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EDITOR’S FOREWORD

The gullet is not an organ of glamour or versatility. Even the -

name “‘esophagus” reflects by etymology its function of carrying food
—from the pharynx to the stomach. In brief it is simply a conduit
which transfers but does not modify the diverse solids and liquids
which traverse its span of 20 to 24 centimeters. The esophagus has
been much maligned, however, in being considered only a membrane-
lined tube for gravity flow. It must propel its contents, widely differ-
ing in composition and consistency, through the low pressure area of
the thorax into the abdomen, where pressures may vary considerably.
Furthermore, it must impede inappropriate reversal of this flow
despite the variables of posture and pressure. Occasionally, of course,
reversal is appropriate, when emesis is a protective activity to empty
the stomach. In order to carry out'these functions, the esophagus has
a specialized musculature. The process of swallowing requires the
complex coordination of striated and smooth muscle through voluntary
and reflex actions to propel food in the proper direction and to protect
the respiratory system. The pharynx is a common conduit for food and
air, and hazards exist in that anatomical fact.

Where there is physiology, there is pathophysiology. This holds
as true for a comparatively simple organ, such as the esophagus, as it
does for the intricacies of the central nervous system. Disturbances of
motility in the esophagus are common and may resulg in distressing
dysfunction and symptomatology. These abnormalities may be func-
tional disorders limited to the esophagus, or they .may represent
esophageal involvement by a more generalized disease, such as
systemic sclerosis. From the work of many investigators, sophisticated
methods have been developed to measure normal and abnormal
motility of the esophagus and to sort out in a rational way the types of
disorders which occur. This is of great importance, since therapy and
prognosis can be shown to depend on this selective deﬁmtlon of

abnormal fnnctlm\ .
Vv



vi - = EDITOR’S: FOREWORD

In this monograph Drs. Hurwitz, Duranceau, and Haddad have
called upon their own experience, as well as summarized the work of
others, to present the current state of knowledge coricerning the dis-
orders of esophageal motility. The result is an authoritative review,
but one which is crisply focused on the problems faced in clinical
medicine. As such it is a ready source of information for the general
internist, as well as for the gastroenterologist in specialty practice.

LLOYD H. SMITH, JR.



-

L

AGKNOWLEDGMENTS

There are several people without whose help this work would not
have been possible. The constructive criticism of R. W. Postlethwait,
Jacques Bruneau, and Gilles Beauchamps is most appreciated. The
patient assistance of Jacinthe Desjardins and Pierre Stasse, as well as
the continuous support of the library, audio-visual, and photographic
personnel at Hotel-Dieu de Montréal Hospital is gratefully acknowl-
edged. Finally, the dedicated secretarial assistance of Christine
Holland, Carry Halvorsen, and Barbara Raposa in typing the manu-
script has been invaluable. '

‘The financial support of Dr. Pierre Bois and Dr. Jean-P. Fauteux,

: f'espectively Dean of the Medical School and Chairman of the De-

partment of Surgery at the University of Montreal, and of the J. René
Ouimet Foundation and the Alice and Germaine Gastien Foundation
is gratefully _acknowledged.

ALFRED L. HURWITZ, M.D.
ANDRE DURANCEAU, M.D.
JEAN K. HADDAD, M.D.

