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A ABSTRACT

This study was undertaken to 1lnvestigate thr& areas of controversy
k <

in gastro—esophageal (GE) reflux disease:

]

W Thé place of manometric measurements of sphincter function in

+ diagnosis of the condition had not been established.

L3

'2. Indirect evidence had indicated that a defect:in esophageal
' At

motor function might play a role in pathogenesis of the

disease, but direct (mﬁnometric) evidence was lacking.

e

s

3. The effects of fundoplication on the lowér esophageal sphincfé;
were the subject of coﬁtroveréy; and its effects on(ﬁhé body of
the esophagus had not been determined. ‘

~— 000 -—, -
The study was in two parts. , ' P

STUDY A: Assessment of Three Manometric Measurements of Lower Esophageal

Sphincter; (LES) Function, followed by ar™ Acidrinfusion Test

(AIT)
' TheAsubjects were 41 healthy volunteers (controls) and 68 patients

.

who had symptqmatic GE‘ reflux of varied severity' clinically ‘and
endoscopically. The pétiepté/were rated graﬂe.I, II, or III, according
;o the1 severity of symptoms,‘ then subjected 'to endoscopy and divided
into thrée grades accqrding to, the findings.
. )

Manometfic measureménts were made of LES pressure in resting stafe
(R.LESP) and‘in response to sﬁstained abdominal compression_(C.LESP),
and distal esophageal pfessﬁre in‘resanse to sudden compression of the

abdomen (common-cavity test, CCT), followed by AIT. All of the test

values  were assessed independently and without knowledge of



~

i

‘subject/patient status, being rated ‘individually as marked positive'(++),

!

positive(+), equivocal, or negative indicators of GE reflux disease.

Diagnostic value of the )tests lndividually and in combination, was

s
{
agsessed. Finally, the" probability of a randomly selected person with a

-
L]

given number of positive test re<ponses was calculated for a range of

‘incidence values of G.E. reflux disease.

v
STUDY B 'Assessment of -R.LESP, C. LESP, LES response to Deglutition, and

Esophageal Peristalsis, in Control Subjects and Pre- and Post-

fundoplication in Patients with Symptomatic GE Reflux

The subjects were 18 volunteers‘(controls) and 32vpatient§ with
symptomatic’GE reflux dioease.’ The latter were studied prospectively
(pre—operatively) and 6 months afte; fundoplication. .

R.LESP and C.LESP were measured, together with the amplitude and
duration of LES relaxation iIn response to deglutition and of LES
contraction after deglutition, and' any residual LES pressure on
relaxation.

Esophegeal contrectlon in response to 10 golicited wet swallows (5-
ml bolus of HZO): Recordings were made of contractioos'in the upper,
middle,‘and lower esophageal regions, and the results were expressed as

the mean of the 10 measurements at each site. Also, the incidence of

aperistaltic contractions was recorded.

" RESULTS AND_CONCLUSIONS L,
Positive R.LESP and C.LESP responées were highly specific for GE
. ‘ 7
reflux disease (987 and 96Z respectively). /

In the patients, mean R.LESP was significantly reduced (p<0.001)
but equivocal or negative results were obtained in 32%Z. C.LESP was

significantly decreased fn all patients (p<0.001), and C.LESP values had

vi
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greater diagnostic ;en&itivity (81%7) than R.LESP (68%). CCT Qas a
useful adjuﬁct‘to routine manometry (78%) sensitive, 83% specific), as
was AIT + in <5 min (782 sensitive, 91X specific). An‘R.LESP or CCT ++
reaponsé was 1002 specific . but ofi poor sensitivity (312 and 59%
_respectively). In combination, two or more pdsit}ve test responses were
93% sensitive and 9SZ specific for GE reflux disease. At a 15%

incidence level, two or more positive tests indicated a 78% probability
¢

.
7

- of the disease, and three or more + results a 99% probability.

Manometric measurements coprelatgd with endoscopic grading but not
with the severity of symptomns. | )

Aperistaltic esophageal contractions were seen pre—operatively in .
38% of the patients but in none of the controls. In éhe patients, both
ampiitude an& duration of peristaltic esophageal contractions Qére
significantly lower pre-operatively (p<0.001) than in the_controls.
| Post-fundoplication, R.LESP returned to normal levels; however,
C;LESP wés normal iﬁ only 38Z, indicating tﬁat an abnormal adapt;ve LES
response to abdominal cbmpression had not begn coFrected. Sphincter
relaxation iniresponsé/fb deglutition was impaired, suggesting that the
part piayed by fundoplication ’in preventing GE reflux ‘is mechaniéal
rather than physiological. Peristaltic amplitudes returned.to normal
postoﬁeratively, indicating a secondary rather than a primary motor
abnormality in GE' reflux .diseaée. The incidence of aperistaltic
contractions increased after the  surgery (Eo S56%), ‘suggesting that

fundoplication itself may induce an esophageal motor abnﬁrmality.
% ’ ’ 1
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' ' INTRODUCTION

/

Gasﬁroesophageal (GE) reflux diseaée is a common disorder which
A

until recently has been poorly understood(l). With improved manometric
\ ‘

\ techniques(z), and since the 1dentification of the lower esophageal

A
A\

\\ sphincter by Fyke, Code and Schlegel 1in 1956(3),‘nnch has been learned
~ .

\

\\ of the pathophysiology of the nbnditiqn(a). Untreated, GE treflgx
\QISease havé;serious sequelae. The first satisfactory anti-reflux
vihg>gcedL - developed by Nissen’ in the 1950'5(5). Many patients
preggnt with atypical symptoms(6), " and Qgﬁe’ patients presenting with
éompiiéated GE geflux’ disease have experienced only Amino; .symptoms.
Thus, Lhe accurate diagnosis of this condition assumes great importance
'invthese insfégzes. Unfottﬁnately, no siﬁgle test has been accepted as

the standard for diagnosié of GE reflux, leaving the clinician in a

. : 7)
quandry when presented with a difficult case * ~

Resting lower esophageal sphincter pressures are frequently normal ’
in reflux patients, 'and the functions of the esophagusﬂand‘stomach may

7 ‘. . "
play. a .role in the pathogenesis of the disease(e). ‘ ’

ANATOMY

.- / o - .
Body 6¥’the egsophagus : : )
The esophagus 1s a musculomembranous tube which acts as a conduit

for ingested food between the pharyﬁx and the stomach. At rest, it is

s

<



closed at 1its upper and lower ends by the upper'aﬁd';owef esophageal
sphincter mechanisms. In the adult, it 1;l20 to 22 cm long, and the
gastroesophageal junction lies 40 cm distal to the incisor teeth(g).

~
Relations

The esophagus commences at the lower border of the cricopharyngeus
muscle(C6). Ih its course it traverses cgr;ical, thqracic, and
abdominal regions. In its cervical part, it extends to the ievel of the
suprasternal notch (T2-T3) and runs between fhe trachea and the spinal
colum. The recurrent laryngeal nerves run bilaterally in the grooveg
‘between the trachea and"the esophagus. The carotid sheaths run
anterolaterally on either side of the esophagus. The ‘lateral aspectbof
the lobes of the thyroid and the parathyroid glands rest on the
esophagus. ’

As 1t descends into the "chest the ésopﬁagus remains in intimate
relationship with the postefior wall of the trachea. Further down, the
esophagus is cfossed by the aortic arch, which indents it on 1its left
side. At its mid-thoracic level, the esophagus. 1s bounded on its right
by pleura, and on. its 1éft by descending aorta and pleura. Anterior to
it l1lie the left main bronéhus, and, lower down, the peric;rdium.
Posteriorly, the esophagus 1lies on the vertebral columm and 1its
assoclated muscles, with the ‘in;ercostal‘ arteries ana veins
interposed. The azygos vein rugs posteriorly to the esophagus. The<

thoracic duct runs to the fight Lof‘ the esophagus in &3? 1ower.

mediastinum and crosses to the left- in the upper mediastinum.

1
<



‘ .
NS rﬂk
In fhe_lower thorax, the esophagus curves anteriorly and slightly

to the left of the aorta, to enter\ the esophageal hiatus of the

dlaphraém at the level of TlO. N . _ '

The abdominal portion of the esophaé?s is short, being at most 2 to

3 cm long. Anteriorl} and to the right lies the posterior aspect of the

\

left lobe of the 1liver. Posteriorly, it rests on the crura of the

diaphragm, and to the left may come Into close contact with the spieen.

The esophageal lumen is nartowed where /it 1is crossed by Fhe aortic
arch, the left main bronchus, and in the area of the lower esophageal

sphincter mechanism, at or slightly above the diaphragmatic hiatus.

|
|
'i

" Structure — Macroscopic

The esophagus has no serosal layer, and consists of outer and inner
: muscularklayers, submucosa, muscularis mucosa, and mucosa.
The outer muscle 1a§er.fibers run in a longitudinal direction, with

" the inner muscle layer fibers runaing in a circular direction. There is

J

no distinct boundary between these two layers, as fibers from the two

»

layers cross over to a limited extent. In the proximal 2 to 6 cm qf the
kN

\

esobhagus, the muscle layers consist entirely of striated muscle. From
there on, smooth muscle fibers gradually become more abundant, so that

at a distance of 4 to 8 cm from the superior end, smooth muséle_fibers

constitute 50% of the musculature. The dis -sophagus t onsists
entirely of smooth muscle.
The submucosal layer 1is a well developed .ay. .. loose areolar

: tissuel containing blood vessels,’ lymphaticé, e ‘rves " The
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muscularis mucosa is a single layer of longitudinally orientated smooth
: . \

‘

muscle fibers,

The mucoga of the esophagus coﬁ&{sts‘of,stratified non-keratinizing
squamous eplthelium, except for the distal 1 cm, where a sharp
trangsition to &imple‘cqlumnar epithelium occurs - the Z line.‘ ‘

In cross-sectlon, the lumen of the empty esophagus has a colldpséd
stellate ;ppeabance, brought about by 7 to 10 longitudinal folds in the
mucous membTane, Which disappegr dur;ng the passage of a food bolus

9,

owing to dilaration, only to reappear at the same site afterwards

Structure ~ miQrQscopic

In mlcro8coplc \Begtion, the esophagus éontains the four layers
which characterize the tuybular digestive system: the mucous membrane,
the submucosa, the muscular layers, and.the adventitié.

The mucous.membrane of the esophagus 1s composed %f an epithelial
me;brane, which 1s supported by a thin laye; of connective tissue, (the
lamina propria) and a thin layer of smooth muscle (the muscularis
mucosa). The epithelium 1s of .the stratified squamous type; with a
basal or germipative layer made up of cylindrical, basophilic éells;
This basal layer is cévered by several intermediate layers of polyhedral
cells, which, although becoming progressively flatter, retain their
nucléus.  The fiatt;r surface cells desquamate as single cells or in

'small groups, Keratinization does not occur. The basal cell 1a§e; sends
intermittent derwsl papillae towards the esophagéal lumen, the papillae

being covered in gSeven or eight layers o'.pothedral cells. The basal

e
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cell layer rests on a distinct and moderately dense basal lamina,

visible on electron microscopy.

The lamina propria is composed of loose areolar conhective tissue)
‘containing collagen and’ elastié fi{bres but very few cells. The
mucularis mucosa compriseska;thin_layer of¥ longitudinal smooth muscle .
fibers, and forms a boundary “sélween 'the lamina propria and the

submucosa.

‘The submucosa is a thick layer of dense fibro-connective tissue,
containing a rich elastic ﬁeshwork and large blood vessels. Esophageal
glands are found in this layer, and their ducts penetrate the muscularis
mucosa to open between the epithelial ridges of the mucosa.

The muscular layer comprises an inner circular and outer
longitudinal ‘1ayer, which, as has been noted, consists of striated
fibers 1in the éroximal and smooth muscle‘ fibers 1in the distal
esophagus. Hoﬁever, this representation 1s ‘a simplification\ éf a
structure that 1is actually much more complex(lo). The longitudinal
ﬁuscle fibers do not directly follow the long axis of the esophagus, but
beﬁavé as an elongated spiral, turning around one. quarter of the
esophagealscircumferencg. The inner circular muscle layer {is thicker
than the outer loqgitudinal-layer. The circular muscle fibers only run
horizontally in the isolated and retracted esophagﬁs. 15_2132; their
course 1is that of an elliptical spiral that winds .1ts way down the
esophagus. .

'The "longitudinal” and "circular™ layers %fe really representations

of a polar "screw" system. - With this screw arrangement, the muscle

‘



buﬁalee may be represented as being arranged around a cone: the distance
from the lumen 1is ever decreasfng, while the beginning and end of the
bundle are located at different vertical levels. The screw may be
ascending or descepding, and hay run clockwise or'anticlockwise. The
outer fihers of the screw turn quite steeply, becdming more horizontal
| as they approach the lumen. Thus, the transition from "1ongitud1na1"ito
"circular” layers is unevenly distributed around the esophageal

clrcumference.

The esophagogastric junction (Fig. 1)

The term “cardia” has long been used to desctibe the esohhageal
orifice of the stomach. The term was first. used by Gelen in the 2nd
century"B.C,(ll), as he noticed the similérity between symptoms arising
- from the upper end of the stomach and those produced by heart disease.
Many conflicting anatomlcal terms have been used_to descr;he the lower
esophageal segment and. esephagogastric junction, - and they may be
summarited ae follows: the distal esophagus, just above the diaphragm,
exhibits a dilated 'segmeht (vormagen, esophageal‘ ampulla, phrenic
ampulla), above which level is the gupra—ampullary esophagus. Below the
~ampulla 1is a narrowed segment which runs through the- diaphragmatic
hiatus (vestibule, cardiac antrum, physiologically empty eegment), and
which 18 surrounded by the phreno—esophageal ligament(ll). In this
segment, and usually 1 cm proximal to »the stomact 1in the 1intra-

abdominal segment of the esophagus, lies the transition zone (Z-line)

between squamous and eolqmnar epithelium. The esophagus now jolns the
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FIGURE 1

0

Schematic representation of the esophagogastric

junction
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stomsch»proner'at the cardia, and forms an acnte angle (angle of His,
Incisura Cardiacs) at 1its point of entry. The muscle layers of the
esophagus become continuous with those ofithe stomach.v The longitudinal
muscle layer diverges distally from the cardia and becomes the outer

longitudinslvmuscle‘layer»of the\stonsch¢' The inner circular muscle

layer .of the esophagus continues into the middle muscle layer of the

l

_ stomach, whose fibers run horizontally, and into the inner m'~~le layer,

whose fibers turn in a sling-like manner across the cardia.
¥

Intraluminally,'the gastric micosa 1s gathered in coarse folds (mucosal

(1\2>, ‘

I
i

The phreno—esophageal ligament"’\or membrane is a fibroelastic

Y

rosettes) about the cardiac orifice

structure arising msinly from the subdiaphragmatic fascia, and divides
into ‘ascending and descending ieaves to circumferentially surround  the
Qestibularf complex(13). From the attachment to theb esophsgus,
fibroelastic fascicles .extend inwards. to join intramuscnlsr' And”
submucosal fibrous tissue over a distance of 2 to S cn above the squamo-~
columnar junction. )

The'esophageal'hiatns of the‘diaphragm is a:musculer'tunnel 2 .to 3

cm long and,'with some inoividual variations, composed'mainly of the

right diaphragmatic crus(ll). The crura of _the diaphragm ‘arise by

. ~
tendinous . sheets from the anterolateral/éspect of .the first-four lumbar

<

vertebrae and their intervertebral diski being separated from each -

other by the celiac trunk. “The crura are inserted 1into the central
o ' o

tendon of the diaphragm. As it ascends ventrally, the right crus

divides into right and left portions, forming the rightuand left margins
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of the esophageal hiatus. v e e _—
There has been much argument about the precise definition of the
‘esophagogasrric junction(la) Among the definitions proposed are the

squamo—colﬁpnar junction, the angle of His, the peritomeal reflection of,w

the stomach, and the junction of the. 1nner circular muscle layer of thel

esophagus with the inner oblique or sling fibers of the stomach. The

sqoamo—colummar junction, afthoughfit can be visualized at endoscopy and
its site confirmed by biopsy, and usually lies 1 cm above the cardia,
-shows considerable variation between individuals; The angle of His, or

point at kwhich_ the tppular esophagus joins the stomach, 1s readily

o

identifiable in normal individuals; however, it becomes ill-defined in

patients with a widened hiatus or hiatal hernia. The' peritoneal

o

reflection shows considerabl -arfation and does not correspond on the
' ' ' f

antErior and posterior ,aspects.'of the gaatroesophageal junction.'
.Anatomically, the junction of the esophageal circular muscle layer with
the. gastric slfng fibers 1is the mos t acceptable definition of the.‘
gastroesophag631 junction. The muc0ba1 junction usually occurs at this
"point, and esophageal submucosal glands' are only found ‘above this

level.  From a péactical point of view, the squamo—columnar junction or
)
Z-1line provides the best . clinical definition of the gastroesophageal v

v

junction, this, however, must ﬂe qualified by the statement that if the
Z-line clearly lies more than 2 cm above the opening of the esophagus

into the stomach; or above a level where esophageal submucosal glandsr

&4

are found, then theﬁterm esophagus lined with columnar epithelium” must,

t
o

be eﬁployeq(ls). g : B E ,“

\% N "‘-}
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Arterial blood supply; venous and lymgbatic drainage _ T

The arterial blood supply of the esophagus 1s via branches of the

<

inferior’ thyroid artery in its cervigal»pqrtion; via branches of the
. bronchial arteriest right intgrcostal.arteries, gnd at leaét two direct
aortié branches in {its thoracic Q?rtion; and via bréncheé of the lefg
,/Lgastric and left lower pﬁrenic arteries in }ts abdominal‘portion, with
occésional branches‘from the aorta, the splenic artery, and the cellac
trgn&. o
The esophageal veins may be classifieq as intrinsic énd extrinsic
veins. The intrinsic‘Qenoué system consists of a subepithelial plexus
 which runs 1in the ;aﬁina propria, which communicates _with the
subglaﬁdular venous plexus of the s¥Bmach; -and a submucosal venous
plexus‘which consists of 10 to 15 longitudinal veins, evenly distributed

Y

anéund the circumference of the esophagus and which join the submu;psal

IQeinsvof tﬁe étomach disﬁally. ' //’/

Pé;fora;i&g veins arise from thé longitudinalisubmucosal plexus and
pé;forate tﬁe musc'. layers at frequent intervals, and unite on the
outer surface “  the ;sophagﬁs to form the extrinsic periesoghggeai
veins, which drai. o the azygos, hemiazgygos, and intercosfalnvenous
systems. In the abdomen, the extriansic periesophageal veins communicate
with the left‘géstrfc and inferior phrenic veins. :

Th; lymph vessels %n the most proximal part of the esophagus drain
into the deep cervical chain of lymph nodes; all the others drain into

the nearest available group of iymph nodes. ~In the upper two thirds of

the” esoshagus, lymph flow 1is mostly directed cranially, {n the lower

hd = —notTew Adoral 1\1(9)
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Nerve Supply -

N
N

R

1Parasympathetic innervation

The vagal nerves pravide the parasympathetic nerve supply to the

¥

esophagus, with afferent \;;E‘\Efferent cell bodies 1in the nucleus
. N .

-

dorsalis and the nucleus ambiguus. ?hQ cervical esophagus is innervated
, N

.- A N
by the recurrent laryngeal branches of the 'vagal nerves. In the thorax,

’

the vagal nerves join with fibers froﬁxéie éympathetic chain to form the
s

- - r . t
. esophageal plexus. Extensive ¢fbss congections occur between both vagi,

~
-and from this plexus is formed\Lhe/gﬁterior and posterior vagal trunks

that enter the abdomen.

v o N
Sympathetic innervation 2

A

Cell bddies in the ch to/ggh/;horacic spinal segmeAts send pre-
gangiibnic fibers to the sympathetic chain, the greater splanchic nerve,
and the celiac plexus. Postganglionic fibérs either reach the esophagué
directly, or via the vagal nerves. ’

The parasympathetic and sgympathetic nerve; fofm a series of
plexu;es in the adventitial, muscular, and submucosal léyers of the
vesophaéug. ~ The adventitial plexus has been :mentioneq above. Pre-

ganglioniec parasympathetic vagal fibers penétrate the muscle layer and

terminate on the ganglia of the myenteric plexus of .Auerbach, which lies

i

. _between the longitudinal and circular musclé layers. Thin post-

ganglionic - fibers = from the myenteric plexus synapse with muscle

fibers. Branches of both the myenteric and adventitial plexuses form
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i ‘ .
the network of the -submucosal p%exus ofyMei?sner. A thin web of fibers

" occuples the lamina propria, and some delicate fibers from it terminate

Between the basal cells of the squamous epithelium.

Afferent innervation

Sengsation from the upper esophagus 1s carried by parasympathetic

‘fibers, » while sensation from the lower esophagus travels with

‘ sympathetic fibers. -Otherwise, the distribution: of afferent nerves or

~ * Embryology

e

. their mode of transmission 18 unknown. , Mechanoreceptors have been

demonstrated ‘in the wall of the cat esophagus(lé); there 1is only
r . '

indirect evidence that other sensory receptors such as osmoreceptors and

free nerve endings may be present in the esophagus(17'1?).

Deveiopmentally, the esophagus énd traéhea. éommence as a single
tube. Septation of this tube occufs;‘and separation of the esophagus
and.trachea'ié completg by 36 days of gestation. Mesédermal structures
sdrrpund the developihg tube, and the circular and longitudinal muscle
layers appear at 6 and 9 weeks respectively, tﬁe esophageal musculature

being a definite structure by 12 weeks of gestation. The developing
J - .

esophagusl is penegréted by blood vessels from the aorta and its

5

branches, and migrating neuroblasts form the myenteric plexus. between
3 ' ' . '

v

¢ b .
the muscle layers.
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PHYSIOLOGY

The function of the eéophagus 19 to propel 1ngested;materia1 from
the pharynx to the stomach. At résc, the esophagus is clgsed at {its
upper and‘ lowef ends by sphincter wmechanisms. " The upper esophageal
sphincter (UES) prevents the swallowing of alr, and the passage of fluid
frbm the gulieﬁ to the pharynx. The lower esophageal éphfhcker ES)
pre;entq the refluﬁ o; gastric contents into the eéophagus;‘ Transport
through the esophagus takes place 1in a- retrograde direction during

N

vomiting or. belching. ‘ ) .

Upper Esophageal Sphincter (UES) - ’ .

_The UES:is a;zone of elevated pressure between the pharynx and the
.upper esophagus. It is from 2.5 to 4.5 cm in length, and anatomicaily
is composed of the gficopharyngeus muscle. | Resting UES 'pféssure is
greater - than cerviéal esophageal [ pressure. Upon swallowing, a
qontréction.is observed in the pharynx{ Coincident wiﬁh this pharyngeal
" contraction, the UES rqlaxes“to baéeline cervical esophégeal pressufe.
Thése responées are closely coordinated, so that the peak of pharyngeal
contraction' and the';nadir of UEs relaxation occur simﬁltaneously:
Following deglutition, the UES again contracts to resting UES pressure
levels. In the. immediate infrasphincteric,éoftiom of the esophagus, a
;peristalt%c cghtraction is seen tg‘begin simultaneously with, or»briefly
after, UES relaxation. ‘Control of resting UES tone appears to be

mediated by pharyngeal bganches of the wvagal and gloésopharyngeal



15

!
nerves. Relaxation of the sphincter is a result of inhibition of motor

discharges,.#hereas cantraction of the sphincter is the result of motor
discharges of the vagus(lg) 7 » . ,

s

Esophageal Body

When at rest, l.e., when no deglutition or distention has taken
place, the musculature of the esophagus is relaxed, and spontaneous
activity does not occur in the normal state.l Resting-intraesophageal
pressure corresponds to negative intrathoracic pressure, being -1 to -2
cm Hy0 during expiration, and falling to —12 to -15 cm Hy0 during quiet
inspiration.

