an endoscopic procedure enabling direct mucosal visualization of the oral cavity,
larynx, and upper gastrointestinal (GI) tract, in addition to tissue acquisition and,
when necessary, therapeutic intervention. As endoscopy can be both diagnostic and
therapeutic, endoscopy is the most common initial diagnostic tool to evaluate for
esophageal dysphagia with an estimated 3000 upper endoscopies performed per
250,000 population annually [27].

Standards for performing upper gastrointestinal endoscopy recommend utiliza-
tion of a high-definition video endoscopy system. Patients are given intravenous
sedation and/or local anesthetic throat spray and positioned in the left lateral
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decubitus position. Subsequently, the endoscope is passed trans-orally and advanced
through the esophagus, stomach, and second portion of the duodenum, with photo-
documentation occurring at each anatomical landmark. Applying air insufflation,
aspiration, and mucosal cleansing techniques, mucosal inspection occurs at time of
upper endoscopy. Moreover, in the presence of a mucosal lesion, placement of
biopsy forceps through an instrument channel within the endoscope can facilitate
tissue sampling [28, 29].

The underlying principles behind mucosal evaluation and tissue acquisition are
to exclude malignant and premalignant conditions, and to assess for underlying
etiologies such as a peptic stricture, Schatzki’s ring, or eosinophilic esophagitis
(EoE). As a chronic, local immune-mediated esophageal disease, EoE is the result
of eosinophil-predominant inflammation leading to esophageal dysfunction includ-
ing dysphagia, food impaction, and rarely esophageal perforation [3, 30]. With a
frequency of 7% of all upper endoscopies in patients with esophageal symptoms, a
diagnosis can only be made based on mucosal histology with the presence of >15
eosinophils per high power field. Therefore in efforts to standardize guidelines for
diagnosis, a task force of 21 experts recommended at least six biopsies taken from
different locations when suspecting this immune-mediated disease [31].
Furthermore, the American College of Gastroenterology specified biopsies arise
from at least two locations (proximal and distal esophagus) [32]. Considering
symptoms do not precisely correlate with histology in EoE and patients can often
demonstrate normal-appearing mucosa, statement recommendations support
esophageal biopsies for mucosal pathology in all patients presenting with esopha-
geal dysphagia [33].

Beyond acquisition of tissue for mucosal histology, endoscopic visualization
allows for the assessment of structural etiologies for dysphagia. Peptic strictures, a
complication of gastroesophageal reflux disease (GERD), accounts for the majority
of all benign esophageal strictures. This structural narrowing in the esophagus
results from severe esophageal mucosal inflammation, leading to collagen and
fibrous tissue deposition. Depending on stricture severity, and therefore effect of
esophageal luminal diameter, oral tolerability can vary. A regular diet is tolerated at
a diameter of 20 mm, whereas symptoms of dysphagia occur in almost all patients
at a diameter of <13 mm. Between those diameters, symptoms are variable and
intermittent. Moreover, stricture diameter facilitates in differentiating between sim-
ple and complex strictures. The former characteristically is a short and symmetric
stricture, with a diameter of >12 mm. On the other hand, a complex stricture fre-
quently presents as a height of >2 cm, irregular, and a diameter of <12 mm.
Understanding the type and size of a stricture often aids in the decision of dilation
technique, as complex strictures are associated with more recurrent and dilation-
related adverse effects [3].

Esophageal dilation is the act of stretching a narrowed area within the esophagus.
Types of esophageal dilators include a wire-guided dilator (Savary-Gillard),
weighted push type (Maloney), and balloon dilators (wire-guided and through-the-
scope). Savary-Gillard and Maloney bougie dilators depend on tactile perception to
feel the degree of resistance with dilator passage. The former consists of polyvinyl
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with a tapered rigid tip and hollow core to allow guidewire passage, whereas
Maloney dilators are passed through the esophagus blindly or under fluoroscopic
imaging. On the other hand, polyethylene balloon dilators consist of multiple-size
balloons, and are passed either over a guidewire (over-the-wire) or through the
upper endoscope (through the scope). Balloon sizes vary from small (6 mm to
20 mm) often applied in sequential dilation with one dilation passage, as utilized in
treatment of esophageal strictures, to large (30—40 mm) as seen with pneumatic
dilation in treatment of achalasia [3, 34].

Frequently, esophageal pathologies are amenable to dilation, particularly when
anatomic change is present as seen with peptic structures, Schatzki rings, and post-
radiation strictures. On occasion, however, etiologies for dysphagia will not improve
with dilation as seen with esophageal spasm, hypomotility (connective tissue disor-
ders), and extrinsic compression [3]. Considering the process of esophageal dilation
encompasses the act of stretching the esophageal lumen, the procedure itself can be
linked with an increased risk of complications when compared to a purely diagnos-
tic endoscopy. Esophageal dilation carries an overall risk of 0.4% for all complica-
tions, the most common being perforation with an incidence range of 0.1-0.4%. As
previously described, complex strictures carry the highest risk for complications
with additional risk factors including malignant strictures, prior radiation therapy,
caustic ingestion, eosinophilic esophagitis, esophageal pseudodiverticula, surgi-
cally altered anatomy with interposition, and chronic steroid use [35]. Suspecting a
perforation should be made when visualizing a deep mucosal tear or patient com-
plaint of chest pain and vomiting following dilation. If perforation does occur, man-
agement may include stent placement in the esophagus, inhibiting leakage of fluid
into the chest [36]. Please see Fig. 2.2 for examples of endoscopic images in patients
with dysphagia taken from patients seen in our dysphagia clinic.

Esophageal Manometry

Esophageal manometry is considered to be the gold standard for assessment of
esophageal motility. Adapted from conventional water-perfused manometry, high-
resolution esophageal pressure topography incorporates the technology of high-
resolution manometry (HRM) and esophageal pressure topography as Clouse plots
and is an innovative technological advance to assess esophageal motility patterns
[37, 38]. HRM translates the measured amplitude contractile events in the esopha-
gus and the upper and lower esophageal sphincter in relationship to time, in addition
to pressure that is sensed along the length of a manometry catheter. Whereas con-
ventional line tracing used hydrostatic pressure with limited sensors, HRM advances
esophageal evaluation incorporating multiple pressure sensors (up to 36) at 1-2 cm
intervals spanning the length from the hypopharynx, through the esophagus, to
3-5 cm within the stomach. Additionally, with the use of a solid catheter that was
once not available in conventional manometry, HRM allows for both supine and
sitting position measurements [39].



24 A. N. Kamal and J. O. Clarke

Fig. 2.2 The following images were obtained from patients seen by the authors in clinic for com-
plaints of dysphagia. Image (a) shows a relatively unremarkable distal esophagus and gastroesoph-
ageal junction. Image (b) shows a capacious dilated esophagus with frothy secretions consistent
with achalasia, although the diagnosis cannot be established based on the endoscopy alone. Image
(c) shows food impaction with a piece of chicken in a patient with eosinophilic esophagitis. Image
(d) shows a cervical esophageal stricture

Pressure topography functions by localizing and tracking focal areas of high
pressure, visually allowing a differentiation between sphincters, from adjacent
atonic regions, in addition to peristaltic contractions [40]. Applying advanced soft-
ware algorithm, HRM converts data and allows readers to visualize timing of
sphincter relaxation, segmental contraction, in addition to transition zone length
between striated and smooth muscle segments — improving methods to assess for
esophageal motility disorders [40, 41].

In efforts to standardize definitions of esophageal motility disorders, an inter-
national consensus group was created (HRM Working Group) and had their first
meeting in San Diego during Digestive Disease Week (DDW) in 2007. Objectives
of the group were to adapt data from HRM and pressure topography to clinically
meaningful methods to evaluate esophageal motility disorders. This classification
scheme coined “The Chicago Classification” was later published in 2009. Over
the last several years, two iterations have thus followed with the most recent
published in 2015 (version 3) reflecting new developments in the classification
system [38, 42, 43].



2 Advances in Testing for Dysphagia 25

With esophageal manometry providing an assessment of quantitative and quali-
tative measures of peristaltic coordination and pressures, the most common clinical
indications to apply HRM has been assessment of nonobstructive dysphagia, local-
ization of sphincter landmarks to assist in anti-reflux testing, and evaluation of
esophageal motor function prior to anti-reflux surgery [42]. Following catheter cali-
bration, the HRM catheter is inserted trans-nasally, initially positioned within the
pharynx, and then slid distally with the assistance of the patient swallowing. Correct
catheter positioning beyond the EGJ is confirmed with recognition of the pressure
inversion point (PIP), a marker of inspiration-associated negative intrathoracic pres-
sure inverting with positive intra-abdominal pressure [39, 44].

Following The Chicago Classification (CC) recommendations, a baseline rest-
ing pressure of 30 seconds is obtained with the absence of swallows, followed by
10 supine liquid swallows of 5 ml of water. It should be noted that augmentations
in this standard protocol have been developed, in efforts to elucidate further
abnormalities in esophageal swallowing function. For example, multiple rapid
swallows (MRS) function by stimulating neural inhibition, leading to cessation
of esophageal body contractions and complete lower esophageal sphincter relax-
ation, resulting in subsequent esophageal peristalsis and LES contraction [44].
Fornari et al. aimed to evaluate the yield of MRS to detect disruptions in the
normal inhibitory and excitatory functions by applying a protocol of 5 water
swallows, 2 ml, separated by 2-3 seconds among 23 healthy subjects and 48
patients with ineffective esophageal motility (IEM). Authors revealed among
healthy controls, complete inhibition of esophageal contraction was seen during
MRS followed by a strong motor response after MRS completion, whereas only
50% of patients with IEM demonstrated the ability to increase contractile ampli-
tudes following MRS. Authors concluded as a complementary test, multiple
rapid swallows offers the ability to further evaluate the normal physiological
mechanisms within the esophagus among symptomatic patients [45]. As a result,
the Chicago Classification v.3.0 published support in using MRS as a supplement
test to elucidate peristaltic reserve [43]. Additionally, the incorporation of tex-
tured boluses such as thickened liquids or solid foods has been thought to be
beneficial in exposing abnormal esophageal motor functions. This application
stems from the argument that patient symptoms rarely are triggered by water, let
alone at volumes of 5 ml. Therefore, Sweis et al. aimed to measure reference
values for both liquid and solid boluses, in efforts to assess for improved sensi-
tivity in detection of esophageal dysmotility. Twenty-three asymptomatic volun-
teers therefore underwent HRM applying 5 ml water administered with a syringe,
in addition to 5 solid swallows of 1 cm bread, completing both in the upright and
supine position. Authors revealed a higher integrated relaxation pressure for sol-
ids than liquids at both supine and upright (<0.001 both), a significant decrease
in contraction front velocity (CFV) for solids versus liquids in upright (»p = 0.01),
although not seen in supine positioning (p = 0.186), in addition to a higher distal
contractile integral (DCI) for solids than liquids in both upright and supine
(p =0.001 and p < 0.001, respectively) [46]. Although CC v.3.0 describes HRM
based on the analysis in the supine position with liquid swallows, performing in
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alternate conditions such as upright or following a test meal has been accepted
clinically and may be diagnostically helpful in specific situations [43].

Diagnosing esophageal motility patterns applies a hierarchical analytic scheme
set by the CC v3.0. Initial evaluation requires interpretation of the integrated relax-
ation pressure (IRP), a measure of deglutitive relaxation following a swallow. IRP
is calculated by measuring 4 seconds of lowest mean axial pressure across the LES
during 10 seconds after a swallow, with the median value of all 10 wet swallows
signifying the overall IRP. An abnormal value (with the specific level of abnormal-
ity dependent on the manometry system employed) indicates abnormal transit
across the esophagogastric junction (EGJ), suggestive of an outflow obstruction.
Furthermore, in the setting of absent or abnormal peristalsis, suspicion for achalasia
occurs. Therefore, IRP is an important metric when evaluating EGJ relaxation and
esophageal motility disorders. Furthermore, a focus on contractile function is essen-
tial and is based on the distal contractile integral (DCI), distal latency (DL), and
peristaltic integrity. The DCI is a sum of pressures within the time/length field
between the transition zone to the proximal EGJ, calculated as units of mmHg.s.cm.
The CC v.3.0 determined DCI >8000 mmHg.s.cm represented hyper-contractility,
whereas values <450 mmHg.s.cm and < 100 mmHg.s.cm signified weak and failed
swallows, respectively. The range of normal for DCI is between 450 and
8000 mmHg.s.cm. Additionally, distal latency is an important indicator of esopha-
geal contraction arrival, measuring the start of swallow induced upper esophageal
sphincter opening to contractile deceleration. A normal swallow is considered when
DL >4.5, whereas spastic or premature is considered at <4.5 seconds. Lastly, peri-
staltic integrity is an important aspect of interpreting contractile function, particu-
larly spatial breaks or gaps across the upper esophageal sphincter to the EGJ at
20 mmHg isobaric contour. The CC v.3.0 considers breaks >5 cm as fragmented
swallows. The third component on swallowing assessment based on HRM includes
interpretation of esophageal pressurization. Manometry provides the advantage of
assessing intrabolus pressurization, a defining feature of type II achalasia.
Pressurization occurs when swallowed liquid becoming trapped between contract-
ing segments, seen at >30 mmHg isobaric contour [41]. Identifying these three
main components in assessment of swallows and applying definitions based on CC
v3.0., major and minor motility disorders can be identified [41].

When applying the Chicago Classification to esophageal manometry, the
approach is hierarchical. If deglutitive relaxation, assessed by an abnormal IRP, is
abnormal, then the diagnosis is either achalasia (type I, I or III based on the pres-
ence or absence of panesophageal pressurization and premature contraction) or EGJ
outflow obstruction (if peristalsis is at least intermittently preserved). If deglutitive
relaxation is normal, then one looks at the esophageal body to see if there is evi-
dence of hypercontractility (assessed by an elevated DCI), premature contractions
(assessed by the DL), or absent contractility. If any of these three esophageal body
abnormalities are present, then a major motility disorder is present (Jackhammer
esophagus, distal esophageal spasm or absent contractility). If none of these criteria
are met, then one looks at peristaltic integrity. If there are significant weak or failed
swallows, or large mucosal breaks on at least half of swallows, then a minor motility
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disorder (ineffective esophageal motility or fragmented peristalsis) is achieved —
otherwise the study is considered to be normal.

The addition of impedance to standard esophageal manometry protocols has
been added to monitor bolus movement within the esophageal lumen. First described
by Silny et al. [47], the concept of impedance is a measurement of the electrical
relationship between mounted electrodes on an intraluminal probe and luminal con-
tents surrounding it. High impedance is a reflection of intraluminal air, whereas low
impedance is demonstrated by liquid (swallowed or refluxed). Therefore, as imped-
ance rings lay along the length of the esophageal probe, a temporal-spatial pattern
can help differentiate swallowed and refluxed liquid, versus air itself [40]. The
application of high-resolution impedance manometry therefore is the combination
of manometry and impedance, monitoring both pressure and bolus transit simulta-
neously. Furthermore, to facilitate conductivity 0.3% saline solution is used with
each swallows, replacing the standard water protocol [48].

The application of high-resolution impedance manometry has been used to predict
incomplete bolus clearance and determine peristaltic integrity. Park et al. measured
swallows among 71 patients with esophageal symptoms, classifying each swallow as
complete or incomplete bolus clearance based on impedance, where complete bolus
clearance was defined as bolus entry and subsequent clearance along all impedance
sites and incomplete bolus clearance defined by bolus entry with subsequent failed
clearance. Data revealed that small breaks of 3 and 7 cm or less were associated with
high bolus clearance (96.8% and 94.7%, respectively). The authors therefore applied
impedance to investigate the association between bolus transit and defects in peristal-
sis [48]. In addition, Liu et al. applied high-resolution impedance manometry among
58 patients with nonobstructive dysphagia, aiming to characterize esophageal motility
and transit functions. Among the studied cohort, 28 patients had achalasia, 3 with
esophagogastric junction outflow obstruction (EGJOO), 20 with nonspecific esopha-
geal motility disorders, and the rest found to be normal. Applying impedance, incom-
plete bolus transit was seen in all (100%) of patients with achalasia and 90% with
EGJOO, as compared to only 3.5% in the normal cohort. Given traditional HRM does
not provide an insight into bolus transit among patients with dysphagia, esophageal
impedance enhances the evaluation of esophageal bolus transport and may help char-
acterize underlying pathophysiological mechanisms [49]. However, it should be noted
that impedance is most helpful in situations where bolus transit can be intermittent,
such as ineffective esophageal motility; impedance may not be as helpful in situations
clearly associated with normal or abnormal bolus transit.

Special considerations are made when applying esophageal manometry to mea-
sure the proximal esophagus and upper esophageal sphincter (UES) in pharyngeal
dysphagia. Since esophageal manometry measures intraluminal pressure and esoph-
ageal muscular coordination of pressure activity, this technology has been applied to
measure not only esophageal body muscular activity and lower esophageal sphincter
(LES) pressure but also further evaluate pharyngeal motor activity and UES relax-
ation. The UES functions to separate the pharynx from the esophagus, relaxing in
response to swallowing followed by coordinated contraction to exclude air from
esophageal contents. Abnormalities of the UES have been noted in conjunction with
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different diseases contributing to symptoms of dysphagia, including Parkinson’s dis-
ease, globus sensation, scleroderma, and oculopharyngeal muscular dystrophy [50].
Similar to esophageal manometry protocols, UES manometry protocols require
proper calibration of the catheter, followed by insertion of the catheter trans-nasally
through a lubricated nasal passage while patients are in the sitting or supine position.
Catheter positioning will aim to cross along the length of the esophagus, ending with
the distal port in the stomach. Following a measurement of basal pressure for
2-5 minutes, patients are instructed to complete multiple swallows, typically 10 with
5 mL of water, in addition to 10 swallows with 1 mL of bread [51]. Unlike esopha-
geal manometry in which the study focuses on esophageal body contraction and LES
relaxation, UES manometry aims to assess for UES relaxation — a physiologic inhibi-
tion of the cricopharyngeus and simultaneous contraction of the suprahyoid muscles
following swallowing. Assessing relaxation, however, is subject to variability
between individuals swallows and determining the start and end of relaxation [51].

Normative data of pharyngeal high-resolution manometry values was tested by
Jungheim et al., measuring pharyngeal manometry on 29 healthy volunteers in an
upright position. Authors revealed normative values of maximum velopharyngeal
pressure [mean 269.9, standard deviation (SD) 113.1 mmHg], maximum tongue
base pressure (mean 278, SD 93.6 mmHg), maximum UES pressure (mean 205.8,
SD 64.0 mmHg), UES resting pressure (mean 42.5, SD 18.7 mmHg), and relax-
ation UES time (mean 681.6, SD 86.8 ms) [52]. Furthermore, the reliability of
pharyngeal manometry was tested by Omari et al., aiming to evaluate intra- and
interrater agreement and test-retest reliability among five healthy (mean age 61)
patients undergoing pharyngeal high-resolution manometry with impedance mea-
surements. When comparing metrics of contractility, intrabolus pressure, flow
timing, and global function, authors demonstrated high intra- and interrater agree-
ment [53]. Similar to esophageal manometry, the application of maneuvers has
been tested within pharyngeal manometry. To measure the effects of swallow
maneuvers during pharyngeal high-resolution manometry, McCulloch et al. mea-
sured manometry among seven subjects during different postural conditions
including head turn and chin tuck. Regions of the velopharynx and tongue base
were measured for maximal pressure, rate of pressure increase, pressure gradient,
and duration of pressure above baseline. Differences in pharyngeal pressures dur-
ing maneuvers were noted primarily in the UES; however, no changes were
observed in the velopharynx or tongue base [54]. Hoffman et al. additionally
aimed to assess effects of effortful swallow and Mendelsohn maneuvers during
high-resolution pharyngeal manometry, focusing on pressure and timing charac-
teristics. The Mendelsohn maneuver is designed to manage reduced laryngeal
excursion and limited cricopharyngeal opening by having a patient hold the lar-
ynx up during swallowing. The basis behind this maneuver is to increase extent
and duration of laryngeal elevation, and therefore proportionately increasing this
extent and duration of cricopharyngeal opening. With the application of these two
maneuvers, the authors revealed dependent changes at the velopharynx and UES,
critical functions to ensure safe swallowing [55, 56]. Please see Fig. 2.3 for exam-
ples of manometric images in patients with dysphagia taken from patients seen in
our dysphagia clinic.
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Fig. 2.3 The following images were obtained from patients seen at the Stanford University Dysphagia
Clinic. Image (a) shows a normal high-resolution esophageal manometry. Image (b) shows the addi-
tion of impedance (colored in purple) to a normal high-resolution esophageal manometry study. Image
(c) shows a hypercontractile, or Jackhammer, esophagus. Image (d) shows a patient with achalasia,
subtyped as type II based on the presence of panesophageal pressurization
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Fig. 2.3 (continued)

Functional Lumen Imaging Probe

The functional lumen imaging probe (FLIP) emerged recently as an innovative
method to quantify the radial force of esophagogastric junction (EGJ) sphincter
strength measured by the resistance to distension — referred to as distensibility.
Sphincters within the gastrointestinal tract, such as the EGJ, create important barri-
ers within the gut. This dynamic function of the EGJ, separating the esophagus from
the stomach, relies on both extrinsic and intrinsic factors including gravity, peristal-
sis, esophageal wall mechanical properties, and crural diaphragmatic muscle tone
[57]. As one can imagine, measurement of EGJ competence, therefore, has an
important impact on further understanding esophageal diseases.

Traditional methods to measure EGJ sphincter function for the most part has
relied on high-resolution manometry (HRM) as the gold standard. Unfortunately,
HRM was not created to consider radial force and therefore only provides a mea-
surement of static pressure [57]. Authors have argued, however, sphincter pres-
sure on its own is not a true determinant of sphincter tone [58], and rather
distensibility is potentially a more meaningful reflection of sphincter strength.
Although barostat and impedance planimetry encompasses this ability to mea-
sure luminal distensibility, FLIP offers a more feasible method of adapting prin-
ciples of impedance planimetry without exposing patients to the pain and
intolerance of a barostat [57].

In 2009 an endoluminal functional lumen imaging probe (EndoFlip®, Crospon
Ltd., Galway, Ireland) was commercially introduced, marketed as an imaging probe
that captured simultaneous measurements of esophageal pressure and luminal
diameter. Mechanistically FLIP provides a more accurate measurement of esopha-
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geal distensibility by determining resistance to distention, characterized by luminal
cross-sectional area (CSA) and intraluminal pressure. Applying high-resolution
impedance planimetry electrodes and a balloon filled with conductive saline, as
volume-controlled distension occur, measurement of CSA along an axial plane is
determined. These measurements are then divided by matched singular pressure
levels (CSA/pressure), calculated out to represent luminal distensibility. Therefore,
data from FLIP provides an improved assessment of esophageal wall mechanical
properties and EGJ opening dynamics — providing different and complementary
information to high-resolution manometry [59, 60].

The current FLIP device is made of a 240-mm long, 3-mm outer diameter cath-
eter encompassed with 16 paired impedance planimetry electrodes and a solid-state
pressure transducer housed within a distal balloon. Catheter sizes that are commer-
cially available include 8-cm (EF-325) and 16-cm (EF-322) [60]. The FLIP product
arrives as either 1.0 or 2.0, the latter converting high-resolution impedance
planimetry as a space-time-luminal diameter continuum, or topography, visually
displaying esophageal function in response to distension [61].

Variations in FLIP protocol exist among different institutions. At our institution,
following sedation the FLIP catheter is placed blinded trans-orally into the esopha-
gus or with direct endoscopic visualization. Although trans-nasal placement in the
awake patient can be done, due to patient discomfort, this protocol is not commonly
implemented. At a low fill volume (20-30 mL), the esophageal body is identified
with a waist identified as the EGJ and allows real-time positioning to set the EGJ as
the reference point. Once the catheter is positioned, ideally the tip sitting 2 cm into
the stomach, volume-controlled distention of the balloon occurs. Real-time mea-
surements of CSA and pressure is seen with step-wise volumetric distension at
10 ml increments. Measurements for distensibility are taken at all levels but are
most validated at balloon distention of 60 ml when using the 16-cm FLIP and at
40 ml when using the 8-cm FLIP [60].

To understand normal thresholds of FLIP distension, Carlson et al. evaluated ten
asymptomatic healthy controls (ages 20-49; 6 female) undergoing a 16-cm length
FLIP balloon probe placement. Following moderate sedation, the catheter was
placed trans-orally, and the distal catheter was positioned 1-3 impedance sensors
below the EGJ at a distension volume of 20-30 ml. The majority of healthy controls
demonstrated a median and interquartile range (IQR) distension volume of 29 ml
(25-35.8), intra-bag pressure of 10.7 mmHg (8.6-15.9), and maximum body diam-
eter of 18.5 mm (17.5-19.6), respectively. Therefore, the authors identified an orga-
nized pattern in the esophageal body of healthy controls, providing a characteristic
for “healthy” patients. Moreover, the antegrade contractions seen visually on topog-
raphy were thought to be secondary to sustained volumetric distension, or second-
ary peristalsis [61]. This normative data has recently been expanded to include an
additional 20 healthy subjects.

The clinical utility of FLIP is expanding among various esophageal diseases,
with the strongest data in the setting of achalasia. This motility disease is charac-
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terized by lower esophageal sphincter dysfunction, leading to failure of LES relax-
ation and impairment in esophageal peristalsis [62]. Traditionally achalasia was
defined by esophageal manometry, a method applying pressure topography and
classifying the three types based on pressurization patterns [63]. Treatment is tar-
geted at the EGJ, with aims to improve opening after swallowing. Although high-
resolution manometry and timed barium esophagram can facilitate in achalasia
diagnosis, Pandolfino et al. aimed to assess if FLIP correlated with symptom sever-
ity in achalasia before and after treatment. The authors determined FLIP measure-
ments among 54 patients, separated into two cohorts based on treatment profiles.
One cohort received no treatment initially for their achalasia, whereas the second
underwent pneumatic dilation (n = 17), Heller myotomy with partial fundoplica-
tion (n = 10), or per-oral esophageal myotomy (n = 4). A FLIP protocol using an
8-cm electrode probe was placed at the level of the squamocolumnar junction. EGJ
distensibility (CSA/pressure) was a reflection of the narrowest CSA and corre-
sponding pressure. Of those undergoing prior treatment, the authors subsequently
categorized patients into either “good” or “poor” treatment response. The data
revealed that patients with a successful treatment response correlated with greater
EGJ distensibility, compared to those untreated or with poor treatment response
(r = 0.49; p < 0.05). Furthermore, following comparison of EGJ distensibility at
40 mL on FLIP and EGJ function on high-resolution manometry, the authors dem-
onstrated significant correlation for resting EGJ pressure (r = —0.4, p < 0.05), IRP
(r=-0.51, p < 0.001), and nadir EGJ relaxation pressure (r = —0.4, p > 0.05).
Pandolfino et al. concluded that these study findings suggested FLIP measurement
of EGIJ distensibility was a feasible tool to apply in achalasia and gauge success to
treatment [64].

In addition to measuring EGJ distensibility, FLIP offers a novel method to assess
esophageal body contractility through topography. To better define contraction pat-
terns seen on topography, Carlson et al. aimed to compare FLIP topography between
patients with achalasia (type I-15, type II-26, type III-10) and ten asymptomatic
healthy controls (ages 20-49, 6 female). Applying a 16-cm length FLIP catheter and
step-wise distension volumes, topography plots in addition to EGJ distensibility at
50 and 60 mL were recorded. Topography plots were interpreted as propagating or
antegrade contractions, with the slope of the line at contraction onset distinguishing
the two types. Therefore, propagating direction was determined by a positive slope,
whereas a retrograde contraction was a reflection of a negative slope. Additionally,
repetitive contractions were defined by >3 contractions occurring simultaneously.
When reviewing topography profiles among healthy controls, the majority (80%)
demonstrated repetitive antegrade contractions (RAC) in contrast to achalasia
patients, whose contractile patterns were less uniform. Of the 61% exhibiting con-
tractility, 29% were found to be RACs and 35% repetitive retrograde contractions
(RRC). When differentiating contractility patterns based on achalasia subtypes, the
authors revealed contractility was absent more frequently in type I achalasia com-
pared to type II (p = 0.017) or type III (p < 0.001). Patients with type II achalasia
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demonstrated a greater degree of heterogeneity in contractile patterns, with 65%
showing some form of contractility whereas type III patients more often demon-
strated RRCs than type I (p = 0.001) or type II (p = 0.011). The fraction of patients
with RRCs, however, were all similar among the groups. Carlson et al. therefore
concluded FLIP is a useful tool to not only assess EJG distensibility in patients with
achalasia but furthermore allowed a qualitative assessment of esophageal contractil-
ity [63].

Due to the irreversible degeneration of the nitrogenic neurons of the myenteric
Auerbach plexus as seen in achalasia, treatment is often reserved to either medi-
cal, endoscopic, or surgical in efforts to improve symptoms. Although classically
Heller myotomy with a partial anti-reflux wrap was considered the optimal surgi-
cal treatment, more recently the endoscopic alternative per-oral endoscopic myot-
omy (POEM) has entered into clinical practice [65]. First described in 2007,
POEM has gained international attention as an endoscopic therapy that allows
selective myotomy of the LES in addition to the esophageal body [66]. Following
POEM, therapeutic response is often determined by EGJ appearance on upper
endoscopy, esophagram, and esophageal manometry. Familiari et al. therefore
aimed to determine if FLIP could be applied prospectively to assess the effects of
EG]J distensibility following endoscopic myotomy. Between April 2013 and July
2013, 21 patients underwent FLIP immediately before and following POEM. Using
an 8-cm length catheter balloon, pre-procedural mean EGJ diameter and CSA was
measured to be 6.3 mm (x1.8 SD) and 32.9 mm? (+23.1 SD), respectively, with a
significant increase to 11.3 mm (x1.7 SD) and 102.38 mm? (+28.2 SD) following
treatment [65]. Additionally, Ngamruengphong et al. aimed to assess FLIP mea-
surements in patients prior to undergoing POEM in efforts to measure correlation
between FLIP findings during POEM and postoperative clinical symptoms. In a
multicenter study, the authors retrospectively reviewed 63 treated patients, sepa-
rated by subjective “good” (n = 50) and “poor” clinical response (n = 13). As one
may expect, authors revealed a significantly higher EGJ cross-sectional area
among patients with a good clinical response following POEM (p = 0.01) and
therefore concluded FLIP to be a potential tool in assessing POEM efficacy and
outcomes [67].

FLIP has also been employed as a prognostic test in conjunction with Heller
myotomy. Teitelbaum et al. applied FLIP intraoperatively for patients undergoing
Heller myotomy and POEM. The authors revealed that although both interventions
resulted in an overall rise in mean distensibility (LHM- pre 1.4 vs. post 7.6 mm?/
mmHg; p < 0.001 and POEM- pre 1.4 vs. post 7.9 mm*mmHg; p < 0.001), no dif-
ference in EGJ distensibility was seen between surgical and endoscopic myoto-
mies [68].

Beyond POEM and Heller myotomy, treatment of achalasia can encompass
less invasive techniques including LES botulinum (Botox®) injection and pneu-
matic dilation. The principle of pneumatic dilation is to weaken the lower esoph-
ageal sphincter by tearing muscular fibers through radial force and performed
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endoscopically using a Rigiflex dilator with fluoroscopic guidance [69]. Currently
considered the most effective nonsurgical option in management of achalasia by
the American College of Gastroenterology, factors such as personal training, fear
of perforation, and exposure to radiation can often hinder the practice of pneu-
matic dilation [69, 70]. An alternative therefore was the creation of a hydraulic
dilation catheter called EsoFlip® (Crospon Ltd., Galway, Ireland). Inferfacing
with the EndoFlip® system to visualize the GEJ and shape of the balloon in real-
time with dilation, the need for fluoroscopy was removed. Similar to a regular
FLIP catheter, one major difference is the type of balloon used. Whereas in FLIP
a soft compliant balloon is used with the primary purpose of measuring lumen
size, inflated to a pressure of <0.1 bar, a hydraulic balloon dilator applies a high-
pressure dilation balloon made of stiffer material, typically inflated to 1.5 bar
pressure [71]. The first feasibility study of this form of hydraulic dilation was
conducted by Kappelle et al., measuring technical success, clinical success, and
complication rates among 10 patients with achalasia. The authors used a probe
with a 7-French (Fr) shaft, 2.3 m in length, and consisting of 15 electrodes spaced
5 mm apart located within an 8 cm balloon. At a control rate, diluted saline solu-
tion was inserted into the balloon, reaching a maximum diameter of 30 mm.
Technical success was defined as visualizing of complete effacement of the bal-
loon at the “waist,” or area of EGJ, until the narrowest diameter reached a value
greater than >28 mm. The authors revealed a median increase in EGJ distensibil-
ity from 1.1 to 7.0 following dilation (IQR 5.5-17.8, p = 0.005), in addition to no
major complications or severe adverse effects at follow up [72], therefore intro-
ducing hydraulic dilation as a possible and safe means to achalasia treatment.
Gastroesophageal reflux disease occurs following abnormal reflux of gastric
contents into the esophagus, resulting in a wide range of typical symptoms
including acid regurgitation and heartburn, in addition to atypical symptoms
such as dyspepsia, epigastric fullness, and extraesophageal symptoms of chronic
cough and hoarseness. The diagnosis of GERD often is made based on clinical
symptoms, but diagnostically the use of esophageal pH monitoring has been used
to quantify degree of esophageal acid exposure percentage [73, 74]. Considering
this rise in acid exposure as a marker for reflux, it was proposed that patients
with GERD may have a similar rise in EGJ distensibility seen on FLIP. Studies
demonstrate, however, inconsistent findings. As one would expect, authors in a
prior study revealed a higher EGJ-DI in patients with symptomatic GERD, com-
pared to healthy controls [59]. On the other hand, when correlating FLIP disten-
sibility measurements with clinical and physiological diagnosis of GERD,
Tucker et al. revealed, when comparing to healthy controls, EGJ distensibility at
20 and 30 ml was actually lower in the GERD cohort (p = 0.001 and p = 0.20,
respectively). Upon further comparison between those with and without patho-
logic esophageal acid exposure (>5.3%) on 48 hour wireless pH monitoring, data
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exhibited similar EGJ CSA and distensibility measurements (p = 0.789 and
p =0.704, respectively) [75]. Despite this discrepancy, FLIP has been considered
a useful tool following anti-reflux procedures. Patients with severe GERD refrac-
tory to medical therapy or looking for an outlook to avoid long-term medication
are given an option to pursue a 360° anti-reflux procedure called a Nissen fundo-
plication [76]. Kwiatek et al. therefore compared patients undergoing fundopli-
cation, this operative technique to replicate normal EGJ distensibility, with
healthy controls. Subsequently, a reduction in EGJ distensibility and compliance
in patients undergoing a fundoplication was seen, with the least distensible area
located at the hiatus [77]. Despite these positive findings, given the degree of
inconsistency and reliability on FLIP among patients with GERD, the American
Gastroenterology Association (AGA) institute best practice recommended
against use of FLIP in routine diagnostic GERD assessment [59].

As described, eosinophilic esophagitis is an atopic pathologic disease char-
acterized by eosinophilic infiltration of the esophageal epithelium, with the
potential complication of esophageal fibrosis and luminal narrowing if left
untreated. Symptoms can range from esophageal dysfunction and food impac-
tion to those mimicking GERD [78]. Due to this esophageal narrowing, FLIP
was studied further in efforts to improve accuracy in identifying esophageal
body narrowing beyond pure endoscopic assessment. Chen et al. performed
FLIP and upper gastrointestinal endoscopy among 72 adults with EoE, measur-
ing metrics of distensibility slope and plateau compared with the EOE Endoscopic
Reference Score (EREFS), a severity degree based on endoscopic presence of
rings, furrows, exudates, edema, and strictures. As expected, a Spearman’s non-
parametric sample correlation coefficient revealed a significant inverse associa-
tion with ring severity and distensibility plateau (r, = —0.46, p < 0.0001),
although degree of eosinophilia, severity of exudates, and furrows was not sta-
tistically associated with distensibility measurements [79]. Furthermore,
Kwiatek et al. aimed to analyze esophageal mechanical properties in patients
with EoE applying an 8-cm length FLIP catheter, comparing CSA-pressure
response (distensibility) between 35 case patients and 15 healthy controls.
Overall esophageal distensibility was found to be significantly reduced in EoE
patients, compared to healthy controls (p = 0.02). On additional analysis, no
significant difference in distensibility was seen between patients with endo-
scopic visible rings + furrows (24/33) and structuring disease (9/33), p = 0.8
[80]. Nonetheless, as FLIP functions as a unique tool to measure mechanical
properties of the esophageal wall, current AGA recommendations in EoE advise
against use of FLIP to diagnose the atopic disease, however, support possible
use to assess disease severity and therapeutic monitoring [59]. Please see
Fig. 2.4 for examples of FLIP images in patients with dysphagia taken from
patients seen in our dysphagia clinic.
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Fig. 2.4 The following FLIP studies were acquired from patients seen by the authors in clinic for
complaints of dysphagia. Image (a) and (b) show static images obtained via the FLIP 1.0 system.
Image (c¢) and (d) show FLIP topography images obtained via the FLIP 2.0 system. Image (a)
shows a patient with achalasia, the diagnosis of which had been elusive prior to this study. Image
(b) shows a patient with eosinophilic esophagitis with dysphagia despite inflammation, but
decreased esophageal distensibility on FLIP. Image (c¢) shows normal recurrent antegrade contrac-
tions (RACs) consistent with appropriate secondary peristalsis upon balloon distention. Image (d)
shows the same patient with continued RACs and appropriate EGJ distensibility at a distention
volume of 60 cc
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Fig. 2.4 (continued)

Conclusion

Investigation of dysphagia encompasses a range of diagnostic tools and has
expanded our assessment of dysphagia, identifying strictures, hiatal hernias, and
malignancies in addition to underlying motility disorders. As etiologies for dyspha-
gia can be separated into oropharyngeal and esophageal dysphagia, similar distinc-
tions are seen with each diagnostic tool. Whereas modified barium swallow,
fiberoptic endoscopic evaluation of swallowing, and pharyngeal high-resolution
manometry are more focused to evaluate an oropharyngeal etiology of symptoms;
barium esophagram, endoscopy, high-resolution esophageal manometry, and FLIP
are more advantageous in evaluation of esophageal pathology. Diagnostic tools can
facilitate in uncovering the underlying etiology for symptoms, with the ultimate
goal of shortening time from dysphagia onset to management.
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Chapter 3
Oropharyngeal Dysphagia

Robert M. Siwiec and Arash Babaei

Introduction

The clinical approach to dysphagia commonly begins with an objective determina-
tion of the anatomic level of dysphagia. Oropharyngeal dysphagia (OD) is defined
as dysfunction in bolus movement from the oral cavity to the upper esophageal
sphincter (UES) [1], and esophageal dysphagia (ED) is generally attributed to dif-
ficulty in transporting the bolus from the UES to the gastric cavity. Deglutition is
controlled through complex interactions between brainstem nuclei and feedback
loops between both oropharyngeal and esophagus phases of swallowing. Although
each phase of swallowing can affect the other, predominant disruption in one phase
usually plays a more critical role in a patient’s clinical presentation. For example,
nearly half of patients with esophageal achalasia (a prototype disorder of ED) may
present with unsuspected pharyngeal manifestations [2], while poor dentition may
unmask an otherwise subclinical patent distal esophageal ring due to impaired mas-
tication and suboptimal bolus formation.

Dysphagia must be differentiated from globus sensation [3]. Globus is com-
monly described as a lump in the throat, though a persistent or intermittent non-
painful sensation of tightness, fullness, or foreign body sensation in the throat is
commonly described by patients. Patients with globus sensation do not present with
weight loss and usually have no difficulties during swallowing [4]. Globus sensation
and associated nuisance symptoms are generally more noticeable in between meals
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Table 3.1 Symptoms of Food spillage from the lips
oropharyngeal dysphagia

Drooling

Hesitation or inability to initiate the swallow

Nasal regurgitation

Food sticking in the throat

Repetitive swallowing

Coughing and choking — before, during,
or after swallowing

Posture changes during eating

Frequent throat clearing

Voice hoarseness
Weight loss
Recurrent pneumonia

Prolonged meal duration

Exclusion of certain food consistencies

Nasal speech and dysarthria

Avoidance of social dining

[4]. Although a distinct etiology remains elusive, globus sensation can be seen in
patients with underlying esophageal disorders including hiatal hernia, GERD [4],
or esophageal dysmotility [5].

OD arises from disorders affecting the oral preparatory phase and/or the pha-
ryngeal phase of swallowing. Given the wide array of clinical manifestations and
presentations, the diagnosis of OD requires a high index of suspicion. Some patients
may be completely asymptomatic and present with pneumonia whereas others may
complain of weight loss, coughing, prolonged meal duration, frequent throat clear-
ing, repetitive swallowing, and hoarseness (Table 3.1). OD must be distinguished
from ED as the causes of oropharyngeal pathology are often much different from
those of ED. A multidisciplinary approach is considered essential given the diverse
etiologies of OD. Managing patients with OD requires healthcare providers to coor-
dinate care between gastroenterologists, radiologists, speech pathologists, otolaryn-
gologists, neurologists, dietitians, geriatricians, and home caregivers.

Patients may point to areas where they sense difficulties and/or obstruction; how-
ever, the clinical diagnosis of OD is not equivalent to a patient’s perceived level of
dysphagia. Dysphagia sensation in the cervical region often times (30-60%) can be
attributed to pathology in the distal esophagus (e.g., Schatzki ring with intermittent
transient food stasis) [6, 7]. Studies have repeatedly shown that determination of the
level of dysphagia by patients is clinically unreliable [8—10]. Furthermore, elderly
patients or patients with neurologic disorders are frequently unaware of their swal-
lowing dysfunction [11]. Therefore, OD is not synonymous with cervical dysphagia
as a symptom.

OD can affect individuals of all ages, stemming from a diverse range of struc-
tural and neuromuscular etiologies. Children and adolescents can experience oral
dysphagia caused by congenital cleft lip/palate [12] or cerebral palsy [13]. Poor
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dentition [14, 15] and xerostomia [16, 17] in older adults are common yet unrecog-
nized etiologies of dysphagia [18]. The term OD is often erroneously used to mean
a distinct disease, while it usually represents as a manifestation of a diverse range of
etiologies. There are many causes of oropharyngeal dysphagia including neuromus-
cular, neurological, structural, myogenic, and iatrogenic. OD can be mechanisti-
cally divided into voluntary oral and reflexive pharyngeal causes of dysphagia. The
focus of this concise review will be the involuntary reflexive pharyngeal phase of
swallowing in the adult population.

Epidemiology

Although reliable epidemiological data with a uniform definition of OD are not
available, based on screening questionnaires, it is estimated that 11-22% of inde-
pendently living older adults are affected by OD [19-22]. The prevalence of OD
in institutionalized elderly approaches 32-51% of patients based on bedside clini-
cal swallow assessment [15, 19]. OD is associated with aging-related neurological
impairments and neurodegenerative processes [23]. In patients with frontotemporal
dementia [24], Parkinson’s [25], and Alzheimer’s disease [26], the prevalence of
OD reaches an alarming rate of 57-84%. Impaired cognitive factors and reduced
functional capacity due to frailty can significantly contribute to severity and preva-
lence of OD in the elderly [27, 28].

Physiology

Swallowing consists of three phases: oral preparatory, pharyngeal, and esophageal.
Humans swallow upwards of 900 times a day with each swallow involving more
than 30 pairs of striated muscles [12] and bolus transfer into the esophagus taking
less than a second [1]. Thus, precise timing and muscle coordination during the oral
preparatory and pharyngeal phases are essential for normal human swallowing [12].

The pharynx is comprised of three distinct compartments: nasopharynx, oro-
pharynx, and laryngopharynx (Fig. 3.1). The nasopharynx extends from the base of
the skull to the distal edge of the soft palate, communicating through the pharyngeal
isthmus with the oropharynx. The oropharynx extends from the soft palate to the
base of the tongue. Lastly, the laryngopharynx extends from the valleculae to the
inferior margin of the cricoid cartilage. The laryngopharynx is a complex anatomic
chamber that is 99% of the time part of the respiratory tract [29]. Only during swal-
lowing (<1% of time) does the laryngopharynx morph into an essential component
of the digestive tract for less than a second [1].

