


An Atlas of Investigation and Management

ESOPHAGEAL
DISEASES

Michael F Vaezi, MD, PhD, MS(epi)
Clinical Director

Division of Gastroenerology and Hepatology
Director Clinical Research

Director Swallowing and Esophageal Motility
Vanderbilt University Medical Center

Nashville, Tennessee, USA

With contributions from: 

Woosuk Park, MD
Clinical Fellow

Department of Gastroenterology and Hepatology
The Cleveland Clinic Foundation

Cleveland, Ohio, USA

Jason Swoger, MD, MPH
Resident

Department of Internal Medicine
The Cleveland Clinic Foundation

Cleveland, Ohio, USA

CLINICAL PUBLISHING
OXFORD



Clinical Publishing
An imprint of Atlas Medical Publishing Ltd
Oxford Centre for Innovation
Mill Street, Oxford OX2 0JX, UK

Tel:  +44 1865 811116
Fax:  +44 1865 251550
Email: info@clinicalpublishing.co.uk
Web:  www.clinicalpublishing.co.uk

Distributed by:
Marston Book Services Ltd
PO Box 269
Abingdon
Oxford OX14 4YN, UK

Tel: +44 1235 465500
Fax: +44 1235 465555
Email: trade.orders@marston.co.uk

© Atlas Medical Publishing Ltd 2006

First published 2006

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, without the prior permission in
writing of Clinical Publishing or Atlas Medical Publishing Ltd.

Although every effort has been made to ensure that all owners of copyright material
have been acknowledged in this publication, we would be glad to acknowledge in
subsequent reprints or editions any omissions brought to our attention.

A catalogue record for this book is available from the British Library

ISBN 1 904392 55 5

The publisher makes no representation, express or implied, that the dosages 
in this book are correct. Readers must therefore always check the product
information and clinical procedures with the most up-to-date published product
information and data sheets provided by the manufacturers and the most recent
codes of conduct and safety regulations. The authors and the publisher do not
accept any liability for any errors in the text or for the misuse or misapplication
of material in this work.

Printed in Spain by TG Hostench S.A., Barcelona

Electronic ISBN 978 1 84692 563 4



Contents

Preface vi

Acknowledgement vi

Abbreviations vii

1 Normal esophageal anatomy and physiology 1
Gross anatomy 1
Anatomy of the esophageal wall 1
Esophageal innervation 2
Normal deglutition 2

2 Esophageal tesing 5
Endoscopy 5
Endoscopic ultrasound 10
Barium swallow 13
Esophageal manometry 14
Ambulatory monitoring 17

3 Esophageal symptom assessment 31
Typical symptoms 31
Atypical symptoms 32
Oropharyngeal dysphagia 33

4 Esophageal disease states 37
Achalasia 37
Non-achalasia motility disorders 47
Webs and rings 52
Strictures 58
Neoplasms 62
Gastroesophageal reflux disease (GERD) 69
Extra-esophageal GERD 80
Barrett’s esophagus 86
Hiatal hernia 89
Diverticula 94
Foreign body 98
Pill-induced injury 101
Infectious esophagitis 103
Caustic injury 108
Upper gastrointestinal bleeding 110
Varices 112

Gastroenterology Society Guidelines 115

Index 117



vi

Preface

This Atlas of Esophageal Diseases is intended to provide an
overview of the esophagus in health and disease. It is a
starting point to familiarize doctors in training, as well as
experienced physicians and their staff, with both common
and rare diseases which may affect the esophagus. Pattern
recognition is often key in establishing the correct diagnosis,
and we believe that this atlas provides the basics for such
concise and efficient diagnosis.

The atlas is organized to show normal esophageal
anatomy and function initially, followed by the role for
esophageal testing, and then to review diseases affecting the

esophagus from ‘A’ (achalasia) to ‘Z’ (Zenker’s
diverticulum). In each section the reader is provided with
tables, figures, and appropriate references. The information
provided is in summary and is not intended to be all
inclusive. For more detailed information in each area we
refer the readers to recent publications and reviews.