!
Swallowing elicits a contraction which commences high 1in the

pharynx'and continues throught the whole esophagus until it reaches the
cardia. This contraction has been termed "nrimary peristalsis"(zq).
* The peristaltic wave passes in an aborad directiomn propelling the bolus
of ingested material into the stomach. The contraction wave.is usually
preceeded. by a anall, transient drop 1n pressure.- This may be the
reéult of a brief,. reflexly—induceo ingpiratory effect, @hich, by .
aspirdting air from the upper pharynx may serve to prevent excessive
aerophagia; or it may be the result of atretching of the esophagus at
the onset of swallowing.. This first negative wave occurs within 0.l'sec
of swallowing, and lasts an average of O.Q sec. Next, a small positive
wave 15 seen in B87% of swallows,  and 1s wusually attributed to
transmission of pharyngeal pressures through .the swallowed bolus, and

may be more marked with liquid swallows. It occurs 0.5 to 1 sec after

£
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the onset of swallowing, and may occur as a discrete peak, or may

plateau into a second small ﬁoéitive wave. This second positive wave 1is
seen in 33Z of swaliows, usuéily in thg_distal egsophagus. ;f; is thought
to be due to compression ;f the lower esophageal segment between the
advancing bolus and the LES. :

The third or main pressure wave 1s a larger and steeper rise in
pressure and repreéents tﬁe péfistaltic céntraction; The ampiitude of
this contraction varies according to the site, being in the order of 90
to 100 cm Hp0 1in the lower esophagus. Duration of the peristaltic
cQgtraction is also great;;t in the lower esophagus,_being’in the ordér
‘of 3 to 5 sec.
The éverage velocity of propagation of Ehe-perisﬁaltic wavevis 4

cm/sec, but 1t varies in different regions of the esophagus.

by
?gkistaltic velocity is in the order of 3 cm/sec in the upper esophagus,

increases to 5 cm/sec, then decreases to 2.5 cm/sec just above the LES.

The peristaltic wave reaches the LES in 5 to 6 sec after swallowing(ZI).

. "Secondary peristalsis” 1is a»t;rm.used to describ% an esophageal
response . to local stimulation without the vorophary;geal response.
Alternatively, 1t has been used to describe the initiation of the
deglutitive reflex‘by distension. With the latter definition, there is
" no difference‘between primary and secondary peristalsis except in their
mode of initiatibn(zz), ‘The former response may be obseryed in the
striated muscle of fhe canine esophagus, and is céntrally mediatedﬂ In
the smooth muscle segment of the human esophagus, secondary peristalsis

k)

without the deglutitive combonent has been observed, énd is thought to
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be a local reflex, and may not require central mediation(23). éecondary

peristalsis 1is thought to be the mechanism by which material refluxed

_ from the stomach 1s cleared from the esophagus.
The term “tertliary contraction” is wusually wused to denote
simultaneous, aperistaltic contractions. These spontaneous,

simultaneous and of ten repetitive contractions are usually indicative of"

a motor abnormality in the body of the esophagus(za)

’r

. Lower Esoéhageal;§phincter (LES) o >

Fyke,  Code and Schlegel were the first to provide coniclusive

s
’

-manometric evidence for the existence of a functional sphincter

[N
1

mechanism at' the esophogagastrih junction§3), A high pressure =zone

exists in the distal 2 to Q cm of the esophagus, which acts as a barrier

to retrograde passage of gastric contents into the esophagus. The
‘ -

manometrically observed LES pressure repreaents both‘intrinsic sphincter

tone and extrinsic pressure from surrounding structures. The sphincter

isv radially asymmetric in both 1its 1en§th and pressure nrofile.‘

o

Symmetry is»good in the upper half of the sphincter, but in the lower

\\\xvrﬁgz;:—»higher pressures are observed on the left side(ZS). This

asymmetry may be due in part to mechanical factors: the terminal
esophagus turns acutely to the left as it enters the stomach; the

diaphragm makes an 1mpression on _the terminal esophagus ‘which {is

directed downward and to the right. Intrinsically, it may be due to the
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spiral disposition of the circular muscle fibers in the sphincter zone;
and/or the act;dn of the gastric sling fibers pulling on the left side

of the LES(ZI).

During stationary pull-through measurements‘ of LES pressure,
respiratory variation 1s observed. in the abdomiﬁal gsegment of the
sphincter mechanism, a positive 1nspirato;y‘def1ec§ién ié seen, while in
the thoraclc segment, a negativepinspiratory deflection occurs. The
point.where this shift 1n resbiratopy‘effect occurs has been called the
"point of respiratory reversal“ (PRR) or the "pre sure inversion point”

(PIP)(26). The PIP may be related to the diaphragm, which separates the

v

abdominal from thoracic cavitieb; thus the PIP may occur at the 1evei of
the esophageal hiatus. Indeed, a PIP_may be observed if the LES 1is

absent or experimentally destroyed. However, a functioning LES may

J

contribute to the PIP by. separating intraesophageal from intragastric
‘ ’ \

preséure(26)"

The LES shows rythmic pressure changes that occur at a slow rate of

3 to 4 per'udn(21). In addition, phasic elevations in LES pressure

related to the migrating motor complex have been described(27). .

As the esophageal peristaltic wave reaches the LES, relaxation
occurs.® LES relaxa£:::\\occurs 1.5 to 2.5 sec after the swallow is

initiated. The LES relaxation may last from 5 to 10 sec; subsequently,
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thé'uppér part of the sphincter shows an after contraction which 1is in
continuity' with the esophageal peristaltic wave. The post—deglutitive

contraction lasts approximately 10 sec, and then LES pressure returns to

~resting levels. The distal part of the LES does not show an after

contraction and the sphincter pressure simply  returns to restihg

levels(ZI).

Control of Motor Activity

‘The deglutitive reflex in man is initlated by sensitive areas on

J

. the anterior and posterior tonsillar pillars and the posterior wall of

the pharynx(zs). Afferents for thé deglutitive reflex are carried in
the maxcillary branch of the trigeminal nerve, the glossopharyngeal
nerve and the Superibrvlaryngeal branch of the vagal nerve(zg). The

afferent nerves travel to the "swallowing centre”, which lies to either

side_ of the mid-line near the {inferior olive in the medulla

~

obiongata(3o). The efferents from the swallowing centfe activate motor
neurons of the craq?al nefves that 1innervate the muscles of
deglﬁtition; Normal adults swallow épproximat:I§\§OO~times a day: 200
t}meg whiie eating, 350 times’ whlle awake, and 50 times while

sleeping(31);

The oro-pharyngeal phase of deglutitionvis a highly ¢omplex process

that involves "elevation and forward displacement of the larynyx, with
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relaxation of the upper esophageal sphincter; closure of the nasal, oral
and laryngeal apertures to channel the bolus in the proper direction}
and éctive propulsion Qf‘ingested materialyfrbm the oro—pharynx to tﬁe
esophagus. Various medullary centers appear to 1ntergctu with and
modulate éach othef.in a complex manner to integrate these changes(32).

Mainténance of UES tone hay be dué' to passive forces cadsedv by
elasticity in the ?811(32), or active muscle contraction. Continyous
spike'activity has been observed in the cricopharnygeus muscle, wﬁich is
témporarily abélished 'dﬁring swallowing(33). Tone 1is maintained by
tonicclowef motor neuron activity, in mediated via the Qagal nerves, and
inhibition of tonic activity resulting in UES relaxation' is due to
central rather. Ehén peripheral inhibition(33). | Inhibition of togic
gricopharyngeal contractions 1is accompanied by cgntragtion of the
myloﬂyoid and other muscles ;hat pull the larynx ﬁorward. Thus, UES'
relaxation ié brought abéut by inhibi;ion of tonic' activity 1in the
criéopharyngeus muscle;yand UES opening by the actioné of the suprahyoid
ﬁusclgs(34). : ‘

Contractions of the upper striéted nﬁscle segment of the esophagus
are dependent upon excitatdry lpwer motor neuron activity, the nerve

3

cell bodies being in the dorsal aspect of the rostral part 6f the

- nucleus ambiguus(35). Peristalsis in this segment is dependent upon the
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sequential firing of the lower motor neurons whose axons are destined

for various levels of the strlated muscle(36),.and i3 abolished by high

bilateral vagotomy(32).

Peristalsis may also be initiated by distension of the esophageal

striatéd muscle segment(36) and modulated by both the temperature.and

volume of the ingested bolus(37’38).

Activation of ‘the swallowing center causes peristalsis in the . °

esophageal smooth muscle segment(38), but peristalsis will still occur

after vagotomy(39), suggesting a peripheral regulatofy mechaﬁism.
Esophagéal smooth muscle exhibits a temp6r31 dissociation between
.the stimulus applied and the electrical and/or mechanical
response(40’41). A ééchanical contraction of esophageal smooth muscle
is usually associ;téd( with' an electrical splke burst, but -
'electromechaqical dissociation can occur(Az). ' Responses éf the smooth
muscle to stimulation may be divided into intrastimulus ‘and post-

stimulus responses. The post~stimulus or "off" response 1s so called

(41’42), and 1is

beéause it occul's after the termination of stimulation
‘explained on the basis of either é s?ngle neurotransmitte; hypotheses,
or a two neurotransmitter hypothéses(43). According to the Eor?er, a
‘single unknown neurotrangﬁitter is released during s;imuiation which

causes a hyperpolarizagzsﬁ of the membrane, which 1s followed by a

-
«
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rebound depolarization when stimulation ceases. According to the ‘

neurotransmitter hypotheses, both an inhibifory and excitatory

\

\neurotrénsmitter are released, and upon termination of stimulation, the

inhibitory neurotransmitter effect ceases, and the eicitatory
/

neurotransmitter then exerts 1its action(43).

+  Three types of intrastimulus Jresponses are described: ‘ on",

"early”, and "dq;ation" responses. The “on” response occurs g¢lose to
the onset of stimulation, but does not persist for the duration of the:
stimﬁlus, and appears to be due to direct activation of the smooth

muscle(aa). The "earl}" response occurs some time after the onset of

t

stimulation, and 1is neurally mediated(45). The “duration” response

begins at the -onset of stimulation, continues through'its duration, and
ceases with the teiilnation of the stimulug(AG). Thus, both the “early”
° .. . . . . . i . .

and "off" responses show a latency of response relative to the onset of

~
~

the stimulus,, and either of these responses may be reiatgd to the
mechanisms of peristalsis in esophageal smooth mdscle(41'45). Fﬁfthef;
the latency period becomes progressively longer from proximal to distal

eséphagus(AI), and this 1latency gradient determines the speed of
' - ~

peristalsis. Thus, ﬁﬁen the esophageal smooth muscle is stimulated, a

|
| | -.

contraction occurs’ proximally after a short period of latency;
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contraction of more distal segments occurs later, owing to the

(
~

relatively longer latency period, and a peristaltic wave of contractions

is. propagated in- an aboral direction. Neural orllocal mechani sms may
. b o

modulate the latency gradient, afféccing the speed of peristalsis, or

.allowing reverse peristalsis in certain situations(42)

The peristaltic wave sweeps over, thT junctional area of transition
from striated to smooth mugcle without any indication that different
mechgni§ms are in?gyﬂed. Tbus, the centrally regulated 1até1§¥ gradient
of the striated mnsclé segment must be precisely matcﬁédv with the
peripherally regulated latency gradient of.the smooth ﬁuscle segment,
.and to-date, very littlel i;‘ known of the- mechanis@ "by which this

Q

synchrony is achievedc47); . : -

Lower Esophageal Sphincter
==

The LES 1is closed in the resting staté, providing ‘a barrier to
|

gastroesophageal reflux. The function of>fhe sphincter appears to -be

t

controlled, by the interaction of three factors: inherent-properties of
. \ .

sphinctefit smooth muscle, autonomic innervation, and hormonal action.

Smooth muscle of the LES demonstrates specialized responses to
drugs, enteric hormones, stretch, and electrical stimulation that differ

quantitatively or qualitatively from those of smooth muscl from the:

0
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v

a

adjacent “esophageal body or ,stomach, Eg_vitto, LES muscle strips have a

steeper .- length—tension - curve than étrips #rom the esophagu
stoméch(QB). This response does not appear to be neurally medi
and thus this sharp rise in tension in response to stretch may represenf

an intrinsic mechanism of sphincter closure. .In humans, LES preésures

have been measured using different probe diameters(hg). These studies

_indicate that tension—diameter curves in the LES are steeper than in the

esophagus, and that the diameter at which maximal LES tension devélops

occurs - at a large diameter and not at the diameter of sphincter

closure(49). Thus, the LES muscle can maintain sphincter closure with a

‘minimal expenditure of energy.

This apparently passive response to stretch 1s not sufficient. to
v '

Q

explain the genesis of bésal‘sﬁhincter tone. Maintenance of'basgl tone

is an energy requiring process, and the sphincter can bé» actively

Aurelaxed(so). The LES muscle has.a lower resting membréne potential than

adjacent esophageél and 'géstric smooth muscle

observations .Suggest that this partial dépolarization 1s due to an

i inward calcium leak, which may activate myofibrils and cause .tonic LES

contradtion(32), . o : h

Current evidence suggests that the LES is innervated by excitatory

chglinergic(53’54) and adrenergicch) nerves. The precise role of

)

atea(Ae),j

(51), and  in yvitro

v

CaATe . mae s
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cholinergic stimulation 1n regulation of sphincter tone in humans

remains to be clarified, as vagotomy in man does not reduce sphincter

.

pressure£5§2,// The mechanism controlling norﬁal gphincter relaxation

du;ing swallowing also remains unclear(57). Efferent inhibitory fibers

have been demonstrated in the vagal nerves of the opossum(ss). However,

vagotomy does not abolish sphincter relaxation in elther animalé(sg) or

, 4
man(60). The cell bodies of the inhibitory nerves are believed to be

located in the esophageal plexuses, and the preganglionic fibers arrive
via the vagal nerves(ss). Ganglionic transmission 1is cholinergic, but
the identity of the post—ganglionic inhibitory neurotransmitter 1s not:

known(61).
Many hormones, pérticulafly gastrin, have been shown to affect LES

T ! R .
pressure(62), andy gastrin was 1initfélly comsidered to be the major

i

Arégulator of LES tone. Subsequent studies cast doubt on these

I

findings(63), Sut it may be ‘that #éastrin modulates changes 'in LES

pressure after meals(6434 v v
Secretin, cholecystokinin, glucagon and insulin have been shown to
affect LES pﬁessure, but the precise interplay of these hormones and the

v ‘ .
full significance of the physiologic roles of any or all of these

hormones has yet to be determined(37).
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THE ANTI-REFLUX MECHANISM

-A positive preéﬁure gradient exists between the abdominal and
thoracic cavities, and this gradient increases Subétanflaliy .during
exercise, coughing, stooping and other events associatedlwith abdominal
muscle contraction, changes 1in gravitatipnal position, or both. Thus,
without some protective mechanism, GE reflux would 6CCur continuouély.
Furthe;: a mechanism that ngrmally préven;s reflux must allow entry of
an esophageal bolus 1into thé é£§ﬁach after swalloQing and allow ?gress
of gastric contents during vomiting or belching. Factors prop&géd to
explain the anEi-ref%ux mechanism are a) anatomic mechanical féﬁtors,
whilh are mainly ext;aaphincterlc and bl-intrinsic LES tone.

‘ (3)

Prior to the demonstration of a phfsiologic sphincter mechanism
anatomic factors were thought to be soley responsible.for the prevention
of reflux. Despité earlier reports of areésl of anatdmical muscle.
thickening in the lower esophagus(ég)? the consensus éf opinion to-date
is thaf. there 1s no agatom{cal- basis for an intrinsic sphincter
mechanism,(éﬁ’zg). Many extraSphincteric mechanical f;ctors have beeq
described that are thought to contribute 'to the closing mechanism.
(66)

’

Possible valve mechanisms include: a mucosal flap a  flutter

valve(67), an acute esophagogastric angle(67)’ and the gastric sling

(fibers(68). A second group comprises mechanical factors which may cause

L3

esophageal . compression at/or near the diaphragmatic hiatus. These
include a pinchcock action of the diaphragm(691, a hepatic tunnel, a
sling action of the right crus, an esophagogastric "joint"(70),'and the

( | | ’ .y
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phrenoesophageal nembrane(l3). An intraabdominal segment of esophagus
is thought to assist sphincter closure by being surrounded by a positive
pressure environment(7l), and indeed resforatidn or malntenance of such

a segment is considered by many to be "an important aspect of anti-reflux

(70)

surgery(72’73); The mucosal choke Hypothesis proposes that during

sphincfer closure, adhesive forces which resist sphincter opening exist
between iﬁterdigitatiﬁg mﬁéosal'folds.

Another importan; characteristic of the LES 1s its ability to
increase 1its pressure in response to Increased intraabdominal

pressure. This effect was initially attributed to the mechanical action

(3.

of passive squeeze on the intraabdominal portion of the spﬁincter

However, LES pressures developed 1in response to compression usually:

(74,75)

exceed the rise in intragastric pressure and this respouse 1s

inﬁzﬁited by atropine and vagotomy(76’77). A similar response 1is seen

in patients with hiat%h hernia, whose LES 1s thérefore surrounded by
iqtrathoracic pressure(jé). Other studies suggest that the mechanism gy
which the sphincter responds 'to 1Increased intraabdominal pressure
involves a .more complex interplay of neural and external ﬁechanical

(79)

factors The radial asymmetry observed in the pressure profile of

the LES may be due to extrinsic or intrinsic factors, as discussed

(18,22) “

above
The intrinsic physiologic properties of the -sphincter have been
discussed. The opinion of most recent reviewers(4’7) is that evidénce.

currenbly available does not warrant the conclusion that intrinsic LES

strength 1s the sole barrier to GE reflux, and that. many mechanical




factors serve to augment the anti-reflux barrier provided by the

intrinsic LES. The precise interplay between these extrinsic and,

intrinsic factors has yet to be determined.

CONSEQUENCES OF GASTROESOPHAGEAL REFLUX

Reflux of gastric contents into the esophagus has been shown to

occur in normwal asymptomatic subjects(so’sl). However, thésejepisodes

océur with a higher frequeﬁcy and for a longer duration in p#tients with
significant symptoms. Pro}onged,exposure of the esopﬁa;us to gastric
juice may Fesult in disabling symptoms; may damage Fhe esophagéq} mucosa
as evidenced by inflémmation, ulceration, stficture formation, an@

bleeding; or may lead to epithelial changes in -the esophagus, with a

13

malignant potential(az).
Gastroesophageal reflux has only become clearly recognized as a
disease entity since the early part of this century. Much confusion

arose over fhe ;Eiation of hiatal hernia with reflux disease. Prior
to 1900, hiatafaiernia was regaréed as an anaEOmical'curiosity, and
Bowditch, writing on the subject‘in the mid—n£ne;eenth century commented
that most observers wefe ignorant of the true nature_bf the con&ition,'
“"their modes of treatment have been entirely empirical and generall?
very absurd? and not a" few times absolutely hurtful to theé

patient"(83). He also felt that as the disease was so rare,' few

surgeons would have the opportunity to operate upon it more than once or
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twice in the course of a working . lfetime.

Not until the turn of t#é’ century, withr‘the advent - of contrast
radiology, was a diagnosis‘.of hiatal hernia in 1living paéientg made
possible(zg). Then,.for‘seyergl décades, hiatal hernla was classiiggd/;
with other types of diaphragmatiﬁ hernia, and was felt to pose the same
thréat of incarceration, stranghlation and pefforation as do other forms
of Qﬁrniae. In his pape; "Peptic Esophagitis: a new clinical entity” in

1935, Winklestein was perhaps the first to recognize that inflammatory
(84)

changes in the esophagus were due to the action of gastric juice
Allison, in 1945, clearly established that gastroesophageal reflux was

&~ .
the cause of the symptoms and pathology that frequently accompany hiatal
‘ «(85,86)

hernia and. was thelfirét to, use the term "reflux esophagitis
In his "Anatomy of Repair” in 1951, Ailison described an operation for

the prevention of reflux based upon restoration of normal anatomical

relationships(86). Unfortunately, in several éente£s, more than one- »
third of the patienté undergoing this operation were 15ter reported. to
| havé peristence of reflux even though the hiatal hernia @ight have been
corrected on postoperative radiographic examinaﬁiqn(l). Several reports
have since attested to the occurrence of severe gastroeosphageal reflux
disease without hiatal hernia, and of hiatal hernia without reflux
diseasg(sg’sg’go). Thus, history has repeated itself and hiatal hern;a'
of the sliding variety,. unléss accompanied by reflux, 1is once again

nothing more than an incidental curiosity.
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' Ciinical Presentation

The classical symptoms of({:i reflux disease are heartburn and

regurgitation evoked by bending

“adopting an ‘upfight posture. - To this may be added prompt relief of

symptoﬁs with antacidzrtherapy. Most people have, at one time or.

another, experienced heartburn, and there 1is a wide spectrum in the -

frequency‘and sevefity of symptoms, »Heartburn ig defined as a burning
gensation in the epigastric and lower substernal régions occqrrfng
during or within an hour or 36 after meals, or accoﬁpanying thé
ingestion’ of irritating ‘foods, é.g., very hot or very cold dfinks,
‘alcohol, highly spiced foods. It frequently radiates .upwards along
either costal margin, more often the lgft, and may be inducgd.by those
measures as raise intra—abdﬁminél pressure(14’9l);

Heartburn 1s often aclompanied by regurgitation of sour, acidic

. \
material into the' mouth, and the combination of these symptoms is
1

e

pathognomonic of G.E. reflux disease, particulary if symptoms. are

o

aggravated by postural change. Sleep is often disturbed, and many

patients experience symptoms when lying supine or omn the right side, but

not .on the left.
Some patients present with pharyngealvsymptoms, and have often had

"(14). Some may

psychiatric coﬁéultations for . "globus hystericus
experience pain radiating to the cervical spine,. b;th raml of the
mandibles, or ears. A number of patients present hoarseness, chronic
cough, or chrqnicV pharyngitis, and may initgllyJ consult with an

otolaryngologist. . Some patients present with symptoms remarkably

er or lying flat, and relieved by

S

SR

4
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similar to angina pectoris, and as both conditions.are being recognized .
with Increasing frequency, differentiatio; is extremely important(la).
Other than the cléssi@al symptoms of heartburn /and regurgitation,
patients with complicated G.E. reflux'diseaselmay experieﬁce dysphagia,
odynophagia, and pulmonary symptows. Dysphagia 1is almost gniversally
noted in 6&;1 nts who have developed an esophageal stricture due .to
reflux. It is ﬁost important to outrule other causes of dysphagia, such
as neoplasm. Dysphagia‘may also occur in patients with esophagitis but.
‘no stricture, and 1indeed in patients withr no esophagitis at all.
Episédes of reflux may trigget esophageal spasm or fertiary contractions
which may cause dysphégia in patients withouﬁ esophagiﬁis. It must alsd
be notgd(that dysphagia -due to stricture may be the presenting’symptdm
of G.E. reflux 41sease. Thus, symptoms are not a reliable guide to the
severity of the pathological p;ocesé, and even those patients with mild
symptoms suggestive of GE reflux should be choroughl?vinvestigated(IA).
Aspiration of regurgitated- material into the lung 1is another
serious complication of GE reflux disease, and pulmona;y symptoms may be
the majér presenting sompléint. ; Thus, any patient with ; chronic
unexnlafned cough,. particularly 1&( noctyrnal, or chronic. basal
inflammatory changes, should be investigatédhfor GE reflux disease(gg);
Chronic blood bloss may result froh esophagitis, resulting in
anemia. Blood loss, 1if it occurs, 1is usually minor. - Rarely, however,:
patients may bleed massively from diffuse esophagitis, or from a chronic
penetrating ulcer in a segment of esophagus l1lined with ectbpié gastric

mucosa. Erosion of esophageal varices by esophagitis’ in patients with

(93,94)

refIﬁk'ﬁﬁsfﬁbe considered in the differential diagnosis
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PATHOLOGY
o

The term “reflux disease” has replaced the term "reflux
.egsophagitis™ in deséribing this ;ondition as it 1s now recognized that
éevere clinical symptoms which 1incapacitate a pafient may occur without
_ endoscopic evidence of‘esoﬁhagitis; and that a patient who has never had
significan; symptoms may present with a reflux induced stricture. Thus,
the spectrum of morphological change ranges from a norwal esophageal
mucosa, to e:ytheda and friabiiity of the mucosa, to esophagitis with
superficial erosions, or deeper chronic ulceration, 'and finally,
fibrosis with stricture formétion(la).