Successful food ingestion depends on the coordination between oral and pha-
ryngeal function. The oral preparatory phase is mostly under voluntary control and
involves cranial nerves V (trigeminal), VII (facial), and XII (hypoglossal) [12].
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Fig. 3.1 Pharyngeal
anatomic compartments

Soft palate

Epiglottis
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The autonomic nervous system is involved in salivary secretion to assist with both
oral breakdown of materials and bolus lubrication [16]. During the oral preparatory
phase, the bolus remains in the oral cavity, being processed by mastication and
altered chemically by mixing with saliva. This produces a bolus with suitable size,
shape, and consistency for safe transit through the pharynx and esophagus [30].
Within the oral cavity, the lips, teeth, hard and soft palates, mandible, mouth floor,
and tongue help to break down solid food and form a “swallowable material” [31].
Liquid bolus requires volitional containment mainly with control of the tongue and
palatal assistance before propulsion into the pharynx [12]. Propulsion of a liquid
bolus involves rapid sequence of positioning of the bolus on the superior surface
of the tongue and tongue movement to place the tip against the hard palate, and
lingual oral-aboral sequential contraction then propels the bolus beyond the palatine
arches into the hypopharyngeal conduit and esophagus [12]. Elevation of the poste-
rior portion of the tongue by the mylohyoid muscles elevates the soft palate, sealing
the nasopharynx and preventing nasopharyngeal regurgitation [32]. Conventional
semi-solid and solid food, however, is a gradual process of cyclical accumulation of
small aliquots of triturated bolus on the pharyngeal surface of the tongue progress-
ing toward the vallecular space until lingual and pharyngeal peristalsis propels the
bolus into the hypopharynx and esophagus [31].

The pharyngeal phase, unlike the oral preparatory phase, is mostly under reflex-
ive control and involves cranial nerves V (trigeminal), IX (glossopharyngeus), X
(vagus), and XII (hypoglossal) [12]. During this phase, the tongue seals the oro-
pharynx, while the soft palate and proximal pharyngeal wall seal off the naso-
pharynx. The vocal cords and arytenoids close off the laryngeal openings, and the
epiglottis covers the laryngeal vestibule, leading to a transiently closed airway [33].
Simultaneously, the larynx and hyoid are pulled upward and forward by several cen-
timeters allowing the bolus to pass over the larynx without aspiration and causing
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relaxation of the cricopharyngeus, the predominant muscle of the upper esophageal
sphincter (UES) [34]. These events allow for successful bolus transfer through the
UES and into the esophagus, with pharyngeal peristalsis velocities 7—-17 cm/sec-
onds [35]. During this time, respiration is reflexively inhibited [36, 37].

Swallowing depends on a central pattern generator (CPG) located in the
medulla oblongata, which involves several brainstem motor nuclei (V, VII, IX,
X, XII) and two main groups of interneurons: a dorsal swallowing group in the
nucleus tractus solitarius (NTS) and a ventral swallowing group located in the
ventrolateral medulla above the nucleus ambiguous [36, 38]. Within the CPG,
neurons in the dorsal swallowing group play the leading role in generating the
swallow pattern, while neurons in the ventral swallowing group act as switch-
ing neurons, distributing the swallowing drive to the various motor neuron pools
[39—41]. The cerebral cortex also contributes substantially to the control of swal-
lowing [42]. During both volitional [43, 44] and reflexive [45, 46] swallowing,
a number of brain regions have been shown to be activated including the cingu-
late cortex, insula, prefrontal cortex, primary sensorimotor, and premotor cortex.
While the discrete role of cortical regions in orchestration of swallow components
remain unknown, recent studies have started to decipher potential contribution of
individual cortical regions. Postcentral somatosensory activity occurs 1-2 seconds
before the pharyngeal phase of swallowing, and the precentral motor activation
ensues 10-16 seconds after swallowing indicating sequential involvement of corti-
cal regions [47]. Airway protective maneuvers resulted in higher posterior insular
activity [48], and gustatory/olfactory stimulation increased prefrontal [49], cin-
gulate [49], and sensorimotor [49, 50] cortical activity indicating their distinctive
coordination and sensory role, respectively.

Pathophysiology

Traditionally, the underlying etiologies of OD are classified into structural, neu-
romuscular, and iatrogenic groups (Table 3.2). Weakness of the tongue and other
oral cavity muscles or loss of oral sensation can impair oral preparatory and pro-
pulsive stages resulting in premature spillage of food from the mouth, improper
bolus formation, or inadequate bolus positioning [12]. Mechanistically, pharyngeal
dysphagia could be classified into three core categories: (1) pharyngeal peristal-
sis dysfunction (i.e., pump problem), (2) reduced pharyngeal lumen compliance
(i.e., pipe problem), and (3) airway compromise. These mechanisms may present
independently or in combination. For example, a patient with a history of head and
neck cancer and chemoradiation therapy may suffer from all three mechanistic ele-
ments of OD. Airway compromise (penetration or aspiration) may occur in isola-
tion due to impaired airway protective mechanisms but usually is a consequence
and manifestation of pharyngeal peristalsis dysfunction and reduced pharyngeal
lumen compliance. Airway compromise therefore may occur before, during or after
act of swallowing depending on the underlying pathophysiology. Patients with OD
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Table 3.2 Common causes Posterior pharyngeal diverticulum
of oropharyngeal dysphagia Structural (Zenker’s)
Cricopharyngeal bar

Oropharyngeal tumors (benign and
malignant)

Thyroid enlargement or tumor

Esophageal tumors (benign and
malignant)

Foreign bodies

Dental pathology

Skeletal abnormalities (cervical
stenosis, osteophytes)

Esophageal strictures or webs

Neurological | Cerebrovascular accident

Parkinson’s disease
CNS tumors
Dementia

Cerebral palsy

Amyotrophic lateral sclerosis

Tabes dorsalis

Tatrogenic Medications
Radiation to head and neck

Postsurgical effects

Myogenic Oculopharyngeal muscular dystrophy

Myasthenia gravis

Inflammatory myopathies

Polymyositis/dermatomyositis

Scleroderma

Inclusion body myositis

Paraneoplastic syndromes

Critical illness and sepsis

experience difficulties in swallow often with resultant symptoms of choking and/or
a sensation of incomplete pharyngeal bolus clearance.

Pharyngeal peristalsis dysfunction most commonly occurs as a result of either
neurological or muscular disease. Weakness or incoordination of pharyngeal mus-
cles can result in slowed bolus transit or retained food residue in the oropharynx,
significantly increasing the risk of aspiration [51, 52]. Oropharyngeal muscle weak-
ness can result in inadequate pharyngeal bolus propulsion [53]. Muscle weakness
and incoordination can often prevent the pharynx from successfully transitioning
from an organ of respiration to one of digestion, with incomplete closure of the
laryngeal vestibule resulting in aspiration.

Stroke also known as cerebrovascular accident (CVA) produces dysphagia
symptoms in approximately 50-60% of patients, and up to 20% of patients develop
aspiration pneumonia which can contribute significantly to patient mortality [54-56].
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Dysfunction in pharyngeal peristalsis predisposes individual to upper airway
compromise. Various mechanisms have been found to contribute to aspiration pneu-
monia in patients with stroke: absence or delay in triggering a swallow, reduced
lingual control, weakened laryngopharyngeal musculature, and sensorimotor
impairments. The location of the stroke can influence the type of dysphagia which
is likely to occur. Cortical infarcts can cause both oral and pharyngeal dysphagia
[57]; however, their effect on the oral phase of swallowing arises from loss of corti-
cal modulation of the oral swallow. This results in problems ranging from the inabil-
ity to retain food within the mouth to tongue incoordination [56, 57]. Conversely,
brainstem infarcts result mostly in pharyngeal dysphagia due to injury involving the
NTS, CPG, swallowing interneurons, and/or efferent motor neurons. Translational
studies utilizing transcranial magnetic stimulation (TMS) have demonstrated that
individuals have a dominant and nondominant cerebral hemisphere with respect to
swallowing. OD and risk of aspiration pneumonia are more likely to occur in indi-
viduals with CVA involving the dominant hemisphere [58].

Parkinson’s disease (PD) is a common, progressive disease of the central ner-
vous system involving loss of dopaminergic neurons of the substantia nigra. Studies
have shown that the presence of OD in PD can be as high as 82%; however, only
15-20% of patients with PD report swallowing difficulties [25, 59]. Delayed swal-
low response coupled with a weak pharyngeal contraction can result in vallecular
and pyriform sinus residue. Dystonia has been shown to cause impaired relaxation
of the UES which can also contribute to increased pharyngeal residue thereby
increasing the risk of aspiration [59].

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease character-
ized by a progressive loss of upper and lower motor neurons resulting in paralysis
and death within 2-5 years from the time of diagnosis. Generally, death occurs
because of respiratory failure, aspiration pneumonia, malnutrition, and dehydration
[60]. Approximately 1 in 3 patients with ALS at the time of diagnosis have dyspha-
gia. Eventually, more than 80% of patients will have dysphagia during the advanced
phases of the disease [61]. OD is related to tongue atrophy, dysfunction in the clo-
sure of the soft palate and larynx, and diaphragm dysfunction. Prompt assessment
of swallow function is crucial in order to organize proper interventions and prevent
rapid clinical deterioration [61]. The decline in swallowing function nevertheless is
progressive and predictable, invariably leading to gastrostomy feeding.

Oculopharyngeal muscular dystrophy (OPMD) is an autosomal dominant late-
onset progressive muscle disorder typically characterized by ptosis, dysphagia, and
proximal limb weakness. OPMD is caused by an abnormal increase in the num-
ber of repeats of the alanine encoding trinucleotide in the PABPNI gene located
on chromosome 14 [62]. The highest prevalence of OPMD has been reported in
Bukhara Jews (1:600) and French Canadians (1:1000) [63]. Weak or absent pharyn-
geal contractions result in hypopharyngeal stasis, predisposing to aspiration pneu-
monia and asphyxia.

Various classes of pharmacological agents can result in OD. Antipsychotics
medications act on cortical dopaminergic neurons that help regulate motor neu-
rons supplying motor and pharyngeal muscles [64]. Clinical studies have shown
that both typical (e.g., haloperidol, chlorpromazine) and atypical (e.g., olanzapine,
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risperidone) antipsychotics cause OD and increase aspiration risk [65, 66].
Sedatives like benzodiazepines and opiate medications can alter an individuals’
level of consciousness which can then impair the initial voluntary phase of swal-
lowing [67, 68]. As a result, essential swallowing events including mastication,
bolus formation, and adequate positioning of the bolus prior to transfer to the phar-
ynx are negatively impacted, increasing the risk of OD and aspiration. Moreover,
opioid receptors are ubiquitously present in the esophagus [69, 70] and result in
impaired deglutitive LES relaxation and disrupted peristaltic sequence [71, 72].
Recent opioid exposure and chronic daily opioid intake are clinically associ-
ated with dysmotility [73] and dysphagia [74]. Relationship between opioids and
OD, specifically pharyngeal striated muscle and UES function, requires further
investigation.

Reduced pharyngeal luminal compliance may be secondary to pathology in the
muscle layer (e.g., cricopharyngeal bar), mucosal layer (e.g., cancer), or the sur-
rounding soft tissue (e.g., radiation-related soft tissue remodeling). Cricopharyngeal
(CP) bars are common radiographic findings that can be incidentally found on
radiologic examinations of elderly patients with no complaints. A CP bar is seen as
a posterior indentation of the esophageal lumen between cervical vertebrae 3 and 6,
resulting in reduced UES diameter during opening and resulting in dysphagia [75,
76]. Radiographic presence of CP impression is not evidence of upper esophageal
sphincter or pharyngeal dysfunction [77]. Reduced compliance by fibrosis is thought
to be the etiology for pathophysiologic CP bars and pharyngeal diverticulum [78,
79]. UES dysfunction (impaired relaxation) can obstruct bolus passage from the
pharynx to the esophagus [80]. Reduced UES compliance can result from scarring
or fibrosis as well as from vagal nerve lesions and resultant-impaired relaxation
[1]. Suprahyoid muscle weakness can also result in ineffective UES opening [53].
High-resolution impedance manometric studies show an increase in hypopharyn-
geal intrabolus pressures that represents the resistance to flow across the UES [81].

Zenker’s diverticulum (ZD) is defined as a pseudo diverticulum given that it
contains only some of the layers of the esophageal wall with diagnosis being con-
firmed by radiographic contrast swallowing examinations (Fig. 3.2). ZD emerges

Dwverticulum

Cricaphanyngaal sphincter

A

Fig. 3.2 Zenker’s diverticulum. (A) Luminal outpouching posteriorly above the cricopharyngeal
muscle. (B) Occasionally residual food particles are noted endoscopically
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from a hypopharyngeal muscular wall defect in Killian’s triangle above the crico-
pharyngeal muscle, a natural area of weakness. The borders of Killian’s triangle
are formed by the oblique fibers of the inferior pharyngeal constrictor muscle and
the cricopharyngeus. Chronic increased pressure on Killian’s triangle and resultant
esophageal evagination can arise from various factors including abnormal esoph-
ageal motility, UES dysfunction, impaired bolus passage resulting in increased
intrabolus pressures, hiatal hernia, and gastroesophageal reflux disease [79, 82—
84]. For unclear reasons, men are two to three times more likely to have a ZD
compared to women. Patients present later in life with the majority of ZD found
above the age of 75. Symptoms range from OD to halitosis to pulmonary aspiration
to regurgitation. Mucosal abnormalities arising within the diverticulum include
ulcerations and bleeding from retained medications and in rare cases squamous
cell carcinoma [85].

Clinical Evaluation

A comprehensive history and physical examination are essential when evaluating
patients with OD symptoms [86]. A general timeline should be obtained as to when
symptoms began and whether they have become progressive and associated with
nutritional deficiencies. Associated symptoms of dysphagia may include weight
loss, anemia, nasopharyngeal regurgitation, choking sensation, coughing spell, and
other respiratory symptoms.

Medication history should be obtained with particular attention to anticholiner-
gic medications, opiate medications, and benzodiazepines. A history of head and
neck surgery or radiation may provide valuable insight into potential etiologies for
OD. Dentition, symmetry, and presence or absence of saliva should be evaluated
during inspection of the oropharynx. Careful examination of the eyes, skin, and
joints may provide insight into underlying systemic disorders. A neurological exam
with particular attention to cranial nerves V, VII, IX, and XII is critical. Neck palpa-
tion may reveal masses that could be impacting UES opening. Laboratory testing,
although not required for OD evaluation, may be needed if systemic symptoms sug-
gest an underlying myopathy, connective tissue disorder, or drug toxicity.

Aspiration risk is often the key driver for pursuing clinical investigations of
oropharyngeal dysphagia. A timely diagnosis requires the assistance from various
specialties including gastroenterology, radiology, speech and language pathology,
otolaryngology, and neurology. Screening tools allow clinicians to identify patients
at increased risk and triage those who necessitate further assessment. Various
screening methods have been proposed for select populations and clinical settings;
however, only a few screening tools were shown to have modest evaluation metrics
(sensitivity >70%, specificity >60%, and reliability « > 0.7) [87]: Toronto Bedside
Swallowing Screening Test [88]; Volume-Viscosity Sallow Test [89]; Standard
Swallow Assessment [90]; and Gugging Swallowing Screen [91]). Screening tools
however provide no information regarding dysphagia severity, etiology, or optimal
treatment.
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Videofluoroscopic swallow studies, modified barium swallow (MBS), provide
dynamic and continuous anatomical and physiological assessment of the oral cav-
ity, pharynx, and UES. Lateral and frontal views provide comprehensive informa-
tion on oropharyngeal mechanics while a patient swallows different consistencies
containing barium. Abnormalities involving the oral phase, pharyngeal phase,
transport function, and UES can be well characterized (Table 3.3). If disordered
swallowing is identified, various postural maneuvers and therapeutic interventions
can be tried to assess their effects on swallow function. Clinical radiologic swallow
studies have limitations including the need for radiation exposure and the quali-
tative nature of the information obtained. Furthermore, the interrater reliability
of radiologic swallow studies has been shown to be highly variable, often times

Table 3.3 Oropharyngeal Dietary modification
dysphagia therapies NPO

Increase bolus texture

Reduce bolus volume

Flavor enhancement

Bolus temperature

Compensatory maneuvers
Chin tuck
Head rotation
Effortful swallow
Supraglottic swallow
Rehabilitation
Jaw exercises

Tongue exercises

Mendelsohn laryngeal excursion

Masako tongue hold
Shaker head lift
Expiratory muscle and voice treatment

Investigational
Biofeedback
Pharyngeal electrical stimulation

Transcutaneous neuromuscular stimulation

Transcranial direct current cortical stimulation

Transcranial magnetic cerebral and cerebellar stimulation

Operative and endoscopic interventions

Cricopharyngeal dilation

Cricopharyngeal botulinum toxin injection

Cricopharyngeal myotomy

Zenker’s repair

Gastrostomy

Vocal fold medialization

Laryngeal suspension
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dependent not only on the analytical method utilized by speech pathology and
radiology but also other study factors [92]. Enormous research efforts have been
directed to standardize and transform the MBS protocol into a more quantitatively
driven diagnostic instrument [93].

Fiberoptic endoscopic evaluation of swallowing (FEES) allows for the direct
visualization of pharyngeal and laryngeal structures before, during, and after swal-
lowing [94]. This technique is generally well-tolerated and does not involve any
radiation exposure. Given its portability, FEES can be performed at the patient’s
bedside. During the test, the device is introduced transnasally and advanced to
enable visualization of the tongue base, pharynx, and larynx. During the examina-
tion, the patient swallows a variety of foods and liquids mixed with a colored con-
trast agent to maximize visualization of the bolus. The procedure provides valuable
information regarding morphology, timing of swallow onset and bolus clearance,
presence or absence of residue, and presence or absence of aspiration and penetra-
tion [95].

High-resolution manometry (HRM) measures contractile activity of the pharynx,
UES, esophageal body, and lower esophageal sphincter (LES) during swallowing.
Extensive research efforts have characterized muscular function of the pharynx and
UES in health and disease; however, the use of HRM in clinical practice for patients
with OD is limited by the lack of normative values, no classification system for UES
motility disorders, and no reliable link to predicting a patient’s aspiration risk. The
addition of impedance measurement to HRM allows for computation of pressure
flow dynamics. Pressure flow analysis (PFA) derives and integrates several swallow
function variables resulting in a more complete understanding of the pressure-flow
structure of the swallow [96]. PFA has high intra-rater and inter-rater reproduc-
ibility [97]. Aspiration risk can be easily predicted using PFA of four pharyngeal
pressure-flow parameters [98].

Functional lumen imaging probe (FLIP) is a technique that has been devel-
oped to test the distensibility properties of a lumen. Sphincter geometry can be
reconstructed using multiple estimated cross-sectional area measurements. FLIP
was originally designed to evaluate esophagogastric junction compliance; how-
ever, it has since been used to evaluate the sphincter of Oddi, esophageal lumen,
pylorus, and anorectal canal. UES function has been explored using FLIP in
healthy subjects, post-laryngectomy patients, and patients with dysphagia, with
studies showing good patient tolerability and no significant major adverse events
[99, 100].

Clinical Management

The majority of patients with suspected OD are evaluated by speech patholo-
gists in the US [101]. Swallow evaluation is often performed using either video-
fluoroscopy or fiberoptic endoscopic evaluation of swallowing (FEES). Timely
comprehensive assessment provides the opportunity for early implementation of
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mechanism-specific OD deficit-directed treatments and prevent pulmonary and
nutritional complications [102]. Nonetheless, in the absence of high-level evidence,
uniform dietary modifications and/or general compensatory maneuvers are recom-
mended to most patients with OD. Various swallowing maneuvers and exercises
have been shown to improve specific dysphagia mechanisms (Table 3.3), but robust
randomized trials are lacking. Unfortunately, despite the extraordinary efforts in the
field of dysphagia to prove the efficacy of commonly implemented interventions on
meaningful patient-oriented clinical outcomes, high-level of evidence is still dif-
ficult to find [102].

One of the most common strategies employed in dysphagia management is dietary
modifications. There is a broad spectrum of dietary recommendations ranging from
elimination of oral intake (NPO and institution of alternative routes of nutritional
support) and food texture modification to minor bolus modifications. Aspiration of
oropharyngeal contents into the respiratory tract is universally considered a worri-
some occurrence [103], being associated with a risk of aspiration pneumonia [104],
respiratory failure, and even death [105, 106]. However, NPO recommendations in
patients with radiographic evidence of aspiration have not proven to be effective in
reducing pulmonary events or improving survival [107]. Modifying food texture to
a thickened consistency is a commonly used intervention in OD management. Mild
and moderate thickening of liquids (i.e., honey and nectar consistency, respectively)
has been shown to significantly reduce radiographic aspiration [108]. This clinical
benefit, however, was hampered by an increased risk of dehydration and urinary
tract infection [109].

Reducing the bolus volume to an optimal size and preventing premature spillage
is acommon sense approach [110] with an underlying mechanistic rationale — to pre-
pare a safer swallowing condition in patient with dysphagia [111-113]. Modifying
bolus features to enhance oropharyngeal stimulation using sour flavor [114] and
cold temperature [115] have been associated with improved swallowing parameters
in both neurogenic dysphagia and head and neck cancer patients [114, 116, 117].

Similar to bolus modifications, the clinical use of postural maneuvers such
as chin tuck [118] and head rotation [119] are based on improvement in certain
aspects of the swallowing mechanism. In a randomized controlled trial, chin tuck
was less effective than thickened liquids in reducing radiographic aspiration [108],
but the incidence of clinically important pneumonia in both groups was similar, and
patients preferred the postural maneuver to food texture modification [109]. Head
rotation may offer clinical benefits in patients with unilateral pharyngeal weakness
[120]. Supraglottic and effortful swallow are maneuvers designed to facilitate pha-
ryngeal bolus propulsion and efficient airway protection [121-123]. They have been
used in cancer-related and neurogenic OD [124]. Combined application of dietary
modification and compensatory maneuvers together significantly reduced aspiration
pneumonia and death/hospitalization after acute stroke [125].

Swallowing rehabilitation is based on behavioral exercises that offer lasting
improvements in neuromuscular function of the oropharyngeal swallowing appa-
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ratus. Unlike dietary modifications and postural maneuvers that inherently require
adherence with each meal and every swallow to be effective, these behavioral
exercises can be applied with or without meals at different times. Improved neu-
romuscular function with tongue exercises [126], Mendelsohn laryngeal excursion
maneuver [127], Masako tongue-holding [128], and Shaker head lift exercise [129]
are related to increased muscle strength and restoration of premorbid muscular
function in patients with OD. Expiratory muscle strength training (EMST) increases
submental muscle force generation and improves deglutitive hyolaryngeal move-
ment along with augmented cough strength [122]. In a randomized controlled study,
daily EMST in Parkinsonism improved swallowing safety by reducing airway com-
promise and enhancing swallow-related quality of life [130]. Behavioral therapies
theoretically offer additional benefit of long-term neural adaptations that are rooted
in principles of neuroplasticity [131].

Employing all of the above treatment strategies in a randomized clinical trial
setting has undoubtedly supported their collective clinical value [125]. In an acute
stroke study, implementation of a vigorous daily swallowing therapy for a month
significantly correlated with eating a general diet after 6 months [125]. The clini-
cal benefits of rehabilitative measures in progressive neurodegenerative disorders
remains less certain [132].

Biofeedback along with peripheral and central neuromuscular stimulation are
investigational novel techniques based on a sound foundation but are not yet consid-
ered mainstream dysphagia therapies in the clinical practice. Several uncontrolled
small trials have shown benefit of videoendoscopic [133], electromyographic [134],
and manometric [135] biofeedback in OD therapy but require further clinical vali-
dation. Although pharyngeal electrical stimulation [136], transcutaneous neuromus-
cular electrical stimulation [137], transcranial electrical direct current stimulation
[138], magnetic cortical [139, 140] and cerebellar [141] stimulation, or a combina-
tion of peripheral and central techniques [142] are promising, their concrete clinical
benefit remains far from certain [143, 144].

Obstructive CP bars and Zenker’s diverticulum are considered as the con-
tinuum of the same poorly compliant UES disorders [79, 145]. UES ablative
therapies such as botulinum toxin injection, CP dilatation, and CP myotomy
have all shown significant clinical efficacy and improvement in patient symp-
toms [146]. The best therapeutic option for symptomatic Zenker’s and CP bars
is cricopharyngeal myotomy with 84% success and less than a 2% complication
rate [146]. CP myotomy is indicated when there is a limitation in UES opening
but only if the pharyngeal pressure is sufficient to propel a bolus through an open
UES [147]. CP myotomy helps to normalize the UES opening and may improve
pharyngeal contraction [148]. Transcervical operative techniques have gradually
been replaced by their less invasive endoscopic counterparts with similar effi-
cacy [149-152]. Despite common utilization in clinical practice, comparative
randomized controlled investigations of various UES ablative techniques are still
lacking.
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Chapter 4
Gastroesophageal Reflux Disease

Amit Patel and C. Prakash Gyawali

Introduction

Gastroesophageal reflux disease (GERD) is exceedingly common, with prevalence
estimates of 18-28% in North America, and increasing over recent decades [1].
GERD accounts for an estimated 5.5-7 million ambulatory visits in the United
States each year [2, 3] and annual direct costs to the United States healthcare system
totaling over 9 billion dollars [4].

The most frequent mechanism for reflux, transient lower esophageal sphincter
(LES) relaxation, is inherent in all individuals as the belch reflex from gastric disten-
sion. Gastroesophageal reflux becomes pathologic when the retrograde movement
of gastric contents into the esophagus leads to bothersome symptoms and/or esoph-
ageal mucosal injury [5]. This modern-day GERD definition from the Montreal
consensus recognizes heartburn and regurgitation as typical symptoms [5]. Atypical
symptoms can include chest pain, cough, or even dysphagia. Esophageal compli-
cations from GERD can manifest as reflux esophagitis, reflux-mediated (peptic)
esophageal strictures, Barrett’s esophagus (BE; intestinal metaplasia), or esopha-
geal adenocarcinoma (EAC).

In the setting of suspected GERD, dysphagia is an alarm symptom that indicates
a need for further invasive evaluation to evaluate for complications of GERD and/
or alternate diagnoses [6, 7]. This is mainly because esophageal mucosal injury
from GERD, luminal restriction from peptic strictures, or EAC can all generate
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Table 4-.1 'Mechanisms of Dysphagia directly related to GERD

dythagla ;1“ | refl Erosive esophagitis
astroesophageal reflux

(giisease ((I})ERgD) Reflux-induced peptic stricture

Esophageal adenocarcinoma from Barrett’s esophagus
Dysphagia indirectly related to GERD
Hiatus hernia

Esophageal hypomotility

Post-fundoplication dysphagia

Dysphagia following radiofrequency ablation of Barrett’s
esophagus

Dysphagia from disorders mimicking GERD

Pill esophagitis

Eosinophilic esophagitis

Achalasia and esophageal outflow obstruction

Infectious esophagitis

Lichen planus

Acute esophageal necrosis (black esophagus)

Caustic esophagitis

dysphagia. Alternatively, conditions that mimic GERD, including eosinophilic
esophagitis (EoE) and achalasia, can also result in dysphagia [8]. Consequently,
upper endoscopy is a common investigative procedure performed in the setting of
alarm symptoms. Further testing can include esophageal function testing, barium
radiography, and endoscopic functional lumen imaging probe (endo-FLIP), all of
which can provide complementary information in further evaluation of dysphagia.

In the context of GERD, dysphagia can either be directly related to GERD (i.e.,
a GERD complication), indirectly related to GERD, or part of a disorder mimicking
GERD (Table 4.1).

Dysphagia Directly Related to Gastroesophageal
Reflux Disease

Although not a common primary symptom of uncomplicated GERD, dysphagia can
manifest as part of the symptomatic reflux spectrum either as a stand-alone symptom or
more often in conjunction with other typical or atypical GERD symptoms. According
to the ROME IV definitions of functional esophageal disorders, GERD must be ruled
out before a diagnosis of functional dysphagia can be made [9], since solid food dys-
phagia can coexist in patients with longstanding heartburn and GERD [10].

One of the common mechanisms of dysphagia in GERD is erosive esophagitis.
Dysphagia was reported in over one-third of a cohort of 12,000 patients with reflux
esophagitis enrolled in 5 clinical trials, despite the absence of strictures, BE, or
malignancy [11]. Invasive evaluation of dysphagia with endoscopy allows inspec-
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Fig. 4.1 Los Angeles (LA) grades of reflux esophagitis. Grade A: mucosal breaks <5 mm in
length, not extending across mucosal folds; Grade B: mucosal breaks >5 mm in length, not extend-
ing across mucosal folds; Grade C: mucosal breaks extending across mucosal folds, occupying
<75% of esophageal circumference; Grade D: mucosal breaks occupying >75% of the esophageal
circumference

tion of the esophageal mucosa for esophageal mucosal injury, which is described as
breaks in the distal esophageal mucosa. The Los Angeles (LA) Classification is the
most frequently used descriptive classification of esophagitis and grades the sever-
ity of reflux esophagitis into the following four grades (Fig. 4.1) [12, 13]:

1. Grade A: mucosal breaks <5 mm in length but not extending between the tops of
two mucosal folds

2. Grade B: mucosal breaks >5 mm in length but not extending across the tops of
two mucosal folds

3. Grade C: mucosal breaks continuous between tops of at least 2 mucosal folds but
not involving <75% of esophageal circumference

4. Grade D: mucosal breaks involving >75% of the esophageal circumference [12, 13]

Using this classification scheme, patients with advanced grades of esophagitis
(LA Grades C or D) were more likely to have dysphagia at baseline (43%), in con-
trast to milder grades (LA Grades A or B, 36%, p < 0.001 compared to advanced
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grades) [11]. Other investigators have reported a similarly high prevalence (47%) of
intermittent dysphagia symptoms in severe reflux esophagitis unresponsive to medi-
cal therapy [14]. These findings suggest that distal esophageal acid exposure may
be associated with dysphagia symptoms in the setting of esophagitis. The relation-
ship of motor abnormalities to dysphagia in the setting of GERD remains unclear.
Comparison of esophageal body motor function in GERD patients with and without
dysphagia did not reveal differences during stationary manometry, but provocative
testing in the upright position or during meal times demonstrated a lower likelihood
of simultaneous contractions in patients without dysphagia [15].

Reflux-induced (peptic) strictures occur at the squamocolumnar junction or the
distal esophagus and can result in mechanical dysphagia [6]. Peptic strictures are
more common among older patients with longer duration of untreated reflux symp-
toms, as well as in those with hiatus hernias, although incidence has decreased with
increasing PPI use in recent decades. In a British cohort from the late 1990s, the
incidence of esophageal stricture was 1.1 per 10,000 person-years [16, 17]. In a
US study of over 280,000 endoscopic procedures, Caucasians were more likely to
have peptic strictures, though Hispanics were more likely to have esophagitis [18].
Evaluation for reflux strictures is another reason for endoscopic evaluation of dys-
phagia, since strictures can be managed with esophageal dilation during endoscopy.

In 5-15% of patients with chronic esophageal acid exposure, reflux can lead to
intestinal metaplasia, or BE [19-21]. BE is associated with a 10-fold increase in
risk for EAC [22], though as many as 40% of EAC cases may not have a history
of chronic GERD symptoms [23]. Luminal compromise from EAC can result in
mechanical dysphagia, which can be a presenting symptom in EAC. Guidelines rec-
ommend targeted screening for BE in patients with multiple risk factors for BE and
EAC, including male gender, Caucasian race, age > 50 years, longstanding GERD,
central obesity, smoking history, and/or a family history of EAC [24, 25]. Early
identification of advanced dysplasia in BE and EAC can lead to better manage-
ment outcomes, which is yet another reason for esophageal endoscopic evaluation
in dysphagia.

Dysphagia Indirectly Related to GERD

Anatomic separation of the LES from the diaphragmatic crura defines a hiatus her-
nia, which can be seen in the setting of GERD. Hiatus hernias can be associated
with abnormal esophageal reflux burden and GERD, which can lead to dysphagia.
Hiatus hernias can be obstructing, particularly paraesophageal hernias. Axial hiatus
hernias can sometimes cause extrinsic compression at the crural diaphragm, poten-
tially leading to dysphagia [26].

The association between esophageal body motor abnormalities and dysphagia is
not consistent in GERD. Motor abnormalities in the esophageal body and LES can
be seen to a higher degree in GERD, especially in the presence of reflux esophagitis
or BE [27, 28]. Esophageal body hypomotility can impair clearance of esopha-
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geal refluxate, and thus result in more profound gastroesophageal reflux [29, 30],
although it is unclear if esophageal body hypomotility causes more severe GERD,
or if severe GERD results in more profound hypomotility. While esophageal hypo-
motility may improve with the healing of esophagitis in animal models [31], a
similar improvement has not been demonstrated in patients with reflux esophagitis
treated with acid suppressive medications [32, 33]. Therefore, it remains unclear
whether chronic esophageal acid exposure may contribute to esophageal motor
injury, or a primary esophageal motor abnormality may precede GERD [34]. In
either instance, the relationship to dysphagia is not definitive or consistent. Despite
this, the absence of esophageal contraction reserve following multiple rapid swal-
low (MRS) during pre-operative esophageal high-resolution manometry (HRM)
predicts post-fundoplication dysphagia [35, 36]. Therefore, this MRS maneuver
may help with surgical planning by guiding the tailoring of fundoplication (i.e.,
partial vs complete 360-degree wrap) to minimize the risk of post-operative dys-
phagia [Level 3 Recommendation]. Further, patients with intact contraction reserve
prior to antireflux surgery are more likely to resolve ineffective esophageal motility
after surgery, compared to those without contraction reserve on MRS [37], though
the relationship between these manometric findings and post-operative dysphagia
is less clear.

Rather than weak contraction amplitude, breaks in esophageal peristaltic integ-
rity have been reported more often in patients with non-obstructive dysphagia. When
patients with non-obstructive dysphagia were compared to asymptomatic controls,
small (2-5 cm) and large (>5 cm) breaks in esophageal body peristaltic integrity on
HRM were seen more frequently in patients with dysphagia, though rates of failed
peristalsis were similar between these groups [38]. Similarly, dysphagia was found
more frequently among patients with more profound ineffective esophageal motil-
ity (IEM) on esophageal HRM (at least 50% ineffective liquid swallows) versus
those with less profound IEM (30-50% ineffective liquid swallows; 25% vs 12%,
p =0.08) [39].

Dysphagia can develop after surgical therapy for GERD. Dysphagia is encoun-
tered more often following laparoscopic fundoplication compared to pharmacologic
GERD therapy (short-term, 13% vs 4%, RR 3.6; medium-term 10% vs 2%, RR 5.4)
[40]. Persistent post-fundoplication dysphagia can arise from morphologic esopha-
gogastric junction (EGJ) abnormalities or esophageal body dysmotility. Dysphagia
can also be seen following magnetic lower esophageal sphincter augmentation;
dysphagia was initially noted in over two-thirds of patients post-operatively, but
decreased to 11% at 1 year, and 4% at 3 years [41, 42].

The likelihood of post-fundoplication dysphagia may be related to a lack of
effective esophageal peristaltic performance and type of fundoplication. Among
patients with post-myotomy fundoplication, rates of dysphagia at 6-year follow-up
were higher for Nissen compared to partial fundoplication (39% vs 10%, p = 0.03)
[43]. Among patients with esophageal dysmotility and GERD, rates of dysphagia
2 years after fundoplication were higher for Nissen fundoplication compared to par-
tial Toupet fundoplication [44]. Although data are limited, severe esophageal body
hypomotility should prompt a partial fundoplication over a complete fundoplication to
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minimize post-operative dysphagia [Level 4 Recommendation], although the defini-
tion of “severe” hypomotility continues to be debated.

Endoscopic ablative approaches for dysplastic BE, particularly radiofrequency
ablation (RFA), inflict esophageal mucosal injury, potentially leading to stricture
formation with associated dysphagia. Studies of dysplastic BE treated with RFA
have quantified this risk: 6% of patients had esophageal strictures by 12 months
in an American cohort [45], and 12% had esophageal strictures by 3 years in a
European cohort [46]. Meta-analysis of RFA in dysplastic BE suggested that the
pooled rate of stricture development among 37 included studies (representing 9200
patients) was 5.6% [47].

Dysphagia from Disorders Mimicking GERD

Medications can induce esophageal mucosal injury, typically from direct contact
with the esophageal mucosa resulting in caustic or hyperosmolar toxicity; this condi-
tion is termed pill esophagitis. Pill esophagitis can manifest as esophageal ulceration
and exudate, and can mimic GERD in endoscopic findings (ulceration, exudates)
or symptoms (dysphagia, odynophagia). Offending medications can include anti-
biotics (especially doxycycline), non-steroidal anti-inflammatory drugs (NSAIDs),
acetaminophen, amlodipine, Ramipril, bisphosphonates, and glimepiride, among
others [48]. Additionally, in the setting of esophageal strictures and/or esophageal
hypomotility, pills may be retained in the esophagus in the presence of strictures
and/or esophageal hypomotility, prolonging mucosal contact times and contributing
to esophageal manifestations and symptoms [49].

Eosinophilic esophagitis (EoE), an increasingly common allergen/immune-
mediated illness, is caused by eosinophilic infiltration into the esophageal mucosa.
Typical symptoms can consist of dysphagia, food bolus impaction, heartburn, or
chest pain [50]. Although there is wide geographic variation, meta-analyses sug-
gest an overall EoE incidence of 7/100,000 persons/year and pooled prevalence
of 43.4/100,000 among adults [51]. Diagnosis of EoE among patients undergoing
endoscopy for dysphagia is higher, in the order of at least 10-15%, and increasing
in recent years [52-54]. Symptoms of EoE can overlap with GERD. Additionally,
GERD can also result in esophageal eosinophilia on biopsies as well as esophageal
strictures. Similar to GERD, initial treatment for esophageal eosinophilia includes
PPI therapy [50, 55, 56]. Recent work has suggested that esophageal eosinophilia
responsive to PPI therapy is clinically and endoscopically indistinguishable from
esophageal eosinophilia not responsive to PPI [57], indicating that PPI therapy
should be the primary treatment option for when esophageal eosinophilia is encoun-
tered [50]. In patients with suspected reflux symptoms refractory to PPI, especially
dysphagia, EoE should be ruled out with esophageal mucosal biopsies from the
distal and proximal esophagus during endoscopy.
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Symptoms of GERD, such as heartburn, regurgitation, and chest pain, can
resemble symptoms of achalasia spectrum disorders, where relaxation of the LES
is impaired. Patients who have achalasia can be mislabeled as GERD; therefore,
esophageal HRM represents a valuable diagnostic modality in patients with sus-
pected GERD symptoms who do not report symptomatic improvement with PPI
therapy [58]. For example, achalasia spectrum disorders were found in 2.5% of a
cohort of >1000 patients undergoing HRM studies prior to antireflux surgery [59].
Similarly, in a cohort of >100 patients with presumed reflux symptoms not respon-
sive to PPI, >30% had alternate diagnoses besides GERD, which included 2% with
achalasia [60].

Infectious esophagitis typically presents with dysphagia or odynophagia but can
also manifest as retrosternal burning or discomfort, and overlap with symptoms of
GERD. Although infectious esophagitis is more common in immunocompromised
states, certain infectious processes, especially herpes esophagitis and esophageal
candidiasis, can also be encountered in immunocompetent individuals. The most
common causes of infectious esophagitis include candida species, herpes simplex
virus, and cytomegalovirus [61].

Other less commonly encountered disorders can also mimic GERD. Lichen
planus, a T-cell mediated immunologic phenomenon that typically involves the
skin or nails, can rarely involve the esophagus. Presenting symptoms can include
dysphagia, and esophageal manifestations on endoscopy can be misdiagnosed as
reflux esophagitis [62]. The diagnosis can be confirmed by biopsy and histopatho-
logic examination. Acute esophageal necrosis, or the so-called black esophagus,
represents a rare phenomenon where ischemia leads to diffuse circumferential
black-appearing mucosa with abrupt demarcation at the gastroesophageal junction.
Patients with black esophagus are typically older and have multiple co-morbidities.
Presentation can consist of upper gastrointestinal hemorrhage, but the condition can
be sometimes encountered on the endoscopic evaluation of esophageal symptoms
including dysphagia. Stricture formation can also occur upon healing of the necro-
sis [63, 64]. Ingestion of caustic substances, particularly strong alkalis (such as
concentrated sodium hydroxide) but also acids, can damage the esophageal mucosa
via liquefaction necrosis, with subsequent stricture formation after 2—3 weeks as the
primary complication [65, 66]. Accidental ingestions are typically seen in children;
caustic ingestions as part of a suicide attempt have been reported in adults.

If all testing is negative, functional dysphagia can be diagnosed. According to
Rome IV criteria, functional dysphagia requires exclusion of esophageal mucosal
processes including eosinophilic esophagitis, gastroesophageal reflux disease, and
major motor disorders [9]. In one large series assessing diagnostic evaluation of
dysphagia at a tertiary care center, 2.4% of patients with esophageal dysphagia were
eventually diagnosed with functional dysphagia after testing was negative in the
setting of persistent symptoms [67]. Widespread use of endo-FLIP has potential to
identify structural or motor mechanisms of dysphagia even when alternate testing is
negative, further reducing the proportion of patients with functional dysphagia [68].
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Diagnosis of GERD in Dysphagia Presentations

Esophageal evaluation in dysphagia presentations is modulated by the patient’s
history, and typically starts with an upper endoscopy (Fig. 4.2). Esophageal func-
tion testing is often performed for the documentation of abnormal reflux burden,
especially in the evaluation of atypical GERD symptoms including dysphagia [69,
70]. Persisting esophageal symptoms despite empiric PPI therapy also requires
esophageal physiologic testing, including HRM and ambulatory reflux monitoring
[8]. HRM evaluates for and excludes achalasia spectrum disorders in the setting of
persisting GERD symptoms, and assesses esophageal peristaltic performance [71].

Metrics extracted from ambulatory reflux monitoring, including distal esopha-
geal acid exposure times (AET) and symptoms association with impedance-detected
reflux events predict symptomatic response to antireflux therapy [72]. These two
metrics may be used to phenotype GERD (Fig. 4.3); elevated AET with or with-
out reflux-symptom association is seen with pathologic GERD. Reflux-symptom
association alone with physiologic acid exposure suggests reflux hypersensitivity,
while physiologic AET with negative reflux-symptom association points away from

Dysphagia
» 4.1 Erosive esophagitis
Modifiers: ; Hiatus hernia
Acute vs. chronic dysphagia Endoscopy* with biopsy Eosinophilic esophagitis
~ Alarm symptoms and/or —» Stricture
_History of fundoplication Barium radiography Esophageal cancer
History of endoscopic ablation Infectious esophagitis
History of invasive reflux procedures l ) Other rare etiologies**
Caustic ingestion negative
High resolution manometry ——» Achalasm .
Major motor disorders
EGJ outflow obstruction
negative Esophageal hypomotility
Pathologic reflux
Ambulatory reflux monitoring —— Indeterminate reflux evidence
Reflux hypersensitivity
lnegative
Og':(;otel_fi';;:? Outflow obstruction syndromes
; Subtle stricture
*offers opportunity for therapy, including dilation repeat testing
**includes lichen planus, pill esophagitis, black esophagus lnegalive

Functional dysphagia

Fig. 4.2 Algorithm for evaluation of dysphagia. A careful history helps direct evaluation, which
typically starts with an endoscopy and/or barium radiography. Ambulatory reflux monitoring and
esophageal manometry are performed concurrently, as manometry is used to direct placement of
pH and pH-impedance probes. Endoscopic functional lumen imaging probe (endo-FLIP) evalua-
tion may add value to esophageal testing in dysphagia presentations. Tests such as barium radiog-
raphy and high resolution manometry may need to be repeated if symptoms persist with otherwise
negative evaluation, the former incorporating solid bolus or a timed upright protocol, and the latter
incorporating provocative testing including solid swallows, rapid drink challenge, and a test meal.
If all testing is negative, functional dysphagia is considered
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AMBULATORY pH OR pH-IMPEDANCE MONITORING
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Physiologic reflux Reflux-Symptom association
AET <4% SAP>95% (p<0.05), SI=50%
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~—  non-GERD disorder or functional basis
for symptoms

Physiologic reflux No reflux-symptom association
AET <4% SAP<95% (p>0.05), SI<50%

Inconclusive GERD Evidence

alternate evidence needed
to determine presence of GERD

Borderline reflux
AET 4-6%

Fig. 4.3 GERD phenotypes using acid exposure time (AET) and reflux-symptom association.
Elevated AET > 6% signifies pathologic reflux, with or without reflux-symptom association
(strong or good evidence for GERD, respectively). AET < 4% constitutes physiologic reflux. If
reflux-symptom association is identified with physiologic reflux, reflux hypersensitivity is diag-
nosed. Physiologic reflux with negative reflux-symptom association indicates lack of GERD evi-
dence and fulfils criteria for functional heartburn in the absence of eosinophilic esophagitis on
esophageal biopsies, and major motor disorders on esophageal high-resolution manometry. AET
values between 4% and 6% are inconclusive for pathologic reflux, and findings from alternate test-
ing are needed to sway clinical opinion toward or away from pathologic reflux

GERD-related mechanisms for symptoms [72—74]. While these metrics have been
extensively studied in typical GERD presentations, data in atypical presentations
are not as robust, particularly in the setting of dysphagia without endoscopic or
motor pathology.