vii



L R

CONTENTS

Chapter 1
NIRRT GTION o St s ins b T b fidesa s s ss oo e ety as 1

Chapter 2 ,
EMBRYOLOGY, ANATOMY, HISTOLOGY, AND

O RO A AN SIS . - o b i SR s it = 3
Upper Esophageal Sphincter (UES) B o b Tasc AN 0 5
Body of the Esophagus .................. BRI B 9
Lower Esophageal Sphincter ................ oo cairete e sosune 10
Chapter 3 :
‘NORMAL §SOPHAGEAL < T e S o s N 14
Mechanismior SWallOWING . fvu:touses i'658e- wepa ades et soowans 14
Phatyni: =% B O P FETALE b 1) s R S QS e 14
Upper Esgphageal Sphmcter S TR S e St 15
ESophagesl Body....... ... - quiiamantes oo STyl Bttt 17
Lower Espphageal Sphincter (LES) ........ccovovueeivneeeennnnite. 23
Chapter 4 :
ESOPHAGEAL MANOMETRIC TECHNIQUE.._. ............................. 27
Introduction and HISIOTY ... 5. ieasecssosesors i@ it am e Toaiel 27
Ceneral Principles ... .. osueveressavsns e R I 28
Proximal Transducer Systems..........ceeueveinevennnnnns el 28
Distal TransdUCer SYSIemMS.c .. .-tsefhwsraspn: Sosiishaisdorsvonsss 31
RECOIAES .. . oote s o i35 ok b Beh s it b BB B Do SR D T cmiy 32
Vanables Affecting Pressure Readlngs ........................... 33
Chapter 5 i
THE PERFORMANCE OF THE ESOPHAGEAL ;
MOTILITY SRR Y e T R L SR e 41
610als Of e SIUBIY .. . 3., o im sattagatns oo vass e 41



X CONTENTS
Types of Catheter Assembly................ i S S Y axeae 41
a0 L0 R Ot AP Pt e ot LI e ool
Modifications in Procedure..........cessasiissassosseis R ... 46
CommOR EIIors iN-RIOCEUre .« .5 civaoremrarsassossivetses - 48
SN AT a0 . SR 58 . 5 L b e B e s rrcrteasconisisaseonstone 51
Chapter 6°
THE APPROACH TO THE PATIENT WITH
DISORDERED SWALLOWINGLL. .....cciivi avoos. PA RSSO S 52
SYMPIAIMatOlogy . 5tr. Ll i P e PN 52
Other Processes Influencing Esophageal Function............ 61
PV SICa AR INAUGIE. . <« 23«55 55 ks Moivenan vons fonsoas s onasi Ty den 63
B U R D10 e AR s e 1 s RUATS C G W) 5 64
BV alOatiOn s o L e R s 64
Chapter 7
OROPHARYNGEAL DYSPHAGIA .......vvvvvvoviosssssssssssssssinsnnnnnas 67
Pathogenesis:......... 00 i, R v SEE e 67
Clinical’ Manifestations .. ... ... .. & dudesnsess v e Ti ey ws SIvE s 73
1T L e it s i i S e 75
Treatment...... R R e R Tohee A i e 77
Chapter 8
DISORDERS OF ESOPHAGEAL PERISTALSIS .. tcovionsnspsnasscasssasss 85
' (trotction Ly e L et B o Bl cir S .. 85
N ST et 0l G AP Seh e s R g <o S A g5 86
Symptomatic Idiopathic lefuse Esophageal Spasm.......... 95
Esophageal ScleroQermar..s, .-t ve et issaiatsssusnsraasasasssseans 102
“Miscellaneous. DiSOTAErs ...........acseeisarnensasennnnasesl . Wi 110
G ST = s oIn . | e va o G e vpetle s o OFds Lae s ik s el 114
Chapter 9
DISORDERS OF THE LOWER ESOPHAGEAL
SPHINCTER (LES)....... NS RS e R e e Ry Seepeaed AL 118
Inttcapeten it e e L S SREE N 118
Daterrnants OB T T e e ovigegs o ersisa 1D
Factors Causing Decreased LESP.......... g th Grooety o 119
Factors Causing Increased LESP............. T f AR AR 121
Factors Shown Not to Alter LESP ................ U ARl 123
Clinical DisordersioF LES FUDCHON © 2. s ivtiiavanes 123
Gastroesophageal Reflux....... o ST Pl et e 123
The Hypertensive A BSUESACIT, AT 304, S iddn i Za s 138



-9

P

CONTENTS

Chapter 10

~ THE EFFECTS OF SURGERY ON ESOPHAGEAL FUNCTION..........