The histological features of esophageal ulceration %ére first

described by Quincke 1in 1879(95). ~ Until recently the histological A

criteria for “esophagitis” were those of the inflammatory process,
namely hyperemia, edema, infiltration with neutrophils, lymphoéytes and
plasma cells, and fibrosis. Epithelial erosion and -ulceration may be
present; the inflammatory reaction may be limited to the outer part of
the lamina proprig or may extend into its deeper layers or even into the

muscularis mucosae(96’97).

Ismail-Beigi, Horton and Pope, in 1970, described new histological

criteria for the assessment of earlier changes which téké place
predominantly 1n'the epithelial.layers(QS); They .described a thinner
surface layer of squamous cells. The papillae are elongated and more
vascular, and may feach the mhcosal surface. The basal or germinative

layer is hyperplastic, and may occupy from 507 to B80%Z of the full

" thickness of the epithelial layer. The basal cells contain more

Ty ;:?: -L‘::;i, Gt
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nucleii. It ?ouid appear, therefore, that as surface cells are lost due
go the action of local irritants, the basal layer compensates ﬁo produce
a faéter turn over of cells;

If the rate of 1loss of cells‘from the luminal surface exceeds the
rate at which they can be replaced, superficial esophagitis develops
with accompanying acute and chronic inflammatory changes. In patients
with severe reflux changes, Behar &qd Sheahan: (1975) found .
polymorphonuclear leucocytes in 40% of esophageal biopsies(gg).' Chronic
iﬁflammatory changes with lymphocytic and monocytic infiltratiqn_have
been described in 55  to 85 percent of patients with ,feflux
sysmptoms(96)m In severe esohagitis, superficia£ ulcerations, which
rarely extend through the muscularis mucosa‘and tend to re—epithelialisé
rapidly, are frequently found. On the other hand, more extensive
- ulceration produces an inflammatory and fibrotic reaction that may

a

extend through the entire esophageal wall and even into the surrounding

mediastinum(loo).

In 1950, Barrett called attention té patients in whom éhe distal
one—third to one-half ofvcpe egophagus is lined by cold&nar epithelium,
rathef than the normal st?;tified type(lol). This columnar epithelium
usually'has all the histological characteristics of the mucus secreting
columnar egithelium of the cardia of the stomach, and e;enion occasion
may contain pafietel and chief cells. Originally, it was postulatéd‘ﬁhét
these - columnar cells represented embryological remnants, as the
embryonic vesophagus is first 1lined by columnar vepithelium which 1is

replaced by squamous. epithelfum in the fifth to sixth wmonth of

gestation., It 1is now well established, however, that this heterotopia
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1s an acquired abnormality and represents a serious complication of

gasfroesophageal reflux diseasefloz). It 18 not quite cf§Qr why an area
of ‘esophaggai ulceration should be repaired 1in 3some uinstances by
columnar rather than squamous epithelium. One explanation 1s that the
columnar épithelium of the cardia 1s more resistant té acid-peptic
digestion, and hence has a growth advantage over squamouéSepithelium.
An alternative suggestion_is that the columLar‘epichelium may originate
from outgrowths of the esophageal submucﬁgal glands rather than as a
direct extension'fromAthe cardia(96). It 1is eveﬁ less clear why severe
egsophagitis should lead to stricture formation 1in some patients and
columnar epithelialisétion in only. a “few. | This lesion assumes even
greater significance when it is realized that édepocarcinonn of the

S

esophagus may arise in up to 10Z of patients who have a lower esophagus

lined with columnar epithelium(az). 4 .
In addition to acute, subacute and chronic esophagitis, chronic

localized penetrating ulceration of the esophagus can occur. Usually

described as peptic ulcers of the esophagus, these lesions are usually

N

!

single and diggrete, and- are usually located on the anterior or
posterior wall. - Occasionally, two ulcers will be found on opposing

walls., The histological features of these ulcers exactly resemble those

"found in ‘chronic peptic ulcers of the stomach, and they always occur in

or very near to glandular mucosa. When a peptic u1cer is found 1in the

/

esophagus i; 1s almost invariably accompanied by adjacant superficial

esophagitis of the squamous mucosa(96’101).
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PATHOPHYSIOLOGY
!

The lower esophageal sphincter ié now regarded as the main barriel
to reflux. Nevert;eless,’many patients with GE reflux disease have LES
pressures in the normal range, and it has been shown that reflux
episodes occur in normal 3ubject§. These observations suggest that
manifest GE réflux ~diséase may be the result of many contributing
factors. Thus we must consider those factors that normally prevent
reflux, and the mechanisms by which reflux occurs; thosg factors that
normglly protect the esophagus from the injurious effects of .refluxed

|

material;'andlthose factors that influence the volume and composition of

the refluxed daterial(4’7).
There 1s generally a poor correlation between resting LES pressure
(103,104)_

readings and clinical evidence of GE reflux disease Recent

studiés by Dent et al. have shqwn that basal LES pressures vary
considerably'throughout the course of the day, both in normal subjects
and 1in :eflux patients(}os)}r Overnight studies duriné wh;ch LES
pressure and esopha -»al pH wereicontinual}y monitored, indicated thaﬁ GE
\ .
reflux may occur by any of 1three general mechanisms. Transient
inappropriate relaxatioqg of thé LES may occur fhat are not related to
swallowing. These were most frequently seen when resting LE§ pressure
was Iin the normal ran;e,~and accounted for 98% of the reff&x episodes
observed in norﬁal éubjects. In subjects with a’hypotoqi£ LES, episodes
of reflux were seen to occur during transient rises in intra-abdominal
pressdre. In- subjects with a feeble or atonic LES, eplsodes of

spontaneous free GE reflux occurred.  Among symptomatic patlents, two-
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thirds of the peflux episodes observed occurred during transient
1nappropriate LES relaxations, with the remaining third divided between
the mechanisms of transient increases in intra—abdominal pressure and
free reflux. The first mechanism predominated in those patients with LES
pressures 1n the normal range, and the latter two mechanisms
predopinated in those patients with a persistently low LES pressure.
The mechanism of transient inappropriate LES relaxations appears to

13

explain the apparent paradox of how GE reflux occurs in normal subjects

(105), .

L d
Fd

and in those reflux patients with a normal.ﬁES profile

Many hormoneg are known _to affect LES pressure, and diminished
'reléase of endogeneous gastrin or LES insensitivity to 'gastrin were:
suggested as possible causes of phe low LES pressure often _seen in
reflux patients. Subsequent studies, hpwever, have not copfirmed this
"gastrin hypothesis”™, as it became known, and fasting 'serum gastrin
1epels were found ﬁo pe similar in reflux patients aﬁd controlpspbjects
and a correlation between fasting éerum gastrin levels and LES pressures
could not be sﬁown(62’63’64).

The most clinically iﬁportant hormonal action on thé sphincter 1is
probably.that produced by progesterone. LES pressures are progressively
decreased during pregnancy, are decreased in women taking progésterone~
containing anovulanﬁs, and are even decreased in thé luteal phase of
normal mensprc: :ycles(106’f07). This'probably accaunts for the high.
inpidenée of heartpurn dur;ng pregnancy. - Secrepin, cholecystokinin and -
glucagon decrease LES pressure in pharmacoiogical doses, and ,certain‘

prostaglandins reduce LES tone(108,109,110,111)_

x,
'
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Alteration of the normal anatomy of the gastrogsophageal junctign
may result 1in a dec;easeddLES pressure. An abnormal phrenoesophageal
ligament 'inser;ion(13), an absent intra—abdominal 'segment of the
esophagus(73), or a hiatal hernia may result -in a mechaﬁfcal
disadvantage to normal Sphincfer function(lz)m‘ Low LES pressures havé
been found in‘thé aged.o Foods such as fats and chocolate,diminish LES

-pressﬁre as do drugs such as theophylline, alcohol, nicotine and
nitroglycerihe(112’113’114). An intriéuing suggestion 1s that reflux
per se may cause a fall in LES pressure, as observed when esophagitis

. was induced experimentally_in cats(lls’llﬁ).

The mechanisms by whiéh the esophagus 1s normally protected from
the injurous effects of refluxed material 1nc}ude thé tissue resistance
of the mucosa, tﬁevattions of saliva and esophageal gland secretions,
and the ability of the ésophagus to clear the refluxate(a). The
esophageal mucosa.ié quite sensitive to damage from acid, bepsin, or
bile salts, and the degree 6f resultant damage.may Aepend_upon the speed
at which the squamous';pithelium regenerates" When the sdrfacg layer of
the epitﬁelium'is»damaged, the>permeability of the‘mucosa to\ﬁydrogen
ion 1is 1ncreased, aﬁd. transmucosal potential differences are
altered(1175158'119’120’121).

Saliva is rich 1in bicarbonate, which buffers acid, and sulphated
polysacéharides, whiéh have antipeptic properties. A8 the secregions of

G . '
the esophageal submucosal glands are scant, swallowed saliva may have an

important protective role(6’122).
The length of time that refluxed material remains in coantact with

the esophageal mucosa may be of paramount importance in producing
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disease(4’123). Studies employing 24 hr esophageal bH mqnitoring have
shown that the duratidn of reflw episodes is increased in patients with
reflux disease ggd that severity of symptoms ;orrelates well with
contact time(124’125’126). Esophageal clearance depends upon gravity
and upon esophageal‘péristalis; in the recumbent poéition, the effect of
gravity is'removed. Acid clearance tiﬁe, gsydetermined by the n;mber of
swéllows téken to restore normal pH folloﬁihg the instillation of acid.
into tﬁe ; esopﬁagug, is prolonged - 1in patients with GE
reflux(4’127’128).‘ Moto; disorders 1n .the diStgl esophagus have béen
réported in patients | with ~severe es&phagitis or
stricture(129’130’131’132). As reflux may induce a fall in LES
pressure(115’116), ‘the conéept has - arisen that reflux may induce
impairment §f esophageal peristalsis and clearance, thus setting up a
self-perpetuating cycle(4’6’7). Conceivabl&, an episode of reflux may
pfoduce acute injury resulting in impaired peristelsié and clearance,
which in turn‘ptoduceéaa fall in LES preséure, Aildwing more reflux to
occur; This h&ﬁothesis-is Suppérted by animal experiments in which acid
was instilled into the‘mid esophagus'bf both cats and baboon3 resulting
'inﬂsignificant decreases in LES pressure andvdecreasesvin peristaltic
amplitudes ,inA the distal esophagus(1l5’116’l33)w To date, there has
been no concrete evidence»td support this hypothesis in humané.
The voluﬁé and composition of the refluxed material may‘influeﬁce
" the course oﬁ events should reflux qQccur. From ghis perspective, . the
stomach plays a major role ;p ;be pathogenesis'of reflﬁx disease. The

volame of fluid in the stomach is a function of ingestion, gastric

secretion, gastfic emptying, and duodenvgastric reflux. 'Delayed gastric
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emptying has been reported in up to 40Z of ‘reflux patient

Tﬁus, more volume 1is available for reflux into the esophagus. Gastric

acid secretion 1s ‘normél im reflux patiehts(136’137). Increased

duodenogastric reflux, as demonstrated radiographically, _and by

o

increased concentrations of bile salts in the gastric aspirate, may play
a rolé in the pathogenesis of GE reflux diseaée(lqa’;39). ‘Not only
would duodenogastric reflux increase the gastric volume avallable for GE

reflux, but would also place high concentrations of bile salts in the

stomach from WhichA they could reflux into the esophégus(6). Impalred

. antral motility, and ad increased incideﬁée\of antral ‘gastritis has been

reported in patients with GE reflﬁx(140’141).

In summory, some defect in the LES allows reflux to dccur. The
volume and Eomposition of the refluxed materialldependé uﬁon fungtions
of the stomach and perhaps of‘the pylofus,,and the ;ffect the matef al
has upon the:‘esophagus dé;ends not - only on- the 'contenfs of )
refluxate, but also upon the defence mgchanisﬁb of Lhe esophagus itself:
Cyclic mechanisms may then dccur which 'allow perpetuation of this

3

process once it has begun.

DIAGNOSIS ‘

A}
The evaluation of suspected GE reflux should include a careful

clinical .history ‘and the appropriate use of specialized clinical

tests. A classical symptom complex and a rapid resPonse to conventional

1

‘therapy iéave little doubt as to the diagnosis. Howevef, on occaslon,

GE reflux.may produce an atypical clinical pict&ie and the response to
-

therapy may be wunsatisfactory. Primary motof disorders of the

4 (1364,135)

the -

4

-
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'_{iary ~and gastroduodenal disorders are

_frequently associated with symptoms which'are difficult to distinguish

from those of reflux. A multitude of tests are currently available to

' evaluate these patients, and are discussed below. : Unfortunately, no

single test has yet  been accepted'as the standard for diagnosis of GE

reflux disease, and a carefully selected combination of tests must often

be employed.

Diagnodtic tests for GE reflux disease may be Flassified- as

follows:

N3

Y

Tests of LES competence. LES competence is assessed by manometric

measurements of resting LES pressure and by measuring the response

of the sphincter to compression.

The acid perfusion test of Bernstein is_ a test of esopﬁééeal

sengitivity to‘acid, and 1igy useful in deciding 1if symptoms are

attributable to the esophageal disease.

Tests that evaluate esophageél damage. - These 1include double-

contrast  radiography, potential difference measurements,

v

enddscopy, biopsy, acidcclearance test, and manometric evaluation

o3

of - esophageal peristal-is. “ e

% | . .

Tests that demonstrais . presenc’ aflux. These 1include

radiography and water—-siphon te. ani, short—term pH

monitoring, the common cavity test, and csophageal scintigraphy.

© e e e e an
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Esophageal Manometry>

Esophageal manometry allows measurements of LES pressure to be made

‘both at rest, and in response to raised intra—-abdominal pressureg allows

a study of the deglutitive resﬁpnse of the sphincter; allows an

-assessment of esophageal peristaltic activity, and, where appropriate,

an examination of the upper esophageai sphincter.
The first manometric motility studies of the gastrointestinal tract

were performed by Kronecker and Meltzer in the 1880's, who used air-

s f1lled balloons as pressure transmitter (142) Water—filled balloons
were in use since the 1940's, but be \use of inaccurate and delayed :

assessment of rapid pressure change$y.dependence of sphincter pressure.

measurements on balloon diameter, and the "effect of the balloon on

’ o
motility, balloon kymography was abandonded(laz). '

The 1950's saw the introduction of water;perfhsed catheter systems,
which transmitted_preésure to extrécorporeél pressure transducers ke.g.,
Stfatham—transducers). It transpired in the 1960's that only by using
constant ;erfusion rates could accurate  and reprqducibl; quantitative

results be obtained(143’144’145,146).

However, -high perfusion. rates led
to inaccuracy of measurements(146), and a further advance was made by
the introduction by Arndorfer et al. in 1977 of a hydraulic-capillary
infgsion system(147), which allowed improved quantitative measurements
of both LES pressure and esophageal periscalti; waves.

The clinical disadvantages of perfusion manometry include the need
for an exact motorized perfusibn device, hydraulic-aréefacts, the‘heed

for ' catheter disinfection, and a catheter compliance which cannot be

P N . .
cquléiely§ eliminated. - Many forms of intracorporeal ndcrotrangéucers
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have been developed, but nearly all have a low mechanical resiétance to

repeated use, and have thus not found wide acceptance for routine

clinical purposes(148).

In current clinical . practice, esophageal manometry 1is used

»

primarily to assess LES pressure. Dodds et al., reviewing reflux
disease in 1976(65), stated that "this practise 1is based on the widely
accee;ed notion “that resting :LES pressure correlateé directly with
Sphiﬂét%: competenc;: Regretably, most investigative sFudies of reflux
patients make no reference to esophageal “body motor activity”.

Earlier studies, using non—infused cathetgr systems, could show;ho
sepératiﬁn on the basis of LES pressure between normal Subjects and
those with reflux symptoﬁs. With the advent of perfused catheter
systems, there initially appeared to be a clear éepéraﬁion between

control subjects and patients(143’144’145). Later studies with larger

numbers of patients showed considerable ovéflap in LES pressure readings

between control subjects and reflux patients(149’150’151’152’153). A

review by Richter an§ Castgllliﬁ 1982(7) found ‘that an LES pressure less
than ~10 mnHg has poor sensitivity (58%) but good specificity (847).
thef% feel that a reliable discrimination of a reflux patient can onl&
(4ﬁ153)-

be made with a.restihg LES pressure of less than 6 mm Hg Some

,.corrglation, - however, exists Dbetwen resting sphincter pressure

e
measurements and the morphological severity of disease, patients with

f

severe esophagitis having lower pressures than those without(lss).

42

Although a poor sphincter response to raised intra-abdominal-

pressure has been repbrted in reflux patients(88’156), the walue of this

measurement as ‘a diagnostic test for reflux disease has not been
. i

bt Tieme s he s .
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"y
assessed. All recent reviews attest to the poor sensitivity of resting
LES measurements, and Castell suggests‘ that routine measurement of

M,

resting LES pressure is impractical

The Acid Infusion Test

The acid infusion test(157) is wldely accepted as a clinical rtest
for diagnosing GE reflux disease;/ Cas§e11(7) reviewed seven series, and

found an overall sehsitivity of 79% and a. specificity of 82%Z, while

Dodds EE:EQ:’(GS) conclude that high false—positive and false—negative

rates make the test non-specific. Different criteria for dnterpretation

may account for these differences(}ss). Benz.ggnglg(lso):cdnqlud%p that
“&the acid infusion test showed the ‘greatest degree oé borrelat;onvwiﬁh I

other standard tests for GE reflux. "It must be remembered, ﬁowever,

Eha; it is a test of esophageal sensitivity to acid, and perhéps its

major clinical usefullnggs is in determining whether: symptoms are .

produced by the esophague.. - o

Radiographic examination . \

Many patients with GE reflux disease have a hilatal hernia\on barium

M “

X-ray examination, but so do 50% of the population over 50 years of 1
\ H
' \ . |

age(lsg). Neither does the absence of hiatal herni; rule out &eflux
dzseas;<§?l88’89). Fléuroscopy orlcineradiography‘gftél gastric loéding
with barium 1s a poor test for reflhg, with a sensitivity of 407% and
specificity ofJ 852(7’160). The “"water siphon; test(161) has a high

number of false positive results(7). " Acid-barium swalldws(l60) have

shown 62% false positive and 40% false ‘negative rates(150), Double
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L
contrast radiography(liz) is relatively insensitive to mild degrees of
. ? N .

esophagitis, but has a sensitivity and specificitﬁ approaching 1002 with

gsevere degrees of inflgmmation, and shows good correiaéion with
endoscopic findings of‘ severe esophagitis, ulcer, br.‘stricthre(l63).
Thus, radiogrgphic techniques have both poor sgnsitivity and poor
specificity in diagnosing GE reflux diseése, but are wuseful ' in
determining whether significan; complications have occurred, and in

outruling other upper gastrointestinal pathology;

* ‘

- Endoscopy
[

Severe symptomatic reflux disease can occur without the presence of
endoscopic esopﬁagitis(la). Thus, althou;h endoscopy 1s highly accurate
in diagnosing esophagitis, the absence of gross change does not outrule
the diagnﬁsis. There 18 agreement about tﬁe finging of Foderate to
severe esophagitis (gra&es 154 and TIII), which include: superficial
ulcers or érosions; hemorrhagic mucosa with e*udétes; deep, bunched out
esophageal Qlcers; and esophageal strictures(164). When these are

present, endoscopy has a dilagnostic specificity of 962,' but 'a

sensitiﬁity of only 682(15}), Interpretation of mild or. grade I

esophagitig'is difficult, and the findings are non—speciffc(7).

Biopsy
F3

Ismail-Beigi et al. described reparative changes in the esophageal

oy . . .
mucosa which offered improved histologic crigzria for the diagnosis of
GE reflex disease(gs). These changes include basal layer hyperplasia

.and papillary elongation, with loss of ‘surface epithelial cells. “In
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both the original series, and in Béhars series in 1976(164),‘rboth a

sensitivity and specificity in the order  of 90% was reported. However, -

‘.in 1975, Weinstein, Bogoch and Bowes(165) examined mucosal suction
biopsies from asymptomatic control subjects and found similar changes 1in

57% of biopsies in the distal 2.5 cm of esophagus ahdvin 194 of the

biopsies above this level, indicating a much lower specificity than '

otherwise bel}eved. Ismail-Beigi et al. found frank histologic features
of inflammation 1in only 187 of thelr series;'other studies have shown
inflammatory infiltrates in up'to 40% of biopsies(gg’léa). Thus, biopsy
findings found positive by Ismail-Beigi's criteria may have a much lower
specificity than here-to-fore .believed, especially ‘if taken frop the

distal 2.5 cm of the esophagus.

Eéophageal pH monitoring.

In 1958,,.Tuttle and Grossman iﬁtroduced the use of a pH electrode

in the esophagus to detect reflux of acid from the stomach(166). This

was‘refined'ﬁy Skinner and Booth(167), who dexelope@_the Standard Acid
Relfux Test. Thislinvolves'loading the stomach with 300 ml of 0.1 N
Hg%ﬁ and, Castell, reviewing eight studies, found an overali sensitivity
léf 842(7). H weQer, in a r;cent' study, no false positive results
occurred wifH’ p to 100 ml acid loading, but 37%Z and 507% false positive
responses occurred with 300 ml ‘and 500 ml acid loading(168). Without
acid loading, short-term pH monitoring shows poor'sensitivity (402) but
" excellent specificity (992)(151’169){

Since 1974, Johnson and DeMeester(lza).have popularized 24 hr pH

monitoring of the distal esophagus. The avallable literature suggests

o]
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that this test has excellent sensitivit} (88%) and specificity (98%) for
‘GE reflux disease(7). It hes also proved an excellent.investigative
tool 1n researching the pathogenesis of reflux disease(los’lzs).
However, expense and the need for hospitalization and time factors

ensure that in the routine clinical sense this test will be reserved

only for the most difficult diagnostic problems.