Novel reflux metrics have been introduced to augment the value of pH-
impedance monitoring. Baseline distal esophageal impedance values have been
documented to be low in the setting of mucosal damage from reflux [75]. Baseline
impedance values can be extracted from ambulatory pH-impedance studies during
three 10-minute periods during night-time sleep, when there are no artifacts, reflux
episodes, or swallows [76]. The averaged value, termed mean nocturnal baseline
impedance (MNBI), has been demonstrated to segregate pathologic reflux from
functional esophageal syndromes, and to predict symptom response from antireflux
therapy [77-79]. Postreflux swallow-induced peristaltic wave (PSPW) is a reflux-
induced primary peristaltic wave associated with salivation, which functions to
clear esophageal refluxate and resolve esophageal mucosal acidification [76]. When
quantified as the ratio of the number of reflux episodes followed within 30 seconds
by a PSPW to the total number of reflux episodes on 24-hour impedance tracings,
this index may segregate erosive GERD, non-erosive GERD, and patients without
GERD [76].
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Diagnosis of Disorders Mimicking GERD

Appropriate work-up needs to be undertaken to identify disorders mimicking
GERD, especially when alarm symptoms such as dysphagia are present or when
symptoms do not respond adequately to antisecretory therapy [6, 8, 80]. Upper
endoscopy with esophageal biopsies is the first diagnostic step and can help assess
for eosinophilic esophagitis, pill esophagitis, infectious esophagitis, lichen planus,
and malignancy, as well as complications of GERD [7]. Upper endoscopy does not
reliably evaluate esophageal motor function, only identifying at best one-third of
patients with achalasia [81]. Barium esophagograms assess for prominent structural
findings contributing to symptoms (profound strictures, malignancies) and diagnose
profound motor disorders like achalasia [82]. A timed barium swallow with column
height > 5 cm at 1 minute has sensitivity and specificity of 94% and 76%, respec-
tively, for diagnosing achalasia [83].

Esophageal high-resolution manometry (HRM) with or without stationary
impedance (high resolution impedance manometry, HRIM) is the next step when
symptoms persist, and endoscopy and/or barium radiography are normal [70, 82].
Integrated relaxation pressure (IRP), the HRM metric nadir residual pressure during
lower esophageal sphincter relaxation, has a sensitivity of 93-98% and specificity
of 96-98% for a diagnosis of achalasia [84, 85]. Provocative maneuvers performed
at HRM may increase the diagnostic yield of HRM. The rapid drink challenge test
(which consists of free drinking of 100-200 mL of liquid through a straw in the sit-
ting position) may improve the detection of latent EGJ outflow obstruction [86—88].
Single solid swallows and standardized test meals may also demonstrate esophageal
motility disorders not diagnosed with single wet swallows alone, though the clinical
utility of these findings warrant further study [89].

Endo-FLIP simultaneously measures pressure and diameter within hollow vis-
cus using a distensible balloon with pairs of impedance sensors and can provide
distensibility measurements at the esophagogastric junction. A newer version also
evaluates esophageal body contractility in addition to EGJ distensibility [68], pro-
viding valuable information in achalasia spectrum disorders [90]. However, endo-
FLIP is not utilized in routine assessment of GERD, as EGJ distensibility does not
consistently correlate with esophageal reflux parameters; it is a useful tool in further
evaluation of unexplained dysphagia [68, 91, 92].

Management of Dysphagia in GERD Presentations

Acid Suppression

Typical GERD presentations prompt empiric PPI therapy in the absence alarm symp-
toms. In this setting, PPIs represent the mainstay of pharmacologic GERD manage-
ment [93]. Best-practice advice from the American Gastroenterological Association
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recommends that patients with proven GERD (with evidence of mucosal disease or
complications on endoscopy and/or positive ambulatory reflux monitoring) should
be treated with PPIs for short-term healing and for long-term symptom control [94]
(Level 1A Recommendation). On meta-analyses, short-term (12 weeks or less) PPI
treatment heals erosive esophagitis in more than 80% of patients [93, 95] (Level
1A Recommendation). In a cohort of 12,000 patients with reflux esophagitis, dys-
phagia resolved in 83% after once-daily proton pump inhibitor (PPI) therapy, and
resolution of dysphagia was strongly associated with healing of erosive esophagitis
(odds of healing 3.37 higher for those with resolution of dysphagia compared to
those with persistent dysphagia) [11]. Therefore, long-term PPI therapy is recom-
mended in dysphagia-predominant presentations within the GERD context, both for
the healing of esophagitis and for dysphagia relief.

Dilation of Peptic Strictures

The cornerstone of management of symptomatic peptic strictures is endoscopic dila-
tion. Dilation may be performed with catheter-mounted through-the-scope balloons,
or with graded bougie dilators that can be wire-guided (Savary) or blind (Maloney
or Hurst) [96]. The commonly cited “rule of three” described by H. Worth Boyce in
1977 refers to limiting dilation at any one session to a maximum of three increments
in dilator diameter after encountering resistance, to minimize the feared complica-
tion of perforation [97]. However, his recommendations preceded the development
of balloon dilators (from which there is limited appreciation of resistance), and a
retrospective study found no increased risk of perforation with dilations performed
to a higher diameter than the “rule of three” [98].

When strictures are refractory to endoscopic dilation, especially if they re-
develop at short intervals following dilation, injection of corticosteroids into rents
created by dilation can prolong dysphagia relief. In randomized studies evaluating
peptic strictures resistant to standard endoscopic dilation despite maintenance PPI
therapy, injection of triamcinolone decreased the need for repeat dilation and time to
repeat dilation compared to sham injections [99, 100] (Level 1D Recommendation).
Therefore, the option of intralesional steroid injections can be considered in patients
with refractory peptic strictures presenting with troublesome dysphagia. Further,
endoscopic incisional therapy, such as with needle-knife, may provide advan-
tages over bougie dilation in refractory esophageal strictures but has not been well
studied. Esophageal stenting, while primarily utilized for palliation in the setting of
malignant strictures, may have a role in refractory peptic strictures, when temporary
esophageal stents can be sutured in place. Meta-analysis suggests response rates of
about 40% with a single session of stenting but with higher risks of complications
(such as stent migration in 29% and other adverse events in 21%) [101]. Other
options include self-bougienage or surgery as salvage therapy [102].

Although the management of esophageal strictures centers on endoscopic
dilation, randomized trials have shown that maintenance PPI therapy improves
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dysphagia symptoms and lowers the need for repeated endoscopic dilations, com-
pared to H2 antagonists [103, 104] (Level 1A Recommendation). This augments
the cost-effectiveness of PPI therapy in dysphagia predominant presentations.

Antireflux Surgery

Surgical antireflux options are often considered for GERD in the setting of persistent
symptoms or mucosal damage despite optimal pharmacologic therapy, especially with
significant hiatus hernia, and/or a preference for surgery. In well-defined GERD, anti-
reflux surgery is comparable to PPI therapy in providing symptom relief [105, 106]
(Level 1A Recommendation). Antireflux surgery carries a higher risk of post-operative
dysphagia compared to medical therapy. If dysphagia develops following antireflux
surgery, early dysphagia (<6 weeks after surgery) can be managed conservatively, with
only 3.5% requiring endoscopic intervention in one study [107]. In contrast, in patients
with late post-operative dysphagia in the same study (>6 weeks after surgery), >90% of
the patients had symptomatic benefit with endoscopic dilation [107].

Management of Specific Conditions

Management of EoE is covered in greater detail in Chap. 6. Briefly, management
centers on pharmacologic therapy with PPI or topical corticosteroids, dietary ther-
apy with elimination diets, and/or endoscopic therapy with dilation [56, 108].

Pill esophagitis typically responds to discontinuation of the offending medica-
tion. Acid suppression with PPI, topical therapy with sucralfate, and dilation of
peptic stricture when present are additional management avenues [48].

Treatment of infectious esophagitis is specific to the causative organism, taking
into account the immune status of the patient and severity of infection. Especially
in immunocompromised individuals, esophageal candidiasis is treated with oral
systemic antifungal therapy (i.e., fluconazole) in immunocompromised individuals,
while mild infections in immunocompetent individuals can be treated with swal-
lowed nystatin [109]. In viral esophagitis, targeted antiviral therapy is effective (acy-
clovir for herpes simplex virus, ganciclovir or foscarnet for cytomegalovirus) [110],
although immunocompromised patients may require extensions or re-treatment for
herpes simplex virus esophagitis and treatment of concomitant candida esophagitis
when present [111]. However, in immunocompetent hosts, herpes simplex virus
esophagitis appears to be self-limiting; the benefits of antiviral therapy in this set-
ting are unknown, though it may shorten the duration of symptoms [112].

Although lacking definitive recommendations given its rarity, lichen planus
responds to systemic and topical steroids; associated esophageal strictures require
endoscopic dilation [113-115].
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Treatment of acute esophageal necrosis (black esophagus) centers on restoration
of hemodynamic stability, correction of coexisting medical conditions, and intrave-
nous antisecretory therapy, but mortality remains high [63, 64].

Conclusions

Dysphagia can be encountered in the context of GERD, and evaluation targets
GERD complications, GERD-related mechanisms, and disorders mimicking
GERD. A careful history can elucidate etiologic factors that can modulate inves-
tigation. Evaluation starts with an upper endoscopy and can include esophageal
function tests, barium radiography, and endo-FLIP. Provocative maneuvers during
manometry can be of complementary value. Management generally starts with
acid suppression and is targeted toward etiologic mechanisms. If investigation
is negative in the setting of persisting dysphagia, functional dysphagia can be
diagnosed.

Conflict of Interest Disclosures AP discloses no conflicts. CPG discloses consulting and speak-
ers’ bureau relationships with Medtronic and Diversatek, and consulting relationships with
Ironwood, Torax, and Quintiles.

References

1. El-Serag HB, Sweet S, Winchester CC, et al. Update on the epidemiology of gastro-oesophageal
reflux disease: a systematic review. Gut. 2014;63:871-80.

2. Peery AF, Crockett SD, Murphy CC, et al. Burden and cost of gastrointestinal, liver, and pan-
creatic diseases in the United States: update 2018. Gastroenterology. 2019;156:254-72, el1.

3. Peery AF, Crockett SD, Barritt AS, et al. Burden of gastrointestinal, liver, and pancreatic dis-
eases in the United States. Gastroenterology. 2015;149:1731-41. e3

4. Shaheen NJ, Hansen RA, Morgan DR, et al. The burden of gastrointestinal and liver diseases,
2006. Am J Gastroenterol. 2006;101:2128-38.

5. Vakil N, van Zanten SV, Kahrilas P, et al. The Montreal definition and classification of
gastroesophageal reflux disease: a global evidence-based consensus. Am J Gastroenterol.
2006;101:1900-20; quiz 1943.

6. Katz PO, Gerson LB, Vela MF. Guidelines for the diagnosis and management of gastroesopha-
geal reflux disease. Am J Gastroenterol. 2013;108:308-28; quiz 329.

7. Shaheen NJ, Weinberg DS, Denberg TD, et al. Upper endoscopy for gastroesophageal reflux
disease: best practice advice from the clinical guidelines committee of the American College
of Physicians. Ann Intern Med. 2012;157:808-16.

8. Savarino E, Bredenoord AJ, Fox M, et al. Expert consensus document: advances in the physi-
ological assessment and diagnosis of GERD. Nat Rev Gastroenterol Hepatol. 2017;14:665-76.

9. Aziz Q, Fass R, Gyawali CP, et al. Functional esophageal disorders. Gastroenterology.
2016;150:1368-79.

10. Richter JE, Rubenstein JH. Presentation and epidemiology of gastroesophageal reflux disease.
Gastroenterology. 2018;154:267-76.



76 A. Patel and C. P. Gyawali

11. Vakil NB, Traxler B, Levine D. Dysphagia in patients with erosive esophagitis: prevalence,
severity, and response to proton pump inhibitor treatment. Clin Gastroenterol Hepatol.
2004;2:665-8.

12. Armstrong D, Bennett JR, Blum AL, et al. The endoscopic assessment of esophagitis: a prog-
ress report on observer agreement. Gastroenterology. 1996;111:85-92.

13. Lundell LR, Dent J, Bennett JR, et al. Endoscopic assessment of oesophagitis: clinical and func-
tional correlates and further validation of the Los Angeles classification. Gut. 1999;45:172-80.

14. Triadafilopoulos G. Nonobstructive dysphagia in reflux esophagitis. Am J Gastroenterol.
1989;84:614-8.

15. Singh S, Stein HJ, DeMeester TR, et al. Nonobstructive dysphagia in gastroesophageal reflux
disease: a study with combined ambulatory pH and motility monitoring. Am J Gastroenterol.
1992;87:562-7.

16.Ruigomez A, Garcia Rodriguez LA, Wallander MA, et al. Esophageal stricture: incidence,
treatment patterns, and recurrence rate. Am J Gastroenterol. 2006;101:2685-92.

17.Said A, Brust DJ, Gaumnitz EA, et al. Predictors of early recurrence of benign esophageal
strictures. Am J Gastroenterol. 2003;98:1252-6.

18. Wang A, Mattek NC, Holub JL, et al. Prevalence of complicated gastroesophageal reflux dis-
ease and Barrett’s esophagus among racial groups in a multi-center consortium. Dig Dis Sci.
2009:54:964-71.

19.Rex DK, Cummings OW, Shaw M, et al. Screening for Barrett’s esophagus in colonoscopy
patients with and without heartburn. Gastroenterology. 2003;125:1670-7.

20.Sharma P. Review article: prevalence of Barrett’s oesophagus and metaplasia at the gastro-
oesophageal junction. Aliment Pharmacol Ther. 2004;20(Suppl 5):48-54; discussion 61-2.

21.Johansson J, Hakansson HO, Mellblom L, et al. Prevalence of precancerous and other meta-
plasia in the distal oesophagus and gastro-oesophageal junction. Scand J Gastroenterol.
2005;40:893-902.

22.Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase of
esophageal adenocarcinoma incidence. J Natl Cancer Inst. 2005;97:142-6.

23.Lagergren J, Bergstrom R, Lindgren A, et al. Symptomatic gastroesophageal reflux as a risk
factor for esophageal adenocarcinoma. N Engl J Med. 1999;340:825-31.

24. Spechler SJ, Sharma P, Souza RF, et al. American Gastroenterological Association technical
review on the management of Barrett’s esophagus. Gastroenterology. 2011;140:e18-52; quiz
el3.

25.Shaheen NJ, Falk GW, Iyer PG, et al. ACG clinical guideline: diagnosis and management of
Barrett’s Esophagus. Am J Gastroenterol. 2016;111:30-50; quiz 51.

26. Philpott H, Sweis R. Hiatus hernia as a cause of dysphagia. Curr Gastroenterol Rep. 2017;19:40.

27.Savarino E, Gemignani L, Pohl D, et al. Oesophageal motility and bolus transit abnormalities
increase in parallel with the severity of gastro-oesophageal reflux disease. Aliment Pharmacol
Ther. 2011;34:476-86.

28. Meneghetti AT, Tedesco P, Damani T, et al. Esophageal mucosal damage may promote dys-
motility and worsen esophageal acid exposure. J Gastrointest Surg. 2005;9:1313-7.

29.Ribolsi M, Balestrieri P, Emerenziani S, et al. Weak peristalsis with large breaks is associ-
ated with higher acid exposure and delayed reflux clearance in the supine position in GERD
patients. Am J Gastroenterol. 2014;109:46-51.

30.Lin S, Ke M, Xu J, et al. Impaired esophageal emptying in reflux disease. Am J Gastroenterol.
1994;89:1003-6.

31.Zhang X, Geboes K, Depoortere I, et al. Effect of repeated cycles of acute esophagitis and
healing on esophageal peristalsis, tone, and length. Am J Physiol Gastrointest Liver Physiol.
2005;288:G1339-46.

32.XuJY, Xie XP, Song GQ, et al. Healing of severe reflux esophagitis with PPI does not improve
esophageal dysmotility. Dis Esophagus. 2007;20:346-52.

33. Timmer R, Breumelhof R, Nadorp JH, et al. Oesophageal motility and gastro-oesophageal
reflux before and after healing of reflux oesophagitis. A study using 24 hour ambulatory pH and
pressure monitoring. Gut. 1994;35:1519-22.



4 Gastroesophageal Reflux Disease 77

34.Gyawali CP, Roman S, Bredenoord AJ, et al. Classification of esophageal motor findings
in gastro-esophageal reflux disease: conclusions from an international consensus group.
Neurogastroenterol Motil. 2017;29

35. Shaker A, Stoikes N, Drapekin J, et al. Multiple rapid swallow responses during esophageal
high-resolution manometry reflect esophageal body peristaltic reserve. Am J Gastroenterol.
2013;108:1706-12.

36. Stoikes N, Drapekin J, Kushnir V, et al. The value of multiple rapid swallows during preop-
erative esophageal manometry before laparoscopic antireflux surgery. Surg Endosc. 2012;26:
3401-7.

37.Mello MD, Shriver AR, LiY, et al. Ineffective esophageal motility phenotypes following fun-
doplication in gastroesophageal reflux disease. Neurogastroenterol Motil. 2016;28:292-8.

38.Roman S, Lin Z, Kwiatek MA, et al. Weak peristalsis in esophageal pressure topography: clas-
sification and association with Dysphagia. Am J Gastroenterol. 2011;106:349-56.

39.Blonski W, Vela M, Safder A, et al. Revised criterion for diagnosis of ineffective esophageal
motility is associated with more frequent dysphagia and greater bolus transit abnormalities. Am
J Gastroenterol. 2008;103:699-704.

40.Garg SK, Gurusamy KS. Laparoscopic fundoplication surgery versus medical manage-
ment for gastro-oesophageal reflux disease (GORD) in adults. Cochrane Database Syst Rev.
2015:CD003243.

41.Ganz RA, Edmundowicz SA, Taiganides PA, et al. Long-term outcomes of patients receiv-
ing a magnetic sphincter augmentation device for gastroesophageal reflux. Clin Gastroenterol
Hepatol. 2016;14:671-7.

42.Ganz RA, Peters JH, Horgan S, et al. Esophageal sphincter device for gastroesophageal reflux
disease. N Engl J Med. 2013;368:719-27.

43.7Zhu ZJ, Chen LQ, Duranceau A. Long-term result of total versus partial fundoplication after
esophagomyotomy for primary esophageal motor disorders. World J Surg. 2008;32:401-7.

44. Strate U, Emmermann A, Fibbe C, et al. Laparoscopic fundoplication: Nissen versus Toupet
two-year outcome of a prospective randomized study of 200 patients regarding preoperative
esophageal motility. Surg Endosc. 2008;22:21-30.

45. Shaheen NJ, Sharma P, Overholt BF, et al. Radiofrequency ablation in Barrett’s esophagus with
dysplasia. N Engl ] Med. 2009;360:2277-88.

46.Phoa KN, van Vilsteren FG, Weusten BL, et al. Radiofrequency ablation vs endoscopic surveil-
lance for patients with Barrett esophagus and low-grade dysplasia: a randomized clinical trial.
JAMA. 2014;311:1209-17.

47.Qumseya BJ, Wani S, Desai M, et al. Adverse events after radiofrequency ablation in patients
with Barrett’s esophagus: a systematic review and meta-analysis. Clin Gastroenterol Hepatol.
2016;14:1086-95. e6

48.Kim SH, Jeong JB, Kim JW, et al. Clinical and endoscopic characteristics of drug-induced
esophagitis. World J Gastroenterol. 2014;20:10994-9.

49. Seminerio J, McGrath K, Arnold CA, et al. Medication-associated lesions of the GI tract.
Gastrointest Endosc. 2014;79:140-50.

50.Dellon ES, Hirano I. Epidemiology and natural history of eosinophilic esophagitis.
Gastroenterology. 2018;154:319-32. e3

51. Arias A, Perez-Martinez I, Tenias JM, et al. Systematic review with meta-analysis: the inci-
dence and prevalence of eosinophilic oesophagitis in children and adults in population-based
studies. Aliment Pharmacol Ther. 2016;43:3-15.

52.Prasad GA, Talley NJ, Romero Y, et al. Prevalence and predictive factors of eosinophilic
esophagitis in patients presenting with dysphagia: a prospective study. Am J Gastroenterol.
2007;102:2627-32.

53.Mackenzie SH, Go M, Chadwick B, et al. Eosinophilic oesophagitis in patients presenting with
dysphagia--a prospective analysis. Aliment Pharmacol Ther. 2008;28:1140-6.

54.Murray IA, Joyce S, Palmer J, et al. Incidence and features of eosinophilic esophagitis in dys-
phagia: a prospective observational study. Scand J Gastroenterol. 2016;51:257-62.



78 A. Patel and C. P. Gyawali

55.Dellon ES, Gonsalves N, Hirano I, et al. ACG clinical guideline: evidenced based approach to
the diagnosis and management of esophageal eosinophilia and eosinophilic esophagitis (EoE).
Am J Gastroenterol. 2013;108:679-92; quiz 693.

56.Dellon ES, Liacouras CA, Molina-Infante J, et al. Updated international consensus diagnostic
criteria for eosinophilic esophagitis: proceedings of the AGREE Conference. Gastroenterology.
2018;155:1022-33. ¢10.

57.Dellon ES, Speck O, Woodward K, et al. Clinical and endoscopic characteristics do not
reliably differentiate PPI-responsive esophageal eosinophilia and eosinophilic esophagi-
tis in patients undergoing upper endoscopy: a prospective cohort study. Am J Gastroenterol.
2013:108:1854-60.

58.Patel A, Posner S, Gyawali CP. Esophageal high-resolution manometry in gastroesophageal
reflux disease. JAMA. 2018;320:1279-80.

59.Chan WW, Haroian LR, Gyawali CP. Value of preoperative esophageal function studies before
laparoscopic antireflux surgery. Surg Endosc. 2011;25:2943-9.

60. Herregods TV, Troelstra M, Weijenborg PW, et al. Patients with refractory reflux symptoms
often do not have GERD. Neurogastroenterol Motil. 2015;27:1267-73.

61. AhujaNK, Clarke JO. Evaluation and management of infectious esophagitis in immunocompro-
mised and immunocompetent individuals. Curr Treat Options Gastroenterol. 2016;14:28-38.

62. Katzka DA, Smyrk TC, Bruce AJ, et al. Variations in presentations of esophageal involvement
in lichen planus. Clin Gastroenterol Hepatol. 2010;8:777-82.

63. Gurvits GE. Black esophagus: acute esophageal necrosis syndrome. World J Gastroenterol.
2010;16:3219-25.

64. Gurvits GE, Cherian K, Shami MN, et al. Black esophagus: new insights and multicenter inter-
national experience in 2014. Dig Dis Sci. 2015;60:444-53.

65.Mas E, Breton A, Lachaux A. Management of caustic esophagitis in children. Arch Pediatr.
2012;19:1362-8.

66. Uygun 1. Caustic oesophagitis in children: prevalence, the corrosive agents involved, and
management from primary care through to surgery. Curr Opin Otolaryngol Head Neck Surg.
2015;23:423-32.

67.Bill J, Rajagopal S, Kushnir V, et al. Diagnostic yield in the evaluation of dysphagia: experi-
ence at a single tertiary care center. Dis Esophagus. 2018;31

68. Carlson DA, Kahrilas PJ, Lin Z, et al. Evaluation of esophageal motility utilizing the functional
lumen imaging probe. Am J Gastroenterol. 2016;111:1726-35.

69.Roman S, Gyawali CP, Savarino E, et al. Ambulatory reflux monitoring for diagnosis of gastro-
esophageal reflux disease: update of the Porto consensus and recommendations from an inter-
national consensus group. Neurogastroenterol Motil. 2017;29

70.Gyawali CP, Bredenoord AJ, Conklin JL, et al. Evaluation of esophageal motor function in
clinical practice. Neurogastroenterol Motil. 2013;25:99-133.

71.Kabhrilas PJ, Bredenoord AJ, Fox M, et al. Expert consensus document: Advances in the man-
agement of oesophageal motility disorders in the era of high-resolution manometry: a focus on
achalasia syndromes. Nat Rev Gastroenterol Hepatol. 2017;14:677-88.

72.Patel A, Sayuk GS, Gyawali CP. Parameters on esophageal pH-impedance monitoring that
predict outcomes of patients with gastroesophageal reflux disease. Clin Gastroenterol Hepatol.
2015;13:884-91.

73.Patel A, Sayuk GS, Gyawali CP. Prevalence, characteristics, and treatment outcomes of
reflux hypersensitivity detected on pH-impedance monitoring. Neurogastroenterol Motil.
2016;28:1382-90.

74.Patel A, Sayuk GS, Kushnir VM, et al. GERD phenotypes from pH-impedance monitor-
ing predict symptomatic outcomes on prospective evaluation. Neurogastroenterol Motil.
2016;28:513-21.

75. Kandulski A, Weigt J, Caro C, et al. Esophageal intraluminal baseline impedance differentiates
gastroesophageal reflux disease from functional heartburn. Clin Gastroenterol Hepatol. 2014.



4 Gastroesophageal Reflux Disease 79

76.Frazzoni M, Savarino E, de Bortoli N, et al. Analyses of the post-reflux swallow-induced
peristaltic wave index and nocturnal baseline impedance parameters increase the diagnostic
yield of impedance-pH monitoring of patients with reflux disease. Clin Gastroenterol Hepatol.
2016;14:40-6.

77.de Bortoli N, Martinucci I, Savarino E, et al. Association between baseline impedance values
and response proton pump inhibitors in patients with heartburn. Clin Gastroenterol Hepatol.
2015:13:1082-8. el

78.Frazzoni L, Frazzoni M, de Bortoli N, et al. Postreflux swallow-induced peristaltic wave index
and nocturnal baseline impedance can link PPI-responsive heartburn to reflux better than acid
exposure time. Neurogastroenterol Motil. 2017;29

79.Patel A, Wang D, Sainani N, et al. Distal mean nocturnal baseline impedance on pH-impedance
monitoring predicts reflux burden and symptomatic outcome in gastro-oesophageal reflux dis-
ease. Aliment Pharmacol Ther. 2016;44:890-8.

80. Savarino E, de Bortoli N, Bellini M, et al. Practice guidelines on the use of esophageal manom-
etry - A GISMAD-SIGE-AIGO medical position statement. Dig Liver Dis. 2016;48:1124-35.

81. Vaezi MF, Pandolfino JE, Vela MF. ACG clinical guideline: diagnosis and management of
achalasia. Am J Gastroenterol. 2013;108:1238-49; quiz 1250.

82.Gyawali CP, de Bortoli N, Clarke J, et al. Indications and interpretation of esophageal function
testing. Ann N'Y Acad Sci. 2018;1434:239-53.

83.Blonski W, Kumar A, Feldman J, et al. Timed barium swallow: diagnostic role and predictive
value in untreated achalasia, esophagogastric junction outflow obstruction, and non-achalasia
dysphagia. Am J Gastroenterol. 2018;113:196-203.

84.Ghosh SK, Pandolfino JE, Rice J, et al. Impaired deglutitive EGJ relaxation in clinical
esophageal manometry: a quantitative analysis of 400 patients and 75 controls. Am J Physiol
Gastrointest Liver Physiol. 2007;293:G878-85.

85.Roman S, Huot L, Zerbib F, et al. High-resolution manometry improves the diagnosis of esoph-
ageal motility disorders in patients with dysphagia: a randomized multicenter study. Am J
Gastroenterol. 2016;111:372-80.

86. Carlson DA, Roman S. Esophageal provocation tests: are they useful to improve diagnostic
yield of high resolution manometry? Neurogastroenterol Motil. 2018;30:e13321.

87. Ang D, Hollenstein M, Misselwitz B, et al. Rapid drink challenge in high-resolution manome-
try: an adjunctive test for detection of esophageal motility disorders. Neurogastroenterol Motil.
2016;

88.Marin I, Serra J. Patterns of esophageal pressure responses to a rapid drink challenge test in
patients with esophageal motility disorders. Neurogastroenterol Motil. 2016;28:543-53.

89. Ang D, Misselwitz B, Hollenstein M, et al. Diagnostic yield of high-resolution manometry
with a solid test meal for clinically relevant, symptomatic oesophageal motility disorders: serial
diagnostic study. Lancet Gastroenterol Hepatol. 2017;2:654-61.

90. Hirano I, Pandolfino JE, Boeckxstaens GE. Functional lumen imaging probe for the manage-
ment of esophageal disorders: expert review from the Clinical Practice Updates Committee of
the AGA Institute. Clin Gastroenterol Hepatol. 2017;15:325-34.

91.Carlson DA, Lin Z, Hirano I, et al. Evaluation of esophageal distensibility in eosinophilic
esophagitis: an update and comparison of functional lumen imaging probe analytic methods.
Neurogastroenterol Motil. 2016;28:1844-53.

92.Carlson DA, Lin Z, Kahrilas PJ, et al. The functional lumen imaging probe detects esopha-
geal contractility not observed with manometry in patients with achalasia. Gastroenterology.
2015;149(7):1742-51.

93.Gyawali CP, Fass R. Management of gastroesophageal reflux disease. Gastroenterology.
2018;154(2):302-18.

94.Freedberg DE, Kim LS, Yang YX. The risks and benefits of long-term use of proton pump
inhibitors: expert review and best practice advice from the American Gastroenterological
Association. Gastroenterology. 2017;152:706—15.



80

95

96.

97

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

115.

A. Patel and C. P. Gyawali

. Chiba N, De Gara CJ, Wilkinson JM, et al. Speed of healing and symptom relief in grade II to
IV gastroesophageal reflux disease: a meta-analysis. Gastroenterology. 1997;112:1798-810.
Ravich WJ. Endoscopic management of benign esophageal strictures. Curr Gastroenterol
Rep. 2017;19:50.

. Boyce HW Jr. Precepts of safe esophageal dilation. Gastrointest Endosc. 1977;23:215.

. Grooteman KV, Wong Kee Song LM, Vleggaar FP, et al. Non-adherence to the rule of 3
does not increase the risk of adverse events in esophageal dilation. Gastrointest Endosc.
2017;85:332-7, el.

Ramage JIJr, Rumalla A, Baron TH, et al. A prospective, randomized, double-blind, placebo-
controlled trial of endoscopic steroid injection therapy for recalcitrant esophageal peptic
strictures. Am J Gastroenterol. 2005;100:2419-25.

Altintas E, Kacar S, Tunc B, et al. Intralesional steroid injection in benign esophageal stric-
tures resistant to bougie dilation. J Gastroenterol Hepatol. 2004;19:1388-91.

Fuccio L, Hassan C, Frazzoni L, et al. Clinical outcomes following stent placement in
refractory benign esophageal stricture: a systematic review and meta-analysis. Endoscopy.
2016;48:141-8.

de Wijkerslooth LR, Vleggaar FP, Siersema PD. Endoscopic management of difficult or
recurrent esophageal strictures. Am J Gastroenterol. 2011;106:2080-91; quiz 2092.

Smith PM, Kerr GD, Cockel R, et al. A comparison of omeprazole and ranitidine in the
prevention of recurrence of benign esophageal stricture. Restore Investigator Group.
Gastroenterology. 1994;107:1312-8.

Marks RD, Richter JE, Rizzo J, et al. Omeprazole versus H2-receptor antagonists in treating
patients with peptic stricture and esophagitis. Gastroenterology. 1994;106:907-15.
Galmiche JP, Hatlebakk J, Attwood S, et al. Laparoscopic antireflux surgery vs esome-
prazole treatment for chronic GERD: the LOTUS randomized clinical trial. JAMA.
2011;305:1969-77.

Mehta S, Bennett J, Mahon D, et al. Prospective trial of laparoscopic nissen fundoplication
versus proton pump inhibitor therapy for gastroesophageal reflux disease: seven-year follow-
up. J Gastrointest Surg. 2006;10:1312-6; discussion 1316-7.

Hasak S, Brunt LM, Wang D, et al. Clinical characteristics and outcomes of patients with
postfundoplication dysphagia. Clin Gastroenterol Hepatol. 2019;17(10):1982-90.

Dellon ES, Jensen ET, Martin CF, et al. Prevalence of eosinophilic esophagitis in the United
States. Clin Gastroenterol Hepatol. 2014;12(4):589-96.e1.

Mathieson R, Dutta SK. Candida esophagitis. Dig Dis Sci. 1983;28:365-70.

Wilcox CM, Karowe MW. Esophageal infections: etiology, diagnosis, and management.
Gastroenterologist. 1994;2:188-206.

Hoversten P, Kamboj AK, Wu TT, et al. Variations in the clinical course of patients with
herpes simplex virus esophagitis based on immunocompetence and presence of underlying
esophageal disease. Dig Dis Sci. 2019;64(7):1893-900.

Ramanathan J, Rammouni M, Baran J Jr, et al. Herpes simplex virus esophagitis in the immu-
nocompetent host: an overview. Am J Gastroenterol. 2000;95:2171-6.

Ynson ML, Forouhar F, Vaziri H. Case report and review of esophageal lichen planus treated
with fluticasone. World J Gastroenterol. 2013;19:1652-6.

Chryssostalis A, Gaudric M, Terris B, et al. Esophageal lichen planus: a series of eight
cases including a patient with esophageal verrucous carcinoma. A case series. Endoscopy.
2008;40:764-8.

Donnellan F, Swan MP, May GR, et al. Fluticasone propionate for treatment of esophageal
lichen planus. A case series. Dis Esophagus. 2011;24:211-4.



®

Check for
updates

Chapter 5
Non-Reflux-Mediated Esophageal
Strictures

Sajiv Sethi and Joel E. Richter

Introduction

Strictures are a common disease of the esophagus. They may develop from a variety
of underlying disease processes such as developmental, inflammatory, neuromus-
cular, or iatrogenic causes [1]. The development of esophageal inflammation and
ulceration results in the deposition of collagen fibers which contracts over time and
causes narrowing of the esophageal lumen [2]. Typically, patients with strictures
present with the primary symptom of solid food dysphagia. Weight loss is often a
characteristic feature of malignant esophageal strictures, while patients with benign
strictures usually have a good appetite and do not lose weight unless the esophagus
is markedly compromised [3]. Esophageal dilation is indicated for the management
of esophageal narrowing. The goal of endoscopic therapy is to allow the patient
to eat a solid diet and tolerate liquids. Typically, once a stricture is successfully
dilated to 15-18 mm, patients are able to tolerate a solid diet [4]. While patients
with a narrowed esophageal lumen are undergoing therapy, it is important to moni-
tor their nutritional status. If unable to tolerate the intake of solid foods, nutrition
can be maintained via liquids or percutaneous gastrostomy tube (PEG) feedings.
The goal of therapy is to relieve symptoms while avoiding complications and to
prevent recurrence.

Esophageal strictures can broadly be classified into benign or malignant types
(Fig. 5.1). It is important to note that malignant strictures have an increased rate of
perforations regardless of the device or method of dilation used. Benign strictures may
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Fig. 5.1 Esophageal Esophageal
Stricture Types Strictures

Simple l Complex
Strictures Strictures

Table 5.1 Common Simple Strictures Complex Strictures
Etiologies of Strictures Schatzki Rings Anastomotic
Esophageal Webs ESR/EMR
Peptic Strictures Ischemic
Cricopharyngeal Bar Zollinger—Ellison Syndrome
Lichen Planus Nasogastric tube
Eosinophilic Esophagitis

further be categorized into simple or complex strictures (Table 5.1). Simple strictures
are typically short (1-2 cm long), focal, straight strictures that often allow the passage
of a normal diameter (9—10 mm) adult endoscope [4]. They result from mucosal and
submucosal fibrosis and typically are able to tolerate an increased degree of dilation
in a single session [5]. Examples of simple strictures include Schatzki rings, esopha-
geal webs, and peptic strictures [3]. This type of stricture responds well to endoscopic
dilation and most patients require 1-3 dilation sessions. A study of simple strictures
noted that 95% of patients responded to five dilations or less [5]. Conversely, complex
strictures demonstrate a longer (>2 cm) length and are more angulated or irregular
with a narrowed diameter (typically <10 mm). They are long standing in duration,
have minimal endoscopic inflammation, and demonstrate deep transmural fibrosis.
These strictures present a greater therapeutic challenge making them more difficult
to treat and more likely to recur. Complex strictures include circular, anastomotic
strictures, post-endoscopy strictures, ischemic strictures, and strictures aggravated by
nasogastric tube intubation or Zollinger—Ellison syndrome [6].

Device Choice

In general, dilation may be performed with a balloon or bougie dilator. The name
bougie derives from French, meaning candle. Bougie dilators are further subdivided
into wire-guided and non-wire-guided dilators. Several varieties of wire-guided bou-
gie dilators are available such as Savary-Gilliard (Cook Medical, Winston-Salem,
North Carolina, USA) dilators which are made with a radio-opaque band at the wid-
est point of the dilator to provide fluoroscopic guidance, while American Dilatation
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Fig. 5.2 Clockwise from the top: Maloney dilators, Savary—Gilliard (Cook Medical, Winston-
Salem, North Carolina, USA) dilators, balloon inflation device with TTS balloon dilator and a
guidewire

System (ConMed, Utica, New York, USA) and SafeGuide dilators (Medovations,
Milwaukee, USA) are similar but radiopaque (Fig. 5.2). Such push dilators consist of
a central channel to accommodate a guidewire and a tapered tip. Using a guidewire
with or without fluoroscopic guidance, these bougies are best used for tight and com-
plex strictures. These dilators cost approximately $4000-$5000 per set and come
with a 5-year warranty. Across dilators, external markings are present on the dilators
however their measurements have an important difference. External markings can
be from the tip such as in the American system, or from the point of maximal diam-
eter in the Savary-Gilliard or both (SafeGuide). The Maloney dilators are the most
commonly used example of a non-wire-guided bougie. These dilators are weighted
with tungsten and are passed blindly. They are best used for larger (>12 mm) simple
strictures. Bougie dilation has the distinct advantage of being able to provide a fixed
diameter dilation across the entire length of the esophagus which in turn provides a
better tactile assessment of lumen narrowing.

An older system of dilators, the Eder-Puestow, a series of graduated metal olives,
is now rarely used.

Through-the-scope (TTS) balloon dilators are designed to pass through the
endoscope with or without wire guidance which allows real-time visualization of
stricture dilation. They are the most commonly used dilators in community practice.
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While push dilators generate radial and longitudinal shearing forces, balloon dilators
were developed to generate only radial forces within a stricture, as it was believed
that this may decrease complications. However, this has not been shown in clinical
practice and no difference in outcomes has been seen between wire-guided bougie
and balloon dilators [7, 8]. A disadvantage of balloon dilation is that they under-dilate
transmural fibrotic strictures. Balloons are adequate for simple strictures; however,
they consistently under-dilate transmural fibrotic strictures and are cumbersome and
time-consuming because they require repositioning several times with long stricture.
One must also consider that balloons are expensive, often costing $125-$175 each in
the American marketplace, and not reusable.

Either balloon or wire-guided bougie dilators may be used to perform esopha-
geal dilatation (GRADE of evidence: high; strength of recommendation: strong.
Level 1C.

Choosing the Correct Initial Dilator Size

Prior to esophageal dilation, all patients should undergo a careful endoscopy and some
patients with complex strictures need a barium esophagram to accurately assess esopha-
geal anatomy. Initial dilator diameter should be based on the known or estimated base-
line stricture diameter, length, and the underlying pathology. It is important to consider
limiting the initial dilation diameter to 10-12 mm (30-36 Fr) in cases of very narrow
strictures not traversed by the adult endoscope [2]. Some authorities and guidelines have
recommended a rule of three to guide the number of dilations or size increments per
session. This guideline recommends using no more than 3 successively larger diameter
dilators in a single session. We shall discuss this further in the next section.

Limit the initial dilation diameter to 10-12 mm for very narrow strictures.
GRADE of evidence: very low, strength of recommendation: weak. Level 5

The Rule of Three

The exact origin of the rule of three appears to be unclear. Early reference to this
rule was made by one of the pioneers of esophageal dilation Dr. Worth Boyce in
1977 [9, 10]. This guideline recommends the passage of no more than three dila-
tors per session if moderate to severe resistance is encountered. This rule was first
proposed in the period of bougie dilator use. Thus, one limitation to this rule is that
it requires tactile sensation and as a result may not be applicable in the use of hydro-
static balloon dilators [4]. Over time, this rule has gone from a practical rule to one
that is incorporated in recent esophageal guidelines [11].
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Recent literature has challenged the “rule of three.” A 2017 study of 297
patients undergoing 2216 esophageal bougie or balloon dilations found that
nonadherence to the rule of three did not increase the risk of adverse events
including esophageal perforation [12]. These results were also confirmed by a
separate study of 164 patients with esophageal strictures of various etiologies
which found that dilation without adherence to the rule of three was not asso-
ciated with increased risk of complications [13]. The study found that gender,
complex strictures, location of the stricture, type of dilator, and additional inter-
ventions were not associated with adverse events. However, malignant strictures
were associated with an increased rate of perforation regardless of the device or
methods used. Other alternatives such as the “rule of six” have been proposed as
well, however, the best approach is a personalized strategy that accounts for each
stricture’s unique characteristics.

In general, safe dilation takes precedence over fast dilation. Safety is of utmost
importance because a perforation in the setting of a complex stricture can result in
cicatricial scarring necessitating lifelong dilation or even death. In practical experi-
ence, for very tight or very long strictures it may be prudent to limit initial dilation
to 1 or 2 size increments only, especially if the endoscopist faces significant resis-
tance. Conversely, in our practice, larger dilation increments can safely be used for
less tight strictures.

No more than three dilators should be passed per session. GRADE of evidence:
low; strength of recommendation: low. Level 5

Timing of Dilation

The interval between dilations is a subjective approach that must be personal-
ized to each individual patient. The degree of active inflammation versus mature
collagen is key to the success of dilation. Inflammatory strictures require fre-
quent dilation until the inflammation resolves, while mature strictures respond
well as the collagen is stretched and disrupted. While some simple strictures can
be successfully dilated in a single session, other complex strictures may require
multiple sessions to ensure a patent esophageal lumen. Depending on the degree
of lumen narrowing, some complex strictures may require dilation every few
days, but most can be gradually dilated every 2—-3 weeks to a planned diameter
and patient satisfaction. Repeated dilations can occur on a set schedule or when
symptoms recur.

Strictures may be dilated at intervals of days to months depending on their etiol-
ogy and individual characteristics. GRADE of evidence: low; strength of recom-
mendation: moderate. Level 5
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Simple Strictures
Cricopharyngeal Bar

Upper esophageal sphincter (UES) dysfunction can cause oropharyngeal dyspha-
gia. The cricopharyngeus or cricopharyngeal (CP) muscle is the major component
of the UES. Approximately 5-10% of patients undergoing dynamic pharyngeal
radiography demonstrate a CP bar. They are more common in old patients as muscle
tissue is replaced by collagen. This presents as a prominent, persistent, posterior
indentation at the level of the lower third of the cricoid cartilage, best visualized in
a lateral radiograph [14]. Traditionally, these have been managed with myotomy,
however, endoscopic dilation is now the preferred management [15]. A single dila-
tion session with either balloon or bougie dilation can produce long-term symptom
relief for some patients, especially those without other causes of oropharyngeal
dysphagia [15].