Michael F Vaezi, MD, PhD, MS(epi)
Woosuk Park, MD

Jason Swoger, MD, MPH
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Abbreviations

AC alternating current
ACE angiotensin-converting enzyme
ACG American College of Gastroenterology
AGA American Gastroenterological Association
AIDS acquired immunodeficiency syndrome
APC argon plasma coagulator
ASGE American Society of Gastrointestinal Endoscopy
bid twice daily
CMV cytomegalovirus
CT computed tomography
DDx differential diagnosis
DEA  distal esophagueal amplitude
DES diffuse esophageal spasm
DGER duodenogastroesophageal reflux
EGD esophagogastroduodenoscopy
EM esophageal manometry
EMR endoscopic mucosal resection
ENT ear, nose, and throat
EUS endoscopic ultrasound
FNA fine-needle aspiration
GEJ gastroesophageal junction
GERD gastroesophageal reflux disease
GI gastrointestinal
GVHD graft-versus-host disease
H2RA histamine receptor antagonist
HGD  high grade dysplasia
HIV human immunodeficiency virus
HPV human papilloma virus
HSV herpes simplex virus

IEM ineffective esophageal motility
LES lower esophageal sphincter
LPR laryngopharyngeal reflux
LR reflux laryngitis
MEN  multiple endocrine neoplasia
MII multi-channel intraluminal impedance
NE nutcracker esophagus
NERD non-erosive reflux disease
NO  nitric oxide
NSAID non-steroidal anti-inflammatory drug
PEG percutaneous gastrostomy (tube)
PET positron emission tomography
po by mouth
PPI proton-pump inhibitor
qac before meals
qd once daily
qhs before sleep
RF  radio frequency
SCC squamous cell carcinoma
SCJ squamocolumnar junction
SCM squamocolumnar margin
SIDS sudden infant death syndrome
TBS timed barium swallow
TIPS transhepatic intrajugular portosystemic shunt
TLESR transient lower esophageal sphincter relaxation
TNM  tumor, nodes, and metastasis
TPN total parenteral nutrition
UES upper esophageal sphincter
VIP vasoactive intestinal polypeptide



Normal esophageal
anatomy and physiology

Chapter 1

Gross anatomy

The esophagus is a muscular tube connecting the pharynx to
the stomach, the proximal margin of which is the upper
esophageal sphincter (UES). This is the functional unit that
correlates anatomically with the junction of the inferior
pharyngeal constrictor and cricopharyngeus muscles. The
esophagus extends distally for 18–26 cm within the posterior
mediastinum as a hollow muscular tube to the lower
esophageal sphincter (LES) (1.1), which is a focus of
tonically contracted, thickened, circular smooth muscle
2–4 cm long, that lies within the diaphragmatic hiatus.

Anatomy of the esophageal wall

The esophageal wall is comprised of four layers: mucosa,
submucosa, muscularis propria, and adventitia; it has no
serosa, making it unique to the rest of the gastrointestinal
(GI) tract. Normal mucosa consists of stratified squamous
epithelium, lamina propria, and muscularis mucosa, with
lymphatic drainage beginning in the lamina propria (1.2).

The muscularis propria consists of both skeletal and
smooth muscle: the proximal 5–33% is skeletal muscle, the
middle 35–40% is mixed, and the distal 50–60% is smooth
muscle. Muscles are arranged into inner circular and outer
longitudinal layers (1.3).

1

1.1 Schematic view of the esophagus and its relationship
to neighboring structures. The proximal margin of the
esophagus is the UES. The esophagus then extends for
18–26 cm within the posterior mediastinum as a hollow
muscular tube to the LES.
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Esophageal innervation

Smooth muscle portions are innervated by the vagus nerve,
which controls peristalsis under physiologic conditions.
Neural innervation is from the myenteric (Auerbach’s)
plexus located between the two muscle layers, and from
Meissner’s plexus located in the submucosal (1.3). The
myenteric plexus is responsible for esophageal peristalsis,
whereas Meissner’s complex is the site of afferent
sensory input.