The Ccmmon Cavity'Testl

Described by Butterfield in 1972(170), this is a manometric test
that measoies intraesophageal pressufe while compression 1is applied to
the abdomen. If a rieelin intraesophageal pressure occurs, Iindicating a
"common cavity" between stomach and esophagus, it 1indicates sphincter

incompetence. Butterfield found no positive results amongst 14 control

subjects, but found marked rises in intraesophageal pressures in his.j

group of 13 symptomatic patients. Some observers have since observed a :

4

high false positive rate(a), but the common cavity test has not been,.

evaluated adequately since its original description.

Gastroesophageal Scintiscanning

Described by Fisher et al. in 1976(171) this test cc.sists’ of
loading the stomach with Technetium99M Sulphur Colloid im 300 ml of
normal saline, and counting eciotillation over the'esophagus and stomach
with a gamma camera. Abdominal compréssion is applied zo induce
refiux. Fisher reported a 90% sensitivity and 90% specificity for this
test, However, Hoffman et al. in 1979 found a positive gcintiscan in
only four out of 29 reflux patients(172); The appeal of this test 1is
its non-invasive nature, and it may bécome a good screening test for GE

reflux, particularly in children(7).

i
|
]
i
1
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Treatment of GE reflux

3

Medical Therapy

In' his review article(7), Castell has outlined a therapeutic
approach to the patient with GE refux disease.. General: measures include
regular meals, avoiding food or beveragés‘for four hours before bedtime,
weight loss. 1f obese, and elevation o% the head of the bed. Smoking
should be discontinued, and alcohol, fats, chocolate, citrus fruits and
splcy foods should be avoidéd. Certain medications will decrease LES
bressure, spch as progesterone, theophylline, probradolol,A;hd diazepam,
and are best discontinued 1if possible. Antacids generally produce
ﬁrompt symptomatic reliéf, and are effective 1in controlling milé) to
moderatg symptoms.

Other than antacids, specific medications that are available are
bethanechol, metoclopramide, and cimetidine. Bethanechol 1is a
cholinergic agent that has been shown to increase resting LES pressure,
decrease GE reflux,‘and_improve ésophageal acid clearance. It appears
~ to. promote healing of esophagitis and decrease antacid use, and seems
well toleratedl73’l74). Metoclobramide has been shown to incr;ase
resting LES pressure, and to. improve the antral motility and gastric
emptying abﬁﬁrmalities preseﬁt‘ in some patients with GE reflux
disease(175’141). . However, up to one third of ~patient's ‘experience

neurologic or psychotropic side effects and must discontinue the drug.

Cimetidine acts by reducing gastric acid codcentration, and has no

\_ )

direct effect on LES pregsu¥gﬁ7). Although cimetidine appears to
effectively relieve symptoms, siénificant healing of esophagitis has not

been documented(176’l77). Alginates seem to be effective in the

treatment of GE reflux, but. are probably ndt better than’ antacid
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therapy(l78).

Thus, the medical treatment of all patients with GE reflux disease
should 1include general postural and dletary measures, avoidance of
nicotine and poténtially harmful medications, and specific theraﬁy with
antacids or alginic acid. More severe or unresponsive cases should have
cimetidine with bethaﬁechol or metoclopramide added to their regimes.
Between 5% and 10% of GE reflﬁx patlents will fail to respond to the

7,

best in medical therapy, and warrant a surgical antireflux. procedure?

AN
s

ki

Surgical treatment

Until the late 1950's, surgeons working in this area concentrated

upon anatomical correction of Hiatal hernias. Symptoms were poorly

understood, and no- consideration was given to reflux(14). 'ngrington in

1928 was amongst the first to report on a series of diaphragmatic hernia

repairs(l79). Alliéon,‘in 1951, recognized the association of symptoms

with’reflux, and emphasized the imbortance of anatomical cormection of
the cardia in preventing reflux(86). Collis (1954)-and ﬁ;érema'(IQSS)
sought'fo éreate an intraabdominal segment of esophagus by anchbring the
gastroesophageal junction beneath the diaphragm with sutures to the
anterior or posteéior'abdominal wall (180’181). In 1955, Nissen and
Belsey, workiné independently, develéped -the principle of wrapping a-
portion of the prbximal ‘stomach around the distal esophagus to
complement anatomical repair of the>hiaths, aﬁzwthis prinéiple remains
the cornerstone of surgical prevention of GE reflux(S?IS?). Hill
introduced the posterior gastropexy 6peration in 1960 and modified it -
subsequently to include calibration of the cardia(183’184).

In current surgical practice, the . most widely used anti-reflux

operations are the Nissen fundoplication, the Belsey Mark-IV repair and
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;KSatisfactory results of the three. procedures

- efficacy in preventing GE reflux
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the Hill posterior gastropexy with calibration of the cardia. The basic
surgical principles of these procedures are similar: each involves
mobilization of the distal four to six cm of the exophagus; each
invol?es to some degree the creétion of a flap-valve or wrap of gastric
fundus onto the distal esophagus; and each ihvolves narrowing of the

margins of the hiatus with sutures. The Nissen and H}ll procedures use

" ' .
ik ion requires . a

FIEN

a transabdominal ‘gpp;pach, while'ﬁthéf;gé‘

transthoracic approach. e )

,;}1iéation affords

v A

5§;EQQ.197§% reported

!

) , . o el “:."'-;_‘.;'.
the most permanent symptomatic reliefs DeMeeste:

Cor A e

on a randomized prospective trial of 45 'patieﬂpg with GE reflux

disgase(lss). Fifteen patients had the Hill procedure, 15 the Belsey

" procedure, and 15 the Nissen procedure. Symptomatic relief was obtained

in 477 of those undefgoing the Hill repair, 80%Z of those undergoing the

Belsey repalr, and 100Z undergoing the Nissen repair. Objecﬁive post-

operative evidence of reflux, as assegsed by radio-graphic examination,
standard acid ~ reflux test, 24-hr esophagéal pH  monitoring, and

esophageal monometry showed that .the Nissen repair gave 'the most

(185). Others have also

found the Niséen fundoplication to be superior to the Belsey operation

both 1in terms of symptomatic relief and objective evidence of °

(186)’

reflux and most reports evaluating the Nissen repair attest to its

low morbidity and wmortality, good patient toleranze, and. long-term

(187,188,189,190,191,192)

A number”of specific complications have been described following a
valvuloplasty of -the Nissen type. While manyvéf these are rare, the

"gas-bloat” syndrome and post—operative dysphagia’i;éref frequent

-

complications, particularly on a short-term basis.
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Described by Woodward 1in 1971; the “gas-bloat” syndrome 1is
characterized by post-prandial fulinéss, inability to belch or even
vomit, 1increased amounts of flatus, and meteoristic bioating of the
abdomén(193). Acute post-operative gastric dilatation may occur,

requiring the prompt passage of a naso-gastric tube(194). It occurs

1

more ‘frequently after the Nissen fundoplication(lgs), and incidences of

" 20% to 30% have been reported(;?6). While the “"gas-bloat” syndrome may

be due' to post~operative supercontinence of the cardia(197), inadvertent

50

vagotomy may contribute to gas—bloat 1like . symptomé, diarrhea, and -

gastrié retention(185’198). Use of a purposefully wide. cuff méy prevent
£ aating(196’199).
Post-operative _dysphégia occurs - in 10% to 157 of patienté

undergoing fundoplication(lgs)} the most important cause -being a narrow

cuff. gt ﬁay also be caused by inhibition of cranial movement of the

cardia during swallowing(lgs),,or by an increased incidence of tertiary

contractions in the distal esophagus due to denervation(lgé). Symptdms

usually disappear spontaneously within three to four months, but

occasionally Eouginage may be necessary(lgs).

Télescoping.is a rare complicatibnfof fundoplication, and 1s more

likely to occﬁr,if a proximal gastric vagotomy is conducted at the same

time(200’201); and 1is simi}af to the "slipped” fundoplication(zoz).

Indicental splenectomy due to 1latrogenic injury 1is occasionally

indicated but adds considerably to the post—operative morbidity(203).

Gastric ulceration after fundoplication has been reported, and may be

due to wvagal netve entrapment(zoa). Other ‘documented Eomplications

intussusﬁeption o: gastric mucosa cephalad to the fundeg}ication,-and

(205) :

gastric -ulcer with gastro-bronchial fistula

-

" include complete or (Dpartial disrupﬁion of the wrap—arouﬁd,

PR
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- The mechanism fby which fundoplication ‘exerts 1its action 1in
preveﬁting GE reflux remains controvefsiél. Many studies have reported
an increase in lower esophageal sphincter pre?sure following anti-reflux
surgery; the highest pressﬁreé Being reForded after the Nissen
procedufe

(185'186’189’197). “Improved response of the sphinctef to
[ ]

abdominal compreésion has also been reported(1?5f206), suggesting a

restoration of “physiological"™ sphincter function 'post—dperatively.

‘disappears when the repair is conﬁerted tgra

However, ahtopsy studies have shown that fundoplication can Brevent

artificially induced réflux in the cadaver(207).‘ Bowes and Sarna, in

1975, observed no improvement 1in the. sphincter responée to abdominal
. [ 8
compfession post—operatively and described incomplete relaxation of the

(208) " Extrinsic compression of

sphincter 'in resonse to 'deglutition
cadaver esophagus produced a zone. of elevatgﬁ ,préssdre. _Bowésgg;ng
conclu@ed that incre;ses in spﬁincter pressufe after fundoplication age-
préﬁabiy secondary to extrinsic narrowing and do not constitute evidence
tha; a physiological sphinctervhas been created(zoe).

The effects of fundoplication on the motor function of the

esophageal body have been poorly documented.  Skinner describes ‘an

e

increased incidenégﬁofgﬁertiary contractions in.the distal esophagus in
patients with ﬁosf—operativé dysphagia, and - presumes they . are due to
irritatiOn,froﬁ diséecfion and tension on teh repair(lga). - Hill has

described a motor abnormality consisting of simultaneous, aperistaltic,

low amplitude contractionB'With‘poOr-esophageal propulsion(zos), which

he considers 1s specific to - the Nissen fundoplication, and which-

R
[ R CRRIES

ﬁ?osterior gastropexy. He

feels that this may be: dqe to the esophagus having lost 1its distal
. s, . ‘

accachment and being accordioned on itself and being unable to .produce

sequential‘waves without distal fixation.




reflux is stricture, or a shortened”

If GE complicated by a

esophagus, it may prove necessary to complement an anti%reflux‘

Collis
(1,210)

authors prefer the

and most ,gastroplastyﬁwwith

procedure,

fundoplication(l 209) to the Thal patch procedure Occasionally;

local resection of the stricture and colonic replacement of the resected

1

. segment will be required(?ll).

AAngelchiky in 1979, described the use .of a ring-shaped silicone

prosthesis for the treatment of GE reflux, but it has met with little or

0

no enthusiasm and at times frank condemnation from the surgical academic

.sector(212>., A recent study suggest that it is " gafe, sgimple,

eliminate, “tne signs of GE
b

However, the widespread &Ee of this device must awalt the

reproducable; and can

(213),

symptoms and

reflux
: ‘ \,.‘h“\‘. .
oucome of randomized prospective triélsi-uhntil such time the weight of

R
l

thes literature is that the fundoplfcstion if

evidence in Nissen

performed with attentionftowtechnical detail, 1is safe, simple, and can

i
3

fulfill the five criteria for an acceptable anti-reflux technidue as

¥

. should achieve complete and

recently ouitlined by Belsey, nameiykf,
-) -

permanent relief of all symptoms, 2, should restore the patients ability‘

to 1ead a normal and satisfactory life without further medical, dietary

or postural treatment; 33, should retein the ability to "belch™; 4,

® ’ - A

shonld retain the abiiityvto vomit; and S5, should allow objective proof
by pH electrode or otherflaboratory studies that the reflux has been.

. completely;controlled(214). v ‘.

R L
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OBJEéTIVES OF PRESENT STUDY -
pos

The limitations of manometric retordings.of lower esophageal sphincter
pressures in the diagnosis of reflux disease have been outlined; and the

lack of a laboratory test that is both sensitive:and specific and suitable

S
U

for routine clinical ﬁse in diagnosing GE reflux has been discussed. Few

manometric studies have addressed themselves to the role of the esophagus
A )

in the pathogenesis of reflux disease, and the effect of fundoplication on

the LES and on the motor function of the body of “the esophagus remalns

controversial. “
&

The objectives of this study have therefore been:

’
°

5,

K. _To. establish- the diagnostic value _of’>n5nometry in GE reflux

“diseasei. ]nResting ‘ower esophageal sphincter pressure, lower

o

W e

iiespphageai ~sphincter ‘pressure in' response ta. raised intraabdominal
pressure, and distal esophageal ~pressure change; “in responser to
raised intraabdominal pressure (common cavity test)Awould all appear
to- be of potential diagnostic value. This study proposes to evaluate

these three tests\dnrcombination with the acid infusion test in both

-
e,

- normal volunt ensxwgpd in’ patients with vdrying severities of

e

A -

B. To evaluate dﬁ%ﬁtmotor . patterns of the esophagus and LES.; in
. A PR . ,_,', } N . . P =

. i . ;'. ¢ . . . B .
.. """ gymptomatic GE reflux digease, and to examine the effects of

L . ! v . . sl
RS R . P
SRR

~fundoplicatiénLon-these~funétions,
! ~ [ ' e

- y . R ) -
N W R




METHODS

To achfeve the aforementioned objectives, two related studies were

conductedQ-“In'StudyFA' manometric data fron-afgroup of healthy control
. L, o / ¢

subjects were compgﬁed with data from a group with §ymptomat1c GE reflux

' TR s
disease., | %pe ohjective of Study A was t& detérmine ‘the value ofré
-) o N

A <
R
esophageal n§nometry in the diagnos&s ofng reflum disease. In Study B,
-~ . A S QQ
manometrio data “from another grOup o? cohtrol subjects were compared
*.v ~ e Py 3' .

.

with data from a group of patients who underwent studies pre— and

R

postoperatively.b The objectivee of Suudy B Were to determine the effect

o
o V

of Nfssen 8 fundoplication on the functions of the esophageal body and

!a
. “u .o

1on the lower eeéphageal~sphincter.

STUDY A

Control Subjects . P ' ' S .

Vo

Forty*one healthy asymptomatic subjecte _ were ¥ eelected as
controls. JOf 69 8ubjects 1nitia11y interviewed 28 were eicluded from

the study on the following grounds. upper gastrointestinal (GI)“symptoms

]

14 the 2 months before the study or a histoszy of uppet GI symptoms that
had necessitatedfantacid:therapy ornconeultation.withle physician.

- The age range of:- the cbntrol subjects'wﬁé*18765‘year3'(mean age

L
et

36.6413.3 yrs) (XSD)." - .

" Patients S - ' . I ' L.

Sixty-eight patientsfﬁith classical symptoms of GE reflux disease
. : g R
were:etydied. All had been referred to. either the gaqgroenterological

sigd
£, N o

G . . i .
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or surgiéal departments of the University of Alberta Hospital for

! u

O
management of their complaints. They Qere assigned to the following
clinical groups on the -basis of the séverity of their symptoms: “ |
I. ‘ jﬁ'k_w?aymptoms gseveral  mes a month and ‘nece .ng definite E
limitations to diet and‘activity. Otherwise able to function in
.a'normal mannef with minor adjustments and intermittent use of
therapy ( n = 23; mean age = 46.919.4 yr). &
II. sévere'sympfoms each day unless stringenf dietary restrictions
taken éhd strict adherence to therapeutic measures observed (n‘=
30; mean age = 48.1+9.4 yr). }
{fz \
III, severe symptoms persisting desgpite stringent dietary .
- ;gstrictions'and adequaté_medical therapy§ (n = 15; mean age =
46 .67 ._55(.5,;.9 . o . L
- 1 | | ' ;@:&
€g' All patients underwent upper GI endoscopy, and were assigned to the
following endoscqpic groups:.Y{ : | : . é;%

(1) Clinical Esophagitis: Classical symptoms of GE reflux .and .normal

upper, GI endoscopy (n=24; mean age = 48.2&9.6'yr).14

, . \

(11X j Esophagitis: Classical symptoms of GE reflux and

] / erythema 1in the -distal esophagus.' (n=25; mean age = 47.5%7.6
o .

1

yr).

o




&

56

(111) Erosive esophagitis: Classical symptoms of GE

reflux, with erythema, ¢eroslouns, and/or ulceration in the
distal esophagus.
STUDY B
Control subjects:
’ 'h
Criteria

.Eighteen asymptomatic subjects were selected as fontrols.
\J'

i;ivﬁp was from 18 years to 62 years (mean age, 33 lt15 9 yr).

Patients

Thirty-two patients were studied. All had severe persistent

" gsymptoms of GE reflux disease despite adequate medical therapy. All had

undergone radiological, endoscopic, and manometric examinations.® Hiatus

hernia was present in 23/32 (72%). Endoscoplc esophagitis was present
in 17/32 (532), and 2 of these (67) had ulceration of the esophagus. A

gummary’ of the clinical, rhdiolog}c and endoscopic findings is given in

<%

Taple 1.

All patients underwent a modified Nissen fundoplication (90% peri-
esophageal wrap), resulting in good to excellent relief of symptoms in

all. Esophageal manometry was repeated in all patients within 3-11

(2

months (mean, 6 months) post-operatively.

¢

The age range of the patient group was 24 years to 69 years (mean:;

Vi PRI

. '7
age 46.2£12.6 yr).

4
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TABLE 1.

Sﬁmmary of the clinical, endoscopic and radiologic

findings in 32 patients with symptomatic GE reflux,

‘Sex ratio. M : F ' 21
Meau age ' 46,2 + 12,6yr
 Duration of Symptoms _ " 10.0 + 8.3yr
~ Heartburn o ' 877%
Regurgitation ) : 68%
High epigastric pain 637
"Chest pain ' > . 237
\
Dysphagia 23%
‘Esophagitis S B 53%
Hiatus hernia - B . . 72%
P : . .
LS. g
\." . i’.‘ \‘?, ¢
o ? '3'2 - v
w";,‘,:_' o
A
(,J,".
C‘
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Esophageal manometry

The manometric study performed in ‘both study groups was identical.
‘A catheter.assembly'cdnsisting of 6 fused poiyethylene tubes was
~used (ID 1.19 mm., OD'1.7d mm) . Each catheter had a lateral openiﬁg
equal to the I.ﬁ. of the tube 1itself, and was closed distal to this
opening. The oéenings on tubes, nuEbers 1-5 (Fig. 2a) were at 5 c{:
intervals, except opening numbers 2 and 3, which were placed 1 cm
apart. The orad three openings weré orientated circumferentially to lie
at 120 degreés to each other (Fig. 2b). Tube number 6 was used for the
_acid infusion test(ll). |

Subjects apd patients were instructed to- fast for at least 12
hours, prior to the study. S

The catheter assembly was introduced Srally; without prior sedation

or , anesthesia, 1into the stomach. Tubes number 1-4 were filled with

water and perfused at a constant. rate of 0.3 ml/min, using an
pump. ’ . -

The water—filled catheters were used to transmit intraluminal
' : - {

Vb
4

pressure to external Statham pressure transducers. The output fpom’each7

. e vl
transducer was recorded on a Hpneyweilllight—pen recorder, model no.

+

1508A. The recording éystem was calibrated in cm4HéO'béfore the start
" t

~ of each study.

Resting Lower Esophageal Sphincter Pressure (R.LESP): s

The tube assembly‘was withdrawn at.'0.5 cm in;ervals until the orad

Wabenings traversed the sphincteric. zoﬁe  and entered the
o =

esophagus. The subject . was instrucged not to swallow during this part

three

of the test. After each withdrawal, the assembly was left in position

\ 4



FIGURE 2A

Schematic representation of open tipped

cat. cer assembly

/
. ) LA
& ) .
FIGURE 2B , : B
. Au‘ ; &'ME - - L B .
'\\i :.; | e R 'f;l'/ir
B . - J v v fﬁy
Circumferential placement of catheter opénings ’ .
. g

between catheters nos. 1, 2, and 3
AR



G =aa e R

60

B L e =

‘€ pue ‘g ‘L 'sou sis}ayles uasmiaq
mmc_cmao J8jayieo jo jJusawade|d |ejjuaisjuwindil)

)

e

TN
.0cl
o @)
’ >_nEmwwm Jejayled
_umaa; uado jo uojjejuasaides djjewsyog
Swo Ly .
wog ©| wog | Y wog |
T |

TN




KT

61

stationary pull-through measurements of R.LESP were obtained.

Respongse of the LES to abdominal compression (C.LESP)

The assembly was re-inserted into the stomach and intta—-abdominal

" ‘pressure was raised by inflating a large pressure cuff, placed around

the upper abdomen, to a pressure of 50 mm.Hg. With abdominal
compression maintained, a stationmary pull—through measurement of LES

pressure was repeated.

Commmon Cavity Test (CCT):

. Tube no. 5 was now connected to the pressure transducers 1in place
of tube no. 2. Thus, the distal openings of the tube> was 1in the
following positions: no. 1 and 3, in the esophagus, 10 cm and 5 .cm

proximal to the LES; no. 4 1in the'sphincter zone;:énd no. 5 1in the

¢l .
- stomach, 5 cm distalégg the LES. A baseline recording was obtained from

these 1eve18, then abdominal compression (50 mmHg) was applied for 30
sec: When the hcompression was ;gleased, and - baseline readings
stabilized, 804mmHg compression was appiied_to the aﬁdomen for 30 sec.
The supggg;_aWas given‘ 300 ml of water to drink,: and the test_vwas

Sl LT :

repeafed/at both levels of abdominal compression for 30 sec each time.

.
!

Deglutition study

S

With tube no. 2 reconnected to .the transducers in place of no. 5,
the catheter assembly was again 1inserted- into the stomach and was

positioned so that the proximal opéning was in the sphincter zone. ‘The
. & ' ' _

response of the LES to wet swallows (5 ml HZQ bolus per swallow) was

recorded, the assembly being withdrawn 0.5 cm after each swallow.ontil

-

Q
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all tube openings were in the esophagus.

o

¢
!

"W‘gﬁophagqu peristalsis

With all four functioning tubes 1in the body of the esophagus,
esophageal peristaltic activity in the upper, middle and lower esophagus

in response to 10 consecutive wet swallows was recorded.