Esophageal dilation is an effective treatment option for cricopharyngeal bar.
GRADE of evidence: low, strength of recommendation: moderate. Level 4

Lichen Planus

Lichen planus is a disease affecting the mucus membranes of middle-aged patients,
especially women. The most common site of involvement is the mouth, however,
other organs such as the skin, vulva, penis, and esophagus can be affected [16, 17].
Etiology of this disease may be related to drug reaction or an autoimmune process
[18]. Esophageal involvement presents with symptoms of dysphagia or odynopha-
gia and some patients may have food impactions as well. The esophagus can either
be the presenting site or a delayed manifestation of the disease [16]. Strictures can
occur across the entire length of the esophagus; however, the proximal esophagus
is most often affected. Although data on therapy is sparse, esophageal dilation is
an effective treatment option. Other modalities such as systemic and injectional
steroids, tacrolimus, and cyclosporin have been tried in limited case reports as well
[19]. A hallmark feature consistent across literature is the delayed identification of
this disease after onset of symptoms [17].

Esophageal dilation is an effective treatment option for lichen planus. GRADE of
evidence: low; strength of recommendation: low. Level 4

Schatzki’s Ring

A Schatzki’s ring is an annular constriction at the gastro-esophageal mucosal junction,
consisting of squamous epithelium on the proximal side and gastric mucosa on the
distal aspect [20]. It was described in 1953 by Richard Schatzki on barium swallow and
has been found to occur in 6-14% of barium swallow examinations, often in asymp-
tomatic patients [21, 22]. It is a common cause of intermittent dysphagia to solids and
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may cause food bolus impaction in up to two thirds of patients [23]. Ring diameters
of <13 mm usually cause dysphagia while diameters greater than 20 mm rarely cause
symptoms. In patients with ring diameters between 13 mm and 20 mm, symptoms are
less consistently observed. Radiographic examination is superior to endoscopic visu-
alization because the latter is dependent on proper distension of the esophagogastric
region beyond the caliber of the ring, which is often difficult to accomplish.

Schatzki’s rings often exist with other esophageal disorders, such as hiatal hernias,
reflux esophagitis, and esophageal webs [23]. The association between Schatzki’s rings
and gastroesophageal reflux may explain why patients on long-term acid suppressive
therapy have lower rates of ring recurrence after esophageal dilation [24]. A prospec-
tive randomized study of 44 patients from Greece with symptomatic Schatzki’s rings
noted that acid suppression after Schatzki ring dilation prevented relapse of the ring
(Fig. 5.3) [24]. While a small study, it demonstrated an absolute risk reduction (ARR)
of 40% with acid suppression and a number needed to treat of 3.

While esophageal dilation is the preferred therapy for patients, especially
those with symptoms, a small retrospective case series of 9 patients demonstrated
improvement in ring lumen diameter and passage of a 13 mm barium tablet in
patients treated with oral proton pump inhibitor therapy alone [25]. Dilation ther-
apy for Schatzki’s rings is safe and effective. Dilation is directed toward achieving
rupture of the ring. In many cases, a single dilation with passage of a large bougie
(16-20 mm) with ring rupture is adequate to alleviate symptoms [26].
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Fig. 5.3 Actuarial probability of remaining free from relapse of a Schatzki’s ring following suc-
cessful endoscopic treatment, in terms of prophylactic antisecretory therapy versus placebo. The
difference between the two groups was significant (log-rank: 7.07, p = 0.008). (Adapted from:
Sgouros et al. [24])
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An alternative therapeutic option is four quadrant electrosurgical incision of the
ring which has similar efficacy as a single large diameter dilation in randomized trials
[27]. In this technique, three to four incisions are made radially to the esophageal wall
using a standard needle-knife papillotome with a 5 mm cutting wire [28]. Incisions
using standard endoscopic submucosal dissection (ESD) needle knife, IT knife, or
argon plasma coagulation have also been described [2]. One advantage of electro-
surgical incision is that patients have a longer period of symptom-free remission as
compared to bougie dilation [28]. Thus, this may be the therapeutic option of choice
in patients with recurrent rings [29]. An alternative treatment technique using jumbo
biopsy forceps to cause obliteration of Schatzki rings has been shown to be safe and
effective in a pilot study of 10 patients. Patients demonstrated improvement in dys-
phagia without serious complications with a mean follow-up time of 379 days [30].

Do not offer dilatation for incidentally discovered asymptomatic Schatzki’s rings
(GRADE of evidence: low, strength of recommendation: strong). Level 5

PPI therapy after dilatation is recommended, as this reduces the risk of relapse
of Schatzki’s ring (GRADE of evidence: moderate; strength of recommendation:
strong). Level 1C

Electrosurgical incision is an effective alternative treatment to esophageal dila-
tation for treatment of Schatzki’s rings (GRADE of evidence: high; strength of rec-
ommendation: strong). Level 1D

Esophageal Webs

Esophageal webs are thin membranous structures that obstruct the esophageal
lumen. These have been classically associated with Plummer—Vinson syndrome
(PVS) in which a cervical esophageal web occurs in patients with iron deficiency
anemia [31]. However, PVS is rarely seen the western world and most webs are
not associated with anemia. Patients with webs typically present with solid food
dysphagia. Esophageal dilation with either bougie or balloon dilation can produce
favorable results [1]. Esophageal webs typically do not recur after disruption.

Esophageal dilation is an effective treatment of esophageal webs (GRADE of
evidence: low; strength of recommendation: low). Level 4

Complex Strictures
Post-Endoscopic Therapy Strictures

Strictures causing esophageal stenosis can occur after endoscopic mucosal abla-
tion, endoscopic mucosal resection (EMR), or endoscopic submucosal dissection
(ESD). Esophageal stenosis is known to occur once the mucosal or submucosal
resection comprises more than 75% of the esophageal circumference [32-34].
Additionally, longer mucosal defects, especially those longer than 30 mm are
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associated with greater severity of stenosis requiring increased number of dila-
tions [32]. These strictures respond well to esophageal treatment with either bou-
gie or balloon dilation [35]. Dilation is both safe and effective with a reported
success rate of 90% and low perforation rate [36, 37]. Other rare complications
of post esophageal resection strictures are bleeding and bacteremia [34]. Rarely,
some strictures may not respond to repeated dilation. In these cases, there are
reports of successful treatment with esophageal stents or steroid injection [34,
35]. These therapies are discussed in detail under the management of refractory
strictures.

All patients undergoing endoscopic resection should be placed on PPI therapy
to reduce the risk of stricture formation. A randomized, controlled, open label
study from Japan found that prophylactic injection of steroids following extensive
ESD did not decrease the frequency of stricture formation but did lead to signifi-
cantly fewer dilation sessions as compared to the control group [38]. Other studies
have also noted that use of oral prednisolone in patients after large EMR or ESD
decreases the need for repeat dilations [39, 40].

There exists a high chance of developing symptomatic stricture requiring endo-
scopic dilatation following EMR or ESD after resection of more than 75% of the
esophageal circumference; and a longitudinal resection length of > 30 mm (GRADE
of evidence: moderate; strength of recommendation: strong). Level 2

Dilation should be considered for the management of symptomatic post-mucosal
resection strictures (GRADE of evidence: moderate; strength of recommendation:
strong). Level 2

Post-Ablative Strictures

Photodynamic therapy (PDT) was the first-line therapy for patients with Barrett’s
esophagus in the 1980s and 1990s before being supplanted by radiofrequency abla-
tion (RFA) as the “gold standard” approach [41]. One of the main drawbacks of
PDT was the high rate of stricture formation, approaching 36%. These strictures
were typically managed with repeated dilations [42].

RFA is an accepted treatment for patients with dysplastic Barrett’s esophagus.
It may be used alone or in combination with endoscopic resection [41]. RFA treat-
ment causes the formation of esophageal ulceration which may lead to stricture
formation. A distinct advantage of RFA is the ability to ablate to a depth of 500 pm,
which is not possible with other ablation techniques. Randomized and database reg-
istry data have reported a post-treatment stricture rate of approximately 6-9% [43,
44]. These strictures respond remarkably well to dilation and most patients require
between 1 and 2.6 total sessions [44]. Patients who undergo EMR before RFA are
more likely to develop strictures then those who did not. The rates of stricture devel-
opment are higher, as high as 20% in patients who undergo RFA for early squamous
cell neoplasia [45]. PPI treatment is known to reduce the risk of stricture formation
and thus is recommended for patients undergoing RFA.
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There exists a high risk of stricture formation particularly after photodynamic
therapy (PDT), EMR before ablation and after RFA for early squamous cell neopla-
sia (GRADE of evidence: moderate; strength of recommendation: strong). Level 2

PPI therapy should be offered to patients after ablation to reduce stricture occur-
rence (GRADE of evidence: low; strength of recommendation: strong). Level 5

Eosinophilic Esophagitis

Eosinophilic Esophagitis (EoE) was initially thought to be an inflammatory dis-
ease of the esophagus associated with mucosal eosinophilia; however, it is now
known to cause esophageal strictures, especially in adult patients [46]. Studies
have shown that esophageal strictures are present in 30-80% of adults with EoE
with their presence and severity directly proportional to the longer duration of dis-
ease [46]. We now recognize EoE to have both an inflammatory and fibrostenotic
component [47]. The inflammatory portion of the disease may be controlled with
PPIs, steroids, and food elimination diet; however, symptoms persist until the
fibrostenosis is disrupted by esophageal dilation. Although initially considered
dangerous in EoE treatment, esophageal dilation has slowly been recognized as
an extremely effective and safe treatment for those with fibrostenotic disease [47].
Patients typically respond very well to esophageal dilation and require a mean
number of 2 dilations. Adverse events such as perforation (0.03—0.3%), hemor-
rhage (0.03-0.05%), and hospitalization for pain (0.6%) are rare complications
[48, 49]. The rate of perforation has been found to be similar regardless of TTS
balloon or bougie dilator use [49].

All patients should undergo endoscopy to assess the location of obvious stric-
tures and estimate esophageal diameter. Endoscopy has poor sensitivity (14.7%)
and only modest specificity (79.2%) for identifying esophageal strictures. Thus,
we believe all patients with EoE should undergo some degree of dilation [50].
Endoscopy has a sensitivity of only 25% in detecting an esophagus narrowed to
<15 mm in diameter [50]. It is recommended to start low with small diameter dila-
tors and gradually dilate to a goal of 16—18 mm at which point patients should be
able to tolerate a regular diet [51]. Patients may require multiple sessions which
may be separated by 3—4 weeks. Moderate resistance to bougie passage, blood on
the dilator, or significant tears are indications to stop the dilation session. Once the
patient has been dilated to a goal of 16—18 mm, they may need further dilations if
symptoms of dysphagia reoccur. Symptom-free interval may last from 1 to 3 years
[51, 52]. Chest pain after dilation is common in EoE patients, with a broad range
(0.6-100%) reported irrespective of the technique used [48]. Some patients may
require narcotic analgesia; however, most patients easily respond to reassurance
and nonsteroidal anti-inflammatory drugs (NSAIDs). It is important to dilate the
entire length of the esophagus because multiple strictures may not be obvious to the
endoscopist’s eye. Both TTS and bougie dilators are acceptable therapeutic options
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[53]. If a TTS balloon is used, it must be followed by a pull-through technique to
ensure dilation of the entire length of the esophagus [53].

Esophageal dilation should be offered to all patients with EoE, especially those
with dysphagia (GRADE of evidence: high; strength of recommendation: strong).
Level 1A

Dilatation of EoE is no more dangerous than dilatation for other esophageal
diseases, with similar rates of perforation (GRADE of evidence: high, strength of
recommendation: strong). Level 2

Esophageal dilation may be repeated as needed. (GRADE of evidence: high;
strength of recommendation: strong). Level 2

Dilation of the entire esophagus with a bougie dilator or TTS balloon dilation
with pull through is recommended. (GRADE of evidence: high; strength of recom-
mendation: strong). Level 3

Postoperative Strictures

Surgery, especially those with resection and creation of an esophageal anastomosis,
has the potential for fibrotic stricture formation. Esophagectomy with esophago-
gastrostomy for esophageal or gastric cardiac malignancy can lead to stricturing
disease in 4—66% of cases [54, 55]. These strictures typically are short and straight
but may occasionally be complicated. Ensuring maximum vascularization of the
anastomosis during surgery is important to prevent esophageal anastomotic stric-
tures [2, 56-58]. Anastomotic leaks are frequently complicated by periesophageal
inflammation, fibrosis, and difficult to manage strictures. If patients report dys-
phagia after surgery, investigation with barium swallow and endoscopy is recom-
mended. Dysphagia after fundoplication is typically due to a tight wrap, slipped
wrap, or paraesophageal hernia and less likely due to strictures [59, 60].
Postoperative strictures may be successfully treated with either bougie or bal-
loon dilation [61]. Dilation may be performed with or without fluoroscopy since
there exists no data to suggest an optimal technique [55, 62]. Patients typically
respond well to dilation, with symptom improvement after the first session and
require a median of four sessions. Treatment success can be seen between 62% and
100% of patients [54, 61]. Delayed gastric emptying may be a risk factor for stric-
ture formation. Pyloroplasty or pyloromyotomy can help reduce the frequency of
dilations required to treat anastomotic strictures [63]. The results of steroid injec-
tions in these papers are controversial. In a Dutch study of 60 patients, steroid
injection before bougie dilation did not show a statistically significant decrease in
the frequency of dilations or number of dilations. Additionally, injection of steroids
led to an increase in the number of complications, especially esophageal candi-
diasis [64]. More recently, a Japanese study examined intralesional triamcinolone
injection compared to placebo for the balloon dilation of anastomotic strictures
after esophagectomy. The authors randomized 65 patients and noted patients in
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Fig. 5.4 Comparison of restricture-free survival in the steroid group and placebo group. During
the 6-month follow-up, the restricture-free survival rate in the steroid group was significantly bet-
ter than that in the placebo group (39.4 vs. 15.6%, respectively; p = 0.002). (Adapted from:
Hanaoka et al. [65])

the steroid group required fewer dilations and had a longer recurrence-free interval
(Fig. 5.4) [65]. Needle knife incision has been studied as primary therapy; how-
ever, it was not shown to have any advantage over bougie dilation in the overall
success rate or mean number of dilations required. Complication rates for the treat-
ment of postoperative strictures have been reported around 30%, however, frank
perforation during dilation appears to be no more common than other types of
strictures [62].

In patients with dysphagia after surgery, consider performing upper GI endos-
copy and barium swallow first. (GRADE of evidence: moderate; strength of recom-
mendation: strong). Level 3

Consider treatment of concurrent delayed gastric emptying in order to reduce
the need for redilatations. (GRADE of evidence: low; strength of recommendation:
weak). Level 4

Steroids as an adjunct therapy may decrease the number of dilations required
and improve disease-free interval. (GRADE of evidence: moderate; strength of rec-
ommendation: strong). Level 1D
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Radiation-Induced Strictures

Radiation therapy is an increasingly used therapeutic modality for the treatment
of various malignancies. It is well known to cause stricturing of the esophagus.
Radiation leads to tissue ischemia, fibrosis, and subsequent development of steno-
sis. The fibrosis seen in this disease leads to the development of a non-compliant
mediastinum, resulting in the formation of refractory and progressive strictures
[2]. The risk of stricture formation is dependent on the tumor invasion, T score,
and degree of circumferential tumor involvement [66]. The risk of stricture for-
mation is increased with a higher dose of radiation or concurrent chemoradiation
administration [67-70]. Occasionally, patients can develop complete or nearly
complete esophageal obstruction [71, 72]. Stricture formation can occur early in
treatment course due to inflammation and true fibrous scarring evolved over many
years.

Esophageal dilation is a successful and safe therapeutic option for these patients
[68]. Successful dilation is achieved in up to 95% of patients [73]. The complication
rate for dilation of radiation strictures has been reported around 9% for all events
and 4% for frank perforation [73]. Successful dilation and luminal restoration can
be achieved via an anterograde or retrograde approach [72, 74]. Placement of a
gastrostomy tube should be considered in all patients to aid nutrition. Gastrostomy
tubes offer an alternative channel for retrograde dilation in patients where antero-
grade guidewire placement is unsuccessful [72]. A combined anterograde retro-
grade dilation (CARD) approach has been shown to be successful as well. Although
this technique may decrease the need for invasive surgery, it does carry a risk of
esophageal perforation [75]. An anterograde endoscope is inserted and advanced to
the proximal portion of the stricture. A second endoscope is then inserted through
the gastrostomy site and transillumination of the stricture is performed in order to
identify the obstructed lumen. A guidewire may be passed from the distal esopha-
gus proximally under fluoroscopic guidance. The wire may puncture through the
obstructed lumen and is retrieved per oral [75, 76]. A needle knife, straight cath-
eter, or an EUS fine aspiration needle may be used to traverse this stricture as well
[77]. Upon successful guidewire passage, bougie or balloon can be used to dilate
the stricture. Repeat dilations through this method can be performed as well. In
some patients, placement off a metal stent may help to maintain esophageal lumen
patency [78].

A combined anterograde and retrograde dilatation (CARD) may be used as an
alternative to surgery. (GRADE of evidence: moderate; strength of recommenda-
tion: weak). Level 3

A guidewire may be used to navigate the esophageal lumen for severe strictures.
(GRADE of evidence: low, strength of recommendation: strong). Level 4

After gaining luminal patency using the CARD procedure, perform subsequent
dilatation using either balloon or bougie dilation (GRADE of evidence: moderate;
strength of recommendation: strong). Level 4
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Caustic Strictures

Ingestion of a caustic substance can lead to stricture formation. In Western coun-
tries, alkaline materials account for most caustic ingestions, whereas in developing
countries, acid ingestion is more common [79]. Acid ingestion causes coagulation
necrosis with eschar formation which may limit substance penetration and injury
depth. Alkaline materials combine with tissue proteins causing liquefactive necro-
sis and saponification. They penetrate deeper into tissues and are helped by their
higher viscosity and longer duration of esophageal wall contact. Alkali agents may
be absorbed into blood vessels leading to thrombosis and decreased blood supply
to already damaged tissue [79, 80]. Thus, alkaline ingestion is typically associated
with more serious injury; however, ingestion of strong acids can also lead to rapid
full thickness esophageal injury. Strong acid indigestion is more frequently associ-
ated with systemic complications such as renal failure, liver dysfunction, dissemi-
nated intravascular coagulation, and hemolysis [80].

Evaluation with a CT scan can offer information about the depth of esophageal
wall involvement, extent of necrosis, and stomach perforation [81]. After radio-
graphic assessment is complete, an upper endoscopy with gentle air insufflation
or preferably with CO, should be considered within the first 96 hours of caustic
ingestion. Endoscopy is performed to determine the degree of injury, prognosis,
management, stricture formation, and need for dilation [82]. Contraindications to
endoscopy include radiographic concern for perforation and burns to the supraglot-
tic and epiglottic areas [83]. Caution is recommended in patients with frank necrosis
of the esophagus or complete obliteration of the esophageal lumen due to massive
edema [82]. A CT grading system for caustic lesions has been proposed; however,
limited clinical data has restricted its widespread use [81]. Increased maximum
esophageal wall thickness, as seen on CT scan, has been associated with a higher
number of sessions required for adequate dilation [84]. Caustic ingestion leads to
impairment of the lower esophageal sphincter pressure producing increased gastro-
esophageal reflux which may further incite stricture formation [85]. Oral steroids,
antibiotics, mitomycin C, and stent placement have been studied to prevent stricture
formation; however, data on their efficacy remains limited [§6-88].

Dilation may be performed with balloon or bougie dilators. In the acute early
setting, esophageal rupture has been reported in as high as 31% of balloon dila-
tion cases. Balloon inflation has the potential to cause mechanical compression
of the trachea or obstruction at the endotracheal tube tip [89, 90]. The choice of
therapy is mostly dependent on physician preference [91-93]. Overall complication
rate for dilation of caustic strictures is higher than other types of benign strictures
being reported between 0.47% and 32% [92]. The timing of dilation is important
as late management has been associated with esophageal wall fibrosis and collagen
deposition [94]. Between | and 3 weeks after injury, dilation is most hazardous,
and some avoid this time interval. After week 3, scar retraction and stricture forma-
tion begin. The initial interval between dilation sections should be short, less than
2-3 weeks. Patients typically require 3—4 sessions, however some may require a sig-
nificantly higher number of dilations [79, 95]. Delayed presentation and treatment
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may affect outcomes and the success of dilation. Those admitted with significant
delay after injury have been found to have most severe recurrent strictures [95, 96].
If esophageal dilation fails, surgical therapy must be considered [96].

Perform upper gastrointestinal tract endoscopy within the first 96 hours after
caustic ingestion. (GRADE of evidence: moderate; strength of recommendation:
strong). Level 4

Consider avoiding dilatation within 3 weeks of initial caustic ingestion (GRADE
of evidence: low, strength of recommendation: weak). Level 4

Consider a time interval between dilatations of <2 weeks (GRADE of evidence:
very low; strength of recommendation: weak). Level 5

Nasogastric Tube Strictures

The long-term placement of nasogastric tubes (NGT) has been implicated as an
iatrogenic cause of esophageal strictures [97]. Such patients typically have NGTs
placed for weeks to months. This is followed by the development of dysphagia
due to an underlying stricture. The development of a stricture in such patients
is typically multifactorial secondary to mucosal trauma from longstanding NGT
use, induced gastroesophageal reflux, impaired esophageal clearance, high gastric
acid output, and use of steroids [98]. These strictures may be treated with balloon
or bougie dilation [99]. Depending on the degree of esophageal lumen narrow-
ing, patients may require multiple dilations to achieve sustained esophageal lumen
patency [99].

Strictures secondary to NG tube placement may be treated with balloon or bou-
gie dilation (GRADE of evidence: very low; strength of recommendation: weak).
Level 4

Refractory Strictures

The Kochman criteria defines refractory or recurrent strictures as those with an
anatomic restriction due to a cicatricial luminal compromise or fibrosis resulting in
clinical symptoms of dysphagia in the absence of endoscopic evidence of inflam-
mation [6]. Refractory strictures are those without resolution of an anatomic prob-
lem to a diameter of at least 14 mm over 5 sessions at 2-week intervals. Recurrent
strictures are the result of an inability to maintain a satisfactory luminal diameter
for 4 weeks once the target diameter of 14 mm has been achieved. This definition
does not apply to inflammatory strictures which require treatment of the underly-
ing inflammation and those patients having dysphagia due to neuromuscular dys-
function [6, 100]. Complex strictures, those >2 centimeters, angulated, irregular,
severely narrowed diameter, are difficult to treat and are more likely to be refractory
despite therapy [3]. Bougie or balloon dilators with or without fluoroscopy may be
used for dilation of refractory strictures. Many adjunctive therapies have been stud-
ied for the management of refractory strictures.
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Steroid injection combined with balloon dilation has been studied to prevent
stricture recurrence. It was initially described in 1966 showing promise in the treat-
ment of peptic strictures [101]. This technique involves injection of 0.5 mL aliquots
of 40 mg/mL triamcinolone to all four quadrants of the stricture. There is debate
regarding the injection of steroids before or after dilation. Most experts recommend
pre-dilation before steroid injection for maximal tissue penetration and efficacy;
however, there exist no studies comparing both techniques against each other. In
our practice, we prefer to inject steroids after dilation. In studies of peptic strictures,
injection of a steroid into the stricture combined with acid suppression was found
to decrease the need for repeat dilation and increase the interval between dilations
[102]. In a smaller study of corrosive strictures, patients were allocated to steroid
injection versus placebo groups. There was no difference in the dilation frequency
or recurrent dysphagia between the groups [103]. In a cohort of patients with anas-
tomotic strictures after esophagectomy, patients who underwent steroid injection in
addition to dilation did not have a decrease in the frequency or interval of dilations
compared to dilation therapy alone [64]. In this study, patients were also noted to
have an increased number of complications, primarily candida esophagitis, in the
steroid injection group. A newer Japanese randomized controlled trial, however,
reported different results. A total of 65 patients undergoing endoscopic balloon dila-
tion were randomized into steroid or placebo group. Patients in the steroid injection
had a longer stricture recurrence-free interval [65].

Incisional therapy using a needle or IT knife was first reported in the treatment of
Schatzki rings [104]. In this procedure, performed under direct visualization with or
without a transparent cap, radial incisions of refractory strictures parallel to the lon-
gitudinal axis of the esophagus are made [105]. Incisional therapy has been found
to be most efficacious for short strictures. In head-to-head studies, no significant
difference was found between incisional and dilation therapy [106]. Since no com-
plications were observed with incisional therapy either, it may be considered as an
alternative treatment option.

Temporary stent placement has been increasingly used for refractory esopha-
geal strictures. At the time of this writing, self-expandable plastic stents are FDA
approved for this indication [107]. Fully covered self-expandable metal stents,
although not FDA approved, are used to treat benign strictures as well [108]. Unlike
metal and plastic stents, biodegradable stents have the distinct advantage of not
requiring removal [109]. In a meta-analysis of 18 studies of patients who under-
went stent placement, 40% of patients reported complete relief of dysphagia [110].
Stent migration rate was reported at 29%. The majority of patients respond to stent
placement for 4-8 weeks, although in some patients stents were placed for as long
as 3 months [110]. Long-term stent placement can lead to tissue growth around the
stent causing it to become embedded in the esophageal wall. Up to 70% of patients
develop stricture recurrence after stent removal, particularly in patients with stric-
tures >7 cm [111].

In comparison to plastic stents, metal stents have lower migration rates and
decreased need for re-intervention [112]. Complications of stent placement include
tissue ingrowth and new stricture formation, pain, stent migration, pain, fistula for-



5 Non-Reflux-Mediated Esophageal Strictures 97

mation, and gastroesophageal reflux [113]. Partially covered or uncovered metal
stents have a risk of embedding into the esophageal wall and, thus, should be
avoided.

Placement of a single biodegradable metal stent offers only temporary relief of
symptoms [109, 114]. However, sequential placement of a first, second, and then
third biodegradable stent resulted in a mean dysphagia-free period of 90, 55, and
106 days, respectively [114]. Dysphagia recurred in all patients suggesting that bio-
degradable stents are not an effective long-term solution.

Overall, the management of refractory benign esophageal strictures (RBES) can
be a challenge. A multicenter study of 70 patients with RBES over a 15-year period
noted that patients underwent a median of 15.5 dilation sessions per patient. Authors
noted RBES resolution in only 31.4% of patients with a mean dysphagia-free period
of 3.3 months for patients treated with dilation and 2.4 months for patients treated
with stent placement [115] (Fig. 5.5).

In patients with short, proximal strictures, self-dilation is a safe an effective
therapeutic option [116]. This may be performed in the presence of a physi-
cian or, in the case of a well-trained patient, at home. This technique, in which
patients learn to pass a polyvinyl dilator orally on a routine basis, has been used
since at least the 1970s [117]. In patients requiring frequent dilations this may
reduce the burden of hospitalization and surgery [118]. A retrospective review
of 52 patients from the Mayo clinic who were treated with self-dilation reported
decreased need for endoscopic procedures, increased intervention-free interval,
and improvement of dysphagia scores after self-dilation. Furthermore, 85% of
their patients who received enteral nutrition prior to self-dilation had their feed-
ing tubes removed [117]. The median number of endoscopic interventions was
reduced from 9.5 to O within 12 months before and after self-dilation, respec-
tively. Patients undergoing self-dilation increased interval time between endo-
scopic interventions to approximately 417 days. These results are supported
by a Dutch study of patients with refractory post-surgical and caustic strictures

Patients with RBES

70 pts.
AN
Only dilation Dilation +stent
48/70 (69%) pts. 22/70 (31%) pts.
Clinical success Clinical success
19/48 (40%) pts. 3/24 (12.5%) pts.

OR, 3.7 (95% Cls, 1.01-18.0)

Fig. 5.5 Clinical outcome of patients with refractory benign esophageal strictures according to
endoscopic therapy. RBES, refractory benign esophageal stricture; OR odds ratio, CI confidence
interval. (Adapted from: Repici et al. [115])
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undergoing self-dilation which noted a decrease in the number of endoscopic
dilation procedures in a 9 month period from 17 to 1.5. They were able to teach
16 of 17 total patients self-dilation and all 16 patients were able to tolerate solid
food at the end of the study [119].

Mitomycin C is a chemotherapeutic agent which has antifibrotic properties for
the treatment of refractory strictures. A study of 74 patients with anastomotic or
post-endoscopic mucosal dissection (ESD) strictures divided patients into three
groups (intralesional mitomycin C with dilation, intralesional dexamethasone with
dilation, or normal saline plus dilation alone). The study found that intramuscular
injection of mitomycin C or dexamethasone increased the duration of symptom
relief compared with dilation alone [120]. Another prospective study compared
mitomycin C to intralesional triamcinolone injection and found that mitomycin C
reduced the number of dilations required [121]. Patients who do not respond to all
measures should be considered for surgery [122].

Intralesional steroid injection combined with dilatation should be considered
for refractory strictures with evidence of inflammation (GRADE of evidence: high;
strength of recommendation: strong). Level 1A

Consider incisional therapy in patients with refractory Schatzki’s rings and
anastomotic strictures (GRADE of evidence: very low; strength of recommenda-
tion: weak). Level 4

Temporary placement of fully covered self-expanding removable stents should
be considered in patients who have failed other methods of therapy (GRADE of
evidence: high; strength of recommendation: weak). Level 1C

The optimum duration of stent placement is usually between 4 and 8 weeks but
individual factors such as stricture anatomy and type of stent must be accounted
(GRADE of evidence: very low, strength of recommendation: weak). Level 4

A select group of patients who are self-directed and have short strictures can be
candidates for self-dilation. (GRADE of evidence: very low; strength of recommen-
dation: weak). Level 4

Conclusion

In conclusion, esophageal strictures are a common clinical entity. Strictures can
occur due to various etiologies giving rise to either complex or simple strictures.
While a variety of endoscopic therapies exist, esophageal dilation is the mainstay of
treatment in these patients. Currently, the majority of data is limited to retrospective
studies. There exists a paucity of prospective and randomized studies comparing
different techniques and outcomes. Several options for dilation exist and careful
selection of the type of dilator and technique is important. The choice of therapy
must be individualized for each patient and based on underlying etiology and anat-
omy of the stricture. Overall, esophageal dilation is a safe and effective therapeutic
modality. Future research should focus on complex and refractory strictures with
randomized studies comparing different modalities.
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Chapter 6
Eosinophilic Esophagitis

Betty H. Li, Nina Gupta, and Robert T. Kavitt

Introduction

Eosinophilic esophagitis (EoE) is a chronic immune-mediated condition of the
esophagus with increasing incidence and prevalence worldwide. It is now identi-
fied as a cause of food impaction, dysphagia, and upper gastrointestinal symptoms
in both the pediatric and the adult population. While EoE has not been associated
with increased mortality or cancer risk, it is a progressive disease that causes sig-
nificant morbidity. Since its recognition as a distinct clinical entity in the 1990s,
research has expanded our understanding of its pathogenesis. Diagnostic criteria
and treatment modalities have thus evolved considerably in the last two decades.
This chapter will review the epidemiology, pathophysiology, diagnosis, and man-
agement of EoE.
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Epidemiology
Incidence and Prevalence

Population-based studies investigating the incidence of EoE have mostly been con-
ducted in North America and Europe. The incidence of EoE ranges from 2.1 to 12.8
new cases per 100,000 persons per year [1]. A systematic review with meta-analysis
of population-based studies observed a significant rise in the pooled incidence rates
of EoE from 2.8/100,000 to 7.2/100,000 inhabitants/year [2]. While some studies
attribute the rise to increased disease recognition, other studies have shown that
the incidence of EoE outpaces that of endoscopic biopsies by several fold [1, 3-5].
Recent data suggests that the incidence is truly rising and not an artifact of increase
detection. Overall, disease distribution and presentation vary according to several
individual and community determinants.

The reported prevalence of EoE is affected by study methodology, population
examined, and clinical practice patterns. The majority of information gathered as
population-based estimates arise from data in North America and Europe, with some
data from Australia and Asia. Currently, the estimated prevalence of EoE worldwide
ranges between 13 and 49 cases per 100,000, although there is significant regional
heterogeneity, and has been reported to be as high as 90.7 per 100,000 [1, 6]. As
EoE is a non-fatal condition, studies universally report an increasing prevalence of
EoE. It should be noted that the majority of studies prior to 2017 excluded patients
whose disease responded to proton-pump inhibitor (PPI) therapy. Recent consensus
guidelines on the diagnosis of EoE do not include this distinction, therefore studies
likely underestimate the burden of disease.

Age

EoE can affect persons of all ages including infants, adolescents, and adults. The
majority of EoE cases are seen in adults age 18-65 years [7]. A large number of EoE
patients are under the age of 50, with a particularly high incidence near the third
decade of life [5, 8, 9]. Pediatric cases account for about 25% of all EoE cases and
usually occur between 5 and 10 years of age, though cases in very young children are
also reported [10]. A large study of 30 million US patients estimated the prevalence
of EoE in the adult population at 30.0/100,000, with prevalence in pediatric patients
(age < 18) at 25.1/100,000 persons [7]. EoE is less common in the elderly (age > 65)
with an incidence of approximately 12-18 cases per 100,000 in the USA [7, 9, 11].

Gender

Men are more frequently diagnosed with EoE than women, with a male to female
ratio of 3:1 [9, 12-14]. A meta-analysis of five population-based studies found the
pooled prevalence of EoE in male patients to be 53.8 per 100,000 compared with
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20.1 per 100,000 in female patients [2]. Additionally, males more commonly report
symptoms of dysphagia and food impaction [15]. A greater proportion of males
are also diagnosed in childhood than compared with females [13, 16]. A large mul-
ticenter study found similar gender differences, with men noted to have a longer
duration of symptoms and more esophageal strictures than women [17]. While this
gender bias has been consistently observed in the literature, the reason for this dis-
crepancy is incompletely understood as no significant differences are observed in
endoscopic or histologic features [13].

Race

In the USA, EoE is particularly seen in Caucasians, who represent the majority of
cases and account for approximately 80-96% of cases worldwide [14]. In a 2012
study conducted by Sperry et al., very few differences between Caucasian patients
and African-American patients were observed. However, the authors did find that
African Americans tended to present at a younger age with failure to thrive, while
Caucasians often presented at an older age with symptoms of dysphagia [13]. A
large retrospective study of 793 patients and several other smaller population stud-
ies reported similar findings [17]. Data regarding EoE in other racial groups are
more limited, but the available data confirms lower rates of disease in these groups
than in Caucasians. A large population study conducted at Kaiser Permanente of
Southern California found EoE was 8 times more prevalent in Caucasians compared
to Hispanics (11.6/10,000 vs 1.4/10,000) [18]. Another study conducted at two dif-
ferent institutions with a primarily Hispanic patient population found that EoE was
2-7 times more common among Caucasian patients than Hispanic patients [19].

Geography and Climate

The incidence and prevalence of EoE vary by geographic region, with the high-
est burden of disease in North America, Western Europe, and Australia [20]. A
population-based analysis reported the incidence of EoE to be 5.4 per 100,000
inhabitants per year in North America and 1.7 in Europe [2]. The same study also
found the pooled prevalence of EoE to be 1.9 times greater in North America than in
Europe. Comparatively, the prevalence of EoE in Western Australia was found to be
about half of that of Europe in a 2004 study [21]. Regardless of geographic location,
a steady rise in EoE incidence and prevalence rates were observed upon comparison
of studies conducted before and after 2008 [2].

Information on the epidemiology of EoE in other regions of the world including
Central and South America, Asia, and Africa are scarce. In a large systematic review
of EoE in Asian countries, a total of 217 patients were identified. More than half
of the studies were performed in Japan, followed by Korea, Turkey, Saudi Arabia,
China, and Taiwan [22]. One study of 1021 asymptomatic adult patients under-
going endoscopic evaluation conducted in Shanghai, China, only had 4 cases of
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EoE [23]. In Japan, the prevalence of EoE is of similar magnitude, estimated to be
about 0.01% [22]. Interestingly, even with lower rates of incidence and prevalence
in Asian countries, the age and gender ratios of the reported cases were similar to
those reported in Western countries [24]. Regional variations are not clearly under-
stood and may be partly due to the result of access to endoscopic resources, physi-
cian awareness, or environmental exposures.

In addition to global variations, the prevalence of EoE also seems to vary by
locality. For example, in the USA, population density is reported to have a strong
inverse association with esophageal eosinophilia [25]. Additionally, patients diag-
nosed with EoE were almost twice as likely to live in cold climate zones than tropical
climate zones in the USA [26]. There is also some evidence that seasonal varia-
tions affect symptoms attributed to EoE. Fogg and colleagues reported worsening
symptoms attributed to EoE and increased eosinophilic infiltration on esophageal
biopsies during the pollen season, with subsequent improvement during the winter
months [27]. These results suggest that environmental flora and aeroallergens may
play arole in pathogenesis and the disease course of EoE.

Pathogenesis

The understanding of EoE has significantly evolved over the last two decades and
the pathogenesis is still being extensively studied. A hallmark feature of EoE is
abnormal infiltration of eosinophils in the esophagus causing acute inflammation
and chronic changes. Diagnostic criteria include several clinical and histological
features that will be discussed further in later sections. This section aims to summa-
rize current understanding of the interaction between genetic, environmental, and
cellular factors in the pathogenesis of the disease. These pathways are the basis of
targeted treatment in EoE.

Genetic Etiology

Prior familial studies have observed significantly increased risk of EoE among
young, male first-degree relatives [28]. However, the mode of inheritance of EoE
is complex and is not consistent with a traditional Mendelian pattern [29]. Multiple
genes have been identified as likely contributors to the development of EoE and may
have synergistic effects. Gene variants involved in general atopic disease, such as
thymic stromal lymphopoietin (TSLP) that regulates Th2 cell development and acti-
vates eosinophils, are implicated in EoE. Genes specific to the pathogenesis of EoOE
have also been identified, such as CCL26 which encodes a potent eosinophil che-
moattractant eotaxin-3 and CAPN14 which has a role in esophageal epithelial bar-
rier function [30-32]. Although genetic factors may contribute to the development
of EoE, the rapid rise in EoE incidence indicates a larger role for environmental
factors in disease risk. A familial study conducted by Alexander et al. demonstrated
that “heritability” estimates changed greatly by twin analysis when accounting for
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common environment, where environmental factors contributed 81.0% of total phe-
notypic variance [29]. These results suggest that research on EoE designed to study
nuclear families are likely overestimating the heritability of EoE and interpretation
of these results are limited as common environmental exposures confound herita-
bility analysis. By including common environment in the full model, heritability is
estimated at 14.5% [29]. It is proposed that both genetic and environmental factors
play an important role in the development of EoE and may be linked via epigenetic
regulation [33]. Such regulation has been demonstrated for the strongly associated
EoE genes CCL26 and CAPN14 [34]. Lifetime exposures likely potentiate a geneti-
cally susceptible individual for the development of EoE.

Role of Allergens

Strong evidence suggests that an allergic etiology is an underlying mechanism of
EoE. The pathogenesis of EoE has similarities to that of other atopic disorders,
such as asthma or atopic dermatitis [35]. Food and environmental allergens trigger
a diverse esophageal inflammatory response, leading to a pathologic cycle of tissue
damage and repair in EoE. However, the pathways by which the disease evolves
over time remains a topic of investigation. Experimental models have shown that
EoE can be induced in mice by means of allergen exposure to common culprits such
as peanuts, inhaled aspergillus, or dust mite antigen [36]. Approximately 70% of
diagnosed patients exhibited concomitant atopic diseases and sensitization to one or
more foods and aeroallergens [37-39]. Furthermore, a wealth of literature has docu-
mented the benefit of allergen elimination through strict exclusion diets, particularly
in children with EoE. In a sensitized individual, allergens react with IgE bound to
mast cells and lead to localized mast cell degranulation. Mast cells release hista-
mine and chemotactic factors that recruit eosinophils to the esophagus and induce
eosinophilic degranulation. Eosinophilic granules release a variety of chemokines,
cytokines, and cytotoxic proteins, which ultimately cause inflammation and tissue
damage [35]. Even in patients who do not have manifestations of atopy or show
positivity to allergy skin testing, studies have shown that they still exhibit classic
cellular markers of allergy in the esophagus including immunoglobulin (Ig)-E bear-
ing mast cells [40]. Due to the high rate of sensitization and the clinical response to
elimination diets, food-specific IgE were initially suggested as a possible driver of
EoE. However, the determination of specific IgE and/or skin prick tests have been
inadequate in identifying causative allergens in EoE [41]. Diets geared toward elim-
inating specific type I allergens do not result in significant histologic or symptom-
atic improvements in all patients. Additionally, small trials using a specific anti-IgE
antibody (omalizumab) only induced remission in a limited number of patients, did
not significantly reduce eosinophil counts, and had variable endoscopic response
despite reduction in IgE levels [42, 43]. In line with these findings, studies using
animal models have demonstrated that EoE can be induced with B-cell-deficient
mice but not in mice that are T lymphocyte deficient [44, 45]. Therefore, mounting
data suggests that while EoE is often associated with IgE sensitization, the disease
is not a purely IgE-mediated allergy.
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Impaired Epithelial Barrier and Th2

There is increasing evidence that the development of EoE is associated with epi-
thelial barrier dysfunction and subsequent T helper type 2 (Th2) predominant
inflammation. Epithelial barrier impairment can develop due to a number of rea-
sons including genetic predisposition, reflux disease, microbial imbalance, or food
intake. Increased barrier permeability can allow microbes and allergens to attach
and invade, resulting in activation of the immune system, cytokine release, and
inflammation. Once the inflammation is established, impaired mucosal integrity
may promote further allergen exposure thus perpetuating the cycle of cytokine
release and a leaky epithelial barrier.

Desmoglein (DSG)-1, an intercellular adhesion molecule responsible for epithe-
lial integrity, is one of the most strongly downregulated genes in EoE [46]. Other
barrier function genes including Filaggrin, SPRR3, and keratins are also down-
regulated in esophageal tissue cells of active EoE [47]. Furthermore, both TSLP
and CAPN14 have been shown to be overexpressed by the esophageal epithelia in
patients with EoE [48]. TSLP regulates Th2 responses, especially those involving
interleukin (IL)-13 production and have been implicated in atopic diseases [31]. In
vitro, increased CAPN14 expression results in architectural changes indicative of
barrier impairment [34, 49]. In active EoE, in addition to IgE-bound mast cells and
eosinophils in the esophagus, tissue and serum have increased levels of type 2 aller-
gic inflammatory mediators such as IL-5 and IL-13 [50]. IL-5 promotes eosinophil
development, activation, survival, and recruitment to sites of inflammation. IL-13 is
a key regulator of DSG and epithelial barrier genes. When overexpressed in mouse
models, it has been shown to result in an EoE-like inflammation [51]. These various
mediators are all part of the Th2 cascade which is central to mucosal eosinophilia
and tissue remodeling in EoE.

EoE is a disease in which a dysregulated esophageal mucosal environment
leads to Th2-predominant inflammation and disease development in response to
food allergens and aeroallergens. A number of genetic and epigenetic factors can
predispose to the development of EoE. Studies have started to uncover the role of
activated eosinophils, mast cells, and the cytokines IL-5 and IL-13 as mediators of
disease.