There are two main neurotransmitters within the myen-
teric plexus (1.4): (1) acetylcholine produces excitatory
stimulation, which mediates contraction of both longi-
tudinal and circular muscle layers, with the largest effect
proximally; (2) nitric oxide (NO) causes an inhibitory effect,
predominantly on the circular layer, with the greatest effect
distally.

Normal deglutition

The UES, the esophageal body, and the LES act in a
coordinated manner to allow swallowing. In the
oropharyngeal/voluntary phase of swallowing, the food
bolus is propelled into the pharynx from the mouth. This is
followed by the esophageal/involuntary phase, during which
the bolus is propelled from pharynx to stomach by a rapid
sequence of precisely coordinated events (1.5), as described
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1.2 Wall layers and lymphatic
drainage of the esophagus.
Note the four wall layers:
mucosa (stratified squamous
epithelium, lamina propria, 
and muscularis mucosa),
submucosa, muscularis propria,
and adventitia. There is a rich
lymphatic supply, which begins
in the lamina propria.

1.3 Cross-sectional anatomy of the esophagus. Note the
outer longitudinal layer and inner circular layer of smooth
muscle. Auerbach’s plexus, which is responsible for
peristalsis, is located between the two muscle layers.
Meissner’s plexus, responsible for sensation, is in the
submucosa.
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Normal esophageal anatomy and physiology 3

below. The phase begins as the larynx becomes elevated and
the epiglottis seals the airway. An immediate pharyngeal
contraction then transfers the bolus through the relaxed
UES into the esophagus. As the UES closes, progressive
circular contraction begins in the upper esophagus and
proceeds distally along the esophageal body to propel the

1.4 Innervation of the esophagus. The
striated muscle in the proximal one-third
of the esophagus is innervated by the
somatic efferent cholinergic fibers of the
vagus nerve originating from the nucleus
ambiguus. In the distal two-thirds, the
myenteric plexus is innervated by the
pre-ganglionic cholinergic vagus nerve
fibers from the dorsal motor nucleus.
The myenteric plexus has two types of
post-ganglionic neurons: excitatory
cholinergic neurons, and inhibitory
nitrinergic (NO) and vasoactive intestinal
polypeptide- (VIP) containing neurons.

bolus through the relaxed LES. Peristaltic pressures ranging
from 30–180 mmHg are generated. The LES closes with a
prolonged contraction, thus preventing movement of the
bolus back into the esophagus. The mechanical effect of
peristalsis is a stripping wave that milks the esophagus clean
from its proximal to its distal end.

1.5 Normal esophageal peristalsis. 
The esophageal body and sphincters
are intricately coordinated. UES
pressure (located at 19 cm) falls quickly
at swallow initiation (WS), followed by
initiation of esophageal body peristalsis
and LES relaxation (located at 42 cm).
The peristaltic pressure tends to be
lower in the proximal and mid-
esophagus, and higher in the distal
smooth muscle portion of the
esophagus.

WS

19 cm

22 cm

27 cm

32 cm

37 cm

42 cm

mmHg
150
120
90
60
30
0

90
60
30
0

60
30
0

60
30
0

60
30
0

60
30
0

Aortic
arch

Pharynx

UES

Esophageal
body

LES

Vagus nerve

Upper esophagus

Lower esophagus

Dorsal motor nucleus

Nucleus ambiguus

Ach
Ach

Ach NO VIP

Ach

Striated muscle fiber

Smooth muscle fiber



Further reading 

Goyal RK, Prasad M, Chang HY (2004). Functional
anatomy and physiology of swallowing and esophageal
motiliy. In The Esophagus, DO Castell, JE Richter (eds).
Lippincott Williams and Wilkins, New York, pp 1-36. 

Normal esophageal anatomy and physiology4