Acid infusion test (AIT)

Finally, water was infused for 3 min through tube no. 6. The

\/\

-gubject was instructed to inform the examiner of any discomfort or

~

clear-cut symptoms referable to the retrosternal, pharyngeal, or
epigastric reglons. Subjects ‘were requested to describe any eymptoms

experienced, to indicate the exact moment of onset, indicate whether any

such 5ymptoms improved or disimproved, and indicate the-exact momen¥’

that any such symptoms disappeared. After 3 min of water infusion, O IN
hydrochloric, acid was. infused at 8 ml/min. Subjects were not- told when
and whethef acid was being infused. The time of onset and nature of any
symptoms developed were noted. If significant symptdda (e.g., heartburn)

developedsys the infusion was’ switched to water and the disappearance of
symptoms waSsnoted. -If no significant symptoms developed by 20 min of

acid infusion, the test was discontinued.
’ : - .
The catheter assembly was withdrawn and the subject was allowed to

resume normal activity. The manometric examination of’ the esophagus
thus described takes between 1 1/2 and 2 hours to perform and is well

tolerated~by most subjects.

2

P N

ek dene



63

Analysis of Records - Study A

All records in this study were read blindly, without knowledge of
whether the record being evaluated belonged to a control subject or a

patient. Further, all indices were read separately and independently of

one another.

Resting Lower Esophageal Sphincter Pressure

R.LESP was determined from the end—expiratory gastric pressure

(referred to as zero) and" @nd—expiratory sphincter pressure. R.LESP
/\
values were expressed as the mean of the pressures recorded from the

'
R4

pull-through of the three orad catheter openings. A

‘ Response of the LES to compression ' .

C LESP was determined in the Same manner as R. LESP and changes in
gastric pressure (AG) and in sphincter pressure (AS) in ~response to

compression were measured. Thus, the ratio AS/ MG could be calculated.

-

~
)

Common Cavity Test

‘

The CCT was 1interpreted qualitatively,  being designated negativelfl

(=), equivocal (?),‘significant rise ,An intra-esophageal pressure (+),
or a rise-in intra-esophageal pressure to the level of intragastric
pressure (++). As evidence of .reflux, these were interpreted

respectively as denoting no reflux, equivocal evidence, moderatebreflux .

~and marked reflux.



64

. Acid-infusion Test

If the infusion of acid gave{rise to no symptoms or vague symptoms
untelated to reflux disease oecurred, or vagne symptoms occurred whether
the infusatﬁ was water or aeid the test was regarded es negative. If
epigastric or retrosternal ipain or burning occurred in either the
controls . or the patients when acid was infused. and cleared when water
was substituted, the test was regarded as positive. In the patients, if

\ symptgms identical to those experienced at home occurred when acid was

infused and cleared when water was sdubstituted, the test was also

regarded as positive.

Sensitivity and Specificity

For a diagnostic test to be useful, it must be betn sensiti /e
([diseased patients with positive test/diseased patients] X IOOZ) and
spgcific  ([non-diseased subjeets with negative test/non-diseased
subjects] x '1092) for the abnormality. tested, Of the four tests
.conside}ed (R.LESP, C.LESP, CCt, AIT), each individual  test and a
variety of test combinatiens were evaluated for sensitivity and

gpecificity. in diagnosing GE reflux disease.

w

S iAnaiysis of Records — Study B

&
:

R.LESP; C.LESP; AS/AG

_These variables were calculated and expressed in the same manner as

for Study A. ,

K . . R

g

e

o GF

el

o e
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Regponse 6f the LES to deglutition (Fig. 3)

a. |LES relaxation. The amplitude and duration of relaxation-of " the

l : -
{LES in response to wet swallows was measured. Any residual

gradient between the final'LﬁS relaxation pressure and resting

gastric pressure was measured. ‘ @

the post-deglutitive LES goht:actidn was measured.
' e ‘ : ’ ' ~u

’

Esophageal Peristaltic Activity (Fig. 4)

!
i
i

The  |amplitude  Aand" duratioh of 10 | consecutive peristaltfc

: "'\\}fh:' - 8 ' . ) .
contractions were m§fmired in the upper, middle, and lower esophagus.
LN . ot .
Values from each subject were expressedif?s the mean of 10 values

,

obtained at each site. The incidence of aperistaltic contractions was
’ a R .

noted.

3

Statistical Methods
All values in both studies were expressed as the mean % one
~standard deviation of the mean.
S ’ S

Significance levels - for the difference 'between ‘groups were

calculated éith the unpaired Student's t test or (for pre- and,

>stoperative data in Study B) paired t test.
In Study A, four diagnostic indices per subject were considered;
i.e., R.LESP, C.LESP, CCT, and AIT. " “Each test was designated a

positive; equivocal, or negative index of of GE reflux disease.

-

Based upon the number of positive, equivocal, or negative test

. N
5

‘b. Post—deglutitive LES contraction. The aﬁplitude and doration of.

2




FIGURE 3

 Response of the LES to deglutition
. ‘ N "
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RESULTS

Study A

W

Resting Lower Esophageal Sphinctgr Pressure (Table 2, 3*4 Fig 5) ‘

' The patient group had a K%?ESP in the range of O+29 cm H20 (mean
. 7.0%6.2 cm . HZO) which was significantly lower (P<0 001) than that
_observed in the gentrol group (range 4 41 cm HZO' mean 14 715 8 cm

§~ HZO) . The 1lowest R.LESP measurements were seen 1in the erosive

esophagitfs - -group (mngg 0-12 cm Hy0; mean 4 5£3.6 cm “@9) Only one
B "; W B
control subject hé' ug«“%ﬁSP value less than 8 cm H2Qb while 44 patients

x&_.‘

Jhad a value below ‘this. &evel.. Theregwas COnSQBerabléﬁﬁbefiap between

P -
individual sphincter pressure measurements in the control aﬁd %atjgntf

)

e groups in ;the range‘:of 8 to 20 - cm H20; two patients had R.LESP:L
i By :

measurements greater than 20 cm_H50. 'This overlap was least mefked*;'

>

between controls and the erosive esophagitis group; no pat vfnts An this

group having a R LESP qeasurement greater than 12 cm HZO and. only 4/19
‘“n'?"

of them having a value - greater than 8 cm HZ R. LESP measurements were
\v >

significantly lower (P<0. 025) 'in the erosive esophggitis group thdn in

) 1
the clinical esophagitis group (range 0-29 .cm H90; mean 9.6t7.6-cm HZO)"
» ' ' . : ‘ Lo - :

but werz n&t significantly different (P)0.0S) between: the other group

Wy
}eombinsticns;Q
o A R Wy T

LES pressures and the degreglof endoscopic esophagitis RaﬁE§P-3id not

J e [

Thus, while there was a- correlation betbeen poor resting

correlate with the severity of presenting symptoms.

A
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TABLE 2.
s ,
et o o M
Mean lower esophaggal sphincter pressures at T¥st in
control subjects and patient groups fﬁ cm HZO'

. ur« B

|
1
|
1
'
!
|

Controls (n=41) Lh A ,14,7 £ 5.8 P

'Syﬁptomatic g;pups e .

1 %ﬁééii ,-: : ) o él7'i°618 

iT e as S g
S ‘IiIu_ _(n=15);’jﬁ.a.ﬁ B

- . T EYE)

‘8

-

2
3
5

Endoscopic groups ' .

1+
~
(o))

Clinical esophagitis (n=24) ~ | 79,6

5,2

I+

~ Esophagitis ™ . _(n=25) 7 6.1

Erosive: esophagitis‘(n=19) R 4,5 + 3.6 o

o ‘ 4 )

A}
” : ’ ~
o All patients -(n=68) - ) 7.0 + 6,2
\i v ) ( . ‘ s . ) . .:' .‘.l I ‘;w .. ”I

’ ;’) e 5 ) SR ‘\_;a
. - e - . . Qggiwn

bW s
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S t 2] o o1, b KA
L Table 3 ’ e ,
) A ¥ 5 ) “ ' ) ) K} sl
3 ‘]‘z“‘ ;e':, '.: . "’% ¥, 1: E . 1 ’ " . ’ - R ‘:’u
. exm sophageal Sphinctervpressures N .
‘(';, | N '/}‘- Seo , h ¢ L
Lt , sdhjects qd endosedpic ggoups,i ARy
. ' /‘.é - 4.;.. LT u‘a'w . . Q v o ’ w
B ‘ o expressed as percentages' R
T V ‘ . . ' i"‘:‘ o «-,.“ i g ‘;E';) ” . : . ” N
<4 cm Hy0 ,4?7 cm Hy0 €f8;L2vcm;H20 S >12 cm:HZO
Controls 0 . ' 2 “ff;QIFSZV“‘” . 66 .
(n-al) . ) . ’ i . \;, e o ’ :’
. L AA,.’,,(,";,‘;M-, . . Yo e e T e
- . - " - ‘ * — - %
. B B . . .
Clipical o ) : iy LT '
Esophagitis 21 ‘ 29 % - _ 1% : 33
(n=24) S ‘ o ki
Esophagitis 28 ‘ 48 8 ' .16
(n=25)- .
Erosive- . - . , .
_. Egophagitis 36 : 24 o 16 : 0
(n=19) ‘ : ' '
] . o N

All Patients. 31 37 ~ : 15 17
(n-_68) R . N .



~ - TABLE 4, , S -1

o

Résting lower ésoﬁhageal sphincter pressures

- in controI subjects and symptomatic groups,

4. X T

,€~¢xpressed as percentages, - -

Y. W

<4cmH,_0 4-7cmH

.~ 8-12cmi,

2O 0 >$2cm§20

S i v: ‘
Controls : 0 . 2 66

o (a=41)

Geade' I - - & o7 S
(n=23) 35 K“ 735 22 8

Grade II S ) : Ty
'(n230) : I 33 33 SRR 3 | 23

.
Grade IiI" N . \ o :Eﬁgﬁ’
. (n=15) . 20 . 47 2 .20 !
R . A-g s -
D' *
~ ' S ; - :
<" All patients- N .

. .\,;“j
(n=68) , S 31\
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--Response of ‘the LES to Abdominaql Compression (Table 5,6,7, Fig. 6)

The LBS\-}esponse to abdominal compression was poor in the patient
group (range 0—16 cm HyO0; mean 4.1%4.7 cm HZO) and was significantly'
lower P<0. Obl than the C. LESP observed in the control group (range 3-34
cm HZO' mean 16 616. 6Cc;m HZO) The lowest C.LESP measurements were seen;
in the erosive esophag:is group (range -0~16. cm HZO mean 2.4124.0 cm

: HZO)" 'l‘wo control subjects had C.LESP values less th4n 8 cm H,0, while

' 55/68 patignts had a C.LESP value below this level. Thirty-six control.

ra

k!subjects and only 7/68 patients had a C.LESP value abo‘ve=12 cm H26, thus

I v

the overlap between patients and controls was mich less marked than that_

3

: -vkml,,,“ :
observed with R‘.LESP measurements. In the erosive esophagitis group*ﬁ
the '\’sphincter*~;was - abolished 1in. response to cpmpression in 1

a T ga - ,W‘ e
patients,. and was less than 8 cm Hy0 in 18/19 patients. "In\ thsr

e VA

esophagitis\’S group, . the. sphincter- was., abolished in response. ~to

compression ~in - 11/25 patients , and was less than 8 cm HZO in 21/35 ;
, ’me | = ’
o patients . Somewhat better’ responges to compression were seen in the 5_9

.‘clinical esophagitis group, the sphincter being abolished in 3/24
patients,, although the overall mean in’ this group (5 5t4.5 cm H20) WBQF

still significantly lower (P<O0. 001) than thati}of the control group.
- 3]
© Ce LESP measurements were significantly lower (BL0. 025) in the” .erosive .

! »

‘esbphi&iti@ grm}p than in .the clinical esophagit‘is group but were not

significantly different (P>0 1) between the other group combinations.
I SR

C LESP. measurements showed a cor‘rel tion with the-\endr:?%copic severity oF

a
-

,,disease, but“’adid ‘not not correlate with symptomatic gseverity.

E

AS/AG (Table 8) - #.

In 30/41 control “subje‘fc'ts, AS/AG ratio was gr‘eater th‘anil.OO; three
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TABLE 5.
uMean,lower esophageal sphincter pressures-in response
to campression in control subjects and patient:groups,
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= _ v
o
l"' 3\’ : :
#rols (n=41) 5‘ - o 16,6 + 6,6
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T @e23) 39 eT v
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ﬁndoscopic groﬁps_

I+
=
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o ABSTRACT

- =~
This study was undertaken to Jnvestigate three areas of controversy

‘ 4
in gastro—esophageal (GE) reflux disease:

1. ’ The place of manometric measurements of sphincter function in

e -
by

diagnosis of the condition had not been established.

: Co. . A .
2. Indirect evidence had indicated that a defect - in esoehageal

motor function might play a role " in . pathogenesis of the

disease, but direct (manometric) evidence was lacking.

3. The.éffects of fundoplication on tge lowér esophageal sphincgéﬂ
were the subject of coﬁtroversy; and fts effects‘on(fhé body of
. the esophagus had not been determined. ‘
| - 000 ~— - ' \
The study was in two parts. ‘ .‘ -

STUDY A: Assessment of Three Manometric Measurements of Lower Esophageal

Sphincter. (LES) FunctiggéilfOIIOWe& by an Acidrinfusion Test

(AIT)

‘ The'subjects were 41 healthy volunteers (controls) and 68 patients

who had symptqmatic GE reflux of varied Qeverity clinically and
endoscopically. The pétiepts/wete rated grade I, II, or III, according
;o the severity of symptoms,. then subjected"to endoscopy and divided
into three gfades accqrding to!the findings. |
. )

Manometfic measureménts were made of LES pressure in resting staﬁe
(R.LESP) and in response to'suétained abdominal compression (C.LESP),
and distal eéqphageal pfeSSure in.respynse to sudden compfession of the

abdomen (common—-cavity test, CCT), followed by AIT. All of the test

values were assessed independently and without knowledge df



éubject/patienc statusg being rated ‘individually as marked positive(++),
positive(+), equivbcal, or negat;ée indicators of GE reflux disease. .
Diagnostic value of the tests individuall§ “and 1in combination, was
assessed. ’Finqlly, the probability of a randomly selectéd person with a

given numbkr of positive test:res%onses was calculated for a range of

incidence values of G.E. reflux disease.

¢STUDY B: Assessment of -R.LESP, C.LESP, LES response toiDeglutition, and

Esophageal Peristalsis, in Control Subjects and Pre- and Post-

fundoplication in Patients with Symptomatic GE Reflux
fhe subjects were 18 volunteerél(controls) and 32lpat£gnt§ with
symptomatic GE refiux digeasé.’ The latter were studied prdspect;vely
\(pte-operati;ély) and 6 months after fundoplication.

. R.LESP and C.LESP were measured, together with the amplitudé and
duration of LES relaxation in response to deglutition and of LES
contraction after deglutition, and. any residual LES \pressure on
relaxation.

Esophageal contréction in response to 10 soiicitgd wet swallows (5-
ml bolus of HZO): Recordings were made of contractioﬁs'in the upper,
middle, and lower esophageal regions, and the results were ;xpressed as

the mean of the 10 measurements at each site. Also, the incidence of

aperistaltic contractions was recorded.

RESULTS AND CONCLUSIONS

Positive R.LESP and C.LESP responées were highly specific for GE

. ; 7
reflux disease (987 and 96Z respectively). /

In the patients; mean R.LESP was significantly reduced (p<0.001)
but equivocal or negative results were obtained in 32Z. C.LESP was

significantly decreased fn all patients (p<0.001), and C.LESP values had

<

vi



greater diagnostic sensitivity (81%) than R.LESP (68%). CCT was a
useful adjunct to routine manometry (78%) sensitive, 832 specific), as
vas AIT + in <5 min (787 sensitive, 91% specific). An R.LESP or CCT +

response was 1002 specific but of poor sensitivity (31% and 59%

respectively). In combination, two or more pdsitive test responses were

937 sgensitive and 95% specific for GE reflux disease. At a 152

{ncidence level, two or more positive tests indicated a 78% probability
.
- of the disease, and three of more + results a 99% probability.
Manometric measurements correlatgd with enéoscopic grading but not
with the severity of symptéms.‘
Aperistaltic esophageal contractions were seen pre—operatively in '
387 of the patients but in none of the controls. In ghe patfents, both
ampiitude and duration of peristaltic esophageal contractions depe
significantly lower pre—operatively (p<0.001) than in the controls.
| Post~-fundoplication, R.LESP returned to normal levels; however,
C.LESP w;s normal iﬁ only 38Z, indicating that an ébnormal»adaptive LES
response to abdominal cowpression had not ’begp cofrected. Sphincter
relaxation in:responsé/fb deglutition was impaired, suggesting that the
part played by fundoplication ’in preventing GE reflux is mechaniéal
rather than physiological. Peristaltic amplitudes returned-to norﬁ&l
postoﬁera;ively, indicating a secondary rather than a primary motor
abnormality in GE reflux ‘disease. The incidence of aperistaltic
contractions increased after the ' surgery (io. 562), .suggesting that

fundoplication itself may induce an esophageal motor abndrmality.

vii R4
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b INTRODUCTION

’

Gastroesophageal (GE) reflux dise;;e is a common disqrder which
until recently has been poorl§‘understood(l).  With improved manometric
téchniques(z), and since the identification- of the 1lower esophageal
sphincter by Fyken Code and Schlegel in 1956(3),'much has been learned
of the pathophysiology of the ‘condition(a). Untreated, GE 'reflux
disease may hav;fserious sequelae. The first satisfactory énfi—reflux
.”propedure was devéloped by' Nissen 1in the 1950'5(5). Many patients
present with atypical symptoms(6), and sgﬁe' patients presenting with
éomplicated GE - ?eflux“ disease have experienced only ‘mino; Asymptoms.
Thus, ghe accurate diagrnosis of this condition assumes great importance
"1n_these insfégzes. Unfortunately, no single test has been accepted as.

the standard for diagnosis of GE reflux, leaving the clinician in a

\\ . 7
quandry when presented with a difficult case( ). -

Resting lower esophageal sphincter pressures are frequently normal

in reflux patients, 'and the functions of the esophagus-and'stomach may
- 7 . Tl . "

play a role in the pathogenesis of the disease(g).

]

v : a

o
Bod24§¥”the esophagus 3 A

The esophagus 1s a musculomembranous tube which acts as a conduit

for ingested food between the pharyﬁx and the stomach. At rest, it 1s

’

L
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closed at 1its upper and lower ends by the u#per'aﬁd'}owef esophageax
sphincter mechanisms. In the adult, it inZO to 22 cm long, and the
gastroesophageal junction lies 40 cm distal to the incisor teech(g).
Relations

The esophagus commences at the lower border of the cricopharyngeus
muscle(C6). Ih its course 1£ traverses ce;vical, thoracic, and
abdominal regions. In its cervical part, it extends to the level of the
suprasternal notch (T2-T3) and runs between Ehe trachea and the spinal
‘columm. The recurrent iaryngeal nerves run bilaterally in the groove;
‘between the trachea and the esophagus.l The carotid sheaths run
anteroiaterally on either side of the‘esophagus. The ‘lateral aspect of
the lobes of the thyroid and the parathyroid glands rest on the
esophagus;‘

As 1t descends into thé'chest the ésophagus remains 1in intimaﬁe
‘relationship with the postefior wall of the trachea. Furfher down, thé
esophagus is crossed by the aortic arch, which indents it on its left
side. At its mid-thoracic level, the esophagus is bounded on its right
by pleura, and on. its left by descending aorta and pleﬁra. Anterior to
it lie the left main bronéhus, and, lower down, the peric;rdium.
" Posteriorly, the esophagus 1lies on the vertebral colummn and its
asgoclated muscles, with the in;ercostal " arterles ana veins
interposed. The azygos veiln rugs posteriorly to the'esophagus. The
thoracic d&ct runs té the right ‘of' the eséphagus in the 1owef:
mediastinum and crosses to the left-in the up;z; ﬁediastinum.

1 -



| .
In fhe lower thorax, the esophagus curves anteriorly and slightly

to the 1left of the aorta, to enter, the esophageal hiatus of the

|
v

diaphragm at the level of TIO. ,\ ; _ !

The abdomlnal'portion bf the eqopha@&s ;s short, Being at most 2 to
3 cm long._ Anteriorly and to the right lfes the posterior aspect of the—
left\ lobe of tﬁe liver. Posteriorly, ity rests 'on the crura of the
diaphragm,_and to the ieft ma§ come into close contact with the spfeen.

The esophageal lumen is narrowed where ﬁt is crossed by Fﬁe ;brtic
arch, the left main bronchus, and 1in the aLga of the 1lower esophagéal
éphincfer mechénism, at or slightly ?bove the diappragmatic hiafus.

i
j
I

" Structure - Macroscopic

The esophagus has no serosal layer, and consistsQof outer and inner
: muscular 1ayers,-submucosa, mu;cularis mucosé, and mucosa. -
The outer miscle 1a§er,fibers run in a longitudinal directionm, with
" the inner muscle layer fibers running in a circular direction. There is
no distinct boundary betwgenitheég two'laye%s, as fibers from the two
layers cross over to a limited extent..In the proximal 2 to 6 cm of the
esobhagus, the muscle layers coﬁsist entirely of striated muscle. From
thére on, émooth muscle fibers gradually become more abundant, so that
at a distadce of 4 to 8 cm r:om the superior end, smooth-mﬁséle_fibers
counstitute 50% of the muscul. The -distal esophagus’ consists
entifely of smooth muscle. |

| The submucosal layer 1s & we _veloped layer of loose areolar

: tissueﬁ containing blood vessel ~phatics, and nerves. The .



muscularis mucosa is a siqgle layer of longitudinally orientated smooth
hY

muscle fibers.

The mucosa of the esop?agus coda;sts of stratified non-keratinizing
squamous epithelium, except for the distal 1 cm, where a sharp
trangsition to simple'cqlumnar epithelium occurs -~ the 2 line. |

In cross-section, the .lumen of the empty esophagus has a collépséd
stellate‘appearance, brought about by 7.to 10 longitudinal folds in the
mucous membrane, which disappegr dur%ng the passage of a food bolus

9.

owing to dilatation, only to reappear at the same site afterwards

Structure — microscopic

In microscopic xse;tion, the .esophagus éontains the four layers
which characterize the tubular digestive system: the mucous membrane, |
the submucosa, the muscular Layers, and‘the adventitié.

The mucous membrane of the esophagus is composed f an epithelial
me;brane, which is supported by a thin layer of connective tissue, (the
lamina propria) and a thin layer of smooth muscle (the muscularis
mucosa). The epithelium is ofr‘the stratified squamous type; with a
basal or germinative layer made up of cylindrical, basophilic ﬁells;
This basal layer is cdvered by several intermediate layers of polyhedral
célls, which, although becoming progressively flatter, retain their
nucléus. The ﬁiattér surface cells desquamate as single cellé or in
small groups. Keratinization does not occur. The basal cell lafe; sends

intermittent dermal papillae towards the esophageal lumen, the papillae

being covered in geven or eight layers o"pothedrai cells. The basal

=



< ! P

cell layer rests on a distinct and moderately dengse basal lamina,

vigible on electron microscopy.

The lamina propria 1s composed of loose areolar connective tissue;

‘containing collagen and elastic fibres but very few cells. The

'muculgris mucosa comprises a:thin_layer of* longitudinal smooth muscle .

fibers, and forms a boundary between the lamina propria and the

submucosa.

The submucosa 1is a thick layer of dense fibro-connective tissue,

contalning a rich elastic meshwork and large blood vessels. Esophageal

glands are found in this layer, and their ducts penetrate the muscularis

mucosa to open between the epithelial ridges of the mucosa.