Diagnosis
Clinical Manifestations

The predominant symptoms of EoE can vary between adults and children. Infants
and toddlers often present with non-specific symptoms of feeding intolerance,
nausea, vomiting, and failure to thrive [38]. In contrast, as patients get older,
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dysphagia and food impaction tend to be the most common presenting symptoms.
Approximately 33-54% of adult patients with EoE present for endoscopic man-
agement due to food impaction [52]. Other commonly reported symptoms include
heartburn (30—60% of patients) and non-cardiac chest pain (§8—44%) [53]. The pro-
gression of symptoms from childhood to adulthood are thought to be associated
with progressive esophageal tissue remodeling that occurs with chronic inflam-
mation. A retrospective study of 379 cases of EoE found that for every ten-year
increase in age, the odds of having fibrostenotic changes on endoscopy more than
doubled [54]. As symptoms persist, many adults develop food aversions and adap-
tive feeding mechanisms such that elucidating dysphagia can be difficult. Patients
can develop subconscious behaviors including eating slowly, prolonged periods of
mastication, increased fluid intake with food, crushing pills, or taking small bites
to cope with their narrowed esophageal caliber. Clinicians should therefore obtain
a careful history paying particular attention to eating and swallowing habits with
any patient who presents with symptoms suggestive of EoE. Importantly, symptom
frequency and severity do not always correlate with the degree of eosinophilia or
histologic disease activity, therefore diagnosis and monitoring require endoscopic
evaluation [55].

When diagnosed with EoE at a young age, a significant percentage of patients can
achieve symptomatic resolution. However, over time a large subset of these patients
also experience relapse of symptoms. One study of 89 pediatric EoE patients found
that 66% had resolution of symptoms with time but 79% later relapsed after a mean
follow-up of 3 + 1.4 years [38]. Two retrospective survey-based studies also sug-
gested that symptoms associated with EoE diagnosed in childhood commonly per-
sist into adulthood with approximately 40% of patients requiring ongoing medical
therapy and ongoing care by a gastroenterologist [56, 57].

Symptom Scoring Systems

Several scoring systems have been proposed to standardize the evaluation of EoE
symptoms and assess response to treatment. However, EoE clinical guidelines do
not endorse the use of any specific scoring system, and thus many studies do not use
a scoring system or use their own non-validated indices. While a uniformly adopted
scoring system could reduce variability in symptoms assessment, many scoring
systems previously used, including the Mayo Dysphagia Questionnaire-30 Day
(MDQ-30) and the Straumann Dysphagia Index, are criticized for their cumber-
some nature, lack of validation, and poor clinical applicability [58]. To address this,
simplified scoring systems have been developed such as the Dysphagia Symptom
Questionnaire (DSQ). This 3-question patient-reported outcome form is adminis-
tered daily for 30 consecutive days [59]. When tested with both pediatric and adult
patients, compliance and acceptance was excellent. However, the DSQ is limited by
its focus on dysphagia.
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The Eosinophilic Esophagitis Activity Index (EESAI) PRO instrument is another
scoring system that has been validated and can be used in adult patients. Symptoms
from 183 adult EoE patients in Switzerland and the USA were studied and used to
develop the 7-item questionnaire. The scoring system requires patients to recount
dysphagia symptoms over a 7-day recall period taking into account behavioral
adaptations [60]. However, a recent prospective multicenter study showed that
endoscopic or histologic remission was only predicted with 60-65% accuracy using
an EEsAI score of 20 as an arbitrary cutoff [55].

Comorbid Conditions

Patients diagnosed with EoE have also been found to have higher rates of con-
comitant allergic diseases such as atopic dermatitis, atopic rhinitis/sinusitis,
asthma, and food allergies [38]. A meta-analysis and systematic review of 21
studies that included 53,542 EoE patients and controls found that allergic rhi-
nitis was significantly more common among patients with EoE compared with
control subjects (odds ratio [OR] 5.09), as was bronchial asthma (OR 3.01) and
eczema (OR 2.85) [61]. Up to 50—80% of children with EoE have been reported
to have atopy, with a somewhat lower rate in adults [62]. In patients with dys-
phagia, the presence of concomitant allergic symptoms should raise the index
of suspicion for EoE.

Aside from atopic disorders, reports have suggested the association of EoE with
multiple autoimmune conditions, most notably connective tissue disease. Individuals
with connective tissue disease have been found to have an 8-fold risk of having
EoE in retrospective analysis [63]. Larger prospective studies have not been con-
ducted to confirm this association. EoE has also been reported with celiac disease
and inflammatory bowel disease (IBD), although more recent research indicates that
EoE is likely independent of these diseases. A large retrospective, cross-sectional
study conducted with data from a US national pathology database demonstrated
only a weak association between EoE and celiac disease, with an adjusted odds
ratio of 1.26 (95% confidence interval: 0.98—1.60) [64]. Additionally, an association
between EoE and IBD has only been made in case reports. Researchers examining
the phenotype of eosinophils in patients with IBD and EoE found distinct features
in the expression of surface markers that provide evidence for the independence of
these two diseases [65].

Diagnostic Criteria

The diagnosis of EoE includes both clinical and histologic criteria. The first con-
sensus guidelines for the diagnosis of EoE were published in 2007. In the sub-
sequent decade, substantial changes have been made to the diagnostic algorithm
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Table 6.1 Diagnostic criteria for eosinophilic esophagitis (EoE)

1. Symptoms of esophageal dysfunction (e.g., dysphagia, food impaction, heartburn, chest
discomfort, regurgitation)

2. >15 eosinophils (eos) per high-power microscopy field (hpf) on esophageal biopsy
(~60 eos/mm?). Eosinophilic infiltration should be isolated to the esophagus.

3. Assessment for non-EoE disorders that could cause or potentially contribute to esophageal
eosinophilia (see Table 6.2)

Table 6.2 Other causes of Hypereosinophilic syndrome
esophageal eosinophilia

Eosinophilic gastroenteritis

Infection

Vasculitis

Celiac Disease

Crohn’s Disease

Connective tissue disease

based on evolving clinical experience and research studies. The most recent 2018
expert consensus statement set forth three specific criteria to diagnose EoE (see
Table 6.1) [66].

Of note, increased eosinophilia on biopsy cannot in isolation be equated to a
diagnosis of EoE. There is significant phenotypic variability in the presentation of
EoE and clinicians must take this into account with the diagnosis.

The principal update in the 2018 consensus statement was the removal of the
requisite that mucosal eosinophilia be refractory to a trial of high-dose proton pump
inhibitors (PPI). Historically, both clinicians and researchers struggled with the
diagnostic challenge of differentiating EoE from gastroesophageal reflux disease
(GERD). Like EoE, GERD can also be associated with esophageal eosinophilia
and can present with similar clinical symptoms of esophageal dysfunction. It was
assumed that GERD and EoE were independent conditions, but the lack of a stan-
dard criterion for the diagnosis of GERD made its exclusion extremely difficult.
Previously, a response to PPI therapy was used as criteria favoring reflux disease
rather than EoE. However, a large body of research has suggested that EoE and
GERD have a complex intersecting relationship rather than a mutually exclusive
one. For example, acid reflux can induce mucosal injury thereby promoting cyto-
kine release and eosinophilic infiltration while EoE may alter esophageal motility
and structure thereby increasing the risk of GERD. The acid-reflux injury to the
mucosal barrier then increases exposure to antigens thought to contribute to the
pathogenesis of EoE [67]. According to the 2018 Updated International Consensus
Diagnostic Criteria for Eosinophilic Esophagitis, concurrent diagnoses of GERD
and EoE can be made [66].

A new condition termed PPI-responsive esophageal eosinophilia (PPI-REE) has
also been the subject of debate. The term PPI-REE was derived when clinicians
observed that about one-third to one-half of patients who had clinical and histologic
findings of esophageal eosinophilia responded to PPI treatment but did not have



114 B.H. Lietal.

typical symptoms of GERD. For several years, it was unclear whether PPI-REE was
a subtype of EoE or a distinct clinical entity. Experts proposed that patients with
PPI-REE be distinguished from those with EoE based on their initial response to
eight weeks of acid suppression treatment [68]. However, a number of ensuing stud-
ies examining the differences between EoE and PPI-REE concluded that baseline
features (before PPI therapy) were essentially indistinguishable. Clinical presenta-
tion, endoscopic findings, histologic features, inflammatory markers, and even RNA
expression profiles were largely similar between the two conditions [69-71]. Cases
also emerged where patients diagnosed with PPI-REE, after stopping PPI treat-
ment, exhibited recurrence of esophageal eosinophilia and responded to classic EOE
therapy of elimination diet and topical steroids [72]. These data suggest that PPI-
REE and EoE have the same immunological mechanisms. Thus, 2017 guidelines on
eosinophilic esophagitis no longer consider PPI-REE as a separate clinical entity
[6]. It remains uncertain why some experience complete remission on PPI therapy
while others do not.

Endoscopic Findings

Endoscopic esophageal assessment with biopsy is necessary for the diagnosis of
EoE. Distinct endoscopic findings in EoE are usually only seen when the under-
lying histologic inflammatory cascade has been present for long enough to cause
tissue remodeling. These findings, summarized in Table 6.3, Fig. 6.1, include fixed
esophageal rings (trachealization), transient esophageal rings (felinization), white
exudates, longitudinal furrows, edema, esophageal stenosis, stricture, and friable
mucosa (crépe-paper esophagus) [52]. In a meta-analysis conducted by Kim et al.
of over 4600 patients with EoE, the overall pooled prevalence was as follows:
esophageal rings, 44%; strictures, 21%; stenosis/stricture, 9%; linear furrows, 48%;
white plaques, 27%; and pallor/decreased vasculature, 41%. In prospective stud-
ies, at least one abnormality was detected by endoscopy in 93% of patients [73].
Additionally, endoscopic findings vary between children and adults. Children more
commonly have either a normal-appearing esophagus or inflammatory findings
such as edematous mucosa with loss of vascular markings, pallor, or white plaques
[73, 74]. Adults typically have endoscopic findings related to fibrostenotic changes
including fixed rings, stenosis, and strictures [54]. Approximately 7-10% of adult
EoE patients and 32% of pediatric patients will present with a normal appearing
esophagus [73, 75].

Endoscopic assessment of disease activity is emerging as a therapeutically rel-
evant outcome measure. However, there is a paucity of validated clinical tools to
evaluate endoscopic features of EoE. The use of a uniform nomenclature to facili-
tate comparison of studies and communication between clinicians is recognized as
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Table 6.3 Common Findings in EoE

Endoscopic

Exudates/white spots

Pale, edematous mucosa, decreased vascularity

Longitudinal furrows/ridges

Rings or “trachealization”

Stenosis/stricture or narrow caliber esophagus

Friable mucosa with lacerations upon passing of the endoscope or “crépe-paper
esophagus”

Histologic

Eosinophil infiltration/abscess formation

Dilated intercellular spaces (spongiosis)

Epithelial desquamation/dyskeratosis

Basal zone hyperplasia

Rete peg elongation

Lamina propria fibrosis

Fig. 6.1 Endoscopic images of patients with eosinophilic esophagitis. (a) White specks of esopha-
geal mucosa consistent with eosinophilic microabscesses. (b) Ringed appearance of the esopha-
gus. (¢) Esophageal food impaction in setting of eosinophilic esophagitis
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an area in need of advancement. Recently, a novel classification system was pro-
posed called the EoE endoscopic reference score (EREFS). The acronym reflects
the major components of the score: exudates, rings, edema, furrows, and strictures.
It showed fair to good interobserver agreement among practicing and academic gas-
troenterologists [76].

In both the pediatric and adult population, improvement in endoscopic finding
has been shown to correlate with histological remission after EoE treatment [77].
A tool such as EREFS therefore has the potential to standardize recognition and
reporting of disease activity in EoE. However, data regarding the EREFS score is
equivocal. In a prospective endoscopic study of adults with EoE, those who had a
robust histologic response to treatment were found to have a significant decrease in
EREFS scores [78]. The study also found that inflammatory components had the
most prominent improvement after treatment. However, a prospective multicenter
study of 145 EoE patients found that correlation of EREFS score with histologi-
cal activity and clinical symptoms via the Dysphagia Symptom Score was poor.
Based on the study, only exudates correlated with peak eosinophil count and his-
tological outcome, whereas furrows and edema persisted in 50-70% of patients
despite histological proven remission after treatment. Likewise, the study noted that
none of the endoscopic findings were able to adequately predict dysphagia severity
[79]. Another study exhibited similar results, suggestive of modest accuracy of the
EREFS score in clinical practice [80]. These mixed results may be due to variability
in endoscopist experience and practice. In order to optimize the predictive value of
EREFS, the component features may need to be modified.

Histologic Features

While clinical presentation and endoscopic findings can raise suspicion for EoE,
histologic confirmation of eosinophilia is necessary for the diagnosis. When
obtaining biopsies, a minimum of 2—4 esophageal biopsies should be obtained
from the distal esophagus and 2—4 from the proximal esophagus with a minimum
of six biopsies in areas that appear grossly inflamed [6, 81]. This maximizes the
likelihood of detecting eosinophilia since EoE can affect the esophagus in a patchy
manner [66, 74, 82]. While the distal esophagus has been shown to have a denser
eosinophilic infiltrate than the mid-esophagus in pediatric patients, this difference
has been inconsistently demonstrated in adults [83—-85]. When present, the likeli-
hood of diagnosing EoE increases when multiple biopsies are taken from multiple
esophageal regions. The current eosinophil density threshold to diagnose EoE is
15 eosinophils per high power field (hpf) in esophageal mucosa (peak concen-
tration in the specimens examined). The level of 15 eosinophils/hpf is somewhat
arbitrary and different cut-off values were used in earlier studies. Using 15 eos/
hpf as a threshold, one study identified diagnostic sensitivities of 84%, 97%, and
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100% when obtaining 2, 3, and 6 biopsy specimens, respectively [86]. While the
threshold of 15 eos/hpf is highly sensitive, lower levels of eosinophilia have been
reported in patients with EoE [82]. It is also important to consider several other
potential etiologies of abnormal esophageal eosinophilia including gastroesopha-
geal reflux, eosinophilic gastrointestinal diseases, Crohn’s disease, celiac disease,
and infection, among others. During upper endoscopy, biopsy specimens should be
obtained from the gastric antrum and duodenum to rule out eosinophilic gastroen-
teritis in children, as well as in adults with potential gastric or intestinal symptoms
[12, 74].

Histologic eosinophilia is a key feature of EoE with eosinophils typically
layered in the epithelium or aggregated in microabscesses [87]. Disruption of
epithelial tight junctions can cause dilation of the interepithelial space, termed
spongiosis, that may progress to the formation of small “lakes” in the epithelium.
These observed changes can lead to epithelial acanthosis with basal zone hyper-
plasia. Additionally, eosinophilic infiltration can extend to the lamina propria or
deeper tissue layers causing collagen deposition and ultimately macroscopic tissue
remodeling [88, 89]. In adults, eosinophilic microabscesses and lamina propria
fibrosis were found to be most specific for eosinophilic esophagitis (98% and 97%,
respectively), however they are not sensitive (56% and 27%, respectively) and are
quite rare findings [82].

Imaging

Barium esophagography can be used in adolescents and adults to identify ana-
tomic and mucosal abnormalities that have developed from tissue remodeling in
EoE. This modality is most helpful in certain cases, such as when esophageal steno-
sis or stricture is suspected, and endoscopic dilation may be needed. The study can
help characterize the length and diameter of complicated esophageal strictures. The
indication for an esophagram should be discussed with the radiologist in advance to
ensure the entire esophagus, including the caliber and distensibility of the esopha-
geal lumen, is fully assessed. There is currently no role for CT or MRI in the diag-
nosis or disease monitoring of EoE.

Novel Diagnostic Modalities

Although EoE is best diagnosed by endoscopy and esophageal biopsy, the cost and
risk of repeated endoscopy to monitor histologic response to treatment is burden-
some. Therefore, there has been significant interest in identifying novel methods
that are less expensive, more reliable, and/or less invasive.
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Mucosal Impedance

One proposed mechanism in the pathogenesis of EoE is a loss of mucosal integrity
leading to sensitization to food antigens. Dilation of intercellular spaces results in
increased epithelial permeability which is thought to facilitate antigen exposure.
This process can also allow free trans-epithelial transport of small molecules and
electrolytes. As a result, electrical conductance across the epithelium increases and
mucosal impedance decreases [90]. Using stationary transnasal intraluminal pH/
impedance probe, van Rhijin et al. found a decreased baseline impedance value
throughout the esophagus in EoE patients but not in healthy controls [91]. A follow-
up prospective study by the same group using electrical tissue impedance spec-
troscopy also showed that electrical tissue impedance and transepithelial electrical
resistance were reduced in EoE patients [92]. Recently, a through-the-scope probe
that can measure mucosal impedance was developed, allowing for more precise and
efficient assessment. It has been hypothesized that this mucosal impedance device
could be used to measure the activity of EoE. In a study of 20 patients, point imped-
ance measurements showed excellent inverse correlation to the number of eosino-
phils per high-power field taken from corresponding biopsy specimens. Using an
impedance cut-off value of 2300 Q, sensitivity and specificity were found to be
90% and 91%, respectively. It was also noted that once eosinophil count was greater
than the threshold of 15 eos/hpf, there was a marked decrease in esophageal imped-
ance reflecting active disease [93]. Larger prospective controlled trials are needed
to investigate whether impedance measurement could replace esophageal biopsies
in the future.

Esophageal Distensibility (Impedance Planimetry)

Symptoms in EoE are often related to tissue remodeling and fibrosis rather than
active eosinophilic inflammation. The extent of fibrosis is difficult to quantify by
standard esophageal biopsies due to its patchy distribution and lack of depth to
include the lamina propria. Endoscopy often underestimates stricture presence and
extent compared with barium esophagography.

The introduction of high-resolution impedance planimetry has enabled direct
evaluation of esophageal mechanical properties and distensibility. The functional
luminal imaging probe (FLIP) is an orally passed catheter with an infinitely com-
pliant inflatable balloon and multiple electrodes that measure luminal cross-sec-
tional area and intra-luminal pressure to render a three-dimensional approximation
of esophageal anatomy [94]. Pressure volume characteristics are determined from
step-wise distension of the balloon, which allows for objective measurements of
esophageal narrowing. The balloon catheter is easily passed during endoscopy and
no perforations have thus far been reported. The use of FLIP has been evaluated
in a number of esophageal disorders including achalasia, GERD, and EoE
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[94]. One study of thirty-three EoE patients has shown that esophageal distensibil-
ity, defined by the change in the narrowest measurable cross-sectional area over the
change in intraluminal pressure, was significantly reduced in EoE patients compared
with controls [95]. Another study reported an association of reduced distensibility
with clinical outcomes including future food impaction and requirement for esopha-
geal dilation [96]. Despite these findings and the commercial availability of FLIP,
current recommendations for clinical use are limited by the low level of evidence and
lack of standardized protocols. Currently, diagnostic and treatment decisions are not
recommended to be based on Endo-FLIP findings [97]. However, whether the addi-
tion of FLIP would enhance the current care of EoE warrants further investigation.

Esophageal String

In addition to mucosal eosinophils, the presence of other molecules such as
eosinophil-derived granule proteins (EDP) and related Th2 cytokines can be mark-
ers of disease activity [98, 99]. Thus, there has been interest in measuring the level
of these biomarkers in esophageal secretions to estimate mucosal inflammation.
Furuta and colleagues developed a mechanism by which to obtain and measure
these proteins using the Esophageal String Test (EST) [100]. The device consists of
a capsule filled with approximately 90 cm of string. The proximal end of the string
is taped to the cheek and then the capsule is swallowed to deploy the string into the
duodenum. After overnight incubation, the string is withdrawn so luminal secre-
tions from the proximal portion can be scraped and analyzed for eosinophil-derived
proteins. When tested in 41 children, the levels of luminal eosinophil-derived pro-
teins in string samples significantly differentiated children with active EoE from
those with EoE in remission, GERD, and normal esophagus. Furthermore, levels of
proteins correlated with peak and mean esophageal eosinophils/HPF on biopsy. The
benefits of this bedside test include its minimally invasive nature and ability to pro-
vide detailed biochemical information that may be able to differentiate disease phe-
notypes in the future. However, the data needs to be validated with larger studies.

Cytosponge

The ideal technique to monitor EoE would obviate the need for endoscopy yet
adequately sample the esophageal mucosa for analysis. Researchers have exam-
ined the role of the Cytosponge (University of Cambridge) as a minimally invasive
method for collecting esophageal tissue. The Cytosponge was originally invented
for detecting Barrett’s esophagus [101]. It consists of an ingestible gelatin capsule
that is swallowed to dissolve and release a 3-cm diameter spherical mesh. The
mesh is withdrawn through the mouth by traction of an attached string, and tissue
specimens are collected from the sponge for analysis. In a prospective two-center
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cross-sectional study of 57 adults with active EoE and 44 adults with inactive EoE,
the sensitivity and specificity of the Cytosponge was 75% and 86%, respectively,
when using a cutoff of 15 eos/HPF [102]. The tissue samples had very good cor-
relation with mucosal eosinophil density on subsequent esophageal biopsies. The
procedure successfully obtained adequate tissue samples in 95% of EoE patients
and was well tolerated with no adverse events or sponge detachments. While these
results suggest Cytosponge may be a promising device in the assessment of EoE,
further research is required to understand its efficacy prior to incorporating it into
routine practice.

Allergy Testing

Previous expert consensus statements recommended that patients diagnosed with
EoE be evaluated by allergist or immunologist to assess the presence of concomitant
disorders such as asthma, rhinitis, eczema, or food allergies [74]. This recommen-
dation was made due to high rates (about 50-60%) of concurrent allergic diatheses
found in patients with EoE [74]. However, the evidence for the benefit of allergy
testing in the diagnosis and management of EoE remains unclear. Clinical decisions
based on the interpretation of allergy testing have shown modest results at best.
There are 3 types of allergy testing currently available: skin prick testing (SPT),
atopy patch testing (APT), and serum food-specific IgE (sIgE) testing. SPT is a
standardized and validated technique to study immediate allergic reactions medi-
cated by mast cell-bound IgE [103]. In contrast, APT is used to assess the presence
of non-IgE, cell-mediated reactions, but performance is not standardized and inter-
pretation is subject to significant interobserver variation [104].

A systematic meta-analysis by Gonzdlez-Cervera and colleagues concluded
that the predisposition of atopy to EoE is unproven, despite the extensively
described association [61]. Allergy testing therefore has no role in the diagnosis
of EoE. However, there is continued interest in establishing whether SPT and APT
would be beneficial in assessing treatment response and in disease monitoring.

Esophageal Prick Testing

Skin tests and serum IgE levels do not accurately identify foods for elimination
diets in patients with EoE. This may be because inflammation in EoE is localized
to the esophagus. To further investigate this, Warners and colleagues evaluated
direct esophageal response to food allergens. In a small prospective pilot study of
8 patients, the researchers injected allergen extracts into local esophageal mucosa
and assessed for immediate and delayed response with repeat endoscopy. The study
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found that compared with SPT and serum IgE testing, the sensitization patterns
identified through esophageal prick testing (EPT) correlated more accurately with
culprit foods in EoE patients [105]. This study was the first to demonstrate the
feasibility and safety of EPT. Given the results, the authors advocate for further
exploration of EPT and its potential to guide elimination diets.

Plasma Markers

Biomarkers from peripheral blood, breath sampling, oropharyngeal swabs, stool,
and urine have also been assessed as a means of non-invasive EoE monitoring [106].
Currently, only 3 randomized controlled studies (RCT) have been completed, and
no meta-analysis has been published. A limitation of using biomarker testing is
the lack of reliability and reproducibility. Several biomarkers have been studied
in patients with EoE, but none have been incorporated into treatment guidelines
or clinical practice. The most common biomarker assessed were peripheral blood
absolute eosinophil count (AEC) and IgE [106]. Both serum IgE levels and periph-
eral eosinophilia are frequently elevated in EoE patients, but neither has adequate
sensitivity and specificity to utilize in clinical practice.

Approximately 70% of patients with EoE have elevated total IgE values on
endoscopy [107]. However, despite evidence of increased IgE production in the
esophageal epithelium, it seems to be insufficient to cause a significant increase
at peripheral levels. Studies have shown poor correlation between serum total IgE
levels and the number of eosinophils found in esophageal biopsies [108, 109].
Additionally, IgE-targeted therapies have yielded less promising results than
expected [41, 110, 111]. Total serum IgE testing therefore has a limited role in the
diagnosis and management of EoE.

The AEC is a simple and inexpensive serum test. Peripheral blood eosinophilia
has been described in EoE patients (defined as >300/mm?®) [112, 113] and a num-
ber of studies have found that the percentage of peripheral blood eosinophils has
high positive correlation with esophageal eosinophil density in pediatric and adult
patients [112-114]. However, the use of AEC in the diagnosis and monitoring of
EoE is thought to be imperfect due to possible confounders such as atopy, infec-
tion, and other inflammatory conditions. Only 5 small studies compared peripheral
AEC between EoE patients and atopic patients with no significant difference noted
[65, 112-114]. Min et al. conducted a prospective cohort analysis of 42 pediat-
ric and adult patients and found the level of AEC was associated with a diagnosis
of EoE, even after controlling for age, sex, allergic rhinitis, asthma, eczema, and
seasonal allergies. Additionally, in the longitudinal analyses AEC alone predicted
tissue eosinophilia post treatment [115]. Overall, evidence suggests that AEC may
have value in the assessment of EoE. However, a majority of studies are small and
have not demonstrated sufficient accuracy for clinical use.
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Given the shortcomings of using absolute eosinophil count as an EoE disease
activity marker, an approach using eosinophil surface makers, eosinophil-derived
proteins, and pro-eosinophil cytokine levels has also been evaluated. It has been
hypothesized that circulating eosinophils display distinct phenotypes in various dis-
orders. The markers of greatest interest in this area of research include eosinophilic
cationic protein (ECP), eosinophil-derived neurotoxin (EDN), eotaxin-3, chemo-
kine protein levels, chemokine receptor-3 on eosinophils (CCR3), and interleukin
(IL)-5. ECP and EDN have shown promise in a number of studies while the other
mediators have shown variable results in the literature, particularly in prospective
studies [116, 117]. Some investigators have proposed increasing sensitivity and
specificity of biomarkers by using them in combination (e.g., plasma AEC with
EDN, or AEC and ECP, etc.) [112, 115]. However, larger and more longitudinal
studies are needed to clarify the role of these biomarkers in the diagnosis and man-
agement of EoE. At present, there is inadequate data to support the use of serologic
markers as a surrogate disease indicator in patients with EoE and it is not recom-
mended to base therapeutic decisions on these markers.

Treatment Options

Currently, there are a number of treatment modalities for patients diagnosed with
EoE (summarized in Table 6.4). These include proton pump inhibitors, cortico-
steroids, and elimination diets (elemental or empiric). These treatments can be
used alone or in combination. None of the medical therapies discussed for EoE
are approved by the US Food and Drug Administration, and thus they are used off
label. For patients who develop advanced symptoms such as esophageal narrow-
ing, endoscopic dilation can be used to alleviate symptoms. Treatment should be
individualized according to each patient’s concerns and lifestyles, prior therapy,
and the severity of presentation. The efficacy of any therapy should be checked
by a follow-up endoscopy after a 6- to 12-week initial course [6]. The goal is to
improve symptoms and minimize the risk of complications from chronic inflam-
mation. Although the impact of successful therapy on the natural history of EoE
has not been elucidated, effective treatment has been shown to reverse long-term
complications including subepithelial fibrosis [118]. Therefore, timely treatment is
of utmost importance [54].

One endpoint of therapy is a reduction of esophageal eosinophilia to fewer than
15 eosinophils/HPF in biopsies, although a discrete cut-off has not been clearly
recommended in clinical guidelines. Controversy remains regarding treatment
endpoints and long-term management. Data suggests that patients may experience
recurrence and even progression of symptoms when treatments are discontinued
[83, 119]. This causes uncertainty regarding when to stop acute therapy. Current
expert consensus recommends maintenance therapy for patients with evidence of
chronic esophageal remodeling, a history of food impactions, severe symptoms, or
rapid recurrence of symptoms while not undergoing therapy.
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Table 6.4 Treatment options for eosinophilic esophagitis (EoE)*

123

Estimated
effectiveness as
induction Grade of
Treatment Type | Therapy Description/Drug dosing therapy Evidence
Pharmacologic | Proton Pump Omeprazole or Esomeprazole: | 30-60% Level 1A
Inhibitors 20-40 mg twice a day (initial
dose)
Swallowed Fluticasone via metered dose | 55-80% Level 1A
topical inhaler: 880-1760 mcg/day
corticosteroids | typically in divided doses
Budesonide viscous Level 1A
suspension: 2 mg/day
typically in divided doses
Oral Prednisone 1-2 mg/kg/day Level 1D
corticosteroids °
Diet Elemental Amino acid-based, allergen- | 70-95% Level 1B
free formula followed by slow
reintroduction of foods
Empiric Six most commonly allergenic | 55-75% Level 1C
elimination diet | food groups (milk, wheat,
egg, soy, peanut/tree nuts,
shellfish/fish) are removed
from the diet and individually
reintroduced after a
symptomatic and histologic
response
Conservative Through-the- Minimum target diameter 80-95% Level 1C
Dilation © scope balloon or | between 15 and 20 mm over | (symptomatic
bougie dilator multiple sessions relief only)

“No therapies for eosinophilic esophagitis have been approved by the US Food and Drug
Administration to date. The dosing listed in the table is largely based on the 2013 American
College of Gastroenterology guidelines

PReserved for refractory or severe cases

¢ Reserved for patients who relapse on dietary or pharmacologic therapy. First-line therapy if high-
grade strictures are present

Pharmacologic Therapies

Proton Pump Inhibitors In prior years, a response to PPI trial was used to exclude
PPI-REE or GERD in patients with esophageal eosinophilia. However, given recent
data, experts agree that PPI-responsive esophageal eosinophilia should be regarded
as a clinical sub-phenotype of EoE and not as a distinct entity [6, 66]. EoE and
GERD are now thought to be different entities that likely coexist, either in an unre-
lated fashion or in a complex bidirectional relationship. A PPI trial is no longer
required for EoE diagnosis but rather PPI therapy is recommended as a first-line
treatment for EoE (grade of evidence 1A). Since the early 2000s, retrospective stud-
ies observed a clinical and histological response to PPI therapy in patients diag-
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nosed with esophageal eosinophilia. Evidence now supports that PPIs likely improve
EoE by conferring both acid-suppressive benefits as well as anti-inflammatory
effects via cytokine release [120, 121]. A recent systematic review with meta-
analysis found that PPI therapy induced histological remission in about 50% of the
patients (defined as peak eosinophil counts <15 eosinophils/hpf) and clinical remis-
sion in approximately 60% [122]. Importantly, PPI improved symptoms and histo-
logic measures even in patients without acid-reflux symptoms and negative pH
testing [122]. Four different PPIs were included in the meta-analysis: lansoprazole,
rabeprazole, omeprazole, and esomeprazole. However, some studies have not speci-
fied the type and doses of PPI used, which limits the ability to directly compare
acid-suppressing agents. There was a trend toward increased efficacy when PPI was
administered twice daily compared to once daily; however, this evidence is derived
mainly from retrospective studies and case reports. The current recommendation for
initiation of PPI therapy in adults with EoE is omeprazole 20 or 40 mg twice daily
or equivalent for 8—12 weeks followed by both symptom assessment and endoscopy
with biopsies to assess response [74].

While PPIs are efficacious in inducing remission in many EoE patients, their
role in the long-term treatment remains unclear. They have been shown to maintain
remission in patients who initially respond to the PPI therapy, however the optimal
duration of PPI treatment is unclear since limited long-term data exists. The first
study evaluating long-term PPI therapy was published in 2015 and included 75 adult
patients [123]. The majority of patients (73%) maintained histological remission at
least 1 year on a minimum effective clinical dose. A significant portion of patients
(27%) had a loss of response on maintenance therapy but a majority regained
histological remission after dose escalation. There were 16 patients who tempo-
rarily discontinued PPI therapy, and all had symptom and/or histological relapse,
suggesting that a subgroup of patients may require maintenance high-dose PPI. It
may be reasonable to adopt a treatment strategy of progressively tapering PPI dose
to maintain disease remission [6].

Topical Corticosteroids Current guidelines recommend topical corticosteroids as
first-line pharmacologic treatment of EoE (grade of evidence 1A). Several system-
atic reviews have found that both fluticasone propionate and budesonide induce
histologic remission in pediatric and adult patients when compared to placebo
[124-127]. Murali et al. found that topical steroids are effective in inducing com-
plete histologic remission in 57.8% (OR 20.8) and partial histologic remission in
82.1% (OR 32.2) of patients when compared to 4.1% and 14.4% with placebo
[124]. Another analysis by Chuang et al. also found significant reduction in esopha-
geal eosinophil counts after topical steroid treatment when compared to controls. In
subgroup analysis, histologic response was only significant in trials that excluded
PPI responders [125]. Topical corticosteroids thus appear to be most effective in
patients without a diagnosis of GERD and in patients with a normal pH status.
While RCTs showed excellent histologic response to topical steroid therapy, clini-
cal improvement did not reach statistical significance [124]. This may be in part due
to a lack of a standard symptom-scoring tool among RCTs assessing clinical
response. It also may also be explained by a lag time between histologic and clinical
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response, since topical therapy is more likely to be effective against the acute
inflammatory changes of EoE rather than the advanced fibrostenotic disease which
often causes symptoms.

A meta-analysis performed by Lipka et al. found no statistically significant dif-
ference between PPI, budesonide, and fluticasone for the treatment of EoE [127].
However, due to heterogeneity in the studies regarding inclusion criteria, daily dose
(fluticasone either 440 pg or 880 pg twice daily, budesonide 1-4 mg daily depend-
ing on age), duration of treatment (2 weeks to 3 months), and delivery system
(swallowed aerosolized formulation, oral suspension, viscous slurry, effervescent
tablets), it is difficult to make direct comparisons. Two prospective randomized con-
trolled trials have been completed to compare PPI versus topical corticosteroids in
adult patients with an EoE. The first by Peterson et al. in 2010 compared an 8-week
esomeprazole (40 mg daily) treatment to aerosolized, swallowed fluticasone (440
mcg twice a day) found no differences between dysphagia symptoms or magnitude
of eosinophil infiltration between the two treatment arms [128]. The second was a
similar but larger study of 42 patients by Moawad et al. in 2013, which also found
that patients treated with esomeprazole 40 mg once daily had similar histologic
and clinical response to patients treated with fluticasone 440 mcg twice daily [129].
Poor histologic response was noted in patients with GERD who were randomized
to the topical steroid arm. Due to low cost, good safety profile, convenience, and
possibility of concomitant GERD, some experts recommend the consideration of
PPI therapy early or as initial treatment [74, 130].

Topical steroids are swallowed and can be administered in an aerosolized or
slurry form. Acceptable regimens include fluticasone given by mouth with a
metered-dose inhaler (without a spacer) and swallowed budesonide administered
as either an oral viscous preparation or nebulized [68]. A single prospective, open-
label RCT compared budesonide 1 mg twice daily for 8 weeks given in nebulized
and viscous preparations. Complete histologic remission was higher (64% vs. 27%)
in the oral viscous budesonide group [131]. It was suspected that drug to mucosal
contact time could be an important factor in treatment outcomes. A recent 12-week
RCT using a novel muco-adherent topical oral formulation of budesonide reported
that 31% of patients in the treatment group achieved <1 eos/hpf vs none in the pla-
cebo group [132].

The duration of maintenance treatment and optimal dose of topical corticoste-
roid necessary to keep patients in remission are yet to be clearly defined. An RCT
following 28 patients for 50 weeks showed that low dose swallowed budesonide
(0.25 mg twice daily) maintained EoE in remission (<5 eos/hpf) in 36% of patients
compared to 0% placebo group [133]. Currently in steroid-responsive patients,
long-term therapy with topical corticosteroids may be considered with tapering at
the discretion of a gastroenterologist. Data supports the use of both fluticasone and
budesonide [126, 132]. Overall, topical steroids are well tolerated with no serious
adverse events. Esophageal candidiasis is the most common side effect, effecting
between 5% and 26% of patients [124]. Adrenal suppression has been a concern, but
studies have not shown evidence of adrenal suppression after an 8—12 week course
of topical corticosteroids [134, 135].
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Systemic Corticosteroids Systemic steroids have shown efficacy in achieving
remission in EoE [136], however they do not appear to have a benefit over swal-
lowed corticosteroids. Given the greater side effect profile of systemic steroids, they
are not recommended routinely for treatment in EoE (grade of evidence 1D). A
randomized, controlled trial comparing oral prednisone (1 mg/kg/dose twice a day)
to topical fluticasone (2 puffs 4 times/day; 110 mg per puff for ages 1-10 years and
220 mg per puff for ages 11 years or older) for 12 weeks demonstrated a greater
degree of histologic improvement in the oral agent arm but no significant difference
in clinical improvement. Despite starting to taper at week 4, 40% of patients in the
oral prednisone group experienced systemic adverse effects (hyperphagia, weight
gain, and/or cushingoid features) while the topical steroid group only reported
esophageal candidiasis in 15% of patients [119]. In practice, systemic corticoste-
roids are reserved for refractory or severe cases in which a rapid response is needed.
Since these medications have potential for significant toxicity, long-term use of sys-
temic steroids is not recommended.

Experimental Pharmacologic Agents Biologic therapy is emerging as an impor-
tant potential treatment option for EoE. These include anti—IL-5 monoclonal anti-
bodies (mAb), anti—IL-13 antibodies, and an anti—IL-4 receptor blocker. IL-5 is
involved in the maturation, recruitment, and activation of eosinophils. RCTs exam-
ining the efficacy of Reslizumab and Mepolizumab, antibodies against IL-5, have
shown significant reduction in peak esophageal eosinophil counts although most
patients studied did not achieve <5 cells/hpf (grade of evidence 1C, 1D, respec-
tively) [137-139]. Overexpression of IL-13 has been linked to esophageal eosino-
philia and tissue remodeling [51]. A mAb against IL-13, QAX576, has been
evaluated in a preliminary phase II study of 23 patients with EoE refractory to PPI
therapy. The study demonstrated that mean eosinophil counts significantly decreased
by 60% with QAXS576 treatment as compared with 23% with placebo and the effect
was sustained for an additional 6 months in a majority of responders. It also showed
improvement in the expression of genetic markers for tissue remodeling, esopha-
geal barrier function, and eosinophil chemotaxis (grade of evidence 1D) [140].
More recently, Hirano et al. conducted a phase II trial with 99 patients to evaluate
the efficacy and safety of RPC4046, another mAb against IL-13 (grade of evidence
1D). This study found 25% of EoE patients in the 180 mg RPC4046 group and 20%
in the 360 mg RPC4046 group had <6 peak eos/hpf after 16 weeks of treatment
compared with 0% in the placebo group. The study also reported statistically sig-
nificant reduction in the total EREFS score between treatment and placebo arms. It
is also noteworthy that approximately half of the enrolled patients were categorized
as being steroid refractory and a subgroup analysis found greater reduction in dys-
phagia symptoms in this subset of patients [141]. IL-4 is another cytokine that has
been observed at increased levels in patients with EoE. It shares a common receptor
with IL-13 and is a well-described Th2 cytokine that facilitates B-cell class switch-
ing to IgE [50]. An anti—IL-4 receptor mAb, Dupilumab, recently approved for the
treatment of adults with moderate to severe atopic dermatitis, is being studied for
treatment in EoE. In a phase 2, multicenter trial in adults with EoE, preliminary
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results showed significant improvement in symptoms of dysphagia, esophageal
eosinophil counts, and endoscopic features (grade of evidence 1D) [142]. A phase 3
clinical trial is currently being conducted. Overall, promising results from clinical
trials are emerging for biologic agents, however their place in the treatment algo-
rithm for EoE has yet to be determined.

Dietary Therapies

Food antigens are primary mediators of the pathogenesis of EoE, and because of
this the systematic elimination of particular foods can be an efficacious treatment
for EoE. Dietary therapy can be a particularly attractive treatment option for young
patients who may have a long disease duration and may want to avoid potential
medication side effects. When undergoing EoE treatment via an elimination diet,
patients first undergo a baseline endoscopy with biopsies. This is followed by an
induction phase consisting of a strict diet for a set period of time. The endoscopy
and biopsies are then repeated to assess if histologic remission has been achieved.
If the patient is in histologic remission, they then begin a systematic reintroduction
of foods over weeks to months, with multiple repeat endoscopies at each stage to
determine the trigger antigens. The goal of dietary treatment is to therefore identify
possible triggers, eliminate them from the diet permanently, and induce remission
of EoE without the need for pharmacologic agents. A meta-analysis of all published
retrospective and prospective studies on all dietary therapies for EoE in adult and
pediatric patients showed a histologic remission rate of about 65% [143].

Elemental Diet The role of an elemental diet has also been studied in EoE. This
is a liquid diet composed of soluble basic nutrient such as amino acids, fats, sugars,
vitamins, and minerals. It does not contain intact proteins, since these are thought
to be common antigen triggers. In an initial small study of 10 pediatric patients
who were refractory to PPI therapy, it was found to be efficacious. An exclusively
elemental formula diet for 6 weeks resulted in significant histologic and clinical
improvement [144]. Numerous subsequent studies in pediatric patients [83, 145—
147] and two studies in adults [148, 149] have supported these findings (grade of
evidence 1B). Taken together, these studies showed partial or complete histologic
response rates between 83% and 97% for pediatric patients and between 72% and
96% for adult patients. Despite good histologic outcomes, symptomatic improve-
ment was variable and there was a high patient drop-out/noncompliance rate
(38%). While no significant weight loss, electrolyte abnormalities, or adverse out-
comes have been noted, the inability to intake solid foods has a marked negative
impact on quality of life. The elemental diet is reported to be superior to other
types of dietary treatments for EoE [143, 147]. However, major drawbacks of this
therapy include poor patient adherence due to poor palatability and high cost of
elemental formulas. Additionally, a greater number of endoscopies are required
during the lengthy food reintroduction process to identify specific triggers. Oral
reintroduction starts with the least allergenic foods (vegetables, fruits) to most
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allergenic foods (milk, wheat, and egg) and typically requires several months to
years. Due to the practical limitations of elemental diets, experts recommend con-
sideration of elemental diets only after failure of properly performed medical treat-
ment and/or elimination diet [6, 68].

Allergy Testing-Directed Elimination Diet An elimination diet guided by allergy
testing has also been of interest in EoE treatment. In a directed elimination diet,
patients who are found to have allergies to certain foods by SPT and/or APT are
instructed to eliminate those foods only. This strategy was initially described in
2002 by Spergel et al. in a study of 24 pediatric patients which resulted in 49%
histologic remission and significant symptom improvement [150]. The same group
conducted similar analyses in subsequent years, finding efficacy in about 50% of
patients [41, 151]. However, other studies have found lower response rates (24—
40%) in pediatric patients [152, 153]. For adults, the data is limited but shows low
response rates, little clinical benefit, and poor correlation between allergy testing
treatment results [111, 143, 154-156] (grade of evidence 3). Overall, food allergy
testing-based elimination diet induces histologic remission in less than one-third of
adult patients. The first study to investigate the efficacy of directed diets in adult
EoE patients was conducted in 2006 that included only six patients. The investiga-
tors found no change in symptoms for EoE patients undergoing a 6-week
allergen-specific elimination diet of wheat, rye, and barley [111]. Subsequent stud-
ies assessed histologic response in adult patients with EoE and found response rates
of 22-36% [143, 154, 155]. Furthermore, several studies showed that food elimina-
tion diets were equally effective in patients with EoE despite negative skin prick
results [39, 156]. These studies demonstrated extremely low concordance between
SPT results and offending foods causing EoE symptoms. The inability of skin test-
ing to identify specific food hypersensitivities may suggest that the antigenic
response is localized to the esophagus and skin is not an appropriate surrogate.

In addition to skin testing, investigators have also noted that most EoE patients
have high levels of food-specific IgE levels [157]. Studies have therefore attempted
to understand the applicability of using serum allergen-specific IgE levels to help
targeted diets. A small case series and one prospective study have shown histologic
response with specific IgE- directed diets, but the response result was similar to the
traditional 6-food elimination diet [158, 159]. Given the low level of evidence and
heterogenous results, allergy testing has limited application in the current manage-
ment of EoE patients.