The Effects of Surgery on the Upper Esophageal
SODMNCIEIMEES) . .5 s o o s i haaeh s £ ssvle it s v e T s
The Effects of Surgery on the Lower Esophageal
Sphincter (LES) and on the Esophageal Body ...............
Function of the Esophageal Substitute .......................... Fot

Xi



CHAPTER 1

'INTRODUCTION

Since the original publication of An'Atlas on Esophageal Motility
by Code and coworkers in 1958,! a large amount of material has been

Apubhshed about esophageal physmlogy and pathophysiology.-

Of particular importance is the development of several new in--
struments and techniques that have improved the quality of the eso-
phageal motility tracing.? In parallel with these developments, a more
sophisticated understanding has evolved regarding the limitations of

~both the manometric technique-and its interpretation.® These ad-
. vances have: led to new concepts in the pathogenesis of esophageal

disease. For example, the lower esophageal sphincter dysfunction
characteristic of achalasia was fully appreciated only after the devel-
opment of water-perfused esophageal motility catheters. =

In clinical practice an esophageal motility study should be con-

" sidered in any patient whose esophageal complaints are not readily

explained by a structural abnormality. The study may be diagnostic in
achalasia, syniptomatic idiopathic diffuse esophageal spasm, and eso-

~ phageal scleroderma. It may be useful in the differential diagnosis of

chest pain. The preoperative assessment of esophageal motility pro-
vides the surgeon with physiologic data® that may influence the ap-
proach taken and quantify the results. Finally, manometric evaluation
of the esophagus enhances one’s understandlng of esophageal func-
tion in certain diseases such as esophageal dlvertlcula gastroesopha-
geal reflux, and oropharyngeal dysphagia.

This book has two purposes: first, to present. normal and diseased
esophageal function through the use of manometric tracings and sec-
ond, to provide a rational,approach ta the ‘patient with esophageal
motor disease. The interpretation of motility tracings is emphasized,
and how to perform an esophageal motility study is described in
prec1se detaxl

1



Al INTRODUCTION

Motor dlseases of the upper esophageal sphincter, the esophageal
" body, and the lower esophageal sphincter are covered sequentially in
separate chapters. Both primary and systemic diseases known to'in- .
fluence esophageal function are discussed. An effort has been made to’
¢onsider all factors that influenece esophageal motility (e.g., the in-
fluence of gastric cancer and medications on the lower esophageal
sphincter). A final chapter on the therapeutic and adverse effects of
surgery on esophageal function discusses recent dévelopments in this
rapidly changing field.

The intent of the authors has been to provide a sufficient under-
standmg of ‘esophageal motility. Such understanding should lead to a
more systematic approach to the patient with a swallowing disorder.
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CHAPTER 2

EMBRYOLOGY, ANATOMY,
HISTOLOGY, AND CONTROL
MECHANISMS

. EMBRYOLOGY™ .

The esophagus appears in tubular form with the formation of the
foregut at approximately the twentieth day after fertilization. The
early esophagus then occupies the major part of the foregut between
the stomodeum and the gastric dilatation. :

- Initially, the esaphagus and the trachea are a single tube (Fig. -
2-1A). In its proximal portion, the lateral and anterior proliferation of
the laryngo-tracheal fissure forms the early trachea and larynx. More
distally, lateral ridges build a septum between the anterior and poste-
rior walls of the primitive gut (Fig. 2-1B). During the séptation proc-
ess, cells at the union of the septa undergo necrosis and form coales-

cent vacuoles. A collapse of -the basement membrane then occurs,
allowing a passive filling by mesenchymal cells (Fig. 2-1C). The
. separation of the trachea and esophagus is complete by the thirty-sixth
day (Fig. 2=1D). While this separation proceeds, a rapid elongation of
the esophagus takes place, mainly through the ascent of the lar:
ynx.b

At the prox1ma1 end of the foregut, the endoderm and ectoderm
fragment progressively to open the digestive tube. The surrounding
mesoderm differentiates to form the various layers of the pharynx and
esophagus. Striated muscle progressively spreads as an .envelope
around the primitive pharynx. At the 12.5 mm stage, the inferior
constrictor muscle can be recognized.® At six weeks of gestation, the
circular layer of esophageal muscle can be identified, and nerve cells
appear just peripheral to this layer. By the ninth week, the longitudin-
: : 3



4 EMBRYOLOGY, ANATOMY, HISTOLOGY, AND CONTROL

20 DAYS

27 DAYS

Figure 2-1. The embryologic devel-
opment of the esophagus and trachea. Pro-
gressive division of the two structures is *
complete at the thirty-sixth day of gesta-
tion.