The muscular layer comprises an inner: circular and outer
longitudinal layer, which, as has been noted, consists of striated
fibers 1in the éroximal and smooth muscle fibers in the distal
esophagus. Hoﬁever, this representation 1is ‘a simﬁlification\ ;f a
structure that 1s actually much wmore complex(lo). The longitudinal
ﬁuscle fibers do not directly follow the long axis of the esophagus, but
behavé as an elongated spiral, turning around one. quarter of the
esophagealﬁcircumferencg. The faner circular muscle layer f{s thicker

than the outer longitudinal layer. The circular muscle fibers only run

_horizontally in the isolated and retracted esophagus. In situ, their

course 1is that of an elliptical spiral that winds 1its way down the

esophagus. - ' ' \

"The "longitudinal™ and “"circular” layers %fe really representations

of a polar "screw” system. - With this screw arrangement, the muscle



buﬁﬂleé may be represented as being arranged around a cone: the distance
from the lumen -is ever decreasfng, while the beginning and end of the
bundle are ldcated at different vertical levels. The 'screwemay be
ascending or dehcgpding, and Qay‘run clockwise or anticlockwisé. The
obuter fibers of the screw turn quite steeply, becoming more hqrizontal
l as they apprgach the lumeﬁ. Thus, the transition from "longitudina1"~to
"circular” iayers is uﬁevenly diétributed around the esophageal

circumference.

‘

The esophagogastric junction (Fig. 1)

| The term "cardia” has long been used to descgibe the esoﬁhageal
orifice of Ehe stomach. The term was first. used by Ggleﬁ in the 2nd
century"B.C,(ll), as he qoticed ‘the similérity between symptoms arising
* from khe upper end of the stomach and those produced by héért disease.
Many conflicting anatomical terms have been used_to &escribe the lower
esophageal ségment and esgphagogastric junction, - and they‘ may. be
summariéed ;s follows: the distal esophagus, just above the diaphragm,
"exhibits a dilated 'segmeht (vormagen, esophageal‘ ampulla, phrenic
ampulla), above which level is the supra—ampullary esophagus. Below the
-ampulla’ 1s a narrowed segment which runs through the diaphragmatic
hiatus (vestibule, cardiac antrum, phys;ologically émpty éegment), and
which is surrounded by the phreno—esophageal ligament(ll). In this
gsegment, and usually 1 cm proximal to the stomach, 1in the iatra-

abdominal segment of the esophagus. lies the transition zone (Z-line)

between squamous and éolgmnar epithelium. The ésophagus now joins the



P g

FIGURE 1

o

Schematic representation of the esophagogastric

junction
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stomach proogr'at the cardia, and forms an acutc angle (angle of His,
Incisura Cardiaca) at 1its point of entry. The muscle‘ layers of ‘the
esophagus become continuous with thoee,of'the atomach. The longitudinal
muscle layer diverges distally from the cardia and becomes the outer

longitudinal. muscle layer of the stomach. The inner circular muscle
B .
layer .of the esophagus continues into the middle muscle layer of the

stomach, whose fibers run horizontally, and into the inner ‘mscle layer,
whose fibers turn 1in a sling-like manner across the ’*Cardia.

Intraluminally,'the gastric mucosa 1is’ gathered in coarse folds (mucosal_

(12), ‘
\\

rosettes) about the cardiac orifice

‘ : L
The phreno—esophageal "ligament” ~or membrane 1s a fibroelastic

v

structure arising mainly from the subdiaphragmatic fascia, and divides
into ascending and desc;nding 1eaves to circumferentially surround the
nestibular complex(13). From the attachment, to the esophagus,
fibroeléstic fasciclcs .extend inwards‘ to join intramuscnlar andh
submucosal fibrous tissue over a distance -of 2 to 5 cm above the sSquamo-

columnar junction. R

Thc‘esophageal hiatus of the diaphragm 1is a1muscular tunnel 2 to 3

cm long amd, with some individual variations, composad mainly of the
right  diaphragmatic crue(ll). The crura of ‘the diaphragm arise‘ by -
tendinousoaheets fromlthe‘anterolatefai aqpect‘of the first- four lumbar.
_vertebrae and their interverteb:al 'diak;,. heing separated from each -
other by the celiac trunk. ‘The 'crura /are inserted into the central

{
tendon of the diaphragm. As it ascends entrally, the right crus

divides into right and left portions, forming the right, and left margins



10

oo\ R
of the esophageal hiatus. . : B

-

There has beeén much argument‘about the precise definition of 'the .

* ‘esophagogastric junction(la) Among the definitions proposed are‘the

squamo—columnar junction, the angle of His, the peritoneal reflection of o

the 3tomach and the junction of the inner circular muscle layer ‘of the

esophagus with the inner oblique or sling fibers of “the stomach. The

E

squamo~columnar junction, afthough it can be visualized at endoscopy and

4 ¢ >

its gite confirmed by biopsy, and usually lies 1 cm above the cardia, "

.ghows considerable variation between individuals; The angle of His}-or

point at which» the .tgyplar esophagus joins the stomach, " is readily v

o

identifiable 1in normal individuals; however, it becomes i1l1-defined in
patients with a widened hiatus or hiatal hernia. The' peritoneal

reflection shows considerable variation and .does not correspond on the

il

anterior anu posterior ;aspects of the gastroesophageal” junction.m

.Anatomicaily, the junction of the esophageal circular muscle.layer with

the. gaetric sling fibers 1is the most acceptable -definition of the

<point, and esophageal submucosal glands are only found above this
level. From a practical point of view, the'squamo~columnar junction or
ﬂ‘ﬂ-line provides the best . clinical definition of che gastroesophageal
'}unction; this, however, must He qualified by the - statement that if the

Z-l1ine clearly lies more than 2 cm above the opening of the esophaguS'

into the stomach, or above a leve]l where esophageal submucosal glands'

are found, then the term esophagus lined with columnar epithelium ‘must

or

be employed(ls) - N

R

:e-gastroesophageal-junction._ The -mucosal junction usually'occurs at this .

i
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Arterial blood suﬁbly; venous and lymphatic drainage ‘ —

The arterialQP}ood supply of the éséphagus is via branches of the
inferior’ thyroid artery in Lts ce;vical portion; Y{a b;anches of the
bronchial arteriesi right inFercostél.arteries, and at-leaét two direct
aortié branches in 1t§‘thoracic Q?rtion; and via branches of the left
.gastric and left low;r pﬁrenic arteries in }ts abdominal portion, with
occésional'brancheg from the aorta, the éplenic artery, and the cellac
trgnk. |

The esophageal veins may be classified as intrinsic and extrinsic

veins. The intrinsic venous system consists of a subepithelial plexus

which 'Funs in the ;amina propria, which communicates with the
subglaﬁdulat venous plexus of the 'stomach; and a submucosal venous
plexus‘which éonsists of 10 to 15 longitudinal veins, evenly distribﬁted
ar@und the circumference of the esophagus and which join the submugpsal
Qeinsﬁof tﬁe étomach distally; |

Perforati;g veins arise fyom'the longitudinal submucosai plexus and
p§> .ate the muscle layérg at frequent intervals, and unite on the
aiter s.rface of the esophagﬁs to form the exggfnsic pefiesophageai
v....:, which drain into the azygos, hemlazgygos, and intercosfal‘venous

a

systems. In the abdomen, the extrinsic periesophageal veins communicate
with the ieft‘géstrfc.and inferior phreunic veins.

The lymph vessels in the most proximal’part of the esophagus drain

into the deep cervical chain- of lymph nodes; all the others drain into

the nearest available grdoup of lymph nodes. In the upper two thirds of"

the esophagus, lymph flow 1s mostly directed cranially, in the lower

third, mostly distally(g).
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Nerve Supply -

-

]

Parasympathetic innervation

The vagal nerves pravide the parasympathetic nerve supply to the

esophagus, with afferent \;;E\‘Eﬁferent cell bodies in the nucleus

v

dorsalis and the nucleus ambiguus. Thg cervical esophagus is innervated

D

by the recurrent iéryngeal branches of/;$eXYagal nerves, I; the thorax,
the vagal ﬁerves join with fiberé fro‘vfhe';ympathetic chain to form the
esophageal plexus. Eitensive gfass c::;chions occur between both vagi,
and from this plexus is formed\Lhe/ggierior and posterior vagal trunks

that enter thé abdomen.

~

} /__\

\

Sympathetic 1nnervation  Y ;

‘Cell bddies in ~the 4th to/ggh/;horacic spinal segmeAts send pre-
gangiibnic fibers to the sympathetic chain, the greater splanchic nerve,
and the celiac plexus. Postganglionic Yibérs either,réach the esophagus
directly, or via the vagal nerves.

The parasympathetic and sympathetic nerves form a series ;f
plexu;es in the adventitial, muscular, and submucosal layers of the
esophaéug. © The adventitial plexus has. been “mentioneq abové. Pre-
génglionic parasympathetiCZQagal fibers penetrate the muscle layef'and-
terminate on the ganglia of the myenteric plexus of-Auerbaéh, ﬁhich lies
between the iongitudinal and circular muscle layers. Thin post-
gangiionic fiberq froﬁ the myenteric plexus synaﬁse with wmuscle

fibers. Branches of both the myenteric and adventitial plexuses form

4
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the network of the -submucosal plexus of Meibsner. A thin web'of fibers

'occupies the lamina propria, and some delicate fibers from it terminate

between the basal cells of the squamous epithelium.

Afferent innervation ¢

Sensation from the upper esophagus 1is carried by parasympathetic

‘fibers, : while sensation from the lower esophagus travels with

sympathetic fgbers. -Otherwise, the distribution: of afferent nerves or

. their mode of transmission 1s unknown. , Mechanoreceptors have been

demonstrated ia the wall of the cat esophagus(l6); there 1is only
f . . ‘

indirect evidence that other sensory receptors such as osmoreceptors and

free nerve endings may be present im the esophagus(l7'18).

Deveiopmentally, the esophagus and traeheal eommence as a single
tube. Septation of this tube occurs, and separation of the esophagus

. z
and trachea is complete by 36 days of gestation. Mesodermal structures

"gsurround the developihg tube, and the circular and longitudinal muscle

layers appear at 6 and 9 weeks respectively, the esophageal musculature

being a definite setructure by 12 weeks of gestation. .The developing

J -~

esophagus 1s penefrated by blood vessels *from the aorta and 1its
branches, and migrating neuroblasts form the myenteric plexus between

v

the muscle layere.
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PHYSTOLOGY

The function of the egophagus 1s to propel ingested;material from
the pharynx to the stomach. At rest, the esophagus 1s clgsed at 1its
" upper and lowe? ends by sphincter mechanisms. °~ The uppér “esophageal
gsphincter (UES) prevents the swallowing of alr, and the passage of fluid
from the gullet .to the pharynx. The lower esophageal sphfhcher ES)
preQents the refluﬁ o} gastric contents into the eéophagus.[ Transport
through the esophagus takes place in a retrograde 'direction during

“

vomiting or belching. ’ .

Upper Esophageal Sphincter (UES) - ’ 5

_The UES:1is a zone of elevated pressure between the pharynx and the
upper esopﬁagus. It is from 2.5 to 4.5 cm in length, and anatomicaily
is composed of the gficopharyngeus muscle. . Resging UES pféssure is
greater - than cervical esophageal ( pressure. Upon swallowing, a
qontraction'is observed in the pharynx, Coincident wifh this pharyngeal
' contraction, the UES rglaxes"to baéeline cervicai esophégeal pressufe.
These responses are closely coordinated, so that the peak of pharyngeal
contracfion‘ and the';nadir of UES relaxation occur sim&ltaneously:
Following-degiutition, the UES again contracts to-rgsting UES pressure
levels. In the immediate infrasphinctéric,éoftion of the esophagus, a
'peristaltic cghtraction is seen tg‘begin simultaneously with, or]briefly
after, UES relaxation. 'Control’ of resting UES tone appears to be

mediated by pharyngeal bganches of the vagal and gloésopharyngeal

»
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nerves. Relaration of the sphincter is a result of inhibition of motor

'

discharges,.whereas contraction of the sphincter is the result of motor

discharges of the vagus(19) ' ,

a

Esophageal Body

When at rest, i.e., when no deglutition or distenFion has taken
place,' the musculature of the. esnphagus is relexed, and spontaneous
activity does‘not occur in the normal sfate.l Resting-intraesophageal
pressure corresponds to negative intrathoracic pressure, being -1 to -2
cm Hy0 during expiration, and falling to —12 to —-15 cm Hy0 during quiet
inspiration.

\
Swallowing elicits a contraction which commences high 1in the

pharynx.and coneinues throught - the whole esophagus untii it reaches the
cardia.v This contracgion has been termed "nrimary peristaisis"(zq).
* The pefistalfic wave passes In ar aborad direction‘propelling the bolus
of ingested material into the stomach. The contraction weve’is usually
preceeded“ by a emall, transient drop 1in pressure.' This may be the
;eéult of a brief,. reflexly—inducen inspiratory effect, which, by .
aspirdting air from the uppen phaffnx may serve to prevent excessilve
aerophagia; ‘or it may be the result of stretching of the esophagus at
the onset of swallowing.. This first negative wane occurs within O.llsec
of swallowing, ann lasts an average of O.ﬁ sec. Next, a small positive
wave 15 seen 1in 87% of swallows," and 1is usuaily attributed to

transmission of pharyngeal pressures through .the swallowed bolus, and

mey be more marked with liquid swallows. It occurs 0.5 to 1 sec after

£
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\
the onset of swallowing, and wmay occur as a discrete peak, or may

plateau into a second small ﬁoéitive wave.\“Tﬁis second positive wave is
seen in 33% of swaliows, usuéily 1& the distal esophagus. ;i; is thought
to be >due to. compression éf the lower ‘esophageai ségment between the
advancing bolus and the LES. :

fhe third drlmain preésure wave is a larger and steeper rise in
préssure and repreéests the péfistaltic contraction; The ampiitude of
this contraction varies according to the site, being in the order of 90
to 100 cm H,0 in the lower esophagus. Duration of the peristaltic ’
chtraction is also great;;t in the lower esophagus, being’in the'ordér
of 3 to 5 sec.

The éverage velocity of propagation of ﬁhe'perisgaltic wavelis 4
cm/sec, but it ‘varies 1in Aifferent regione of the esophagus.
;t}istaltic velocity 1s in the order of 3 cm/sec in the upper esophagus,
increases to 5 cm/sec, théﬁ decreases to 2.5 cm/sec juét above the ,LES.
The peristaltic wave reaches the LES.in 5 to 6 sec after swallowing(ZI).

‘“Secoﬁdarynperistalsis" is a-térm.used to describ% an esophageal
response .to local stimulation without the _orophary;geal response.
Alternatively, it has 7beeh used to describe the 1initiation of the
deglutitive reflex~by distension. With the latter‘definition, there is
- no difference between primary and secondary peristglsis except in their
mode of initiatibn(zz){ ‘The former response may be observed in ‘the
striated muscle of the canine esophagus, and is céntrally mediated{ In

the smooth muscle segment of the human esophagus, secondary peristalsis

without the deglutitive comﬁonent has been observed, and is thought to
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be a local reflex, and may not require central mediation(ZB). éecondary

peristalsis 1s thought to be the ﬁechanisﬁ by whichJQaterial refluxed
from the stomach is'cieared from the esophagus. ‘

The term “tertiary contraction”™ is wusually wused to denote
simultanéous, aﬁertstéltic contractions. | These spontaneous,

simultaneous and often repetitive contractions ﬁre usually indicative of’
: . ‘ L - :
a motor abnormality in the body of the esophagué(ZQ).

’

. Lower Esoﬁhageal Sphincter (LES) b "

Fyke,” Code and Schlegel were the first to prov%de conclusive

Pl

’

‘manometric evidence for the existence of a functional sphincter

[y
t

mechanism ét‘ the ésophogégastfib junctiongs). A high pressure zone
exists in the distal 2 to 4 cm of the esophagus, which acts as é bérrier
to retrograde passage of gastric contents into the esophagus. The
. + .
ﬁanometrically obse;ved ES pressure repreéents bothiintrinsic sbhincter
tone and extrinsic p;essu e from surtounding structures. The sphincter
is r;dially stmmetfic in Dboth its leQ§th and E:fssure érofile.,
Symmétr; is good in the uppe? half of<thg s?hincter, but in the lowér
N o )

alf,. higher pressures are observed on the left side(zs). This
asymmetry may be dug in partl to mechanical factorsf the terminal
esophagus tﬁrns acutely to the left as it ‘entegs the séoméch; the

diaphragﬁ makes an Impression on the terminal esophagus 'thch is

directed downward and to the right. Intrinsically, it may be due to the
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spiral disposition of the circular muscle fibers in the sphincter zone;

and/or the action of the gastric sling fibers pulling on the left side

"
e

of the LESCZD),

During stationary pull-through measurements of LES pressure,
respiratory'.variation is observed. In the abdominal segment of the
gphincter mechanism, a positive inspiratory deflection 1is seen, while in

the thoracic segment, a negative inspiratory deflection occurs. The

>

point.where this shift 1n respiratopy‘effect occurs has been called the
"point of respiratory reversal” (PRR) or the "pressure inversion point”
(PIP)(26). The PIP may be related to the diapﬁragm, which separates the
abdominal from.thoraqic cavitieb; thus the PIP may oc;uf at the levei of
the esophageal hiétug. Indeed, a Pi?'may be observed if the LES is

absent or experimentally destroyed. However, a functioning LES may

contribute to the PIP by. separating intraesophageal from intragastric

i
’

preséure(26)"

The LES shows rythmic pressure changes that occur at a slow rate of

3 to 4 per'mih(ZI). In addition, phasic elevations in LES pressure

related to the migrating motor complex have been described(27).

\ -

" As the esophageal peristaltic wave reaches the LES, relaxation
occurs.” LES relaxaizzkk\occurs 1.5 to 2.5 sec after the swallow is

i{nitiated. The LES relaxation may last from 5 to 10 sec; subsequently,
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thé'upbér part of the §phincter shows an after tontraction wﬁich 13 1in
continuity' with the esophageal peristaltic wave. The post-deglutitive
contraction lasts approximately 10 sec, and then LES pregsure returns to{
rest;ng levels. The distal part of the LES Qoes not show an after
contraction and the sphincter pressure simply' returns to restihg
(21)

levels

Control of Motor Activity

The deglutitive reflex 1ﬁbman is 1initiated by sensitive areas on
the anterior and éosterior tonsillar pillars and the posterior wall of
the pharynx(zs). Afferents for the deglutitiv; reflex are carried in
the maxcillary branch of the trigeminal nerve, thé glossopharyngea%
nerve and the superior laryngeal braqch of the vagal herve(zg). The
afferent nerves travel to the “"swallowing centre”, which lies to either
side  of the mjd-line near the inferior olive 1in the medulla
obiongata(30). The efferents from the swallowiné centfe activate motor
neurons of the cranial ne?ves that innervate the nmuscles of

deglutition. Normal adults swallow épproximat:T?‘600~times a day: 200

times while eating, 350 times while awake, and 50 times while
' ' 5
sleeping(31);

The oro-pharyngeal phase of deglutition is a highly complex process

that involves ' elevation and forward displacement of the larynyx, with
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relaxation of the upper esophageal sphincter; closure of.the nasal, oral
and laryngeal apertures to channel the bolus ‘in the proper directién;
‘and active propulsion of ingested materiallfrom the oro-pharynx to the
esophagus. Varlous medqllary centers appear to Interact. with and
moduléte éach othef:in a complex manner to integrate these changes(32).

Mainténance of UES tone may be duél to passive forces causedl by
elésticity in the ?311(32), or active ‘muscle contraction. Contin90us
spike activity has been observed in the cricopharnygeus muscle, which is
temporarily abolished dgring swallowing(33). Tone 1is maintained by
toniellowef motor neuron activity, ig mediated via the vagal nerves, and
inhibition of tonic activity resulting in UES relaxationA is due to
central rather than peripheral inhibition(33). | Inhibition of togic
.
gricopharyngeal contractions {is accompanied by cgntraction of the
myloﬁyoid and other muscles that pull the larynx forward. Thqs, UES
relaxation ié brought abéut by inhibi;ion of ‘tonic‘ activity 1in the
cricopharyngeus muscle: and UES opening by the actioﬁs of the suprahyoid
muscles(3b). : ’

Contractions of the upper striated nﬁscle segment of the esophagus
are dependent upon excitatdry lbwer motor neuron activity, the nerve

cell bodies being in the dorsal aspect of the rostral part of the

nucleus ambiguus(35). Peristalsis in this segment is dependent upon the
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sequential firing of the lower motor neurons whose axons are destined

for various levels of the striated muscle(36), and‘is abolished by high

bilateral vagotomy(32).

Peristalsis may also be initiated by distension of the esophageal

stria;ld muscle segment(36) and modulated by both the temperature and

‘ . -

(37,38) -

K

volume of the ingested bolus

Activation of 'the swallowing center causes peristalsis in the .

esophageal smooth muscle segment(38), but peristalsis will still occur

after vagotomy(39), suggesting a peripheral regulatofy mechanism.

Esophageal smooth muscle exhibits a temporal dissociation between
‘the stimulus applied and the electrical - and/or mechanical

response(AO’AI). A mechanical contraction of esophageal smooth muscle

is usually assoclated with an electrical spike burst, but -

electromechanical dissocliation can occur(az). ‘ _Responses of the smooth

muscle to stimulation may be divided 1into intrastimulus ‘and post=

"stimulus responses. The post-stimulus or "off" response 1s so called

because it occufs'after the termination of stimulation(41’42), and 1is

explained on the basis of either a single neurotransmitter hypotheses,
or a two neurotransmitter hypothéses(43).

vsingle unknown neurotranémftter is released during s;imulation which

causes a hyperpolarizatioi of the membrane, which 1is followed by a

.

3

According to the former, a
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rebound depolarization when stimulation ceases. According to the ‘

ﬁeurotransmitter hypétheses, both an inhibitory and excitatory

\neurotrénSmitter are released, and upon termination of stimulation, the

inhibitory " neurotransmitter effect ceases, and the eicitatory

/

neurotransmitter then exerts its action(43).

Three tybes of intrastimulus ;responses are described: on",

"early"”, and "dqfation”:responses. "The “on" response occurs glose to
the onset of stimulation, but does not pérsist for the duration of the .
stimulus, and appears to be due to direct activation of the smooth

muscle(#4), The "early" response occurs some time after the onset of

13

stimulation, and 1is neurally mediated(as). - The "dufation" response

begins at the -onset of stimulation, continues through its duration, and

ceases with .the tegﬁlnation'of the stimuluq(46). Thus, both the “"early”
: o .

and "off" responses show a latency of response.relatiye'to the onset of

~

the stimulus,, and either of these responses may be: rélaced to the
mechanisms of perigtalsis in esophageal smooth muscle(al’as). Fﬁfﬁhgf,
'thg'latency period becomes progressively longer from proximal to distal

esbphagus(hl), and this 1latency gradi%nt determines the speed of
~

peristalsis. Thus, when the‘esophageal Lmooth muscle 1s stimulated, a

|
contraction occurs proximally after a short period of latency;
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contraction of more distél segments occurs later, owing to the
relatively longer latency period, and a periétaltft_wave of contractions

is. propagated in. an aboral direction. Neural -or local mechanisms .may
' \’ R}

gédulate_the latency gradient, affécting the speed of‘peristalsis, or

| allowing reverée peris;§lsis in certain’aituations(QZ).

|
\

The_peristaltic wave sweeps over_thﬁ junctional area of transition

from striated to smooth qusclg without any indication that different
i

mechanisms are involved. Thus, the centrally regulated latency gradient

of the striated muscle segment must be precisely matched with the
peripherally regulated_latency gradient of the smooth muscle segment,

“and to-date, very 1little 1s known of the  mechanism "by which this

Q@

d

synchrony is achieved(47). . ‘ ‘ 5

Lower Esophageal Sphincter
==

The LES 1is closed in. the resting staté, providing a barfiér to

|

gastroesophageal reflux. The function of>ﬁhe'sphinctergappears to be.

controlled‘by the interaction 'of . three factoré:‘inherent-properties of
. .

sphincteric smooth muscle, autonomic innervatioﬁ, and hormonal action.