Empiric Elimination Diet

In an empiric elimination diet, foods most commonly associated with allergies
and esophageal mucosal injury are removed from diet without relying on allergy
testing. Because the majority of table foods are allowed, this diet is more practical
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and palatable for patients. The six-food elimination diet (SFED) and the four-food
elimination diet (FFED) are the most common forms of this diet and are recom-
mended for a duration of 4-8 weeks [68]. The SFED removes common dietary
antigens including cow’s milk, egg, soy, wheat, peanuts/tree nuts, and fish/shellfish
[144, 160-162]. SFED was originally studied in children as an alternative to the
elemental diet. Kagalwalla et al. first demonstrated that 74% of pediatric subjects
who complied with SFED achieved histologic remission (defined as <10 eos/HPF)
compared to the 88% in the elemental diet arm of the study [161]. SFED has since
been corroborated by several other pediatric studies [143, 147, 162, 163] and shown
efficacy in adults with EoE [39, 143, 156] (grade of evidence 1C). A prospective
study found similar response rates (70%) to SFED in adults using the same histo-
logic criteria and also reported that dysphagia symptom scores decreased in 94%
of patients after SFED [156]. A recent meta-analysis showed a combined effective-
ness of SFED of 72% with good homogeneity regardless of the patient’s age [143].
Additionally, a prospective study found that during the reintroduction challenge,
one or two food triggers were identified in 35% and 30% of patients. Cow’s milk
was the most common food antigen (61.9%), followed by wheat (28.6%), eggs
(26.2%), and legumes (23.8%) [39]. In all patients who continued to avoid the
offending foods, histopathologic and clinical EoE remission was maintained for up
to 3 years [39]. However, one study found that 43% of adult patients who achieved
and maintained remission on the elimination diet did eventually stop adhering to
the diet [164]. The main reason patients cited for stopping the diet was social/
lifestyle barriers. To address this, variations of the SFED with even less dietary
restriction has been studied.

Other dietary strategies for EoE include a 4-food elimination diet, elimination
of cow’s milk, and gluten-free diets. The 4-food group elimination diet removes
dairy, wheat, egg, and legumes (the four most common identified triggers). When
evaluated in a prospective multicenter study of 52 adult patients, the FFED achieved
clinicopathologic remission in 54% of adults [165]. Patients who failed FFED were
either rescued with SFED or topical steroids. SFED was effective in one-third of
FFED non-responders and fluticasone propionate (400 mg bid for 6 weeks) induced
remission in the rest of non-responders [165]. Cow’s milk and wheat were again
noted to be the most common food triggers. Accordingly, a step-up approach has
been hypothesized as another dietary treatment strategy. This involves first eliminat-
ing the one or two most common food triggers and subsequently eliminating other
common triggers in non-responders. This step-up approach offers more convenience
from a lifestyle perspective and may also reduce the number of endoscopic proce-
dures the patient has to undergo. Data on these approaches is still limited. A recent
prospective multicenter study conducted in pediatric and adult patients showed that
a two-food elimination diet (animal milk and gluten-containing cereals) reported a
histologic remission rate of 40% [166].

Currently, there are no controlled comparative studies between dietary therapy
and topical steroids. The choice of initial treatment approach should be individual-
ized and based on discussion with the patient. A successful dietary approach requires
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a highly motivated patient and physician. Collaboration with a registered dietician
or allergist to provide patient education and dietary counseling may improve the
success of the elimination diet approach.

Endoscopic Treatment

Esophageal dilation can be effective in managing symptoms from EoE compli-
cations such as esophageal rings, strictures, and stenoses [74, 167]. Early case
reports in the 1990s and 2000s raised concerns of high rates of perforation [168,
169], however subsequent larger studies confirmed that esophageal dilation is
a safe and efficacious procedure when performed carefully by an experienced
endoscopist (grade of evidence 1C). Three large retrospective studies published
in 2010 provided significant data that supported the safety and efficacy of endo-
scopic dilations in EoE [170-172]. They described a total of 256 EoE patients
dilated with either Savary bougies or through-the-scope (TTS) balloons. For clini-
cal improvement, dilations required a mean of 1.2-2.5 sessions to a target esopha-
geal diameter of 16—-17 mm (pre-dilation diameter ranging from 4 to 15 mm).
The most common postprocedural complaint was retrosternal pain (74%) and no
severe post-procedural complications such as perforation were reported. There
was a high degree of patient acceptance and all patients were agreeable to repeat
dilation if necessary. Impressively, 83-91% of patients experienced dysphagia
relief for an average duration of greater than 1 year [170, 171]. A recent meta-
analysis published in 2017 included 27 studies and 845 adult and pediatric EoE
patients. It showed a clinical improvement in 95% of patients with a minimum
target diameter between 15 and 20 mm and a median duration of symptom relief
was 12 months [167]. Major complications were rare: perforation (0.38%), hem-
orrhage (0.05%), and hospitalization (0.67%) and no deaths were reported in the
studies. Mucosal tears are expected as the goal of dilation is to disrupt fibrotic
remodeling and increase the functional lumen. The improved safety outcomes in
more recent studies compared to early reports could be a result of more judicious
use of dilation in EoE patients with a strategy of performing less aggressive dila-
tions over more sessions.

While dilation is efficacious in patients with advanced fibrostenotic disease, the
optimal time to offer dilation as therapy for EoE patients with dysphagia is still
unclear. There has only been one randomized, blinded, controlled trial assessing
the role of dilation in adults with EoE [173]. In the study by Kavitt et al., patients
with newly diagnosed EoE were randomized to dilation or no dilation at the time
of endoscopy. Patients in both the dilation and control arms then received flutica-
sone and dexlansoprazole for 2 months. To assess outcome, dysphagia score was
assessed at 30 and 60 days post-intervention. The authors found that in patients
without severe strictures, esophageal dilation followed by pharmacologic treatment
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was not superior to medical therapy alone. They concluded that in patients with
symptomatic EoE with mild to moderate features, dilation may not be necessary
as initial strategy and they may do equally well with initiation of pharmacologic
management.

Most recent expert consensus and guidelines support a role for conservative dila-
tion as an add-on therapy in symptomatic patients with persistent strictures despite
medical or dietary treatment [6, 68]. However, if a critical stricture or history of
recurrent food impaction exists then dilation can be considered for first-line thera-
peutic approach. Currently, a standard esophageal dilation protocol for EoE does
not exist, so techniques are based on individual/institutional preference. Both bal-
loon dilators and bougie dilators are used and physician choice is usually guided by
the relative benefit each method confers. For example, a benefit of using a through-
the-scope balloon dilator is that esophageal mucosa can be inspected between serial
dilations without withdrawing and reintroducing the endoscope. On the other hand,
a benefit of the bougie dilator is that longer length strictures or multiple sequential
strictures can be dilated.

After achieving clinical improvement and optimal esophageal diameter, repeat
endoscopic dilatations should be considered only when symptoms begin to recur.
The role of dilation as a primary monotherapy in EoE has not been studied. It is
important to recognize that dilation of esophageal strictures does not impact the
eosinophil burden or inflammatory process of EoE and therefore will not modify
the natural course of disease [170]. All EoE patients should therefore receive a treat-
ment targeted to cure esophageal inflammation plus endoscopic dilation if appli-
cable [6].

Conclusion

Eosinophilic esophagitis (EoE) is a benign chronic immune-mediated disorder that
carries a significant burden of disease. Current data suggests that the global inci-
dence and prevalence of EoE is rising, particularly in the Western world, and EoE
is now recognized as a leading cause of food impaction and dysphagia. As of 2014,
the annual health-care burden was estimated to be $1.4 billion in the USA [174].
Recognition of clinical signs, along with laboratory and endoscopic findings, is
critical for timely diagnosis and management. We suggest an algorithm for evalua-
tion and treatment (Fig. 6.2). Current treatment options can improve patient quality
of life and reduce long-term EoE complications. Significant progress has also been
made in understanding the underlying genetic and environmental mechanisms of
EoE. Several novel methods to evaluate disease activity and emerging therapies that
target inflammatory pathways are under investigation. As diagnostic criteria and
treatment endpoints continue to be refined, newer options will undoubtedly play an
important role in clinical practice.
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Chapter 7
Achalasia

Rishi D. Naik and Dhyanesh A. Patel

Introduction

Achalasia is a primary esophageal motility disorder that results from loss of
intrinsic inhibitory innervation of the lower esophageal sphincter (LES) and the
smooth muscle segment of the esophageal body. Classic symptoms include dys-
phagia to solids and liquids associated with regurgitation of undigested food.
The etiology of achalasia is unclear with several proposed theories including
immune-mediated response of neuronal degeneration. Histologically, there has
been evidence of inflammation of the myenteric inhibitory ganglion cells with
some studies showing loss of inhibitory neurons via inflammation with sub-
sequent neuronal destruction and fibrosis [1, 2]. Improvement in diagnostic
modalities with esophageal pressure topography (EPT) has identified subgroups
of achalasia patients based on carefully validated metrics to quantify LES relax-
ation and esophageal peristaltic function. Currently, the Chicago Classification
is used to determine the subtype of achalasia (type I, II, or III) based on high-
resolution manometry (HRM). Along with the improvement in diagnostic tools,
treatment options including endoscopic and surgical options have advanced
management for achalasia. As the etiology of achalasia is still undefined, our
treatment options are aimed at mechanical disruption of the LES, but a cure for
achalasia is still not available.
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Epidemiology
Incidence and Prevalence

The incidence of achalasia is 1/100,000, and due to the chronicity of symptoms, the
prevalence is around 10/100,000 [3—6]. Achalasia has no age nor gender preference,
and its chronicity affects patient’s health-related quality of life, work productivity,
and functional status [7]. In Iceland, 62 cases of achalasia were diagnosed over
a 51-year surveillance (overall incidence 0.6/100,000 per year) [4]. In the United
States, hospitalization for achalasia ranged from 0.25/100,000 (<18 years old) to
37/100,000 (>85 years old) [8, 9].

Age

The peak incidence is between 30 and 60 years old [10, 11].

Gender and Race

Achalasia occurs equally among women and men and is without racial predilection.

Genetics

Utilizing research from twin and sibling studies, genetic underpinnings of achalasia
show an association with other diseases, such as Parkinson’s, Allgrove syndrome,
and Down syndrome [12-14]. The most well-known genetic syndrome is Allgrove
syndrome, also known as “triple A” syndrome, which included achalasia, alacrima,
and adrenal insufficiency due to a defect in the AAAS gene (chromosome 12q13)
with defective tryptophan-aspartic acid repeat protein [15—17]. Familial cases of
achalasia combined with abnormal polymorphisms of nitric oxide or interleukin
expression (IL-23 and IL-10) have added support for a genetic etiology [18-20].
Case-control studies and a genetic association study have shown the contribution
of human leukocyte antigen (HLA) class II genes in to susceptibility to achalasia
[21-23]. A genetic association study in achalasia and controls mapped a strong
major histocompatibility complex association signal by imputing classical HLA
haplotypes and amino acid polymorphism. To date, the only known achalasia risk
factor is an eight-residue insertion located in the cytoplasmic tail of HLA-DQf1
receptor [24]. Data are otherwise sparse on genetic and/or phenomic association in
achalasia. Studies of molecular pathology have also suggested the consideration of
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achalasia as an autoimmune inflammatory disorder [25, 26]. This is supported by
the presence of anti-myenteric antibodies in the circulation and inflammatory T-cell
infiltrates in the myenteric plexus in achalasia. Patients with achalasia are 3.6x
more likely to have other autoimmune diseases including uveitis, Type I diabetes,
rheumatoid arthritis, systemic lupus erythematous, and Sjogren’s syndrome [27].
However, at this time, there is no role for genetic testing in routine clinical practice.

Pathogenesis

Esophageal peristalsis is a result of complicated contractile and relaxation forces.
One of the keys to understanding the pathogenesis of achalasia is to better char-
acterize the role of autonomic ganglia in controlling distal esophageal and LES
contractility. Esophageal contraction is predominately orchestrated by the postgan-
glionic neurons which are the neurons targeted in achalasia (Fig. 7.1) [28].

Precise balance of the contractions and inhibitions is responsible for the mano-
metric observation of a normal esophageal peristalsis post deglutition [29-32].
In achalasia, the selective destruction of the neuroinhibitory fibers lead to loss of
peristalsis and inability of the LES to relax leading to the classic manometry find-
ings of achalasia (Fig. 7.2). The causes of an initial reduction of inhibitory neu-
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———
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Fig. 7.1 Neuronal injury that secretes VIP and NO leads to unopposed excitatory activity and
failure of LES relaxation. (Adapted from: Patel et al. [28])
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Fig. 7.2 High-resolution manometry showing the three subtypes of achalasia. Type I is character-
ized by absent contractility; type II shows pan-esophageal pressurization; and type III shows

simultaneous contractions. (Adapted from: Patel et al. [28])
‘|‘|| 4 (.

Genes and exposure Immune interaction Achalasia

Fig. 7.3 Possible mechanisms for the development of achalasia ranging from viral triggers, geno-
type susceptibility, and genetic changes interacting with immune changes which can lead to esoph-
ageal neuronal changes. (Adapted from: Patel et al. [28])

rons is unknown with theories including a possible autoimmune etiology (herpes,
measles) which may trigger neuronal degeneration in a genetically predisposed host
[33]. Achalasia patients are more likely to have concomitant autoimmune diseases
and higher prevalence of serum neural antibodies [27, 34]. However, infectious eti-
ologies should also be kept in the differential as seen in Chagas disease by the para-
site Trypanosoma cruzi, which can cause achalasia [35].

The exact cause of the alterations in the myenteric plexus, including progres-
sive degeneration and destruction of myenteric neurons, in patients with achalasia
remains to be determined. However, studies have suggested a significant decrease or
absent NO innervation in the myenteric plexus of patients with achalasia [29, 36].
The current hypothesis is that an initiating event, probably an environmental insult
such as a viral infection, creates a cascade of inflammatory changes and damage
to the myenteric plexus [33, 37, 38]. This inflammation triggers an autoimmune
response, leading to chronic inflammation with subsequent complete destruction
of the inhibitory neurons in the myenteric plexus (Fig. 7.3) [1]. A recent study
evaluated 26 specimens in patients with achalasia and found inflammatory changes
including capillaritis (51%), plexitis (23%), nerve hypertrophy (16%), venulitis
(7%), and fibrosis (3%) [26].
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Opioids

Detrimental effects of opioids on esophageal motility has been known since the
1980s where repeated dosing of morphine in healthy individuals led to an increase
in LES pressure and decreased sphincter relaxation [39]. However, recently multi-
ple studies have shown increased rate of esophagogastric junction outflow obstruc-
tion (EGJOO), type III achalasia, and esophageal spasm in patients on chronic
opiates suggesting possible opioid-induced esophageal dysfunction [40-43]. The
largest retrospective cohort included 2342 patients (224 on chronic daily opioids)
and found that patients on opioids were more likely to report dysphagia (62%
vs. 43%, P < 0.01) and were more likely to have type III achalasia (13% vs 1%,
P <0.01), EGJOO (13% vs. 3%, P < 0.01), and esophageal spasm (3% vs. 0.5%,
P <0.01) [44].

Management of patients with narcotics is difficult, but in the case of achalasia-
like symptoms, reduction of narcotics to the lowest dose tolerated or transition-
ing to non-opioid analgesia is preferred. Manometric abnormalities in patients with
opioid-induced esophageal dysfunction can normalize when patients are studied
off opiates [45]. In one small case series, three out of five patients using pneu-
matic dilation for opioid-mediated esophageal dysfunction had little improvement
in symptoms [43]. If the opioid cannot be stopped, injection with botulinum toxin
can be considered. More invasive procedures, such as pneumatic dilation, surgical
myotomy, and peroral endoscopic myotomy (POEM), should be approached with
significant caution and reserved for refractory cases after discussion about the risks,
benefits, and potential failure given the lower than average response rate in patients
on chronic opioids [46, 47].

Diagnosis
Clinical Manifestations

The diagnosis of achalasia starts with symptom presentation of dysphagia, typi-
cally to solid and liquids. Patients can also present with associated regurgitation of
undigested food or chest pain. Occasionally, patients report having reflux symptoms
and are nonresponsive to acid suppression. A high index of suspicion for achala-
sia should be present for patients with reflux symptoms and regurgitation with-
out symptom improvement despite acid suppression. Younger patients are more
likely to report heartburn and chest pain compared to older patients [48]. Obese
patients (body mass index >30) present frequently with choking and vomiting [49].
Despite their symptoms of dysphagia, the degree of weight loss varies with a recent
study showing the correlation of achalasia with phenotype, where type II achalasia
patients were most likely and type III achalasia least likely to have weight loss com-
pared to type I achalasia [50].
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Respiratory symptoms are also common due to the increased risk of aspiration
secondary to retained food and saliva in the esophagus. Of 110 patients with achala-
sia, 40% of patients reported at least 1 respiratory symptom daily, which improved
after therapy directed at the LES [51, 52]. In a retrospective study, the symptoms of
dysphagia preceded respiratory symptoms by an average of 24 months, supporting
the retention hypothesis as the etiology for aspiration and respiratory complaints
[53]. However, there are several other etiologies of respiratory causes and dyspha-
gia, including oropharyngeal dysphagia, connective tissues diseases (i.e., sclero-
derma), or extraesophageal gastroesophageal reflux disease (GERD) which should
be on the differential.

Subtypes

EPT is a major advancement in the field of esophageal physiology [54]. With
the innovative advent of EPT and HRM, achalasia is now recognized to present
with three distinct manometric subtypes (Fig. 7.2) [55].All three phenotypes have
impaired EGJ relaxation and absent esophageal peristalsis, but the distinguishing
features are in the pattern of esophageal pressurization. Type I achalasia is char-
acterized by absence of esophageal pressurization to more than 30 mmHg and has
100% ftailed peristalsis (aperistalsis), type II is associated with panesophageal pres-
surization to greater than 30 mm Hg, and type III has spastic contractions due to
abnormal lumen obliterating contractions with or without periods of panesophageal
pressurization [56].

Manometric subtypes have been shown to have prognostic and treatment impli-
cations. Success rates for both pneumatic dilation (PD) and Heller myotomy (HM)
are significantly higher in subtypes I and II than type III. The latter subtype (type
IIT) responds the least to reducing the LES pressure, as the segment affected by
the spastic motility extends well above the LES [57]. This subtype of achalasia is
characterized by chest pain due to lumen obliterating spastic contractions in the
distal esophagus. It is proposed that type III achalasia may represent early disease
with progression to type II followed by type I over time. However, pathophysiologic
basis of this proposed progression is lacking. Recent studies also suggest that type
I achalasia may represent decompensated esophagus to outflow obstructions caused
by a dysfunctional LES accompanied with a complete aganglionosis [58].

Esophagogastric Junction Outflow Obstruction (EGJOO)

When the IRP is greater than 15 mmHg but there is peristalsis that does not meet
criteria for type I, II, or III achalasia, the Chicago Classification labels this as
EGJOO. This potential phenotype of achalasia is an important but heterogenous
group [59]. There are multiple etiologies of EGJOO including incompletely
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expressed or early achalasia, esophageal wall stiffness, infiltrative cancer, hiatal
hernia, obesity, or opiate-induced [45]. Further evaluation with endoscopic ultra-
sound, CT, or functional luminal imaging probe (FLIP) can be done to better eluci-
date the etiology of EGJOO. In some studies, patients with EGJOO were monitored
conservatively, and their “disorder” resolved spontaneously [60, 61]. To increase
the yield of EGJOO, provocative maneuvers during HRM can help, including rapid
drink challenge or solid meal challenge [62, 63]. The mechanism of these maneu-
vers is that increasing the volume or viscosity of the bolus increases esophageal
pressurization and thus IRP increases [47].

Esophagogastroduodenoscopy

Symptoms of dysphagia should prompt an esophagogastroduodenoscopy (EGD)
with mucosal biopsies. These findings can help rule out GERD, eosinophilic esoph-
agitis (EoE), or structural causes, such as rings or webs. On EGD, a “puckered”
gastroesophageal (GE) junction with retention of solid or liquid material proximal
to GE junction is commonly seen (Fig. 7.4). In more advanced cases, the esopha-
gus can be dilated or tortuous due to chronic stasis. There can be resistance with
passage of the endoscope through the GE junction due to failure of the LES to
relax. When achalasia is suspected, a thorough retroflexion should be completed to
fully evaluate the GE junction and cardia to rule out malignancy, which can cause
pseudo-achalasia. Due to the stasis from the failure of the LES to relax, there can be
esophageal candidiasis, which in the context of an intact immune function should
prompt concern for esophageal dysmotility. Endoscopy can be helpful for its ability
to rule out other causes of dysphagia and help support a diagnosis of achalasia, but
other testing is often needed to confirm the diagnosis of achalasia.

Histological Features

Though biopsies are more helpful to rule out other causes of dysphagia, such as
EoE, histopathological analysis has been performed on achalasia patients. Prior
studies have shown predominantly capillaritis with varying amounts of plexitis,
nerve hypertrophy, venulitis, and fibrosis with identified presence of HSV-1 anti-
bodies supporting a possible neurotropic viral infection leading to an autoimmune
inflammatory cascade [25]. In a concentrated histopathological examination, sub-
types of achalasia showed greater degree of myenteric ganglion cell loss in type I
achalasia compared to type II proposing that type I achalasia may represent disease
progression from type II achalasia [58]. In all types of achalasia, there was a spec-
trum from complete neuronal loss to lymphocytic inflammation to apparently nor-
mal tissue suggesting a pathogenically heterogeneous patient group with a common
esophagogastric junction outflow obstruction.
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Fig. 7.4 Endoscopic
evaluation of achalasia
showing (a) puckered GE
junction and (b) retained
saliva. (Adapted from:
Patel et al. [28])

Barium Esophagram

A noninvasive method to help with the diagnosis of achalasia is to perform a barium
esophagram, which can show the classic “bird beak’s” appearance due to the nar-
rowing of the GE junction. Other findings include aperistalsis, dilated esophagus,
or a “cork appearance” of the esophagus (Fig. 7.5). However, this method is not
sensitive for diagnosis of achalasia, and other modalities such as manometry are
essential to confirm the diagnosis.
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Fig. 7.5 Barium
esophagram showing
retained contents in the
proximal esophagus and
“bird beak’s” appearance
due to incomplete
relaxation of the lower
esophageal sphincter.
(Adapted from: Patel

et al. [28])
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IRP > ULN and Yes | Achalasia

100% Failed peristalsis or spasm > -Type I: No contractility
-Type II: > 20% PEP

No -Type Ill: > 20% spasm (DL < 4.5 sec)
IRP > ULN and Yes | EGJ Outflow Obstruction
. EEE—

not Type I-1ll achalasia -Incompletely expressed achalasia

-Mechanical obstruction

Fig. 7.6 Manometric diagnosis of achalasia and EGJOO. The Chicago Classification v3.0, hierar-
chical classification. (Modified from Kahrilas et al. [55])

Esophageal Manometry

The gold standard for diagnosis of achalasia is esophageal manometry, which
involves transnasal placement of a flexible catheter into the esophagus to measure
esophageal pressures and contractions along the length of the esophagus. Prior line
tracings from water-perfused or strain gauge systems have now been replacement
with high-resolution manometry systems that present pressure tracings in EPT
plots [64, 65]. Building on the work of Clouse and plots of contractile activity,
the Chicago Classification was created to define and diagnose motility disorders
(Fig. 7.6) [55].

By using EPT, achalasia has been further characterized into three clinically
important subtypes that have shown differences in response to therapy (Fig. 7.2).
The diagnosis of achalasia is made by demonstrating impaired relaxation of the
lower esophageal sphincter and absent peristalsis in the absence of esophageal
obstruction due to a secondary cause (i.e., pseudo-achalasia from a GE junction
tumor). Manometric analysis showing an elevated integrated relaxation pressure
and 100% failed peristalsis or spasm meets criteria for achalasia. The phenotype
depends if there is no contractility (type I), greater than 20% pan-esophageal pres-
surization (type II), or greater than 20% spasm [a distal latency less than 4.5 sec-
onds] (type III). These three subtypes of achalasia have prognostic and therapeutic
implications [56].

Functional Lumen Imaging Probe (FLIP)

Per Chicago Classification version 3.0, the IRP must be greater than 15 mmHg
which means the EGJ pressure is greater than 15 mmHg, which is not always the
case, particularly in type I achalasia. The etiology for this may be due to in part
for those with advanced disease having very low LES pressures. Prior attempts to
decrease the IRP cutoff have been rejected as there are some diagnosis of achalasia
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with IRP values of 3 mmHg and 5 mmHg, which were seen with the use of func-
tional luminal imaging probe (FLIP) technology and stasis on esophagram [66, 67].
FLIP has aimed to better assess this group of patients with being able to measure
a distensibility index, which is a metric relating EGJ opening diameter to intralu-
minal distensible pressure. Using this index, a threshold of 2.8 mm? per mmHg
has been the most helpful in diagnosing abnormal EGJ function [68]. Alternatively,
one can use minimal bolus flow time during HRM, a timed barium esophagram, or
rapid drink challenge to also obtain this diagnosis [63, 69—71]. Intraoperative use
of FLIP during laparoscopic HM or POEM might also offer the ability to assess
the efficacy of LES myotomy in real-time and predict postoperative symptomatic
outcomes [72-74].

Treatment Options

There is no curative option for achalasia; all treatment options are directed toward
improving quality of life and attempting to preserve esophageal function and pre-
venting esophageal stasis. Current treatment options aim to reduce the hypertonicity
of the LES to improve esophageal emptying by gravity.

Therapeutic options are divided into oral pharmacological, endoscopic (phar-
macological, pneumatic dilation, myotomy), and surgical (myotomy or esopha-
gectomy) (Fig. 7.7). The choice of treatment is based on surgical candidacy, age,
comorbidities, dilation of esophagus, patient preference, local expertise, and mano-
metric subtype. The most effective therapies to help preserve esophageal function
include pneumatic dilation, surgical myotomy, and POEM. Pharmacological ther-
apy, whether oral or endoscopically injected, has decreased efficacy as compared to
the three aforementioned techniques. In patients who have end-stage achalasia with
severely dilated “sigmoid”-shaped esophagus and nonresponsive to other options,
esophagectomy can be considered.

Achalasia

EGD/HRM
N Graded PD P — p—
&2 70 %y, . . . . . otulinum toxin
QID\QO(\G) %o,)&V Low surgical risk | High surgical risk T
S Se
N Lower esophageal sphincter
Failed
POEM response HM "
e <40 years, e <40 years, armacologic
(Age <40 (Age <40 Ph I
type Il achalasia) type Ill achalasia) therapy or repeat
botulinum toxin
injections

‘ Failed response Consider dietary counseling.
Esophagectomy

Dilated/tortuous esophagus

Fig. 7.7 Proposed mechanism of treatment for achalasia based on low and high surgical risk.
(Adapted from: Patel et al. [28])
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Pharmacological Therapies

Pharmacological therapy is the least effective treatment modality for achalasia. The
response to these agents is short lived, and their side-effect profile often limits com-
pliance or dose escalation. Oral therapies are reserved for those patients who are
not candidate for more definitive endoscopic or surgical options due to comorbidi-
ties. Options for therapy are varied, but the most common include calcium channel
blockers (i.e., nifedipine, 10-30 mg given 30—45 minutes prior to meals) or long-
acting nitrates (isosorbide dinitrate, 5-10 mg given 15 minutes prior to meals) [75—
81]. Both calcium channel blockers and long-acting nitrates cause a rapid reduction
in lower esophageal sphincter of up to 47-64%, but unfortunately this translates
poorly to symptom improvement with modest dysphagia improvement [76]. An
alternative option includes the use of off-label phosphodiesterase-5 inhibitors (i.e.,
sildenafil) which lowers esophagogastric junction pressure, but symptom improve-
ment is also modest, and long-term studies are lacking [80, 82]. Given the limited
efficacy of oral pharmacological therapy, this option is reserved for patients who
cannot undergo a more definitive therapeutic approach (Table 7.1).

Endoscopic Options
Botulinum Toxin

For patients who cannot tolerate a more invasive approach, botulinum toxin injection
(BTI), a potent inhibitor of acetylcholine release from the presynaptic terminals, is
a useful treatment strategy. BTI blocks unopposed cholinergic stimulation caused
by the selective loss of inhibitory interneurons. This is injected during endoscopy
where under direct visualization, 100 units of toxin are injected in 25 units aliquots
in 4 quadrants via a sclero-needle just proximal to the squamo-columnar junction.
Issues with the use of BTT are the transitory effect of the injection which often needs

Table 7.1 Nitrates and calcium channel blockers in the treatment of achalasia

No. of % Symptom

Authors Citation | patients Treatment improvement Grade
Gelfond et al. [76] 15 Nifedipine 53 2
Gelfond et al. [76] 15 Isosorbide dinitrate | 87 2
Rozen et al. [77] 15 Isosorbide dinitrate | 58 2
Gelfond et al. [78] 24 Isosorbide dinitrate | 83 2
Traube et al. [79] 10 Nifedipine 53 1c
Bortolotti and Labo | [80] 20 Nifedipine 70 2
Coccia et al. [81] 14 Nifedipine 77 2
Eherer et al. [82] 3 Sildenafil 0 1d

Modified from Vaezi and Richter [75]
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Table 7.2 Botox in the treatment of achalasia

No.of |<I 6 12 24 | Responding to
Authors Citation | patients | mo mo | mo mo |repeat injections | Grade
Vaezi et al. [83] 22 63 136 |32 - |- la
Pasricha et al. [84, 85] 31 90 55 - - 27 2
Annese et al. [87] 118 82 |- 64 - 100 la
Cuillere et al. [88] 55 75 150 |- - 133 2
Rollan et al. [89] 3 100 166 |- - |- 2
Fishman etal. |[90] 60 70 |- 36 - 86 2
Annese et al. [91] 8 100 13 |- - 100 1d
Gordon and [92] 16 75 |44 - - - 2
Eaker
Muehldorfer [93] 12 75 |50 |25 10 |- 1d
et al.
Kolbasnik et al. | [94] 30 77 57 139 25 1100 2
Mikaeli et al. [95] 20 65 |25 |15 - 60 la
Allescher et al. | [96] 23 74 - 45 30 |- 2
Neubrand et al. | [97] 25 65 - - 36 10 2

Modified from Hoogerwerf et al. [206]

repeat procedures typically every 6—12 months. Complications with the procedure
include chest pain (16-25%) and rarely more serious complications of mediastinitis
and allergy to an egg-based protein.

The immediate response to BTI is as high as 80-90%, but over half of patients
are symptomatic at 1 year (Table 7.2) [83-97]. Predictive factors for response to BTI
include older age (over 40 years old), type II phenotype, and decreased basal LES
pressure following treatment [84]. Repeated BTI can make surgical myotomy more
difficult due to the creation of fibrosis; hence BTI should not be first line for patients
who are eligible for more definite endoscopic or surgical options [98]. Though more
effective than oral pharmacological therapy, BTT is not as effective as PD, POEM,
or surgical myotomy. As discussed previously, for patients with achalasia-like phe-
notype from opioids who cannot stop their opioid, BTI might be a better alternative.

Pneumatic Dilation (PD)

PD is performed using an noncompliant balloon that employs air pressures to dis-
rupt or fracture the LES circular muscle fibers and is an effective nonsurgical option
in the treatment of achalasia [10, 99]. Currently, the most widely used balloon dila-
tor for PD is the Rigiflex, a nonradiopaque graded size polyethylene balloon. The
Rigiflex dilators can be performed under direct visualization or under radiologi-
cal guidance (fluoroscopy) [100, 101]. The dilators are available in three diameters
(3.0, 3.5, and 4.0 cm), which allow a graded dilated approach. When employing this
graded approach, relief of symptoms is possible in 50-93% of patients (Table 7.3)
[100, 102-127].
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Table 7.3 Rigiflex balloon dilatation for the treatment of achalasia

No.of |Study | % withexc/ | Follow-upin | Perforation
Authors Citation | patients | design | goodresponse | months(mean) | rate (%) Grade
Lambroza [100] 27 P 89 21 0 2
and Schuman
Vela et al. [102] 106 R 44 36 1.9 2
Cox et al. [104] 7 P 86 9 0 2
Gelfand and | [105] 24 P 93 NR 0 2
Kozarek
Barkinetal. |[106] 50 P 90 20 2 2
Stark et al. [107] 10 P 74 6 0 1d
Makela et al. | [108] 17 R 75 6 5.9 2
Levine etal. |[109] 62 R 85 NR 0 2
Kim et al. [110] 14 P 75 4 0 2
Lee et al. [111] 28 P 87 NR 0 2
Abid et al. [112] 36 P 88 27 6.6 2
‘Wehrmann [113] 40 R 87 NR 2.5 2
et al.
Muehldorfer |[114] 12 R 83 18 8.3 1d
et al.
Bhatnager [115] 15 R 84 14 0 2
et al.
Gideon et al. |[116] 24 R NR 6 4 1d
Khan et al. [117] 9 P 85 NR 0 2
Kadakia and | [118] 56 P 88 59 0 2
Wong
Chan et al. [119] 66 R 62 55 4.5 2
Dobrucali [120] 43 P 54 29 2.3 2
et al.
Kosticetal. |[121] 26 P 87 12 NR 2
Mikaeli et al. | [122] 62 P 55 71 3.7 2
Mikaeli et al. | [122] 200 P 65 36 0 2
Ghoshal [123] 126 R 78 15 0.8 2
et al.
Guardino [124] 96 R 74 7 1.7 2
et al.
Guardino [124] 12 R 50 11 0 2
et al.
Boztas et al. |[125] 50 R 67 38 0 2
Karamanolis | [126] 153 R 51 192 0.5 2
et al.
Katsinelos [127] 39 R 58 108 5.4 2
et al.

Modified and updated from Vaezi and Richter [75], Gelfand and Kozarek [105]
P prospective, R retrospective
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Graded PD is performed by an initial dilation at 3.0 cm, then 3.5 cm, and finish-
ing at 4.0 cm with 4-6 weeks in between dilations. Reassessment of symptoms and
LES pressure can be performed between each session to determine the necessity of
subsequent treatments. It is estimated that a third of patients treated with PD will
experience symptom relapse within 4-6 years.

Predictive factors of a poor clinical response to treatment include age less than
40 years, male sex, LES pressure after dilation greater than 10—15 mmHg, and
continued symptoms after one or two treatments [128—131]. Additionally, males
younger than 45 years of age may not be as responsive to the serial approach pos-
sibly due to thicker LES musculature. In these patients, it is recommended to either
start with PD at 3.5 cm or proceed straight to surgical myotomy as the initial step
in management.

Of the manometric subtypes, type II achalasia has better outcomes with PD
[132]. Surgical myotomy has a greater response than a single pneumatic dilation,
but a graded approach with PD is a reasonable alternative to surgery as it has simi-
lar efficacy. Given the risk of perforation, which is around 2%, all patients who
undergo PD must be surgical candidates in case a perforation were to occur [133].
Depending on the length and extent of the perforation, the complication can be
managed conservatively with stent placement, antibiotics, and parenteral nutrition;
however, larger perforations with mediastinal contamination will need a surgical
repair via thoracostomy. Post-dilation, there is an increased risk of GERD, seen
in 15-35% of patients post PD due to the disruption of the LES. Hence, initiation
of acid suppression is recommended for patients with pre-existing GERD or new
symptoms of heartburn or reflux [134]. It is important to note that dysphagia after
PD can be due to the underlying achalasia or could be due to a reflux stricture;
endoscopy can help separate these two etiologies.

Peroral Endoscopic Myotomy (POEM)

Peroral endoscopic myotomy (POEM) is a minimally invasive endoscopic technique
and is one of the most recent advances in the treatment of achalasia (Table 7.4). The
procedure is performed endoscopically with a small mucosal incision in the mid-
esophagus and creating a submucosal tunnel to the gastric cardia. This technique
allows careful and selective myotomy of the circular muscle.

In 2010, Inoue and investigators published a prospective trial of 17 patients
undergoing endoscopic myotomy that revealed significant reduction in the index
of dysphagia symptoms (10 to 1.3, P = 0.01) as well as resting LES pressure (52.4
to 19.9 mmHg, P = 0.01) [135]. Given the safety profile of this procedure, POEM
entered into clinical practice and has been studied since its inception. In 2014,
Bhayani conducted a prospective observational study that compared 64 patients
treated by LHM and 37 by POEM, which showed that mean operative time and
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Table 7.4 Peroral endoscopic myotomy for the treatment of achalasia

% with
No. of | Study | excellent/ Follow-up in
Authors Citation | patients | design | goodresponse | months(mean) | Notes Grade
Inoue et al. | [135] 17 P 100 5 Showed safety |2
profile of
POEM
Bhayani [136] 101 P 100 1 Comparison of |2
et al. HM and POEM
Tanetal. |[140] 63 P 100 15.5 Anterior vs. lc
Posterior
Approach
Tyberg [141] 51 P 94 12 POEM for lc
et al. salvage
post-HM
Yaoetal. |[142] 66 P 95 5.6 11 patients 2
with prior PD
or botox
Hu et al. [143] 32 P 96 24 Advanced 2
achalasia
Teitelbaum | [144] 41 P 90 15 Improvement 2
et al. of esophagram
and HRM
Zhou et al. |[145] 12 P 90 10.4 POEM for 2
salvage
post-HM
Swanstrom | [146] 18 P 100 11.4 GERD in46% |2
et al. patients
postoperatively
Shiwaku [147] 1346 R 95.1 12 Multicenter 1b
et al. study, 28%
with prior PD
Grimes [148] 100 P 95 2 Double-scope | Ic
et al. POEM
Liuetal. |[149] 82 P 96.3 18 open POEM 4
Chandan [150] 210 R 89.6 2.7-27 Meta-analysis | la
et al.
Kimetal. |[151] 83 R 90.9 16 Two-center 2
study
Kane et al. | [152] 40 R 87.5 8.1 Longer 2
myotomy
length with
POEM
Zhang [153] 32 R 90.6 27 Type 111 2
et al. achalasia only
Chenetal. |[154] 45 P 100 24 Increased 2
postop GERD
in type [

P prospective, R retrospective
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length of stay were significantly higher in the LHM cohort, but complication rates
were similar [136]. Moreover, patient symptoms, manometry, and postoperative
esophageal acid exposure revealed similar outcomes among the two groups.

The preparation for POEM begins with a liquid diet 1-5 days prior to the proce-
dure to minimize residual food in the esophagus [137]. The first step in the proce-
dure involves injection of 10 mL of saline solution with contrast (methylene blue
or indigo carmine) to the central esophagus 10-16 cm proximal to the squamo-
columnar junction [138]. Following this, a 2 cm incision is made to gain access into
the submucosal space. Then, a submucosal tunnel is dissected through the EGJ and
2-3 cm into the gastric cardia [139]. Once access is made to the circular muscle
layer of the LES, the myotomy is usually extended to 6 cm into the esophagus and
2 cm below the EGJ. Since its inception, there have been multiple studies show-
ing its efficacy in improvement of dysphagia scores and manometric or imaging
modalities, with ranges of 87.5-100% efficacy [135, 136, 140—154]. Patients with
type III achalasia have a greater than 90% response rate to POEM, possibly owing
to the longer myotomy length [155].

Serious adverse events are rare with POEM. They occur at a rate of less than
0.1% with the most common serious event being perforation [156]. Another, albeit
less serious, complication following POEM is GERD. Although initial studies
showed significantly higher prevalence of GERD post-POEM up to 58%, recent
studies in carefully selected patients have shown short-term postoperative clinical
symptoms of GERD following POEM is 10.9% and might be comparable to that
of LHM [157, 158]. However, given the high potential risk of reflux post-POEM,
a recent clinical practice update from expert review and best practice advice from
the American Gastroenterological Association recommended that this should be
discussed with patients undergoing POEM including potential ramifications of
indefinite need for proton pump inhibitor therapy and/or surveillance endoscopy
after POEM [159].

Surgical Options
Laparoscopic Heller Myotomy

Surgical myotomy, a technique involving the division of the circular muscle fibers
of the LES, was initially performed via an open thoracotomy and laparotomy
approach. Studies at the time revealed good response with 60-94% of patients
achieving symptomatic improvement when followed over 1-36 years, and this
approach has since been replaced with laparoscopic Heller myotomy (LHM) which
resulted in less morbidity and faster recovery time (Table 7.5) [75, 102, 121, 160-
186]. A systematic review analyzing surgical techniques in 4871 patients reported
patient symptom improvement after all surgical myotomies, which included 84.5%
of those who underwent the open transabdominal approach, 83.3% of those with the
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Table 7.5 Laparoscopic myotomy for the treatment of achalasia

% symptom %
No. of | Antireflux | improvement | Follow-upin | complication

Authors Citation | patients | procedure | good/excellent | months(mean) | GERD Grade
Vela et al. [102] 73 Yes (D/T) |57 72 56 2
Kostic et al. [121] 25 Yes (T) 96 12 NR 1d
Rosati et al. [160] 25 Yes 96 12 NR 2
Ancona et al. [161] 17 Yes (D?) 100 8 6 2
Mitchell et al. [162] 14 Yes (D) 86 NR 7 4
Swanstrom and [163] 12 Yes (T 100 16 16 4
Pennings
Raiser et al. [164] 39 Yes (D/T) | 63 26 27 2
Morino et al. [165] 18 Yes (D) 100 8 6 4
Robertson et al. | [166] 10 No 88 14 13 4
Bonovina et al. [167] 33 Yes (D) 97 12 NR 4
Delgado et al. [168] 12 Yes (D) 83 4 NR 2
Hunter et al. [169] 40 Yes (D/T) |90 13 18 2
Kjellin et al. [170] 21 No 52 22 38 4
Ackroyd et al. [171] 82 Yes (D) 87 24 5 2
Yamamura et al. | [172] 24 Yes (D) 88 17 0 4
Patti et al. [173] 102 Yes (D) 89 25 NR 2
Pechlivanides [174] 29 Yes (D) 90 12 10 4
et al.
Sharp et al. [175] 100 No 87 10 14 4
Donahue et al. [176] 81 Yes (D) 84 45 26 4
Zaninotto et al. [177] 113 Yes (D) 92 12 5 4
Luketich et al. [178] 62 Yes (D/T) |92 19 9 3
Decker et al. [179] 73 Yes (D/T) |83 31 11 2
Mineo et al. [180] 14 Yes (D) NR 85 14 4
Gockel et al. [181] 108 Yes (D) 97 55 22 4
Wright et al. [182] 52 Yes (D) 83 45 19 2
Wright et al. [182] 63 Yes (T) 95 46 50 2
Khajanchee et al. | [183] 121 Yes (T) 84 9 33 2
Zaninotto et al. [184] 40 Yes (D/F¢) | 88 38 3 1d
Csendes et al. [185] 67 Yes (D) 73 190 33 2
Ramacciato et al. | [186] 17 Yes (D) 94 18 6 2

Modified from Vaezi and Richter [75]

2D Dor

T Toupet

°F Floppy

P prospective, R retrospective, NR not reported

open transthoracic approach, 77.6% of those with the thoracoscopic approach, and
89.3% of those who had a LHM [103]. A subset of the analysis comparing studies
with LHM (3086), and the thoracoscopic approach (211) showed better symptom-
atic improvement with the laparoscopic approach compared to the thoracoscopic
approach (89.3 vs 77.6%, P = 0.048) [103].
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A complication of any myotomy is GERD, and given the surgical approach, a fun-
doplication at time of myotomy has helped to decrease postoperative GERD. Reflux
may be less if fundoplication is added to myotomy (41.5% without fundoplication
vs 14.5% with fundoplication, P = 001) [103]. A randomized controlled trial com-
paring myotomy with or without fundoplication reported that performing intraop-
erative fundoplication was associated with a lower incidence of postoperative reflux
[187]. Rawlings and investigators demonstrated in a randomized control trial com-
paring anterior Dor with posterior Toupet fundoplication that both provide similar
outcomes in terms of postoperative reflux following LHM [188].

Furthermore, LHM and POEM have been shown to have similar efficacy with
a recent systematic review and meta-analysis comparing the two interventions not-
ing improvement in dysphagia at 24 months were 92.7% for POEM and 90.0% for
LHM, but patients undergoing POEM were more likely to develop GERD symp-
toms (OR 1.69, 95% CI 1.33-2.14) and erosive esophagitis (9.31, 95% CI 4.71-
18.85) [189].

Prognosis

Despite no curative therapies for achalasia, current management allows an improved
quality of life. With the advent of HRM, achalasia phenotypes have also shown prog-
nostic implications with type II achalasia having the best prognosis after myotomy
or pneumatic dilation (96% success rate) compared to type I which has 81% success
rate and type III which has a 66% success rate [57]. However, success rate for type
I and type III are also now >90% with the advent of POEM. Post-intervention, a
timed barium esophagram by taking radiographs at 1, 2, and 5 minutes post-barium
to evaluate esophageal emptying can also be considered to predict the effectiveness
of treatment [190].