30 pAvs

36 bavs

al muscle layer has covered the circular one. The muscular layer is a
definite structure at 12 weeks.? Striation appears in the muscle of the
proximal esophagus at a later stage than the somite period. This
suggests that these striations originate from a primary differentiation
of the esophageal muscle itself and not from pharyngeal extension.*
The muscularis mucosae differentiates from a longitudinal myoblast
layer at the same time that the longitudinal muscle layer appears.?

‘ Blood vessels from the aorta and its branches penetrate the wall of
the esophagus during the seventh week.

Innervation of the pharynx and’ pharyngoesophageal junction is
based on the original branchial arches involved in their formation.
The fourth arch is responsible for the formation of the pharyngeal
constrictors and receives its innervation from the superior laryngeal .
nerve. The fifth-'and sixth arches give rise to pharyngeal and laryngeal
musculature; they are innervated by the recurrent laryngeal
nerve.> ? 5
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Neuroblasts from the neural crest migrate in the mesoderm adja-
cent to the endoderm of the foregut and form the myenteric plexus
between the muscle layers of the esophagus. These cells are second-
order or postganglionic parasympathetic neurons. Preganghomc
neurons located in the mesencéphalon and medulla oblongata origi-
nate from the neuroblasts of the neural tube. Throughelongation the
axons of these neurons will ‘synapse with postganglionic parasym-
pathetic neurons in the wall of the esophagus.? ?

The gastroesophageal junction is the result of the coordinated
development of the esophagus, stomach, and dlaphragm and the in- "
nervation of these structures.

UPPER ESOPHAGEAL 'SPHINCTER (UES)
ANATOMY

At rest, the proximal esophagus is closed by a functional sphincter
that creates a high pressure zone measirable by perfusion mano-
metry'® (Fig. 2-2). The cricopharyngeus muscle is classically de-
scribed as responsible for this pressure zone. This muscle is attached .-
anteriorly on both ends of the cricoid cartilage and encircles the
proximal end of the esophagus as an uninterrupted muscular sling.
Located at the level of the sixth cervical vertebra, the muscle appears
as a posterior indentation on a barium swallow (Fig. 2-3). The exten-
sive study by Zaino et al® describes this muscle as independent of the
esophageal musculature in most of the dissected specimens. In nearly
one-third of the dissections, however, the muscle was fused with the
longitudinal layer of the esophagus. Five specimens revealed no mus-
cle distinction at the pharyngoesophageal junction. While the cri-
copharyngeus muscle can be identified as the extrinsic component of

mmHg 100

" Figure 2-2. The proximal esopha-
weal sphincter. A high pressure zone thatis 50
present at rest relaxes on swallowing. (DS,
dry swallow.)
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Figure 2-3. Posterior indentation of the cricopharyngeus muscle at the level of the"
sixth and sevehth cervical vertebrae (C6 and C7).

the sphincter (Fig. 2—4A), the innermost circular muscle layer of the
very proximal part of the esophagus may be the true intrinsic compo-
nent of the UES (Fig. 2-4B). This circular musculature is attached to
the suspensory ligament of the esophagus and was interpreted as a
distinct muscular area in a large majority of Zaino’s observations.

The main arterial supply to the proximal esophageal sphincter as -
well as to the cervical esophagus comes from the inferior thyroid
arteries. Direct contributions.from the aorta or from the carotid, supe-
- rior thyroid, subclavian, and vertebral arteries are possible.!! The
. veins from the submucous network drain through the wall of the organ
“to the peri-esophageal plexus and from there into the brachlocephahc

vessels.

Lymphatic drainage from the proximal’ sphmcter and cervical
esophagus flows into the internal jugular system, the right and left
lateral tracheal systems, and into the intertracheobronchial lymph-
nodes 1