Smooth muscle of the LES demonstrates specialized responses  to
drugs, enteric hormones, stretch, and electrical stimulation that differ

quantitatively or qualitatively from those of smooth miscle from the

s



adjaCent“esophageal body or stomach. Eg_viﬁfo, LES myscle stri s have a

steeper 1ength~tension curv% than éfrips from, the esophagu

stomach(QB). This response does not appear to be neurally mediated(ae)

k »

and thus this sharp rise in tension in response to stretch may represent
an intrinsic mechanism of sphincter clogure. .In humans, LES preésures

have been measured using different probe diameterscag) These gtudies

»

: indicate that tgnsion~diameter curves in the LES are steeper than in the

or

esophagus, and that the diameter at which ﬁaximal LES tension devé%QPS'

occurs3’at a iarge diameter and not at the diameter of sphincter

b . , ‘
closure(Agl. Thus, the LES muscle can maintain sphincter closure with a

"minimal expendiﬁure of energy.

Ihis apparently pagssive regpounse to gtretch is not sufflclent to

2

explain thelgénesie of basalisﬁhincter tone. Maintenance of'baéél tone

is an energy requiringj process, and the sphincter can be actively

relaxed(so). The LES muscle has.a lower resting membrane potential than

adjacent esophagezl and ‘gastric smooth muselel?1?, and  in vitro

observations suggest that this partial depolarization is due to an

i inward calcium leak, which méy activate myofibrils and cause .tonic LES

¢

contraction(sz) . : _ )

Current evidence suggests that the LES is innervated by excitatory

/} '

cholinergic(53 54) and adrenergiccss) nerves., The precise tole ¢9f

o . : . RS
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=

cholinergic stimulation 1in regulation of sphincter tone 1n humans
remains to be clarified, as vagotomy in man does not reduce - sphincter
pressureLiél‘/, The mechanism controlling normal sphincter relaxation

dufing swallowing also remains unclear(57). Efferent inhibitory fibers

have been demonstrated in the vagal nerves of the opossum(ss). However,

vagotomy -does not abolish sphincter relaxation in either animals(sg) or

man(60). The cell bodies of the inhibitory nerves are believed to be
1ocated in the esophageal plexuées, and the preganglionic fibers arrive
via the vagal nerves(ss). Ganglionic transmission 1is cholinergic, but
the identity of the post—ganglionic inhibitory neurotransmitter ;s not

known(él).

Many hormones, particulafly gastrin, have been shown to affect LES

5. ' et .
ﬁressure(62), and gastrin "was initilally congsidered to be the major
-‘i?:‘m - :

regulator of LES tone. ~ ,Subsequent studies cast doubt on these

findings(63), but '1f may be thét . gastrin modulaggsﬂ.changes in LES

- ‘ . LY
pressure after meals(éé).‘

q

Secretin, cholecystokinin, glucagon and insulin have been shown to
affect LES pressure, but the .precise interplay of these hormones and the
ful} significance of the physiologic rbles of any or all of these

hormones has yet to be determined(37).
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THE ANTI-REFLUX MECHANISM

fA positivg pressure gradient exists between the abdominal and
thoracic cavities, and this gradient increases Subgtadflally during
exerclise, coughing, stooping and other events associated‘with abdominal
muscle contraction, changes in gravitatipnal position, or bthf Thus,

‘wichout some protective mechanism, GE reflux would occur continuously.

A}

Fufther: a mechanism that ngrmally prevents reflux must allow entry of

an esophageal bolus into the stomach after swallowing and allow ?gress
-

of gastric contents during vomiting or belching. éggactors proposed to
explain the anEi—reflux mechanlism are a) anatomic mechanical factors,

which are malinly extraéphinctefic and b) intrinsic LES tone.

~

Prior to the demonstration of a physiologic sphincter mechanisd

(3)

’
anatomic factors were thought to be soley responsible‘for the prevention
of reflux. Despite earlier reports of a;eés( of anatomical muuscle
thickening in the lower esophagus(zg)f the consensus of opinion to—date
is thaf‘ theré is no agatom{cal Basis for an 1ntrinsic sphincten
mechanism,(65’29). Many extraSphincteric mechanical f;ctors have beeé
‘described that are thought to contribute 4to the closing mechanism.
Pbssible valve mechanisms include: a mucoéal flap(66), a ;flutter
valve(67), "an acute esophagogastric angle(67)’ and the‘ gastric sling
‘fibe;s(és). ’A second group compfises mechqpical factors Whichlmay cause
esophageal compression at/or néar the diaphragmatic hiatus. These

(69), a hepatic tunmnel, a

«(70)

include a pinchcock action of the diaphragm

sling action of the right crus, an egsophagogastric "joint

( / ‘ | “ < . ;

, and the
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-

phrenoesophageal rembrane13).  An intraabdominal segment of esophagus
is thought to assist sphincter closure by belng surrounded by a positive

pressure environment(7l), and indeed restoration or maintenance of such

a segment is considered by many to be -an important aspect of anti-reflux
sufgery(72’73);' The mucosal choke ﬁypothesis(70) proposes that during
gphincter closure, adhesive forces which resist sphincter opening exist

between iﬁterdigitatiﬁg mucosal folds.
Another important characteristic of the LES 1is its ability to

increase 1ts pressure 1in Tresponse to increased intraabdominal

~

pressure. This effect was initially attributed to the mechanical action

(3)

of passive squeeze on the intraabdominal portion of the spﬁincter

However, LES pressures developed 1in response to compression usually

exceed the rise in intragastric pressure(74:75); and this response 1is

inﬁIﬁited by atropine and vagotomy(76’77). A similar respounse 1s seen

in patients with hiatal hernia, whose LES is therefore surrounded by
(78)

v

intrathoracic pressure Other studies suggest that the mechanism by
which the sphincter responds 'to Iincreased ;ntraabdominal pressure
involves a more complex interplay of neural and external mechanical
factors(79). The radial asymmetry observed in the pressure profile of
the LES may be due to extrinsic -or iﬁtrinsic factors, as discussea

@
above(18’22).

The intrinsic physiologic properties of ;hé -gphincter have been
discussed. The opinion of most recent reviewers(4’7) is that evidence,

currently available does not warrant the conclusion that intrinsic LES

strength is the sole barrier to GE reflux, and that many mechanical
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factors serve to augment the anti-reflux barrier provided by the.

intrinsic LES. The precise interplay ' between these extrinsic and,

-

intrinsic factors has yet to be determined.

CONSEQUENCES OF GASTROESOPHAGEAL REFLUX

Reflux of gastric contents into the esophagus has been shown to

occur in normal asymptomatic subjects(so’al). However, thése#episodes

occur with a higher frequeﬁcy and for a longer duration in patients with
‘ ‘ 2

significant symptoms. Pro}onged‘exposure of the esophagus to gastric

juice may result in disabling symptoms; may damage the esophagéq} mucosa

as evidenced by inflémmation, ulceration, stricture formation; and

4
-

bleeding; or may lead to epithelial changes in the esophagus, with a

<

malignant potential(sz).

r

Gastroesophageal reflux has only become clearly recognized as a
disease entity since the early part of this century. Much‘confusion
arose over the assgéiation of hiatal hernia with reflux disease. Prior
to 1900, hiatal hernla was regar&ed as an anafomical curiosity, and
Bowditch, writing on the subject‘in the mid—nineteenth century commented
that most observers wefe ignorant of the true naturehbf the con&ition,‘
"their modes of treatment have been entirely empirical and generallf
very absurd, and nunot a féw times absolutely hurtful to the

patient"(83). He also felt that as the disease was so rare, few

surgeons would have the opportunity to operate upon it more than once or
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twice 1in the cou; 3e of a working lifetime.

Not until the turn of tﬁél century, withr.the advent - of contrast
radiology, was a diagnosis‘ of hiatal hernia in 1living 'paéientg made
possible(zg). Then, for severQI décades, hiatal hernia was c1as§i£13§; 
withyother typéé of diaphragmatic hernia, and was felt to pose the same
thréat of incarceration, strangulation and pefforation as do other forms
of erniae. In his pape; "Peptic Esophagitis: a new clinical entity” in
1935, Winklestein was pgrhﬁps the first to recognize that inflammatory,
changes in'che esophagﬁe were due to the action of gastric juice(aaz.
.A11ison, in 1945, clearly established that gastroesophageal reflux was
tﬁ; céhse of the symptoms and pathology éhat frequentlz accompany hiatal
hernia and was the'firét to, use thé tern "reflux eséphagitis"(85f86).
In his “"Anatomy of Repair” in 1951, Allison described an operation for
the prevention of reflux based upon restoration of normal anatomical
relationships(86). Unfortunately, in several éentegs, more than one-—
third of the patienté undergoing this operation were l;ter reported to
| have peristence of reflux even though the hiatglrhernia might have been
corrected on postoperative radiographic examinaﬁiqn(l). Several reports
have since attested to the occurrence of severe gastroeosphageal reflux
disease without hiatal hernia, and of hiatal hernia without reflux
d13e88¢(88,89,90). Thus, history has repeatedAitself and hiatal hern;a'

of the sliding variety,. unless accompanied by reflux, 1is once again

nothing more than an incidental curiosity.

\
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‘ Ciinical Presentation

fhe classical symptoms of /GE rgflux disease are heartburn and
regurgitation evoked by bendingq:iler or 1ying flat, and relieved by
adopting ‘an upright posture. - To this may be added prompt relief of
sympcoﬁs with antacidgrtherapy. Most people have, at one time or
another% experienced heartburn, and there 1s a wide spectrum in the
frequency‘and sevefity of symptoms. ‘Heartburn is defined as d burning
gensation in the eplgastric and lower substernal régions occgrrfng
during or within an hour or sd after meals, or 'accodpadying thé
ingestion  of 1rr1tating ‘foods, e.g., very hot or very cold drinks,
'alcohol, highly spiced foods. It frequently radiates upwards along
elither costal margin, more often the left, and ‘may be induced by those
measures as raise intra—abdominal pressure(la 91)

Heartburn 1s often actompanied by regurgitation of sour, acidic
material iato the: mouth, and the\ combination of these symptoms 1is
pathognomonic of G.E. reflux 'disease, particulary 1f symptoms are
-aggrdvated by postural change. Sleep 1is oftén disturbed, and many
patients experiénce symptoms when lying supine or on the right side, but.
not .on the left.

Some patients present with pharyngealléymptoms; and have often had
psychiatric consultations for = "globus hystericus” (14) Some may
experience pain radiating to the cervical spine, botﬁ rami of the
mandibles, or ears. A number of patients present hoarseness, chronic

cough, or chroni¢ pharyngitis, and may 1nitgllyJ consult with an

otolaryngologist. . Some patients present with symptoms remarkably
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similar to angina pectoris, and as both conditions are belng recognized

with increasing frequency, differentiatioh is extremely important(la).

Other than the classical symptoms of heartburn /and regurgitation,
patients with complicated G.E. refluxidisease‘may experignce‘dysphagia,
odynophagia, and pulmonary sSymptoms. Dysphagia 1s almost qniversally
noted 1in é;;f%nts who have developed an esophageal stricture due to
.reflux. It is most important to outrule other causes of dysphagia, such
as neoplasm. Dysphagiélmay also occur in patients with esophagitis but
.no stricture, and indeed in 'patients withf no esophagitis at all.
Episodes éf reflux may trigger esophageal sgpasm or Eertiary contractions
which may cause dysphégia in patients without esophagitis. It must also
be noted that dysphagia-due to stricture may be the presenting symptom
of G.E. reflux disease. Thus, symptoms are not a reliable guide to the
severity of the pathological process, and even thoge patlents with mild
symptoms suggestive of GE reflux should be ;horoughlyAinvestigated(la).

Aspiration of 'regurgitated‘ material 1info the lung is another
serious complication of GE reflux disease, and pulmona;y symptoms may be
the maj;r presenting _gomplaint. . Thus, any patient with é chronic
unexplafned cough,~ particplarly if ;octurnalﬂ or chronic Dbasal

inflammatory changes, should bé‘investigated for GE;feflux disease(gz).

Chronic blood bloss may result froh esophagitis, resulting in

anemia. Blood loss, if it occurs, 1is usually minor. ' Rarely, however,
patients maj bleed massively from diffuse esophagitis, or from a chronic
penetrating ulcer in a segment of esophagus lined with ectopic gastric

mucosa. Erosion of esophageal varices by esophagitis’ in patients with

refTux must be considered in the differential diagnosis(23:9%),

«
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PATHOLOGY

The term “reflux disease” has replaced the term "réflux
esophagitis™ in describiné this ;ondition as 1t 18 now recognized that
éevere clinical symptoms which 1ncapacitgte a pafient may occur without
. endoscoplc evidence of egophagitis; and that a patient who has never had
significant symptoms may present with a reflux induced stricture:‘ Thus,
the spectrum of morphological change ranges from a norpal egsophageal
mucosa, to e;ytheﬁa and friability of the mucosa, to esophagitis with
superficial eroéions, or deeper chroanic wulcerationm, .and finally,
fibrosis with stricture formation(la).

The histological features of esophageal ulceration Séte first

described by Quincke in 1879(95),  Until recently the histological

criteria for "esonagitis" were thosé of the inflammatory process,
namely hyperemia, edema, infiltration witﬁ neutrophils, f%mphoéytes and
plasma cells, and fibrosis. Epithelial erosion and‘ulceration may be
present; the inflammatory reaction may be limited to the outer part of
the lamina propria’or may extend into its deeper layers or even into the

2(96,97)

muscularis mucosae

-

Ismail-Beigi, Horton and Pope, in 1970, described new histological

‘ecriteria for the assessment of earlier changes which téke place
predominantly in'thg epithelial,layers(ga); They .described a thinner
surface layer of squamous cells, The papillae are elongated and more
vascular, and may reach the mucosal surface. The basal or ge:minative
layer 1s hyperplastic, and may occupy from 507 to 80% of the full

thickness of <+the epithelial layer. The basal cells contain more
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nucleii. It ?ouid appear, therefore, that as surface cells are lost due
go the action~;} local irritants, the basal layer compensates to\Produce
a faéter turn over of cells.

If the rate of loss of cells‘from the luminal surface exceeds the
rate at which they can be replaced, superficial esophagitis develops

with accompanying acute and chronic inflammatory changes. in patients

with severe reflux changes, Behar and Sheahan - (1975) found .

polymorphonuclear leucocytes in 40% of esophageal biopsies(gg).. Chronic
iﬁflammatory changes with lymphocytic and monocytic 1nfiltratiqn.have
been described 1in 55 to 85 percent of patients with reflux
sysmptoms(96)g In severe esohagitis, superficial ulcerations, which
rarely extend through the muscularis mucosa'and tend to re—epithelialise
rapidly, are frequently found. On the 'other hand, more extensive
- ulceration produces an inflamm;tory and fibrotic reaction that may
extend through the entire esophageal wall and even into the surrounding
médiastinum(loo).

In 1950, Barrett called attention to patients in whom éhe distal

one—-third to one-half of the esophagus“is lined by columnar epithelium,
“ -

rathef than the normal stratified type(lol). This columnar epithelium

usually'has all the histological characteristics of the mucus secreting

columar epithelium of the cardia of the stomach, and e;en.on occasion
may‘contain pafietel and chief cells. Originélly, it was postulat;d‘thét
these columnar cells represented embryological remnants, as the
embryonic uesophagus is first lined by columnar epithelimm which 1s

replaced by squamous. epithelium in the fifth to sixth month of

gestation. It 1is now well established, however, that this heterotopia

v B
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1s an acquired abnormality and represents a serious complication of

gastroesophageal reflux disease(loz). It 18 not quite cigar why an area
of 'esophaggal ulceration should be repaired in some Enstances by
columnar rather than squamous epithelium; One explanation 1s that the
columnar épithelium of the cardia is more resistant to acld-peptic
digestion, and hence has a growth advan;age ;ver squamouéhepithelium.
An glternative suggestion_is that the columLar‘epithelium may originate
from outgrowths of the esophageal submucﬁgal glands ;ather than as a
direct extensiondfrom.the cafdia(96). It 1s eveﬁ’less clear why severe
esophagitis should 1lead to stricture formation in some patients and
coluﬁnar epithelialis;tion in only. a few. ’ This lesion assumes even
greater significance when it 1is realized that édepocarcinoum of the

~

esophagus may arise in up to l10%Z of patients who have a 1ow§r esophagus
lined with colummnar epithelium(sz). | e

In addition to acute, subacute and chroﬁic esophagitis, chronic
localized penetrating ulceration of the esophagus can occur. Usuélly
described as peptic ulcers of the esophagus, these lesions aré usually
single and discrete, and'.are usually located on the anterior or

!
posteriqr wall. Occasionally, two ulcers will be found on opposing

walls. The histologlical features of these ulcers exactly resemble those

"found in chronic pepfic ulcers of the stomach, and they always occur in

or very near to glandular wmucosa. When a peptic ulcer is found in the

’

esophagué i; is almost invariably accompanied by adjacant superficial

esophagitis of the squamous mucosa(96’101).

(34
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PATHOPHYSIOLQGY
|

The lower esophageal sphincter 1é now regarded as the main barriel
to reflux. Nevert;eless, many patients with GE reflux diseasg have LES‘
pressures in the normal range, and 1t has been shown ‘that reflux
eplsodes occur in normal subjects. These observations suggest that
manifest GE réflux .disease may be the result of many contributing -
factors. Thus we must consider those factors that normally prevent
reflux, and th%.mechagisms by which reflux occurs; thosg f;ctors that
normglly protect the ésopﬁagus from the 1injurious effects of .refluxed

material;'andkthose factors that influence the volume and composition of
. | _ .
the refluxed material(%»7?,
There 1is generally a poor correlation between re§§ing LES pressure

readings and clinical evidence of GE reflux»disease(103’104).

Recent
studiés by Dent et al. have shqwn that basal LES pressures vafy
considerabiy throughout the.course of the day, both in normal subjects
and in reflux patignts(105)% Overnight studies during which LES
pressure and esophageal pH wereicontinual}y monitored, indicated thaﬁ GE
reflux may occur by any of Ethree general mechanisms. Transienc
inappropriate relaxatioqg of th; LES may occur fhat are not related to
" gwallowing. These were most frequently seen when resting LES pressure
was 17 the ﬁormal range,-aﬁ& accounted for 98% of the refidi episodes
observed in norﬁal subjects. In subjects with a hypotoqig LES, episodes
of reflux were seen to occur duringvtrénsient rises in intra-abdominal
pressdre. In- subjects with a feeble or atonic LES, ebiscdas of

spontaneous free GE reflux occurred. Among symptomatic patients, two—

'~
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thirds of the reflux episodes observed occurred during‘ transient
inappropriate LES relaxations, with the remaining third divided .between
the mechaniéms of transient increases in intra-abdominal pressure and
free reflug. The first mechanism predominated in those patients with LES
presgures in the normal range, and the latter two mechanisns
predopinated in those patients with a persistently low LES preésurg.
The mechanism of transient 1nappropriate LES relaxations appears to
explain the apparent paradox of how GE reflux occurs in normal subjects
and in those reflux patienps with a normal.LES profilk(los). T

-
d

Many hormones are known ,Eo affect L%S pressure, and diminished
'reléase of endogeneous gastrin or LES insensitivity .to gastrin were
suggested as possible causes of ;he ilow LES pressure often _seen in
reflpx patients. Subsequent studies, however, ive not copfirmed this
"gastrin hypothesis™, as it became known, and fasting 'serum gastrin
le;els were found fo be similar in reflux patients and controlpspbjects
and a correlation between fasting éerum gastrin levels and LES pressures
could not be shown(62’63’64). \

The most clinically iﬁportant hormonal action on thé sphincter is
probably.that produced by progesteroﬁe. LES pressures are.progressipely

decreased during pregnancy, are decreased in women taking progesterone-

containing anovulants, and are even decreased in the luteal phase of

s>rmal uenstrual cycles(106’107). This probably accounts for the high.

incidence of heartburn during pregnancy.. Secretin, cholecystokinin and

glucagon decrease LES pressure in pharmacological doses, and certaln

prostaglanding reduce LES tone(108,109,110,111)

[
Y
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Alteration of the normal anatomy of the gastrogsophageal Junction

‘may result in a decreased LES pressure. An abnormal phrenocesophageal

ligament insertion(13),

(73),

esophagus "or . a hiatal hernia may result in a mechaﬁfcal
disadvantage to normal sphincter function(lz)“ Low LES pressures have
been found in the aged. ~Foods such as fats and chocolate,dimidish LES

pressure as do dfugs such as theophylline, alcohol, nicotine and

rnitroglyceriﬁe(112’113’114), An intriguing suggestion is that reflux

per se may cause a fall in LES pressure, as observed when esophagitis

was Induced experimentally in cats(115'116).
The mechanisms by whieh the esophagus 1s normally protected from

the injurous effects of refluxed material include the tissue resistance

" of the mucosa, the actions of saliva and esophageal gland secretions,.

and the abilicy of the ésophagus to clear the refluxate(A). The
esophageal mucosa 1s quite sensitive to damage from acid; pepsin, or
bile salts, and the degree of Tesultant damage may depend ‘upon the speed
at which the squamous epi;helium regene;ates;f‘When the Surfaqe layer of
tﬁe epithelium 1is damaged, he permeability of the mucosa tofﬁydrogen
ion is increased, agd transmucosal potential differences are
altered(11731§3’119’120’121).

Saliva is rich in bicarbonate, which buffers acid, and sulphated

polysaccharides, which have antipept}c properties. As the secretions of
4

C;~§gggzgfophageal submucosal glands are scant, swallowed saliva may have an

important protective role(6 122).

The length of time that refluxed material remains in contact with

the esophageal mucosa may be of paramount Iimportance in producing

an absent intra—abdominal segment of the




W -

38

disease(A 123) Studles enploying 24 hr esophageal nH mqnitoring have
shown that the duration of reflm episodes is increased in patients with
reflux disease %gd that severity of symptome correlates well with
contact time(i24’125'126). Esophageal clearance depends upon'gravity
' and upon esophageal peristalis, in the recumbent position, the effect of

gravity is removed. Acid clearance time, as determined by the number of

swallows taken to restore normal pH following the instillation of acid.

into the - esopnagus, is prolonged in patients with’ GE

reflux(4’127’128). Motor disorders in the distal esophagus have beén

reported in patienrs | ‘with. ~severe escphagitis i or
stricture(129'130’131’132). As reflux may induce a fall in LES
'pressure(115’116), 'the concept has arisen that reflux may induce
impairment cf esophageal peristalsis and clearance, thus setting up a

self—perpetuating cycle(4’6’7) Conceivabl&, an episode of reflux may

produce acute injury resulting in impaired peristelsis and clearance,‘

which in turn producesga fall in LES pressure, allowing more reflux to
occur. This h&pothesis»is Suppcrted by animal experimenrs in which acid
was instilled into the mid esophagus'bf both cats andlbaboons resulting
in significant decreases in LES pressure and decreases in peristaltic
amplitudes in‘ the distal esop_hagus(115 116, 133) To date, there has
been no concrete evidence to support this nyncthesis in hunane.