Achalasia is a lifelong disease and these patients need continued follow-up.
These evaluations are based on determining esophageal symptoms, nutritional
status, and imaging when indicated, including a timed barium esophagram [99].
For the patient who is willing to repeat a manometry, HRM can be completed to
evaluate for return of esophageal contractile activity [191]. The decision for repeat
treatment is based on a combination of symptoms, fitness for repeat treatment, and
signs of retention on either a timed barium esophagram, EGD, or continued absence
peristalsis on manometry.

Long-term complications of achalasia include an increased risk of squamous cell
carcinoma (SCC) with a prevalence of 26 cases in 1000 achalasia patients [192].
The etiology of SCC is felt to be due to persistent esophageal stasis [193]. There is
insufficient evidence to support routine screening for SCC; however, this decision
for surveillance should be discussed with the patient and provider on a personal-
ized approach [194]. In addition to SCC, patients with achalasia have an increased
incidence of aspiration pneumonia, lower respiratory tract infections, and higher
mortality [195].
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Currently there is no curative treatment for achalasia. Up to 20% of patients will
need additional treatment within 5 years [196-199]. Achalasia can progress to
mega-esophagus or end-stage disease in around 6-20% of patients [200]. Options
for these patients include botulinum toxin injection, repeat pneumatic dilation, or
repeat myotomy. A recent multicenter retrospective cohort study assessing both
technical and clinical efficacy of POEM in treating achalasia after a failed HM
showed technical success of 98% with clinical response up to 81% in patients who
had previously failed HM with median follow-up of 9 months [201]. Similarly, in
an intention-to-treat analysis at 12 months, clinical success of PD after HM was
also comparable to POEM at 89% [158, 202]. Lastly, redo HM also has similar
clinical success rate in this group at 73—-89% with median follow-up of 2-3.6 years
[203, 204]. Thus, all these options can be considered in patients who have lack
of response to initial therapy [205]. For patients with severe esophageal dilation
with symptoms not responsive to repeat endoscopic options or myotomy, a surgical
esophagectomy can be considered (Fig. 7.7).

Conclusion

Achalasia is characterized by impairment in nitrergic inhibitory neurotrans-
mission resulting in non-relaxing LES and aperistalsis of the esophageal body.
Patients often present with dysphagia to solids and/or liquid with varying degree
of weight loss. Endoscopy is essential to rule out causes of pseudo-achalasia, and
high-resolution manometry is the gold standard test for diagnosis. Current treat-
ment options provide excellent palliation of symptoms in patients with achalasia
(Table 7.6).

Table 7.6 Quality of Level 1A: Large RCTs or systematic reviews/
evidence for GRADE system meta-analysis

Level 1B: High-quality cohort study

Level 1C: Moderate-sized RCT or meta-analysis of small
trials

Level 1D: At least one RCT

Level 2: One high-quality of nonrandomized cohort
Level 3: At least one high-quality case-control study

Level 4: High-quality case series

Level 5: Opinions from experts
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Chapter 8
Spastic Motor Disorders

Jennifer X. Cai and Walter W. Chan

Introduction

Spastic esophageal disorders are currently comprised of three main clinical entities,
distal esophageal spasm (DES), hypercontractile or jackhammer esophagus, and
type III (spastic) achalasia, as defined by high-resolution esophageal manometry.
While no population-based studies exist for non-achalasia esophageal motility dis-
orders, the prevalence of DES is thought be similar to that of achalasia, approximat-
ing 1 in 100,000 in the USA [1]. Recent studies also estimated that 1-4% of patients
undergoing esophageal manometry for dysphagia and/or chest pain demonstrate
findings suggestive of a spastic disorder [2-5].

Generally, spastic esophageal disorders are characterized by increased contrac-
tile vigor or premature propagation of swallow-induced esophageal body contrac-
tions. Despite similarities in symptomatology among patients with these disorders,
the heterogeneity of this population (with respect to clinical outcomes) may sig-
nal mechanistically distinct esophageal pathologies. In addition, the evolution from
conventional to high-resolution esophageal manometry (HRM) and the develop-
ment of new diagnostic parameters by the Chicago Classification (CC) have shifted
the notion of how spastic disorders should be defined [6]. Nutcracker esophagus
was originally characterized on conventional manometry by an average contraction
amplitude of greater than 180 mmHg in the distal esophagus, a cutoff that was sub-
sequently increased to 220 mmHg to improve diagnostic specificity. When HRM
became available and the initial versions of CC were established, this diagnosis was
redefined using the new metric distal contractile integral (DCI). While a mean DCI
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value between 5000 and 8000 mmHg-s-cm was identified as hypertensive peristalsis
or nutcracker esophagus, conditions with significantly increased contractile vigor
(DCT greater than 8000 mmHg.s.cm) were further classified as hypercontractile or
jackhammer esophagus. Most recently, nutcracker esophagus has been eliminated
entirely from the latest iteration of CC (version 3.0) published in 2015, given that up
to 5% of normal, healthy subjects may achieve mean DCI values within that range
(5000-8000) [7]. Instead, hypercontractile or jackhammer esophagus is now defined
in CC version 3.0 as DCI greater than 8000 mmHg-s-cm in at least 20% of liquid test
swallows (which has not been observed in control subjects and thought to represent a
more homogeneous phenotype) [6]. Hypertensive lower esophageal sphincter (LES),
traditionally defined as a basal LES pressure of greater than 45 mmHg, is associ-
ated with high-amplitude peristaltic contractions in the distal esophagus in approxi-
mately 50% of patients who present with chest pain and may also be correlated with
incomplete relaxation of the LES after a liquid swallow. However, the relationship
between clinical symptoms and elevated basal LES pressure alone has not been
clearly established. Hypertensive LES, therefore, is not currently a diagnostic entity
in CC version 3.0. Hypercontractile LES, defined as a post-glutitive LES contraction
with excessive duration or amplitude, has been previously described and associated
with symptoms. A recent study found that including the hypercontractile LES to the
DCI measurement of the esophageal body infrequently results in reclassification of
diagnosis among patients presenting with dysphagia or chest pain. Hypercontractile
LES, therefore, is now included as part of the evaluation of esophageal body hyper-
contractility in CC v3.0. The same manometric classification system defines DES
as >20% premature contractions with a distal latency (DL) of less than 4.5 seconds.
While both DES and spastic achalasia are characterized by premature propagation
of contractions and diminished DL, insufficient LES relaxation is only a feature of
the latter.

In this chapter, we will focus on the pathophysiology, clinical presentation, diag-
nosis, and management of DES and jackhammer esophagus, given the discussion of
achalasia in the preceding chapter.

Pathophysiology

The pathophysiology of spastic esophageal disorders is not fully elucidated.
Biopsies of the esophageal muscularis propria and myenteric plexus are rarely
endoscopically accessible for clinicopathologic investigation, and patients with
spastic disorders typically do not require esophageal surgery [1]. In the absence of
more definitive histopathologic evidence, the prevailing theory for the mechanism
underlying spastic esophageal disorders centers on the delicate balance between
inhibitory and excitatory neuronal regulation of the esophageal smooth muscles
[8]. The myenteric plexus located between the longitudinal and circular muscle
layers of the esophagus contains the inhibitory and excitatory innervations respon-
sible for motor function control of both muscular layers. At baseline, the esophagus
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is in a contractile state mediated by excitatory cholinergic neurons. During degluti-
tion, activation of inhibitory neurons and the resultant release of transmitters such
as nitric oxide and vasoactive intestinal peptide lead to relaxation of both the lower
esophageal sphincter and the esophageal body. Normal peristalsis then follows
when coordinated actions of the inhibitory and excitatory neurons lead to sequen-
tial contraction and relaxation of the esophageal body smooth muscle, progress-
ing aborally toward the lower esophageal sphincter. This is facilitated by a neural
gradient of increasing inhibitory ganglionic neurons when progressing distally to
the lower esophageal sphincter [9]. Thus, the inhibitory innervation generally con-
trols the relaxation of the lower esophageal sphincter and the peristaltic pattern
of the esophageal body during a normal swallow, while the excitatory innervation
is primarily responsible for the basal tone of the lower esophageal sphincter and
the contractile force of esophageal body smooth muscles. Spastic disorders may,
therefore, result from disturbances in the inhibitory system, excitatory system, or
both (Fig. 8.1).

The pathology of DES is thought to be related to impaired inhibition, leading
to a reduction in contractile latency and inappropriate premature contraction of the
distal esophagus [8]. Prior research has shown a dose-dependent elongation of the
latency period after swallowing, decrease in mean duration of contractions, and
alleviation of clinical symptoms in DES patients following infusion of glyceryl
trinitrate, which may enhance the nitric oxide-mediated inhibitory drive [10].
In a study of healthy, asymptomatic patients, administration of recombinant human
hemoglobin, a nitric oxide scavenger, precipitated esophageal spasm, characterized

Esophageal motility

disorders
Disorders of inhibitory .Dlsorde'rs of excitatory
: ) innervation and smooth
innervation
muscle
Decreased Increased Hypotensive Hypertensive
Achalasia Transient lower Hypotensive Hypertensive
esophageal peristalsis (IEM) peristalsis
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esophageal relaxation Hypotensive LES jackhammer)
spasm (DES) (TLESR)
Scleroderma Hypertensive
LES

Fig. 8.1 Esophageal motility disorders
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by increased velocity of peristaltic contraction and spontaneous, simultaneous high-
pressure contractions, in eight out of nine subjects [11].

In contrast, the pathology in jackhammer esophagus is felt to be due to increased
excitatory cholinergic drive, resulting in myocyte hypertrophy and amplified con-
tractions [1]. The administration of an acetylcholinesterase inhibitor (edrophonium)
has been shown to induce an increase in circular and longitudinal muscle contrac-
tion amplitude, duration, and asynchrony during peristalsis, whereas administration
of an acetylcholine receptor antagonist (atropine) reversed those same effects in a
dose-dependent manner [12, 13]. Other studies have postulated that an obstructive
physiology at the esophagogastric junction (EGJ) may also yield a compensatory
esophageal hypercontractility [14, 15].

Clinical Presentation

Distal Esophageal Spasm

The predominant symptoms of DES are dysphagia and chest pain. Dysphagia can
be from solid or liquid ingestion and may be accompanied by regurgitation, heart-
burn, odynophagia, as well as intermittent retention of swallowed bolus that may
be relieved by emesis. Notably, patients’ ability to localize the site of their bolus
retention to the distal esophagus is notoriously inaccurate, with a success rate of
only 60% [1]. Esophageal chest pain may be similar in quality and location to car-
diac angina, often characterized by a crushing pressure radiating to the shoulder,
jaw, or back. DES patients with chest pain may have higher distal esophageal con-
traction amplitudes compared to DES patients who experience primarily dysphagia
or regurgitation [16]. Regardless, a high level of suspicion should be employed in
patients with other risk factors for cardiovascular disease, which must be ruled out.
Furthermore, because esophageal motility disorders (and especially spastic disor-
ders) are rare compared to other etiologies of dysphagia, it is important to consider
a broad differential including more commonly seen anatomic, inflammatory, infec-
tious, neoplastic, and iatrogenic causes of dysphagia. Other esophageal diseases
which can lead to dysphagia, such as gastroesophageal reflux disease (GERD),
may also coexist with spastic disorders. In a study of 108 patients with DES, 41
(34%) had pathologic acid reflux diagnosed on pH testing or endoscopy [17]. In
fact, GERD is also considered a possible etiologic contributor to DES. Epiphrenic
diverticula may also occur as a consequence of spastic esophageal disorders, par-
ticularly in those with an underlying connection tissue disorder — in a series of 21
cases of epiphrenic diverticulosis, DES was found in 24%, nutcracker esophagus
in 24%, and achalasia in 9% of patients [18].
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Jackhammer Esophagus

Similar to DES, the most common presenting symptoms of hypercontractile esoph-
agus are also dysphagia and chest discomfort. In a recent European cohort study of
34 patients with jackhammer esophagus, 23 patients (67.6%) suffered from dys-
phagia, and 16 patients (47.1%) reported having chest pain [19]. It has been sug-
gested that bolus transit is less affected because the distal latency is preserved in
a jackhammer pattern; however, the natural history of hypercontractile esophagus
remains unknown.

Diagnosis
Upper Endoscopy

The evaluation of esophageal dysphagia often starts with an upper endoscopy to
exclude structural causes including mechanical obstruction, stricture, ring, and
esophagitis. In addition, endoscopy offers the ability to obtain multiple biopsies to
rule out eosinophilic esophagitis in otherwise normal-appearing mucosa [20]. While
no specific endoscopic findings are diagnostic of esophageal spastic disorders, the
presence of epiphrenic diverticulosis should raise clinical suspicion. Abnormal and
disorderly esophageal contractions may also be seen during endoscopy, although
these findings are neither sensitive nor specific.

Esophageal Manometry

HRM with esophageal pressure topography has largely replaced conventional
manometry in recent years, and measurements of integrated relaxation pres-
sure (IRP), DL, and DCI form the very basis of categorization used to define
esophageal motility disorders, making manometry indispensable in the diag-
nosis of spastic esophageal diseases. Under the most updated version of CC,
DES and jackhammer esophagus are diagnosed based on the proportion of test
swallows on HRM that are premature (short DL <4.5 sec) or hypercontractile
(high DCI >8000 mmHg.s.cm), respectively, with >20% being the cutoff for
both conditions (Fig. 8.2). More recently, other novel metrics have emerged
that may further improve the interpretation of DCI to better characterize spastic
disorders. One such technique separates the pre- and postpeak phases of the
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Fig. 8.2 Diagnosis of DES and jackhammer esophagus (Chicago Classification)

contractile pressure wave. The traditional DCI measurement appears to have a
greater contribution from postpeak contractile activity in a study of 71 healthy
subjects [21]. When asymptomatic controls were compared to 38 patients with
jackhammer esophagus, those with jackhammer had greater contractile integral
in both phases, as well as a higher postpeak to prepeak ratio. In addition, there
was a correlation between this ratio and dysphagia symptom scores, suggesting
that postpeak contractile integral (and abnormality in the postpeak phase of
peristalsis) may play a greater role in dysphagia severity among patients with
jackhammer esophagus [22].

Barium Swallow

Barium esophagram is often used as an adjunct to endoscopy and manometry, pro-
viding valuable information regarding peristalsis, esophageal sphincters function,
and bolus transit and clearance through the EGJ [1]. The study is best performed in
the prone position to obviate any contribution from gravity to esophageal clearance.
However, in a study of 100 patients with complaints of esophageal symptoms who
were evaluated by barium swallow and gold standard HRM, barium esophagram
had a sensitivity of only 77% and specificity of 35% for detecting non-achalasia
esophageal dysmotility, thereby limiting its role as a stand-alone test for spastic
motility disorders [23].

The classic finding of corkscrew or rosary bead appearance on barium swal-
low (Fig. 8.3), corresponding to the simultaneous smooth muscle contractions of
DES, is also rare. In 1 study of 14 patients with DES diagnosed on barium study
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Fig. 8.3 Classic
finding of corkscrew or
rosary bead appearance
on barium swallow
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and confirmed by HRM, only 2 patients had a corkscrew appearance, whereas the
rest demonstrated nonperistaltic contractions that did not fully obliterate the lumen
[24]. Another study of 108 DES patients, of which 76 had esophagrams, noted 46
patients (61%) with abnormal peristalsis, although only 3 (4%) exhibited a cork-
screw appearance [17]. Similarly, jackhammer esophagus may be associated with
both normal and nonspecific barium swallow findings, including uncoordinated pri-
mary peristalsis and tertiary contractions [25].

Computed Tomography (CT) Scan and Endoscopic
Ultrasound (EUS)

Spastic disorders may be associated with esophageal wall thickening which
can be detected on cross-sectional CT imaging. In a series of 33 patients with
evidence of DES on barium swallow, 7 (21%) were found to have esophageal
muscle thickening on CT, up to 11.9 mm just proximal to the gastroesophageal
junction, whereas normal thickness typically does not exceed 3 mm [26]. This
thickening is more likely to be smooth and circumferential as opposed to nodular
and asymmetric, which may raise the possibility of tumor involvement. EUS is
another imaging modality which can quantify esophageal thickening as well as
identify any intramural or extrinsically compressing masses that could lead to
abnormal contraction.

Intraluminal Impedance Measurement

Multichannel intraluminal impedance measurement allows for an evaluation of
bolus transit without subjecting patients to the radiation exposure intrinsic to barium
esophagrams, with 97% concordance with videofluoroscopy in determining bolus
transit among asymptomatic patients [27]. Among patients with dysphagia, con-
cordance was similarly high for severe barium stasis and incomplete bolus transit
(97%) [28]. HRM with concurrent intraluminal impedance measurement has also
been employed to assess bolus transit as a function of distal esophageal amplitude,
where contractions <30 mmHg corresponded to 85% sensitivity and 66% specific-
ity in identifying incomplete bolus transit [1, 29]. Additional studies are needed to
determine how these complementary technologies may be best utilized in further
characterizing spastic esophageal disorders.
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Functional Lumen Imaging Probe (FLIP)

FLIP utilizes high-resolution impedance planimetry, which measures esoph-
ageal wall and EGJ compliance by assessing how distension pressure of the
esophagus reacts to volumetric expansion. FLIP offers an adjunctive method,
primarily in conjunction with manometry, to objectively evaluate esophageal
motility disorders. As FLIP is performed during upper endoscopy, it also mini-
mizes patient discomfort, as it does not require trans-nasal catheter insertion
while awake. The primary, and most validated, metric obtained on FLIP is the
EGlJ-distensibility index (DI), considered abnormal if <2.8 mm*mmHg. The
newer FLIP topography identifies patterns of esophageal body contractile
response to esophageal distention that may correspond to esophageal motil-
ity disorders. While repetitive antegrade contractions is the normal esophageal
response on FLIP, repetitive retrograde contractions have been associated with
spastic esophageal dysmotility. In a recent study of 145 patients with dysphagia,
FLIP was able to identify patterns suggestive of dysmotility in 50% of those
with normal HRM. In addition, in some patients diagnosed with jackhammer
esophagus on HRM, FLIP findings were more indicative of spastic achalasia,
highlighting the fact that this method may be particularly useful in cases where
a manometric diagnosis is unclear [30, 31].

Treatment

Management Approach

Despite proposed differences in the pathophysiology underlying each spastic dis-
order, the management approach to both DES and hypercontractile esophagus
is similar. Initially, an assessment for and treatment of GERD should be under-
taken — not only because GERD is a common culprit of dysphagia as well as chest
pain and has significant symptom overlap with spastic esophageal disease but also
because GERD itself may induce or worsen esophageal dysmotility. Appropriate
treatment of reflux may, therefore, reduce esophageal symptoms related to dys-
motility. Moreover, many medications used to treat spasticity are smooth muscle
relaxants, which may worsen any underlying reflux that may be present. In fact,
prior studies have found GERD to be significantly more common than primary
esophageal motility disorders in noncardiac chest pain. Treatment targeting
esophageal spasm without first ruling out or controlling underlying GERD may
worsen the patients’ symptoms.
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In patients with no pathologic acid reflux or well-controlled GERD, primary
efforts should be focused on symptom relief of dysphagia and noncardiac chest pain.
In the following discussion of the pharmacotherapeutic, endoscopic, and surgical
modalities of treatment of spastic esophageal disorders, much of the experience is
anecdotal, and more large, prospective, randomized, controlled trials (Table 8.1) are
needed to further validate the value of these therapies.

Table 8.1 Trials of treatment therapies for spastic esophageal disorders

Study
Intervention (alternative size Level of
Therapy intervention for clinical use) Study design N) evidence
Pharmacologic
Smooth muscle relaxants
Peppermint oil Five drops in 10 mL of water | Case series 8 4[32]
(2 Altoid mints sublingually
qac)
Calcium channel Diltiazem 60-90 mg qid Double-blind 14 1D [33]
blockers (Nifedipine 10 mg qac) CrOSSOVer, per
protocol
analysis
Nitrates IV glyceryl trinitrate 100— Case series 5 4 [10]
200mcg/kg/h (sublingual
nitroglycerin, isosorbide
dinitrate 10 mg during or after
meals)
Neuromodulators
Tricyclic Imipramine 50 mg ghs vs Double-blind, 60 1C [34]
antidepressants clonidine 0.1 mg bid vs placebo-
placebo bid (nortriptyline/ controlled
amitriptyline 10-25 mg ghs) crossover
Trazodone Trazodone 100-150 mg daily | Double-blind, 29 3 [35]
vs placebo placebo-
controlled
Selective serotonin IV citalopram 20 mg Double-blind 10 3[36]
reuptake inhibitors (fluoxetine 10-20 mg/day, crossover
paroxetine 10-20 mg/day,
sertraline 25-50 mg/day)
Phosphodiesterase-5 Sildenafil 50 mg vs placebo Double-blind, 17 1D [37]
inhibitors placebo-
controlled
Theophylline Theophylline SR 200 mg bid | Double-blind, 25 1D [38]
vs placebo placebo-
controlled
Endoscopic
Botulinum toxin Botulinum toxin injection Double-blind, 22 1D [39]
injection 8 x 12.5 U vs saline placebo-
8 x 0.5 mL in 4 quadrants at 2 | controlled
and 7 cm above EGJ crossover
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Table 8.1 (continued)

Study
Intervention (alternative size Level of
Therapy intervention for clinical use) Study design (N) evidence
Esophageal dilation Mercury bougienage 54Fr Double-blind, 8 1D [40]
therapeutic vs 24Fr placebo placebo-
(pneumatic dilation) controlled
crossover
Peroral endoscopic Peroral endoscopic myotomy | Systematic 179 1A [41]
myotomy review,
meta-analysis
Surgical
Heller myotomy Extended myotomy (14 cmin | Case series 20 4142]
esophagus, 2 cm below EGJ)
with anterior fundoplication
Adjunctive
Biofeedback Sipping while viewing motility | Case report 1 5[43]
tracings, double swallows

Abbreviations: gac before each meal, gid four times daily, IV intravenous, ghs before bedtime, bid
twice daily, EGJ esophagogastric junction

Pharmacotherapy

Current medical therapies for spastic disorders of the esophagus can be divided
into two main categories based on treatment targets, namely, the abnormal motor
function and the sensitivity of the esophagus. Smooth muscle relaxants decrease the
amplitude and restore the peristaltic pattern of esophageal smooth muscle contrac-
tions, while neuromodulators aim to reduce the afferent input and hypersensitivity
of the esophagus to control symptoms.

Smooth Muscle Relaxants

Peppermint oil has been shown to act as a smooth muscle relaxant in the gastroin-
testinal tract of animal models and has had some success in the treatment of colonic
spasm, dyspepsia, and irritable bowel syndrome [44—47]. In a series of eight patients
with DES, peppermint oil, administered as five drops in 10 mL of water, completely
eliminated simultaneous esophageal contractions in all patients with decreased vari-
ability of amplitude and duration of contractions, although chest pain was relieved
in only two patients [32].

Other dedicated smooth muscle relaxants, such as calcium channel blockers and
nitrates, aim to decrease esophageal body contraction amplitude as well as LES
pressure. In a small randomized, double-blind, crossover prospective trial of 14
patients with high-amplitude esophageal contractions, diltiazem was found to have
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a positive impact on chest pain symptoms as well as peristaltic pressure on manom-
etry compared to placebo [33]. Effective doses have been suggested in the range of
diltiazem 60-90 mg four times daily and nifedipine 10 mg given 30 minutes prior to
meals. Nitrates were shown to significantly decrease the mean duration of esopha-
geal contractions and alleviate symptoms during swallows in a small case series of
five DES patients with no reported adverse side effects of headache, flushing, or
hypotension [10]. No controlled trials on the effect of nitrates on DES or jackham-
mer esophagus have been conducted to date.

An alternative to nitrates is phosphodiesterase-5 inhibitor, which blocks the
degradation of nitric oxide, thereby prolonging smooth muscle relaxation in
symptomatic DES and jackhammer esophagus [9]. Sildenafil, a commonly used
phosphodiesterase-5 inhibitor, was found to lower LES pressure and contraction
amplitudes in a randomized double-blind study of 6 healthy subjects and 11 patients
with hypercontractile esophagus [37]. In a case report of two patients with refrac-
tory DES, sildenafil 25-50 mg twice daily relieved dysphagia and chest pain and
suppressed esophageal contraction completely for liquid swallows and reduced fre-
quency of spasm for solid swallows [48]. Limitations include side effects of head-
ache and dizziness as well as lack of insurance coverage for a medication which is
mainly approved for erectile dysfunction [9].

Neuromodulators

Patients with chest pain refractory to calcium channel blockers or nitrates may
benefit from neuromodulators which primarily target a reduction in visceral hyper-
sensitivity rather than an improvement in the underlying esophageal motility. Low-
dose tricyclic antidepressants (TCA) have been the best studied neuromodulators
thus far. Imipramine 50 mg at nighttime was shown in a randomized, double-blind,
placebo-controlled trial of 60 patients with normal coronary angiograms to signifi-
cantly reduce chest pain [34]. Other commonly used TCA include amitriptyline
and nortriptyline, starting at doses of 10-25 mg with escalation to 50-75 mg over
weeks to months with minimal mood-altering effect [49]. Due to the variable effect
of tricyclics on respective acetylcholine, histamine, and adrenergic receptors, fail-
ure of one drug in this class to modulate pain is not necessarily predictive of future
failure with another TCA. Possible side effects of TCA should be discussed with
patients including drowsiness (therefore medication is optimally taken at bedtime),
orthostatic hypotension, constipation, dry mouth, urinary retention, and blurred
vision due to its anticholinergic effect. If improvement is achieved with TCA, the
medication should be continued for 6-12 months before initiating a slow taper to
the lowest effective dose for symptom control. The anxiolytic, trazodone, has also
been shown in a double-blind, placebo-controlled trial of 29 patients to improve the
sense of global well-being as well as distress over esophageal symptoms. However,
both the placebo and trazodone (100-150 mg) groups reported significant reduc-
tion in chest pain, highlighting the importance of reassurance and multidisciplinary
anxiety and hypervigilance-reducing strategies in this population [1, 35]. Selective
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serotonin reuptake inhibitors (SSRI) have a more targeted pharmacologic effect
than TCA [50]. Intravenous citalopram 20 mg was investigated in a double-blind,
crossover study of ten healthy volunteers and found to increase the threshold of
first perception as well as discomfort related to both mechanical balloon distention
and chemical acid perfusion in the esophagus [36]. Recommended initial doses of
SSRIs include fluoxetine 10-20 mg/day, paroxetine 10-20 mg/day, and sertraline
25-50 mg/day [50]. Due to their selective 5-HT activity, SSRIs are typically better
tolerated than TCAs, although nausea, vomiting, diarrhea, and stomach upset may
occur [51].

Theophylline also acts both as a smooth muscle relaxant and a visceral analgesic
by blocking adenosine receptors [52]. Following an open-label pilot study, a sub-
sequent randomized placebo-controlled study of 25 patients with esophageal chest
pain found that theophylline 200 mg twice daily improved chest pain in 58% of
patients compared to 6% in the placebo group [38, 53].

Endoscopic Therapy

Patients with spastic esophageal disorders who are refractory to pharmacologic
therapies may be candidates for endoscopic treatment, including botulinum toxin
injection. While primarily studied and utilized in the treatment of achalasia, botuli-
num toxin injection has demonstrated some symptomatic benefits in non-achalasia
spastic motility disorders as well when delivered to multiple levels of the esophageal
body (2 and 7 cm above LES). A smaller study of 13 patients reported symptom-
atic improvement of DES and jackhammer esophagus at 2 months and, to a lesser
extent, at 6 months [54]. In a prospective, randomized crossover trial of 22 patients
with DES or nutcracker esophagus, botulinum toxin resulted in a 50% response rate
at 1 month compared to 10% in placebo saline injection [39].

Esophageal dilation has been suggested in spastic esophageal disorders; however,
the rationale and evidence are lacking. In a prospective, double-blind, crossover trial
of eight patients with nutcracker esophagus, there were no significant differences
in chest pain, dysphagia, LES pressure, or contraction amplitude between placebo
dilation with a 24Fr bougie compared to therapeutic dilation with a 54Fr bougie
[55]. In a case series of nine patients who were refractory to medical and bougienage
dilation, pneumatic dilation produced improvement in dysphagia and regurgitation
in eight patients over 37.4 months with associated LES pressure reduction. However,
there are no controlled trials to date for this therapy, and the risk of perforation (up
to 5% in achalasia patients) may outweigh the benefit [40]. Moreover, it is unclear
whether patients who had symptomatic improvement from pneumatic dilation would
be more appropriately classified as having spastic achalasia, highlighting the impor-
tance (and difficulty) of manometric diagnostic accuracy [9].

Over the past decade, peroral endoscopic myotomy (POEM) has become a prom-
ising alternative to surgery by accessing the circular muscle layer at the LES via a
submucosal tunnel. While the majority of studies have been dedicated to the treat-
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ment of achalasia, a systematic review and meta-analysis of 8 observational studies
comprising 179 patients with spastic disorders including 18 patients with DES and
37 with jackhammer esophagus found success rates of 88 and 72%, respectively
[41]. More recently, an international multicenter study of POEM in non-achalasia
esophageal motility disorders, including 17 DES, 18 jackhammer esophagus, and
15 EGIJ outflow obstruction patterns, reported clinical success in 85% of DES and
jackhammer patients and 93% of EGJOO patients. Challenges unique to performing
POEM in DES include hyperactive spastic contractions complicating the creation of
the submucosal tunnel, need for greater length of the myotomy, extended procedure
duration, and increased postoperative pain and hospital length of stay [56]. At pres-
ent, there are no randomized controlled trials comparing POEM to other therapeutic
modalities and no longitudinal studies of POEM for spastic disorders.

Surgery

Heller myotomy involves a surgical, rather than endoscopic, incision of the circular
muscle layer of the LES and is often accompanied by a partial or full fundoplication
as a preventative measure against postsurgical reflux. As with POEM, longer myot-
omies tend to be performed for DES compared to achalasia, the extent of which is
often guided by manometry [9]. In a prospective study evaluating 20 patients with
extended myotomy (14 cm in the esophagus and 2 cm below the EGJ) and ante-
rior fundoplication for DES, dysphagia and chest pain were improved in 100 and
90%, respectively, over 50 months of follow-up [42]. There is sparse data available
regarding surgical myotomy in jackhammer esophagus. Notably, in both POEM
and surgical myotomy techniques, the disruption of the LES alone does not fully
address the underlying reduced latency or hypercontractile pathophysiology of DES
and jackhammer esophagus, respectively, and should be considered in the overall
management of these disorders [25].

Adjunctive Therapy

Biofeedback, consisting of sipping water while viewing a corresponding motility
tracing and double swallowing with and without visual feedback, has been shown in
a single case study of DES to reduce anxiety regarding esophageal symptoms [43].
Biofeedback using diaphragmatic breathing led to symptom reduction in five of
nine patients with functional esophageal chest pain, but not in functional heartburn
[57]. Cognitive behavioral therapy (CBT) has also been used for management of
noncardiac chest pain. A small randomized, controlled study revealed significant
reduction in chest pain, disruption of daily life, autonomic symptoms, as well as
psychological morbidity in patients who underwent CBT compared to conventional
treatment [52, 58]. To date, no studies evaluating the role of CBT in spastic disor-
ders have yet to be conducted.
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Prognosis

The overall prognosis for patients suffering from DES and hypercontractile esopha-
gus is good, with no known increased risk for esophageal malignancy or mortal-
ity. Although the above treatments may not always be effective, spastic esophageal
conditions typically have a benign course and may even improve with time. A
longitudinal study encompassing 3—-10 years following the initial manometry
diagnosis of 137 patients with DES, nutcracker esophagus, and hypocontractile
esophagus revealed that symptoms of dysphagia and chest pain in all three condi-
tions improved significantly over time [59]. In rare cases, patients with DES may
progress to develop achalasia, although there are no known manometric or clinical
predictors [60].

Conclusion

The spastic esophageal disorders, encompassing distal esophageal spasm, jack-
hammer esophagus, and spastic achalasia, have evolved in definition over time
with the advent of high-resolution manometry and esophageal pressure topogra-
phy. Although often classified together due to a similarity in clinical presentation
characterized by dysphagia and chest pain, their underlying pathophysiology sug-
gests fundamental differences as disorders of decreased inhibitory versus increased
excitatory innervation. Emerging technologies such as impedance planimetry and
novel manometric parameters complement traditional diagnostic modalities such
as endoscopy and contrast radiography, with the hope of clarifying the clinical and
physiological distinctions among these spastic disorders. As new techniques such
as peroral endoscopic myotomy demonstrate higher success and comparable safety
profiles compared to conventional pharmacotherapy or even other endoscopic and
surgical therapies, additional longitudinal, randomized controlled studies will be
needed to validate the treatment of spastic esophageal disorders.
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Chapter 9
Ineffective Motility Disorder

AKkinari Sawada, Kornilia Nikaki, and Daniel Sifrim

Definition

Ineffective esophageal motility (IEM) was defined as a distinct esophageal motility
disorder for the first time in 1997 by Leite et al. [1] replacing the previously used
terminology of nonspecific esophageal motility disorder (NEMD) [2]. Based on
conventional manometry, a peristaltic contraction of <30 mmHg at the distal esoph-
agus is associated with ineffective bolus clearance [3], and therefore originally IEM
was characterized by >30% [1, 4] and later on >50% of wet swallows followed by
contractions with an amplitude of <30 mmHg or absent/failed peristalsis [5] as the
latter was more frequently associated with abnormal bolus transit and symptoms of
dysphagia and heartburn [6]. The threshold of 30 mmHg in contractile vigor corre-
sponds to a distal contractile integral (DCI) of 450 mmHg.cm.s in HRM which was
adopted by the latest Chicago Classification of esophageal motility disorders (ver-
sion 3.0) [7]. It is recognized, however, that failed peristalsis (DCI < 100 mmHg.
cm.s), rather than weak peristalsis (DCI 100-450 mmHg.cm.s), has a clearer prog-
nostic value in reflux burden [8] and is associated with impaired bolus clearance and
symptomatic dysphagia [9]. Apart from the peristaltic pressure measured during
esophageal manometry, evaluation of esophageal motility might include assessment
of bolus transit using impedance measurements. At present such assessment is not
included in the definition of IEM. It is important to acknowledge that IEM can be
observed in normal healthy volunteers (in up to 17% of those tested in the supine
position and 33% if measured in the upright position) [10].

The definition of IEM is based on expert opinion (Evidence level 5), and it
is likely that this may be redefined or further graded and refined. For example,
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Hiestand et al. have proposed the terms of IEM Alternans and IEM Persistens,
where in the first group there are one or more normal peristaltic contractions, while
in the second, there are none [11]. The clinical implication of this distinction lies in
the higher likelihood of severe reflux disease in the second group and poor response
to proton-pump inhibitor (PPI) therapy. The use of provocative testing and more
specifically the use of multiple rapid swallowing — MRS — as standard during HRM
protocols nowadays [12] alongside the introduction of solid test meals for the detec-
tion of major esophageal motility disorders [13] may also play role in the distinc-
tion of IEM in the future. MRS is performed by administering five 2-ml swallows
rapidly and assessing the gastroesophageal junction (GEJ) inhibition and after-MRS
contraction. Adequacy of peristaltic reserve is defined as a ratio of MRS DCI over
mean single swallow DCI of >1 [14], but as reproducibility in IEM is poor follow-
ing a single MRS [15], it is proposed that a minimum of three MRS tests should
be undertaken [16]. Esophageal peristaltic reserve assessment may be able to guide
more effectively the type of anti-reflux surgery performed or inform clinicians and
patients of the risk of postoperative dysphagia [17, 18].

Pathophysiology of Esophageal Peristalsis and IEM

There is synchronized onset, peak, and duration of contraction of the circular
and longitudinal esophageal muscle layers [19] traveling in a sequential fashion.
Relaxation is initiated with swallowing, which happens simultaneously through
esophageal peristalsis, and bolus propagation involves esophageal contraction
proximal and relaxation distal to the bolus [20] throughout the esophagus but with a
gradient that resembles the sequential peristaltic pattern and is longer in duration at
the distal esophagus compared to the proximal [21-24]. During primary peristalsis,
neuronal control of proximal striated muscle and distal smooth muscle contrac-
tion is dependent on brainstem nuclei. Excitatory vagal efferents from the nucleus
ambiguus innervate the striated muscle of the upper esophagus whilst the esopha-
geal smooth muscle is innervated through myenteric ganglia from preganglionic
neurons in the dorsal motor nucleus of the vagus [25]. Moreover, direct activation of
excitatory and inhibitory motor neurons in the myenteric plexus of the LES leads to
LES relaxation with an oroaxial esophageal stretch above the level of the LES and
LES contraction with a transverse stretch [26]. Also, the esophageal body exhibits a
tonic contractile activity mainly controlled by a continuous excitatory input, while
a nitric oxide inhibitory pathway may regulate this background contractile tone [24,
27]. Finally, there is an important influence on the vigor of esophageal peristalsis
through vagal afferent and efferent innervation with regulation at the central ner-
vous system. These pathways can be significantly affected by extra-esophageal fac-
tors including psychological stress [28].

Secondary peristalsis is the end result of esophago-esophageal reflexes, mediated
by mucosal and deep mechanoreceptors in the muscularis and cholinergic nerves,
which are activated by esophageal distension [29]. The amplitude and velocity
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of secondary peristalsis are stimulus-specific but independent to site or volume.
Clearance of refluxate is dependent on secondary peristalsis, especially during sleep
periods where lack of spontaneous swallowing and supine position does not contrib-
ute toward esophageal clearance [30, 31].

The variety of factors determining esophageal peristalsis, bolus transit, and clear-
ance can only imply that IEM is multifactorial and the end result of a defect(s) in
any of these pathways. In summary, the degree of IEM is dependent on the defects
along (A) the preload mechanosensitive arm that is fired off with the initial stretch-
ing of the esophageal muscle prior to contraction, (B) the intrinsic esophageal con-
tractility, and (C) the afterload resistance that the contraction should overcome [32].

IEM and Symptoms

IEM is categorized as a minor esophageal motility disorder, found in as many as
30% of patients undergoing HRM [7]. Even asymptomatic healthy subjects may
have IEM occasionally. Therefore, there is some controversy about the causal rela-
tionship between IEM and symptoms such as dysphagia (Evidence level 2). On the
one hand, Roman et al. showed that nonobstructive dysphagia patients had more
frequent large (>5 cm) or small (2-5 cm) breaks of esophageal peristalsis compared
to asymptomatic subjects [33]. On the other hand, other studies suggested that IEM
was unlikely to cause dysphagia. In sildenafil-induced IEM in healthy subjects,
there was no correlation between severe smooth muscle hypomotility, bolus transit,
and bolus perception [34]. Chen CL et al. reported poor correlation between esopha-
geal motility/bolus transit and symptoms in nonobstructing dysphagia patients [35].
Moreover, Xiao Y et al. showed that abnormal esophageal motility during HRM was
not clearly associated with esophageal symptoms [36]. Finally, IEM was found in
less than 15% of patients presenting with noncardiac chest pain [37].

IEM and Gastroesophageal Reflux Disease (GERD)

IEM and GERD may have a mutual influence between each other. GERD can con-
tribute to the development of IEM and vice versa (Evidence level 3). The most
common esophageal motor disorder in GERD is esophageal body hypomotility;
however, most NERD patients (the most frequent GERD phenotype) have normal
motility [38]. On the other hand, several studies suggested an association between
acid reflux and esophageal body hypomotility. Chan WW et al. showed that hypo-
motility was more prevalent in patients with high acid exposure time (AET) (>4.5%)
than low AET (<4.5%) [39]. Besides, the prevalence of esophageal hypomotility
parallels with severity of GERD from almost absent in NERD to very frequent in
erosive reflux disease and Barrett’s esophagus [40, 41]. Simrén M et al. showed that
only severe IEM prolonged volume and acid clearance in the upright position and
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acid clearance in the supine position [42]. Finally, Ribolsi M et al. demonstrated
that weak peristalsis with large breaks was more relevant to abnormal acid exposure
than frequent weak peristalsis without breaks (DCI < 450) [43].

Medical Conditions Related to IEM

Some medical conditions may cause decreased esophageal smooth muscle
contractility.

Among patients with systemic sclerosis (SSc) complaining of esophageal symp-
toms, 64% had hypomotility with either absent contractility (41%) or IEM (23%).
Interestingly, none of the patients with absent contractility showed peristaltic reserve
(adequate aftercontraction) as assessed using multiple rapid swallows (MRS) [44]
(Evidence level 4). Patients with Parkinson’s disease complaining of esophageal
symptoms often had a pattern of IEM (55%) [45] (Evidence level 4). Medications
such as cyclobenzaprine, tizanidine, methocarbamol, and metaxalone may also be
associated with IEM [46] (Evidence level 3).

IEM and Anti-reflux Surgery (ARS)

ARS is an important and frequent treatment for GERD patients. There are two main
types of ARS techniques, i.e., partial and total (Nissen) fundoplication. The selec-
tion of ARS technique, in relation to presence or absence of preoperative IEM and
postoperative dysphagia, has been a matter of controversy for many years. Some
meta-analyses showed that partial fundoplication causes less postoperative dys-
phagia, lower risk of reoperation, and similar reflux control compared with total
fundoplication [47-49] (Evidence level 1A). However, large case-control studies
reported few side effects by Nissen fundoplication [50] (Evidence level 3). Whereas
a tailored surgical approach (based on preoperative esophageal motility) prevented
postoperative dysphagia in some studies [51] (Evidence level 5), several other stud-
ies showed that preoperative esophageal dysmotility was not associated with post-
operative dysphagia regardless of type of fundoplication [52-56] (Evidence level
1C). Magnetic sphincter augmentation (MSA) was more recently developed for
surgical treatment of GERD. The device mechanically reinforces the function of the
lower esophageal sphincter (LES). Normal esophageal body peristalsis is assumed
to be required to open the magnetic device when patient swallows [57]. So far, the
safety and effectiveness of this device have not been established for GERD patients
with significant esophageal motility disorders [58] (Evidence level 5).

Several studies found that fundoplication improved esophageal contractility as
30-50% of patients with preoperative IEM normalized their motility [59-61]. In
contrast, other studies showed that fundoplication caused IEM in 30-50% of normal
motility patients [18, 56] (Evidence level 3).
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Finally, performance of a provocative test, multiple rapid swallows (MRS), dur-
ing the preoperative HRM allows determination of adequacy of an after-contraction
post-MRS. This parameter can predict not only the development of IEM but also
late postoperative dysphagia [14, 18] (Evidence level 3).

Management

Treatment of IEM should be considered if there is a clinical suspicion that IEM
might be the mechanism behind the patient’s symptom (i.e., abnormal reflux clear-
ance or dysphagia). Unfortunately, at present, there is no clearly demonstrated phar-
macological agent that can improve both esophageal smooth muscle contractility
and related symptoms. Therefore, dietary and lifestyle management to facilitate
bolus transit is recommended first [62] (Evidence level 5).

Non-pharmacological Treatment

Patients should have meals in the upright position, chew well, and frequently drink
liquid during meal to make bolus transit easier. Thus, gravity, pharyngeal pump,
and hydrostatic force seem to play a key role in bolus transit apart from esophageal
peristalsis [42, 63] (Evidence level 2).

Spicy food (containing chili) has been suggested to increase amplitude of esoph-
ageal contractions. Capsaicin (contained in chili) provoked an increase in the ampli-
tude of esophageal body waves in GERD patients with IEM and healthy subjects
[64, 65] (Evidence level 2).

Transcranial direct current stimulation to esophageal cortical area increased
amplitude of distal esophageal contraction in patients with nonerosive reflux dis-
ease and functional heartburn, [66] (Evidence level 1D); however, so far this inter-
vention is an experimental intervention and is not available for clinical practice.

Pharmacological Treatment

Most well-known prokinetic agents (metoclopramide, domperidone) are not well-
established as agents improving esophageal motility in patients with IEM [67, 68]
(Evidence level 1D).

Mosapride, a selective 5-HT, agonist, may increase the amplitude of primary
esophageal contraction slightly. The combination therapy with PPI moderately
decreased GERD symptoms compared to PPI therapy alone [69-71] (Evidence
level 1D). Prucalopride is another 5-HT, agonist which promotes the release of
acetylcholine from neurons of the myenteric plexus. Kessing BF et al. showed that
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prucalopride reduced esophageal acid exposure and accelerated gastric emptying
but did not change esophageal motility in healthy volunteers [72] (Evidence level
ID). In contrast, Lei WY et al. showed that prucalopride increased esophageal con-
traction amplitude in GERD patients with IEM [73] (Evidence level 1D).

Macrolide antibiotics such as erythromycin and azithromycin have prokinetic
effect via motilin receptors. Intravenous administration of erythromycin increased
LES pressure and amplitude of esophageal contraction in 15 GERD patients [74]
(Evidence level 1D). Azithromycin reduced esophageal acid exposure in GERD
patients and following lung transplant [75] (Evidence level 2).

Buspirone developed as an anxiolytic drug is a partial agonist for the serotonin
5-HT, receptors and an antagonist for the dopamine D2 receptor with weak affin-
ity to the 5-HT, receptors. Buspirone increased esophageal contraction in healthy
volunteers [76, 77].

A recent randomized double-blind placebo-controlled crossover study showed
30% normalization of esophageal contraction by not only buspirone but placebo in
patients with IEM [78] (Evidence level 1D). Additionally, buspirone increased LES
resting pressure and decreased esophageal symptoms in systemic sclerosis patients;
however, it did not affect the amplitude of distal esophageal contraction [79, 80]
(Evidence level 2).
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Chapter 10
Functional Dysphagia

Ofer Z. Fass and Ronnie Fass

Introduction

Functional dysphagia, also known in the literature as nonobstructive dysphagia, is
one of the five functional esophageal disorders recognized by the Rome IV commit-
tee for functional esophageal disorders [1]. It is an infrequent cause of dysphagia
symptoms and the least common functional esophageal disorder [2]. Thus, much
is still unknown about disease epidemiology, pathophysiology, and treatment.
Functional dysphagia remains a significant source of functional impairment and
emotional distress in affected patients. In addition, it poses a diagnostic and thera-
peutic challenge to clinicians in their everyday practice. Although there is limited
clinical information about its management, evidence regarding treatment of other
functional esophageal disorders is often applied to functional dysphagia, which
includes a multimodal approach of neuromodulators and management of psycho-
logical comorbidities. In refractory cases, empiric esophageal dilation and botuli-
num toxin injections into the distal esophagus are commonly considered.

In this chapter, functional dysphagia will be reviewed in detail as well as areas
requiring further investigation. All provided recommendations are accompanied by
a grade, which reflects the quality of available evidence in the current literature
(Table 10.1).
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Table 10.1 Levels of evidence

Level 1A Large randomized control trials, systematic reviews/meta-analyses
Level 1B High-quality cohort study
Level 1C Moderate-sized randomized control trial or meta-analysis of small trials
Level 1D At least one randomized control trial
Level 2 One high-quality, non-randomized cohort study
Level 3 At least one high-quality case-control study
Level 4 High-quality case series
Level 5 Opinions from experts
Definition

Functional dysphagia is defined as the sensation of abnormal bolus transit through
the esophagus in the absence of structural, mucosal, or motor abnormalities [1].
Patients may report a sensation of solid or liquid foods sticking, lodging, or passing
abnormally when swallowing. The definition of functional dysphagia requires the
exclusion of alternative etiologies for esophageal dysphagia, including mucosal,
structural, and motility disorders. Rome IV emphasized the need to exclude esopha-
geal disorders that may present with dysphagia but without clear mucosal abnormal-
ities, such as gastroesophageal reflux disease (GERD) and eosinophilic esophagitis
(EoE). In addition, major esophageal motor disorders should be excluded as they
commonly present with normal endoscopy. Therefore, it is important to obtain ancil-
lary testing, such as reflux testing, high-resolution esophageal manometry (HREM),
and mucosal biopsies, prior to establishing the diagnosis of functional dysphagia.

Rome IV outlines specific criteria for the diagnosis of functional dysphagia, all
of which must be present [1].

* Sense of solid and/or liquid food sticking, lodging, or passing abnormally
through the esophagus.

e Absence of evidence that esophageal mucosal or structural abnormality is the
cause of the symptom.

* Absence of evidence that GERD or EoE is the cause of the symptom.

e Absence of major esophageal disorders (achalasia, esophagogastric junction out-
flow obstruction, distal esophageal spasm, jackhammer esophagus, and absent
peristalsis).

Criteria must be fulfilled for the past 3 months with symptom onset at least
6 months before diagnosis with a frequency of at least once a week. Importantly,
the presence of minor esophageal motor disorders, such as ineffective esophageal
motility and fragmented peristalsis, does not exclude the diagnosis of functional
dysphagia.

Ruling out EoE and major esophageal motility disorders as a prerequisite for
diagnosing functional dysphagia is new to Rome IV as compared with previous
Rome criteria. Similarly, the required symptom frequency of once per week is also
new. EoE may cause dysphagia without any visible structural abnormalities on upper
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endoscopy. Consequently, esophageal mucosal biopsies are needed to exclude or
make the diagnosis of eosinophilic esophagitis in these patients. Major esophageal
motility disorders may cause a variety of symptoms, including dysphagia, chest
pain, and heartburn. In Rome III, only pathology-based esophageal motor disorders
were excluded. This meant only achalasia, ignoring the importance of excluding the
other major esophageal motor disorders. Rome IV assumed that minor esophageal
motility disorders, such as ineffective esophageal motility and fragmented peristal-
sis, are unlikely to be an important cause for dysphagia, and thus their presence does
not exclude the diagnosis of functional dysphagia.

Rome IV recognized that functional dysphagia is an evolving concept, which is
dependent on the diagnostic accuracy of the currently available technology. Thus,
the definition of functional dysphagia will continue to change overtime as new and
more refined equipment are introduced into our clinical practice, possibly shrinking
the pool of patients with an unknown etiology for their dysphagia. Furthermore,
while Rome IV allows the inclusion of dysphagia patients with minor esophageal
motor disorders under the definition of functional dysphagia, future Rome commit-
tees may decide to exclude all or subset of these patients from the diagnosis.

Epidemiology

Epidemiological data for functional dysphagia are limited due to its complex diag-
nosis. Several esophageal tests are required prior to establishing the diagnosis, and
consequently many clinicians outside the field of neurogastroenterology and motil-
ity remain unacquainted with the disorder. Furthermore, studies addressing disease
prevalence often fail to meet all of the exclusionary criteria outlined by Rome IV.
In one of the first studies attempting to estimate the prevalence of swallowing
disorders in the general population, the investigators surveyed 600 individuals
aged 50-79 years old regarding swallowing and esophageal complaints. Of the 556
respondents, approximately 3% reported dysphagia symptoms. However, the num-
ber of persons with functional dysphagia was not determined in this study [3]. A
mailed questionnaire study performed in Olmsted County, Minnesota, found similar
results [4]. Investigators surveyed 3669 patients about dysphagia symptoms, and the
medical records of patients reporting positive symptoms were examined for organic
causes of dysphagia. The prevalence of dysphagia symptoms was shown to be 3%
in both men and women. Approximately 2.5% of all respondents were noted to have
dysphagia without an identifiable etiology. Of the 168 patients reporting frequent
symptoms (at least weekly), approximately 50% had no clear etiology, suggesting
a diagnosis of functional dysphagia. Another study also utilizing mailed question-
naires estimated the prevalence of functional dysphagia to be between 7 and 8% [2].
However, it was limited by the use of the old Rome I diagnostic criteria. A different
study assessed the prevalence of functional gastrointestinal disorders in nine Asian
countries [5]. Among the 1012 patients identified with functional gastrointestinal
disorders, 0.6% reported symptoms of functional dysphagia. Of the five functional
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esophageal disorders, functional dysphagia had the lowest prevalence. Similar to
the aforementioned studies, assessment of dysphagia prevalence was limited by the
use of the Rome II criteria and lack of clinical confirmation.

A notable limitation of survey studies is the inability to perform exclusionary
testing in patients reporting dysphagia, suggesting that the actual prevalence of
functional dysphagia may be much lower than reported. In nearly 80% of patients
presenting with dysphagia, an organic cause can be identified by taking a careful
history. In patients undergoing endoscopic evaluation of dysphagia, a structural or
mucosal etiology is identified in 75% of the cases [6, 7].

Advances in esophageal manometry have improved diagnostic accuracy of swal-
lowing and motility disorders. A recent study evaluated 236 patients with esopha-
geal dysphagia using high-resolution esophageal manometry (HREM) [8]. Only
32 (13.6%) patients demonstrated normal testing, suggesting that the prevalence of
functional dysphagia may be lower in different populations and ethnic backgrounds.

Advances in manometric and impedance testing have enabled the detection of
organic etiologies in patients previously thought to have a functional disorder. It is
anticipated that with continued improvements in diagnostic testing, many patients
with functional dysphagia will be reclassified as having an organic disorder result-
ing in further decrease in disease prevalence.

Pathophysiology

The pathophysiology of functional dysphagia is incompletely understood and
remains an area of intense research. As with all functional esophageal disorders,
symptoms are thought to arise in part from a complex interaction between esoph-
ageal hypersensitivity, abnormal central processing of esophageal stimuli, and
psychological comorbidity. Evidence also suggests that intermittent peristaltic
dysfunction may contribute to symptom generation. Thus, functional dysphagia is
likely driven by multiple mechanisms which may differ among patients.

Key etiological principles of functional esophageal disorders are esopha-
geal hypersensitivity and altered central perception of intraesophageal stimuli.
Intraesophageal acid perfusion and balloon distension have both been shown to
reproduce symptoms in patients with functional dysphagia [9].

Several mechanisms have been proposed as part of the intermittent abnor-
mal esophageal motility theory. In 1 study, 30 patients with endoscopy-negative
heartburn symptoms underwent acidic swallows with pomegranate juice while
simultaneously being evaluated by HREM [10]. Patients were noted to have hyper-
contractile responses of the distal esophageal smooth muscle during perfusion of
the acidic juice. Another study evaluated manometric recordings in 30 patients with
functional dysphagia who underwent intraesophageal graded balloon distension.
Distal esophageal contractions were demonstrated in 70% of the patients compared
to 0% in healthy controls [11]. It should be noted that 30% of the functional dys-
phagia patients in this study did not show any peristaltic abnormalities in response
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to balloon distension. Other studies that support the esophageal dysmotility theory
offer an alternative explanation for symptom generation in patients with functional
dysphagia. Rather than hypercontractile responses induced by intraesophageal
stimulation, they suggest hypocontractility, or peristaltic dysfunction, as the pri-
mary mechanism [12]. A study using barium boluses concomitantly with esopha-
geal manometry in patients with nonobstructive dysphagia has shown that impaired
or absent peristaltic waves resulted in incomplete bolus clearance [9]. As peristal-
tic wave amplitudes become weaker, esophageal clearance becomes progressively
more ineffective [13]. A study investigating esophageal motility patterns in dyspha-
gia patients during feeding demonstrated markedly reduced peristalsis, which could
be provoked or exacerbated by increasing swallow frequency [14]. One hypothesis
was that impaired peristalsis may be driven in part by esophageal acid exposure. A
study in patients with endoscopy-negative reflux disease demonstrated decreased
effective peristaltic contractions with increasing esophageal acid exposure (r = 0.52
for liquid boluses, = 0.27 for solid boluses), which might also be applied to patients
with functional dysphagia [15].

While Rome IV requires the exclusion of major esophageal motor disorders, it
allows for the presence of minor disorders, such as ineffective esophageal motility
and fragmented peristalsis. However, “minor esophageal motility disorders” is a
broad category encompassing some conditions that have yet to be labeled by the
Chicago classification. Future Rome guidelines may choose to exclude all motility
disorders, both major and minor, further reducing the prevalence of functional dys-
phagia and altering our current understanding of its pathophysiology.

Despite the proposed role of disordered peristalsis in functional dysphagia,
recent studies utilizing HREM have shown poor correlation between esophageal
peristaltic patterns and patient-reported symptoms [16]. It appears that even with
successful clearance of the food bolus, dysphagia symptoms may continue to persist
[17]. Furthermore, stasis of liquid and solid boluses is observed in both functional
dysphagia patients and healthy controls, suggesting that esophageal hypersensitiv-
ity, rather than disordered peristalsis, is the likely primary trigger of symptoms [18].

Another mechanism for symptom generation in patients with functional dyspha-
gia has been established by using high-frequency intraesophageal ultrasonography,
which examines simultaneous longitudinal and circular muscle contractions within
the esophageal wall. A study in patients with nutcracker esophagus demonstrated
asynchrony between longitudinal and circular muscle contractions during swal-
lowing as compared to healthy controls. This abnormality could be extrapolated to
patients with functional dysphagia [19, 20].

The mechanism by which esophageal hypersensitivity develops in some patients
continues to be an important area of investigation. Studies in patients with func-
tional esophageal disorders suggest that peripheral mucosal afferents are sensitized
by repeated esophageal acid exposure, resulting in dilation of intraepithelial spaces
and increased mucosal permeability [21]. The role of esophageal hypersensitivity
in functional dysphagia was further supported by the observation that patients with
abnormal sensory perception thresholds for balloon distension also demonstrate a
significant association with dysphagia as their primary presenting symptom [22].



206 O. Z. Fass and R. Fass

As with all other functional esophageal disorders, psychological comorbidities
have also been observed in patients with functional dysphagia, suggesting a poten-
tial role in disease presentation. Patients with dysphagia without a clear structural
etiology have been shown to have higher rates of anxiety, depression, and somatiza-
tion disorders [23]. One study reported an association between emotional distress
and anxiety with functional dysphagia [24]. Another study demonstrated a rela-
tionship between emotional stress and altered esophageal motility. Both patients
who were reporting unpleasant memories, and those who were subjected to stress-
ful interviews, demonstrated altered barium transit [23]. Challenging cognitive
tasks have similarly been shown to induce altered esophageal manometry findings.
Psychological comorbidity contributes to altered perception of intraesophageal
stimuli and may drive symptom severity in patients with functional esophageal dis-
orders. However, whether altered motility observed in patients under psychological
stress contributes to dysphagia symptoms is uncertain. Alternatively, patients with
psychological comorbidities may experience greater distress from their symptoms
and be more likely to pursue medical attention.

Clinical Presentation

The characteristic symptom of functional dysphagia is the sensation of sticking,
lodging, abnormal passage, or incomplete passage of solid or liquid boluses [1].
The symptoms of functional dysphagia are indistinguishable from those of dyspha-
gia due to organic etiologies. Thus, a patient presenting with suspected functional
dysphagia must undergo detailed diagnostic testing to rule out structural, mucosal,
and major motor abnormalities.

New to the Rome IV criteria is the addition of EoE as an exclusion criterion.
Biopsies of the esophageal mucosa are routinely obtained during endoscopic eval-
uation of dysphagia to assess for the presence of eosinophils. Additionally, the
presence of GERD is similarly specified as an exclusion criterion. Therefore, the
presence of typical heartburn symptoms in addition to dysphagia suggests an alter-
native diagnosis.

Psychological comorbidities are associated with functional dysphagia, specifi-
cally anxiety, depression, somatization, and stress [24]. Although not diagnostic, the
presence of clinically significant anxiety in a patient with dysphagia and no obvious
organic etiology should heighten the suspicion for functional dysphagia.

Diagnosis

Diagnostic workup of dysphagia begins with a thorough history to exclude other
conditions that can mimic dysphagia, such as xerostomia, globus sensation, odyno-
phagia, and choking sensation. Thereafter, oropharyngeal dysphagia is excluded by
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the presence of the following symptoms: sialorrhea, food sticking immediately in
the throat, inability to chew, difficulty initiating a swallow, nasopharyngeal regur-
gitation, inability or delay in initiating a swallow, the need for repetitive swallows
to clear the hypopharynx, aspiration, coughing, or choking [25]. The patient may
also report various neuromuscular symptoms, such as dysarthria, diplopia, muscle
weakness, vertigo, nausea, vomiting, tremor, and ataxia. Importantly, dysphagia can
be the initial symptom of a neurologic disease.

In general, intrinsic and extrinsic mechanical causes commonly lead to dys-
phagia for solid foods, whereas patients with motility disorders tend to com-
plain of progressive or nonprogressive dysphagia for both liquids and solids
from the onset.

Useful information can be obtained from the reported course of the dysphagia.
Acute onset of dysphagia due to food impaction is usually indicative of mechani-
cal obstruction. Additionally, a sudden onset of dysphagia in association with other
neurologic symptoms may indicate an acute cerebrovascular accident. Patients who
have lower esophageal mucosal rings typically complain of dysphagia that is inter-
mittent and nonprogressive. In contrast, esophageal strictures or malignancies com-
monly cause progressive dysphagia.

The duration of the dysphagia is often an important sign as to whether the under-
lying cause is benign or malignant. Malignant dysphagia, for example, presents
with relatively short progressive history and is frequently associated with significant
weight loss.

Commonly, patients with oropharyngeal dysphagia can accurately localize the
swallow dysfunction to the oropharynx. In contrast, patients with esophageal dys-
phagia symptoms may not be able to localize the level of the disease. The patient
pointing to the jugular notch may reflect a referral of sensation from the distal
esophagus. Pointing to the xiphoid bone is more sensitive for the location of the
swallowing dysfunction.

Associated symptoms, such as heartburn, regurgitation, aspiration, weight loss,
and chest or abdominal pain, may help to narrow the differential diagnosis. History
of chronic heartburn may suggest that the dysphagia is caused by an esophageal
peptic stricture or erosive esophagitis. The symptoms of chest pain, wheezing,
chronic cough, hoarseness, and sleep disruption may be atypical, or extraesopha-
geal manifestations of gastroesophageal reflux disease. History of chest pain may
also suggest the possibility of spastic motility disorders of the esophagus as a cause
for the dysphagia.

Pain during swallowing or persistent sore throat may indicate malignancy,
infection, or inflammation from corrosive agents or ionizing radiation. In some
patients, change in voice quality is the first symptom suggestive of a swallowing
disorder. In contrast, patients with mechanical obstruction or achalasia may pres-
ent with weight loss.

As mentioned above, difficulties in swallowing may be the presenting symptom
of a much more generalized neuromuscular disorder or systemic disease [26]. For
example, dysphagia could be the presenting symptom of collagen vascular disorders
such as scleroderma or systemic lupus erythematosus.
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Dysphagia in patients on chronic immunosuppressive treatment may suggest
infectious esophagitis (fungal or viral). Although the predominant symptom for
these patients is usually odynophagia, most patients experience dysphagia as well.

A detailed history of medication consumption is also important, as a number of
centrally acting drugs can impair oropharyngeal function and cause tardive dyski-
nesia with masticatory and swallowing difficulties, as well as toxic or inflammatory
myopathy or dysfunction in neuromuscular transmission. In addition, medications
such as nonsteroidal anti-inflammatory drugs, tetracyclines, potassium, iron, and
vitamin C tablets can cause pill-induced esophagitis that presents as acute esopha-
geal dysphagia. These types of medications can cause mid- or distal esophageal
ulceration and even a stricture [27].

Physical examination in patients with dysphagia may reveal clues for diagnosis
and the patient’s nutritional status. Unfortunately, physical examination is com-
monly skipped in patients with dysphagia, depriving physicians from obtaining
additional important clinical information. Careful examination of the head and
neck for masses, lymph nodes, or enlarged thyroid is pivotal. Signs of prior surgery
and radiotherapy should be noted. The oral cavity, including dentition or dentures,
tongue, and oropharynx, should be inspected. Eye signs, sweating, tremor, and
tachycardia may be present in patients with thyrotoxic myopathy. Examination of
the chest may reveal signs of pneumonia due to aspiration, particularly in patients
with oropharyngeal dysphagia. A neurologic examination is mandatory when evalu-
ating patients with oropharyngeal dysphagia. Physical findings may indicate cranial
nerve dysfunction, neuromuscular disease, cerebellar dysfunction, or a movement
disorder [28]. For patients with dysphagia caused by a collagen vascular disease,
physical examination may detect joint abnormalities, calcinosis, sclerodactyly, tel-
angiectasia, and other findings.

It has been demonstrated that a careful and detailed physical examination with a
good history of the medical problem should lead a physician to the correct diagno-
sis in 80—85% of dysphagia cases [29]. However, some patients may present with
atypical symptoms and signs. In these cases, the physician must rely on other diag-
nostic studies to establish the correct diagnosis.

If esophageal dysphagia is suspected, an upper endoscopy should be performed
first to assess for structural and mucosal etiologies. If the test is unremarkable,
esophageal biopsies are obtained to assess for EoE, a new exclusion criterion
offered by Rome IV [1]. Although an upper endoscopy is typically sufficient to
identify structural causes of dysphagia, a barium swallow using solid boluses, like
a tablet or marshmallow, may be employed to identify subtle structural irregulari-
ties, such as rings or extrinsic compression of the esophagus [30]. Some clinicians
may use timed barium esophagram to obtain a physiological assessment of patient’s
capacity to empty their esophagus.

While erosive esophagitis and Barrett’s esophagus can be excluded during upper
endoscopy, patients with nonerosive reflux disease (NERD), and thus negative
upper endoscopy, can present with dysphagia symptoms and should be excluded
as part of the diagnostic workup. This is in particular important in those with both
dysphagia and heartburn symptoms who should undergo empiric treatment with a
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PPI and subsequently assessed for improvement in their dysphagia. Ambulatory pH
monitoring or impedance plus pH is not considered part of the routine diagnostic
algorithm for functional dysphagia but can be considered in patients with associ-
ated persistent heartburn and/or regurgitation symptoms who are not responsive to
aggressive anti-reflux treatment.

In the absence of structural etiologies and heartburn symptoms, the next diag-
nostic step is the exclusion of major esophageal motor disorders. This is accom-
plished by using HREM which assesses esophagogastric function and esophageal
body peristalsis that can impede bolus transit [31]. As previously mentioned, Rome
IV allows for minor esophageal motor abnormalities to be present, such as ineffec-
tive esophageal motility and fragmented peristalsis, in patients with the diagnosis of
functional dysphagia. This is because low-amplitude esophageal contractions and
liquid/solid bolus stasis requiring multiple swallows to clear the esophagus have
been observed in both patients and healthy controls [16, 32]. Certain maneuvers,
such as rapid swallowing or ingestion of solid food during esophageal manometry,
can enhance the detection of esophageal motor abnormalities that may explain dys-
phagia symptoms [20, 33].

The exclusion of intrinsic structural esophageal abnormalities, extrinsic com-
pression, EoE, NERD, and major esophageal motor disorders supports the diag-
nosis of functional dysphagia (Fig. 10.1). Other experimental modalities may
have a role in functional dysphagia, although most have not been studied in this
area. High-frequency intraesophageal ultrasonography has been used to dem-
onstrate lack of coordination between the longitudinal and circular esophageal
muscle contractions in patients with dysphagia and nutcracker esophagus [19].
Endoscopic functional luminal imaging probe (EndoFLIP) is a new technology
that is able to measure esophagogastric junction distensibility [34]. Studies using
EndoFLIP in patients with EoE, achalasia, or those who are pre- or postsurgical
intervention in the esophagus demonstrated a correlation between the degrees
of distensibility and the risk for reporting dysphagia [35]. While the EndoFLIP
technique requires further validation, it may be used in patients with functional
dysphagia to identify distensibility abnormalities and thus further classify them.
High-resolution impedance manometry (HRIM) has been used to evaluate esoph-
ageal bolus flow and retention, simultaneously with esophageal peristalsis and
esophagogastric function [36]. This technique may further help to investigate
patients with dysphagia, but its value in functional dysphagia remains to be
determined.

Future developments in technology that assess esophageal function will continue
to challenge our definition of functional dysphagia. In addition, currently available
diagnostic techniques demonstrate that ineffective esophageal motility is the most
commonly diagnosed esophageal motor disorder in clinical practice. This is primar-
ily due to the wide range of peristaltic abnormalities that are encompassed under
this category, all the way from 50% weak swallows to 90% failed swallows. Future
changes to the definition of ineffective esophageal motility may alter the definition
of functional dysphagia. Table 10.2 summarizes all recommendations for the diag-
nosis of functional dysphagia.
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Table 10.2 Diagnostic recommendations for functional dysphagia

Level of
Recommendation evidence
1. A thorough history and physical examination should be obtained to exclude Level 2
esophageal dysphagia due to structural, mucosal, and motor abnormalities
2. Upper endoscopy should be performed to assess for structural and mucosal Level la
etiologies
3. Mucosal biopsies during upper endoscopy should be obtained to assess for Level la
EoE and other mucosal abnormalities
4. Barium swallow with tablet or marshmallow should be considered in Level 5

dysphagia patients with normal endoscopy

5. Patients with heartburn symptoms should be initially treated with empiric PPI | Level 1C
therapy

6. High-resolution esophageal manometry should be performed to rule out major | Level 3
motility disorders after structural and mucosal abnormalities are excluded

7. Provocative maneuvers, such as rapid swallowing or ingestion of food during | Level 3
manometry, may be used to enhance the detection of esophageal motor
abnormalities

EoF eosinophilic esophagitis, PP/ proton pump inhibitor

Treatment

There is limited evidence to guide the management of functional dysphagia, and
recommendations are primarily empiric. Furthermore, dysphagia symptoms may
resolve over time and occasionally not require aggressive treatment [1]. Thus, ini-
tial management is commonly conservative and entails lifestyle modifications, such
as sitting upright when eating, avoiding food triggers, swallowing smaller food
boluses, and using water, sauce, or gravy as food lubricants [37].

If symptoms persist despite conservative management, the next best course of
treatment remains unclear. Some experts advocate for a trial of PPI therapy over
a period of 4-8 weeks, especially in patients with associated heartburn symp-
toms. If the patient remains symptomatic, then anti-reflux treatment should be
discontinued [38]. Subsequent medical therapy may include neuromodulators
(Table 10.3). These medications have proven to be beneficial in other functional
esophageal disorders because of their effect on reducing esophageal hypersen-
sitivity [39]. The main esophageal neuromodulators include tricyclic antide-
pressants, selective serotonin reuptake inhibitors, and selective norepinephrine
reuptake inhibitors. Other esophageal neuromodulators include trazadone, pre-
gabalin, and gabapentin. However, no randomized controlled trials are available
in functional dysphagia, and thus the use of neuromodulators in this disorder
remains empiric.

Prokinetics and parasympathomimetic drugs have been proposed as novel thera-
peutic modalities in functional dysphagia; however, data to support their routine use
in practice is still lacking. Furthermore, the few trials investigating their efficacy in
patients with esophageal peristaltic dysfunction have yielded disappointing results
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Table 10.3 Neuromodulators studied in randomized controlled trials of patients with functional
or nonfunctional esophageal disorders

Response
Name Class of drugs | Disorder Dose rate Side effects
Imipramine | TCAs NCCP 50 mg/day 52% QT prolongation
Imipramine | TCAs NCCP 50 mg/day Significant | Dry mouth,
dizziness
Imipramine | TCAs FH, RH 25 mg/day 37.2% Constipation
Amitriptyline | TCAs NCCP, 10.25 mg/day | 52%, Excessive
globus significant | sleeping, dizziness
Sertraline SSRIs NCCP 50-200 mg/ 57% Nausea,
day restlessness
Sertraline SSRIs NCCP 50-200 mg/ Modest Dry mouth,
day diarrhea
Paroxetine SSRIs NCCP 10-50 mg/day | Modest Fatigue, dizziness
Paroxetine SSRIs NCCP 10-50 mg/day | 21.70% None
Citalopram | SSRIs RH 20 mg/day Significant | None
Fluoxetine SSRIs FH/RH 20 mg/day Significant | Headache, dry
mouth
Trazodone SRIs Dysmotility | 100-150 mg/ | 29-41% Dry mouth,
day dizziness
Venlafaxine | SNRIs NCCP 75 mg/day 52% Sleep disturbances
Ranitidine H2RAs FH 300 mg/day Significant | None
Theophylline | Adenosine NCCP 200 mg twice | 58% Nausea, insomnia,
antagonists per day tremor
Gabapentin | GABA analog | Globus 300 mg 3 66% None
times per day

With permission from Ref. [44]

FH functional heartburn, GABA gamma-aminobutyric acid, NCCP noncardiac chest pain, RH
reflux hypersensitivity, SNRIs serotonin-norepinephrine reuptake inhibitors, SRIs serotonin reup-
take inhibitors, SSRIs selective serotonin reuptake inhibitors, TCAs tricyclic antidepressants

in addition to concerns about their safety profile [37]. Future studies in functional
dysphagia patients may be needed before definitive recommendations can be made
regarding the value of prokinetics.

A number of studies have evaluated the role of empiric esophageal dilation
in the management of functional dysphagia. One study by Naini et al. compared
esophageal dilation using a 54- or 57-Fr bougie to medical therapy with a PPI or
histamine-2 receptor antagonist in patients with functional dysphagia. Complete
resolution of symptoms was reported in 68.3% of patients treated with esopha-
geal dilation compared to 59.5% of those treated with medical therapy, although
the difference was not statistically significant [40]. Another study by Colon et al.
compared the efficacy of different bougie sizes on symptom response of patients
with nonobstructive dysphagia [41]. Patients were randomized to receive dila-
tion with a 50-Fr bougie (n = 13) or a 26-Fr bougie (n = 10). Patients undergoing
dilation with the 50-Fr bougie had a significantly greater symptomatic response
compared to those undergoing dilation with the 26-Fr bougie (84.6 vs 40%,
P =0.03), (Fig. 10.2). At 2-year follow-up, 80% of the patients initially respond-
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Fig. 10.2 Comparison of efficacy of esophageal dilation with 50-Fr bougie versus 26-Fr bougie in
patients with functional dysphagia immediately after dilation. (With permission from Ref. [41])
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Fig. 10.3 Comparison of through-the-endoscope balloon dilation versus sham dilation in patients
with dysphagia but without endoscopic evidence of disease. (With permission from Ref. [42])

ing to the 50-Fr bougie had a sustained response. It is thought that the response
to dilation with a 50-54-Fr bougie may be due to interruption of subtle structural
abnormalities such as rings, which may not be identified during endoscopy or
barium swallows. In contrast, dilation with through-the-endoscope balloons has
not been shown to benefit patients with functional dysphagia. A trial comparing
endoscopic balloon dilation to sham dilation did not demonstrate a significant
difference in dysphagia symptoms at day 1, 3 months, or 6 months posttreatment
(Fig. 10.3) [42].
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Botulinum toxin injections, which are commonly used for esophageal hyper-
contractile disorders, have been considered for the treatment of refractory cases
of functional dysphagia. A study by Vanuytsel et al. investigated the role of
botulinum toxin injections into the distal esophagus in patients with diffuse
esophageal spasm and nutcracker esophagus [43]. As compared with patients
who had received sham saline injections, botulinum toxin injections were asso-
ciated with a significant reduction in symptom scores and esophagogastric junc-
tion pressures. However, response to treatment does not appear to be durable.
Only 50% of the patients reported response to treatment at 1 month and 30% at
1 year. Although the study population had a primary esophageal motility dis-
order, it is believed by some authorities that botulinum toxin injection into the
lower esophagus may also benefit patients with functional dysphagia. However,
what injection protocol should be used and which factors predict response to
botulinum toxin therapy in patients with functional dysphagia remain to be
determined.

As with all functional esophageal disorders, addressing psychological
comorbidities is essential for any therapeutic intervention in patients with func-
tional dysphagia. While none has been studied in functional dysphagia patients,
psychological interventions, such as cognitive behavioral therapy, muscle relax-
ation techniques, hypnotherapy, mindfulness, dynamic psychotherapy, and
multicomponent psychosocial therapy, have been used successfully in other
functional esophageal disorders and noncardiac chest pain. It is evident from
other functional esophageal disorders that addressing psychological comorbid-
ity is pivotal for treatment success. Table 10.4 summarizes recommendations for
medical management, and Table 10.5 summarizes recommendations for non-
medical management of patients with functional dysphagia. Figure 10.4 pro-
vides a suggested treatment algorithm.

Table 10.4 Medical management of functional dysphagia

Level of
Recommendation evidence
1. Lifestyle modifications should be the first line of management Level 5

2. PPI therapy for 4-8 weeks should be considered for patients with associated | Level 5
heartburn or regurgitation symptoms
3. Neuromodulators (SSRIs, SNRIs, TCAs) should be considered early in Level 5
patient management

4. Prokinetics and parasympathomimetic medications should not be considered | Level 5
as part of medical management

PPI proton pump inhibitor, SNRI selective norepinephrine reuptake inhibitors, SSRI selective sero-
tonin reuptake inhibitors, T7CA tricyclic antidepressant
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Table 10.5 Nonmedical management of functional dysphagia

Level of
Recommendation evidence
1. All patients with psychological comorbidities should be evaluated by a Level 5

psychiatrist or psychologist. Treatment may include cognitive behavioral
therapy, biofeedback, and stress reduction techniques
2. Patients failing medical management should undergo esophageal dilation with a | Level 1D
50-54-Fr bougie
3. Through-the-endoscope balloon dilation should not be used as treatment and is | Level 1D
not equivalent to dilation with a bougie
4. Botulinum toxin injections should be offered if dilation failed Level 5

Lifestyle modifications*

l

Heartburn symptoms

Empiric treatment with a +
proton pump inhibitor

r

Esophageal dilation with
54-57 Fr bougie
Botulinum toxin injection of -

distal esophagus

> Neuromodulatorst

.

Psychological
management?

*Lifestyle modifications entail sitting upright when eating, avoiding food triggers, swallowing
smaller food boluses, and using water, sauce, or gravy as food lubricants.

TNeuromodulators include selective serotonin reuptake inhibitors, selective norepinephrine
reuptake inhibitors, and tricyclic antidepressants, and GABA analogs.

FPsychological management involves cognitive behavioral therapy, biofeedback, and stress-
reduction techniques.

Fig. 10.4 Treatment algorithm for functional dysphagia



216 O. Z. Fass and R. Fass
Summary

Functional dysphagia is an uncommon cause of dysphagia symptoms and presents
a diagnostic and therapeutic challenge. It is defined as a sensation of solid and/
or liquid food sticking, lodging, or passing abnormally through the esophagus in
the absence of any mucosal, structural, or major functional abnormalities of the
esophagus.

Functional dysphagia accounts for 7-8% of the patients presenting with dys-
phagia [2]. Etiology is presumed to be secondary to esophageal hypersensitivity,
abnormal central processing of esophageal stimuli, intermittent abnormal esopha-
geal motor disorder, and psychological comorbidities.

Diagnosis begins with a careful history and physical examination. Upper endos-
copy with mucosal biopsies should be performed in all patients presenting with
dysphagia. If endoscopy is unremarkable and the patient reports heartburn or
regurgitation symptoms, an empiric PPI trial should be considered. If there is no
improvement, subsequent testing with HREM can help to exclude major esophageal
motor disorders.

Treatment of functional dysphagia includes lifestyle changes and avoidance of
triggers, neuromodulators (tricyclic antidepressants, selective serotonin reuptake
inhibitors, selective norepinephrine reuptake inhibitors, trazadone, pregabalin, and
gabapentin), and psychological interventions if needed. Nonpharmacologic man-
agement can also be employed, which includes dilation with a 50-54-Fr bougie and
in carefully selected patients botulinum toxin injections into the distal esophagus.
Regardless, there are many areas in functional dysphagia that need to be further
studied, and thus definition, epidemiology, diagnosis, and treatment of functional
dysphagia are likely to further evolve in the future.
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30

GERD, diagnosis of, 34, 35

Heller myotomy, 33

high-resolution impedance planimetry
electrodes, 31

POEM, 33

Rigiflex dilator, 34

RRC, 33

spastic motor disorders, 181

trans-nasal placement, 31

G
Gabapentin, 211
Gastroesophageal reflux disease (GERD), 22,
34,35, 113, 176, 181, 193, 194
atypical symptoms, 63
black esophagus, 69
definition, 63
diagnosis of, 70, 71
EAC, 66
eosinophilic esophagitis (EoE), 68
esophageal hypomotility, 66, 68
identify disorders mimicking GERD, 72
infectious esophagitis, 69
Los Angeles (LA) Classification, 65
management of
acid suppression, 72, 73
antireflux therapy, 74
peptic strictures, dilation of, 73, 74
specific conditions, 74, 75
mechanisms of dysphagia, 64
pill esophagitis, 68
post-fundoplication dysphagia, 67
reflux-induced (peptic) strictures, 66
RFA, 68
stricture formation, 69
symptoms of, 69
upper endoscopy, 64
Gastrointestinal symptom scale, 7
Gastrostomy tubes, 93
GERD, see Gastroesophageal reflux disease
(GERD)
Glimepiride, 68
Globus sensation, 43
Gugging Swallowing Screen, 51
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H

Heller myotomy, 33, 186

Hiatus hernias, 66

High-resolution esophageal manometry
(HREM), 173, 202, 205

High-resolution impedance manometry, 27

High-resolution impedance planimetry, 118

High-resolution manometry (HRM), 23-26,
30, 32, 53, 67, 69, 70, 72, 141, 144,
150, 177, 191, 193

Histologic eosinophilia, 117

HRM, see High-resolution manometry (HRM)

Human leukocyte antigen (HLA) class II
genes, 142

Hydraulic balloon dilator, 34

Hypercontractile esophagus, 174

Hypercontractile lower esophageal sphincter, 174

Hypertensive lower esophageal sphincter
(LES), 174

I

Impaired epithelial barrier, 110

Impedance planimetry, 30

Ineffective esophageal motility (IEM), 25, 67
anti-reflux surgery (ARS), 194, 195
definition, 191, 192
GERD, 193, 194
management, 195
medical conditions related to, 194
non-pharmacological treatment, 195
pathophysiology of, 192, 193
pharmacological treatment, 195, 196
symptoms of, 193

Infectious esophagitis, 69, 74

Integrated relaxation pressure (IRP), 26, 72, 177

Intermittent abnormal esophageal motility

theory, 204
Intraluminal impedance measurement, 180

J
Jackhammer esophagus, 174, 176-178, 181

K
Killian’s triangle, 51
Kochman criteria, 95

L

Laparoscopic Heller myotomy (LHM),
157-159

Large hiatal hernia, 20
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LES, see Lower esophageal sphincter (LES)

Lichen planus, 69, 86

Low-dose tricyclic antidepressants (TCA), 184

Lower esophageal sphincter (LES), 27, 53, 63,
66, 141, 145, 194

M

Macrolide, 196

Magnetic sphincter augmentation (MSA), 194

Maloney dilators, 83

Mayo Dysphagia Questionnaire (MDQ), 7

Mayo Dysphagia Questionnaire-30 Day
(MDQ-30), 111

Mean nocturnal baseline impedance (MNBI), 71

Measure of Achalasia Disease Severity
(MADS) assessment, 10

Mechanical dysphagia, symptoms, 2

Mechanical obstruction, 4

Mendelsohn maneuvers, 28

Mepolizumab, 126

Metaxalone, 194

Methocarbamol, 194

Metoclopramide, 195

Minor esophageal motility disorders, 205

Mitomycin C, 98

Modified barium swallowi (MBS), 17, 52

Mosapride, 195

Multiple rapid swallow (MRS), 25, 67, 194, 195

Muscle weakness, 48

N

Nasogastric tubes (NGT), 95

Neck palpation, 51

Neoadjuvant chemotherapy, 9

Neuromodulators, 184, 185, 211, 212

Nifedipine, 152

Nonerosive reflux disease (NERD), 208

Non-obstructive dysphagia, 4, 67

Nonspecific esophageal motility disorder
(NEMD), 191

Nonsteroidal anti-inflammatory drugs
(NSAIDs), 68, 208

Normal swallow, 13

Nutcracker esophagus, 173, 174
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Oculopharyngeal muscular dystrophy
(OPMD), 49

Opioids, 50, 145
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Oropharyngeal dysmotility, 14
Oropharyngeal dysphagia (OD), 2, 5, 13, 14,
206, 207
anatomic abnormalities, 3
causes of, 45
children and adolescents, 44
clinical evaluation, 51-53
clinical management, 53-55
definition, 43
differential diagnosis, 4
epidemiology, 45
medications implicated in causing, 7
neurologic disease, 3
pathophysiology, 47-51
airway compromise, 47
ALS, 49
CP bars, 50
OPMD, 49
Parkinson’s disease, 49
pharmacological agents, 49, 50
pharyngeal peristalsis dysfunction, 48
stroke, 48
Zenker’s diverticulum, 50, 51
patient report outcome (PRO), 8
physiology, 4547
striated muscle dysfunction, 3
SWAL-CARE L, 8-9
SWAL-QOL, 8-9
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Paraesophageal hernias, 66

Parasympathomimetic drugs, 211

Parkinson’s disease (PD), 49

Paroxetine, 185
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Patient report outcome (PRO), 6-8

Peppermint oil, 183

Peptic strictures, 66

Percutaneous gastrostomy tube (PEG)
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Peroral endoscopic myotomy (POEM), 33,
145, 155, 157, 185, 186

Persistent post-fundoplication dysphagia, 67

Pharyngeal dysphagia, 3, 47, 49

Pharyngeal high-resolution manometry, 28

Pharyngeal peristalsis dysfunction, 48

Pharyngeal phase, 46

Pharynx, 45

Phosphodiesterase-5 inhibitor, 184

Photodynamic therapy (PDT), 89, 90

Pill esophagitis, 68, 74
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POEM, see Peroral endoscopic myotomy
(POEM)

Post ablative strictures, 89, 90

Post-endoscopic therapy strictures, 88, 89

Post-operative strictures, 91, 92
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PPI therapy, see Proton pump inhibitor (PPI)
therapy
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Pressure flow analysis (PFA), 53
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Prokinetics, 211

Proton pump inhibitor (PPI) therapy, 66, 68,
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Prucalopride, 195
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Quality of life, 9

R

Radiation therapy, 93

Radiofrequency ablation (RFA), 68, 89
Ramipril, 68

Recurrent antegrade contractions (RACs), 36
Reduced pharyngeal luminal compliance, 50
Reflux esophagitis, 65

Refractory strictures, 95-98

Repetitive antegrade contractions (RAC), 32
Repetitive retrograde contractions (RRC), 32
Reslizumab, 126

Rigiflex dilator, 34

S
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Schatzki’s ring, 22, 86-88, 96
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Selective serotonin reuptake inhibitors (SSRI),
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Sensory component of dysphagia, 2

Sertraline, 185

Serum food-specific IgE (sIgE) testing, 120
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Smooth muscle relaxants, 183, 184
Solid dysphagia, 2
Solid-food dysphagia, 13
Spastic motor disorders
characterization, 173
clinical presentation
distal esophageal spasm, 176
jackhammer esophagus, 177
DES, 173
diagnosis
barium swallow, 178, 180
computed tomography (CT) scan, 180
endoscopic ultrasound (EUS), 180
esophageal manometry, 177, 178
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intraluminal impedance measurement,
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upper endoscopy, 177
pathophysiology, 174-176
prognosis, 187
treatment
adjunctive therapy, 186
endoscopic therapy, 185, 186
management approach, 181, 182
neuromodulators, 184, 185
smooth muscle relaxants, 183, 184
surgery, 186
trials of, 182-183
Steroids, 92, 96
Straumann Dysphagia Index (SDI), 10, 111
Stroke, 48
Suprahyoid muscle weakness, 50
Swallowable material, 46
Swallowing rehabilitation, 54
Systemic corticosteroids, 126
Systemic sclerosis (SSc), 194
Systemic steroids, 126

T

Temporary stent placement, 96

Tetracyclines, 208

The Chicago Classification (CC), 24-26, 141,
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Through-the-endoscope balloon dilation vs. Videofluorographic swallowing study (VFSS),
sham dilation, 213 16-18

Through-the-scope (TTS) balloons, 24, 26,
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Timed barium esophagogram (TBE), 18, 19 W

Tizanidine, 194 Weight loss, 81

Topical corticosteroids, 124, 125
Topical steroids, 125

Transcranial magnetic stimulation (TMS), 49 Z
Trazodone, 184, 211 Zenker’s diverticulum (ZD), 50, 55
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Upper esophageal sphincter (UES), 27, 43, 52,
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