The volume and composition of the refluxed marerial may influence

the course of events should'reflux,qccur. From this perspective, the

gtomach plays a major role in the pathogenesis'of'reflnx disease. The

<

volume of fluid in the stomach 1s a function of ingestion, gastric

secretion, gastric emptying, and duodenbgastric reflux. Delayed gastric

J:

¢.)
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emptying has heen reported in up to 40%2 of ‘reflux patients(134 135)
T~
Thus, pore volume i8 available for reflux into the esophagus. Gsstric
acid {secretion 1is normal Im reflux patient:s(136 137) Increased

duodenog stric reflux, as demonstrated radiographically; _and by

o

increased concentrations of bile salts in the gastric aspirate, may play
a role in the pathogenesis of GE reflux disease(138 139) Not only
would duodenogastric reflux increase the gastric volume available for GE
reflux, but would also place high concentrations of bile salts in the
stomach from which they could reflux into the esophagus(6). Impaired
antral motility, and. ad increased incidence of antral gastritis has been
repofted in patients with GE.reflux(14Q’141).i '
'In summary, some defect in the LES allows reflux to occur. The
volume and‘composition of the refluxed material depends upon funhtions
. of the stomaoh’and perhaps of the pylorus, and the effect the matej}al

has wupon the: esophagus depends not . only on the Toutents of |[the

refluxate, but also upon the.defence mechanisms of the:esophagus itself.
Cyclic mechanisms may then occur which allow perpetuation of this

process once it has begun.

DIAGNOSIS. | '

'The evaluation of suspected GE reflux should include a careful
clinical ﬁistory “and the appropriate use of .Specialized clinical
tests. A clasgical symptom complex and a rapid response to conventional
therapy leadve little doubt as to the diagnosis. However, onvoccasion,

GE reflux may produce an atypical clinical pictﬁ%e and the response to

. therapy may be unsatisfactory. Primary motor disorders of the
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¥ind cardiac, .biliary and gastroduodenal disorderé are

1

frequently associated with symptoms which are difficult to distinguish

from those of reflux.. A multitude of tests are currently available to

evaluate these patients, and are discussed below. Unfortunately, no

single test has yet been accepted as the standard for diagnosis of GE

reflux disease, and a carefully selected combination of tests must often

be employed.

Diagnodtic tests for GE reflux disease may be classified as

i

follows:

A

Tests of LES competence. LES competence is assessed by manometric

measurements of resting LES pressure and by measuring the response

of the sphincter to compression.’

The gcid perfusion test .of Bernstein 1is a test of esopﬁégeai
sensgitivitgy Eo; acid, and 1s useful in deciding if symptoms are
attributablé to the.esophageal disease. - |

Tests that evaluate esophageal damage. - Theée include double-
contrast  radiography, potential difference measuremenﬁs,
endoécopy, biopsy, acidcclearance test,iaﬁd manometfic evaluation

of esophagezl peristalsis. ! .
Testz . n: . demonst e presence of reflux.  These include
radiography and -~ hon .tests, 1long and short-term pH

monitoring, the common cavity test, and esophageal scintigraphy.
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Esophageal Manometry'

Esophageal manometry allows measurements of LES pressure to be made
both at rest, and in response to raised {ntra—abdominal pressureg alldws
a study of thev_deglugitive response of the sphincter; ailows‘ an
gssessment“of esophageal peristaltic activity, and, where appropriate,
an examination of the'upper esophageai sphincter.

Tﬁe first manometric motility studies of the gastrointeﬁtinal'fract
were performed by Kronecker and Meltzer‘in the 1880's,vwho used airj
filled balloons as pressure transmitter (142) Wager—filled balloons
were 1in use since the 1940's, but be yuse of inaccurate and dgléyed :
assessment of rapid pressure changes$y.dependence of sphincter pressure.

~measurements on balloon diameter, and the “effect of the balloon on
motility, balloon kymography was abandonded(IAisrl/ '

The 1950's saw thé introduction of water;perfhsed catheter systems,
_which~transmitted-preésure to extracorporeél pressure transducers ke.g.,
Stratham—-transducers). It transpired in theA196O's that only by usiqg
constant perfusion rates could accurate‘ and reproducible quantitative
results be obtained(143’144’145’146). However, .high perfusion'rateslled
to inaccuracy of measurements(146), and a furthef advance. was made by
the introduction by Arndoffer'gg_gir in 1977 of é hydraulic—capillary
infusion system(147), which allowed improved quantitative meaéurements
of both LES pressure and esophageal peristalti; waves.

The clinical disadvantages of perfusion manometry include the need
for an exact motorized perfusibn device, hydraulic -artefacts, the-heed
for catheter disinfection, and a catheter complianée which cannot be

—

TN * &4
cquléielyi eliminated. - Many forms of intracorporeal microtransducers
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have been developed, but nearly all have a ldw mechanical resistance to
repeated use, and ﬁave thus not found wide acceptance for routine
clinical purposes(laa).

In current clinical practice, esophageal manometry 1is used
priﬁarily' to assess LES pressure. Dodds'ig£ 5gQ, reviewing reflux
disease in 1976(65),-stated that "this practise is baséd on the widely
acce?ted notion that resting :LES pressure correlateé directly with
sphiﬁ;ter compegenc;: Regretably, most investigative sFudies of reflux
patients maké no reference to esophageal “body motor activity”.

Earlier studies, using non—iﬁfused cathetgr sysﬁems,'could show no

separation on the basis of LES pressure between normal subjects and

those with reflux symptdms. With the advent of perfused catheter
, )

systems, there initially appearqd to be a clear sepération between

control subjects and patients(143’144’145). Later studiéé with larger
numbers of patients showe& considerable ovéfiap in LES pressure readings
between control subjectsl and reflux patients(149’lso’151’152’153). A
review by Richter and Castell in 1982(7) found that an LES pressure less
than_‘lo mmHg has poor sensitivity (58%) but good specificit- r847).
O£hers feel that a reliablg discrimination of a reflux pati=nt can cnl&
be made with a’restiﬁg LES pressure of 1es§ than 6 mm Hg(4z153)9 Some

correlation, however, exists betwen resting sphincter pressure

measurements and the norphological severity of disease, patients with

¢ (155)

i

severe esophagitis having lower pressures than those withou
Although a poor sphincter response to raised intra—abdominal
preésure has been reported in reflux patients(88’156); the value of this

measurement as a diagnostic test for reflux disease has not been
. . §



oy . :
assessed. All recent reviews attest to the poor sensitivity of resting
LES measurements, and Castell suggests‘ that routine measurement of

resting LES pressure is.impractical(7).

The Acid Infusion Test

The acid infusion test(157) is widely accepted as a clinical "test
for diagnosing GE reflux diseasef/ Cas;ell(7) reviewed seven seriles, and
found an bverall sehsitivity of 79% and a. specificity of 82%, while

Dodds gglgl:,(65) conclude fhat ﬁi%h false-positive and false—negative

rates make the test non-specific. _Diffe;ent'cﬁiteria for interpretation

may account for these differences(lsg). ‘Benz 25_31:(150) conclu

~
-

4

ded that
“%the acid infusion test showed the ‘greatest degree of correlation with

other standard tests for GE reflux. "It must be remembered, however,
fha; it is a test of esophageal sensitivity to acid, and perhaps its

major éihnical usefullness 1s 1in determining whether:@ symptoms are
produced -by the esophagus.

|
Radiographic examination

age(159),

N v
Many patients with GE reflux disease have a hiatal hernia\ on barium
X~ray examination, but so do 50% of the population over 50 years of

; . \
Neither does the absence of hiatal hernia rule out reflux
/’-\"t/l\ . .
diseaséﬂs}dss’gg).

Flouroscopy or cin-radiography after gastric loading
with barium 1is a pdq; test for reflux, with a sensitivity of AOf’and

specificity ofJ g52(7,160) The "water siphon” test(161) has a high
number of false positive 'results(7).

Acid-barium swallows(l60) have
shown 62% false positive and 40%Z false negative rates

(150, ﬁouble
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contrast faddography(li?) 1s relatively insensitive to mild degrees of

esophagitis, but has a sensitivity and specificity approaéhing 100% with .
sevére degrees of inflammation, and shéws gooa correiaéion with
endoscopic findings of‘ seQere esophagitis, ulcer, br-'stricthre(l63).
Thus, radiogrgphic téchniques have both poor sgnsitivity and poor
specificity 1in diagnosing GE reflux disease, but are useful ' in
determining whether significang complications have occurred, and in
outruling other upper gastrointestinal péthologf; |
Endoscopy |

Severe symptomatic reflux disease can occur withbut the presence on
endoscopic esopﬁagitis(la). Thus, althou;h endoscopy 1s highly accurate
in diagnosing esophagitis, the absence of gross change does not outrﬁle
the diagnésis. There 1s agreement about tﬁe finding ‘of Poderate to
severe esophagitis (grades IT and III), whiéh include: superficial
ulcers or érosions; hemorrhagic mucosa with'e#udétes; deep, punched out

esophageal wulcers; and esophageal strictures(164). When these are

‘present, endoscopy has a diagnostic specificity of 96Z,f but . a

gsensitivity of only 682(151), Interpretation of mild or- grade I

esophagitig is difficult, and the findings are non—specific(7){

Biopsy -

Ismail-Beigl et al. described reparative changes in the esophageal
mucosa which offered improvéﬁ histologlic criteria for the diagnosis of

GE reflex disease(gs). These changes include basal layer hyperplasia

-and papillary elongation, with loss of éurface.epithelial cells, In
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both the original series, and in Béhars series in 1976(164),' both a

iy

sensitivity and specificity in the order of 90% was reported. However, -

“in 1975, Weinstein, Bogoch and Bowes(165) examined mucosal suction
biopsies from asymptomatic control subjects and found similar changes 1in

57% of biopsies 1in the distal 2.5 cm/of esophagus and in 19% of the

biopsies above this level, indicating a much lower specificity than '

otherwise believed. Ismail-Beigi et al. found frank histologic features
of inflammation in only 182 of thelr series;’other studies have shown
inflammatory infiltrates in up to 40Z% of biopsies(99’164). Thus, bilopsy
findings found positibe Sy Ismail-Beigi's criteria may have a much lower
specificity than here-to-fore .beiiéved,' especially 1if taken frog the

distal 2.5 cm of the esophagus.

- Esophageal pH monitoring.

In 1958, Tuttle and Grossman introduced the use of a pH electrode

in the'esophagus to detect reflux of acid from the stomach(166). This"

was refined by Skinner and Booth(l67), who developed the Standard Acid
Reifux Test. Thisvinvolves 1oading the stomach with 300 ml of 0.1 N
HQ%e and, Castell, reviewing eight studigé, found an overall sensitivity
.éf 842(7),  However, 1in a r;cent' study, no false positive results
occurred withfup to 100 ml acid loading, but 37% and 507 false positive
responses occurred with 300 ml ‘and 500 ml acid loadiné(168).' Without
acid loading, short-term pH monitoring shows poor‘sensitivity (402) but
~ excellent specificity (992)(151’L69).

Since 1974, Johnson and DeMeester(124) have popularized 24 hr pH

monitoring of the distal esophagus. The available literature suggests

2
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that this test has excellent sensitivit& (88%) and specificity (98%) for [
‘GE reflux disease(7). It hes also proved an excellent'investigative

tool 1in researching the pathogenesis of reflux disease(los’lzs).
However, expense and the need for hospitalization and time factors

ensure that in the routine clinical sense this test will be ‘reserved

only for the most difficult diagnostic problems.

The Common Cavity Test

Described by Butterfield in 1972(170), this is .a manometric test
that mease}es ingraesophageal pressufe while compression 1s applied to
" the abdomen. 1If a riee-in intraesophageal pressure occurs, indicating a
"common cavity" between stomach and esophagus, it indicates sphincter
incompetence. Butterfield found no positive results amongst 14 control
subjects, bu; found marked rises 15 intraesophagealvpressures in his -
group of 13 symptomatic patients. Some observers haye since observed a -
high false positive rate(a), but the common cavity test has not beenj

evaluated adequately since its original description.

Gastroesophageal Scintiscanning

Described by Fisher et al. in 1976(1 \, thie test consists of
loading the stomach with Technetium99M Sulphur Colloid in 300 ml of
normal saline, and counting scintillation over the esophagus and stomach
with a gamma camera. Abdominal compression is applied ;o induce
refiux. Fisher reported a 907 sensitivity and 90% specificity for this
test. However, Hoffman et al. in 1979 found a positive scintiscan in
only four out of 29 reflux patients(172); The appeal of this test 1s

its non-invasive nature, and it may become a good screening test for GE

reflux, particularly in children(7).
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Treatment of GE reflux

Medical Therapy

In his review article(7>,, Castell has outlined a therapeutic
approach to the patient‘with GE refux disease.A General: measures include
regular meals, avoidinﬁ food or beverages for four hours before bedtime,
weight loss 1f obese;iand elevation of the head of the bed. Smoking
should be discontinued, -and alcohol, fats, chocolate, citrus fruits and
spicy foods should be avoidéd. Certain medications will decrease ﬁES
bressure, spch as progesterone, theophylline, propranolol,-;hd diazepam,
and are best discbntinued if possible. Antacids generally produce
prompt symptomatic reliéf, and are effective in controlling milé} té
moderate symptoms.

Other than antacids, specific medications that are avallable are
bethanechol, metoclopramide, and cimetidine. Bethanechol 1s a
cholinergic agent that has been shown to increase resting LES pressure,
decrease GE reflux, and improve ésophageal acid clearance. It appears
~ to promote healing of esophagitis and decrease antacid use, and seems
well tolerated173’l74). Metoclopramide has been 'shown to increase
resting LES pressure, and to. improve the antral motility and gastric
emptying abﬁbrmalities present ~in some patients with GE reflux
disease(175’141). However, up to one third of patient; ‘experience
neurologic or psychotropic side effects and must discontinue the drug.

Cimetidine acts by reducing gastric acid concentration, and -has no

direct effect on LES pressure(7). Although cimetidine appears to

e

L) : ;
effectively relteve symptoms, significant healing of esophagitis has not

a€176,177)

been documente Alginates seem to be effective in the

treatment of GE reflux, but are probably not better than antacid



48

therapy(178).

Thus, the medical treatment of all patients with GE reflux disease

should 1include general postural and dietary measures, avoidance of

‘nicotine and potentially harmful medications, and specific therapy with

antacids or alginic acid. More severe or unresponsive cases should have
cimetidine with bethanechol or metoclopramide added to their regimes.

Between 5% and 10% of GE reflux patients will fail to respond to the
(7,

best in medical therapy, and warrant a surgilcal an:ireflux.procedure

RN

Surgical treatment

‘. Until the late 1950's, surgeons working in this area concentrated

upon anatomical correction of ﬁiatal hernias. Symptoms were poorly

understood, and no consideration was givenvtb.reflux(la). Harrington in

1928 was amongst the first to report on a series of diaphragmatic hernia

repairs(179). Allison, in 1951, recognized the association of symptoms

with reflux, and emphasized the importance of anatomical Eor ection of
the cardia in preventing reflux(86). Collis (1954).and ébéfema‘(1955)
sought ﬁo ¢reate an intraabdominal segment of esophagus by anchoring the
gastroesophageal junction beneath the‘ diaphragm with sutures to the
anterior or posterior abdominal wall (180’131). In 1955, Nisseﬁ and
Belsey, workiné independently, developed - the principfe of wrapping a
portion of the prbximal stomach around the distal esophagus to
complement anatomical repair of the‘hiatus, ﬁnd this prinéiple remains

the cornerstone of surgical prevention of GE reflux(s’lsz). Hill

introduced the posterior gastropexy operatién in 1960 and modified it -
subsequently to include calibration of the cardia(183’184).

In current Surgicai practice, the most widely used anti-reflux

operations are the Nissen fundoplication, the Belsey Mark-IV repailr and
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the Hill posterior gastropexy with calibration of the cardia. The basic

surgical principles of these procedures are similar: each 1nvolves

six cm of the exophagus; each

mobilization of the distal four to
involves to some degree the creationvof a flap—-valve br wrap‘of gastric
fundus onto the distal esophagus; and each involves narrowing of the
mArgins of the hiatus with sutures. Tﬁe Nissen and Hill procedures use

a trénsabdomingl .approac A e jhe Belsey operation requires . a

P

tfénﬂthoraqic aﬁpfbﬁcﬁ.k;__a

» he‘Niégen fundoplication affords

the most permanent .symptdmti 'r‘f.'DeMEkétbr.EE_gl) 1974, reported

L e
on. a. randomized prospective trial of 45 patients with GE reflux

disease(185). Fifteen patients{haé the‘Hill procedure, 15 the Belsey
procedure, and 15 the Niésen.pfocédure. Symptomaﬁic relief was obtainedl
in 47% of thoée undergoing the Hill repair, 80% of Fhose undergoing the
Belsey_fepair, and 1002 undergoing the Nissen repair.' Objective post;
operative evldencé of reflux, as assgsséd by radio—graphic examination,
standard acid reflux test, 24-hr ésophagéal ?H. monitoring, and
esophageal monomet;y showed- that the Nissen repair gave ‘the most
'Satisfactory'f}esults of the three procedures(lés). Otﬁegs: have also
found the Niséenvfun40plication to be superior to the Belsey operation
both in terms of symptoqatic relief and objective evideqce of -
reflux(186), and most reports evaluating the Nissen repair attest‘to'its
low morbidity and mortality, good~ patient tolerance, and long-term
- efficacy in prevenuing»GE reflux(187’188’189’190’191’192);
A number “of specific complications have been described following a
valvuloplasty of -the Nissen type. While many‘éf these are rare, the
"gas—-bloat” syndrome and post-operag%vg_ dysphagia are frequent

e poAt
complications, particularly on a short-term basis.



Described by Woodward 1in 1971, the “gas-bloat" syndrome is

characterized by post—prandial fullness, inability to belch or even

-

vomlit, 1increased amounts of flatus, and meteoristic bloéting of the
abdomén(193). Acute post-operative gastric dilatation may occur,
¢

requiring the prompt passage of a naso—-gastric tube(194). It occurs

)

more frequently after the Nissgen fundoplication(lgs), and 1incidences of

50

7 20% to 30% have been reported(196).. While the "gas—bloat" syndrome may

be due to poséioperative supercontinence of the cardia(197), inadvertent

vagotomy may contribute to gas-bloatA like . symptomé! diarrhea, and
gastrié retention(lss’lgs). Use of a purposefully wide. cuff méy prevent
"gas—bloating(196’199).

Post~operative dysphagia occurs in  10%Z to 15% of patients

undergoing fundoplication(lgg), the most important cause -being a narrow

o

cuff. It.may alsb be caused by inhibition of cranial movement .of the

cardia during swallowing(lss),‘or by an increased incidence of tertiary

(194)

contractions in the distal esophagus due to denervation Symptoms

usually disappear spontaneously within three ta four months, but
occasionally Bouginage may be necessary(lgs). ‘

| Iélescop%ng is ‘a rare‘complicatidﬁ of fundopliéation, and is more
likely to occur if a proximal gastric vagotomy 1s conducted at the same
time(zoo’ZOI);i and is ”similaf ;o the "slipbed? fundoplication(zoz).
Indicental“splenectomy due to 1latrogenic injury ’ is occasiénally
‘indicated but * adds considerably' to the: post—operative morbidity(203).
»Gastric ulceration‘aftef fundoplication has been réporfed, and may be
due .to vagal nerve- entrapment(ZOA). Other -documented complications
" include complete or éﬂpaffial ' disruption of - ~the wrap—around,

issugiception of gastric mucosa cephalad to the fundoplication,-and

' ‘ " (205)
gastric -ulcer with gastro-bronchial-f}sﬁula .

-
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The mecbanism 'by which fundoplication exerts its  action in
preveﬁting GE reflux remains conﬁrovefsiél. Many studies: have reported
an increase in lower esophageal sphincter preTsure following anti-reflux
surger&; the highest pressureé being feforded after the Nissen
procedufe(185’186'189’197). " Tmproved response of the sphincter to‘
abdominal compreésion has also been reported(185;206), suggesting a
.restoration of "physioiogical"v sphincter functton post-operati;ély.
However, aﬁtopsy studies haveA shoﬁn that fundoplication can prevent
artificially induced réflux in the cadaver(207).‘ Bowes and Sarna, in
1975, .observed n§ i?provement in the sphincter Fesponse to abdominal
compression post-operatively and aescribed incomplete relaxation of the
sphincter "in resomse to deglutition(zos). Eitrinsic compression of
cadaver eéophagus produced a . zone of elevated préssu;e. Bowésggi al
cdncluéed that iﬁcreases in'spﬁincter preséure after fuhdoplication a;é-

3

prqbabiy secondary to extrinsic narrdwing and dd not.cohstitute evidence

that a physiological sphincter has been created(208).

The effects of fundoplication on the motor function of the

'

esophageal body have been bpoorly documented. Skinner describes an

¢

1ncre??ed incidence of teftiary contractions in . the distal‘ésophagus ia
. patie&gs vwith‘ post—opérative dysphagié, and presumes they . are due to
irritatibé fioﬁ diséécfion and tensio; oﬂ teh repair(lgh); * Hill has
.described a motor ébnormality coﬁsisting of simultangous, aperistaltic,
low ;mplitude contractions wifh poor esophageal‘propﬁléion(zos), which
he consideré'.is épecific”'to rthe' Nissen fundoplication, and which -
‘disappears when the répgé&;%&tconvertgd to a posterior gas;ropéxy. Héﬁ
feels that this may be 'd;;%ﬂ

attachment %nd being accordioned on itself and being unable to .produce

sequential waves without distal fixation.
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If GE reflux 1s complicated by a stricture;  or a shortened
esophagus, 1t may prove necessary to complement an  anti-reflux

procedure, and most authors prefer the Collis gastroplasty with

(1 210)

'fundoplication(1 209)- to the Thal patch procedure - Occasionally,

local resection of the stricture_and colonic replacement of the resected

segment’ will be required(211) .

.Angelchik, in 1979, described the use of a ring-shaped silicone

J
-

prosthesis for the treatment of GE reflux, but it has met with little or

0

no enthusiasm and at times frank condemnation from the surgical_academic
sector(zlz).‘ A recent study: suggest that it is ' safe, simple,
reproducable; andidcan eliminate the symptomsA and signs of ' GE

reflux(213). Howevefqlthe widespread use of this device must await the
14
oucome of randomized p%o&pective trials. Until such time the weight of

evidence in the 1iterature is that the, Nissen ‘fundoplication if

performed with attention to technical detail is safe, simple, and can

v

fulfill the five ériteria for an acceptable anti—reflux technique as -

recently ouitlined by Belsey, namely. 1, should achieve complete and

permanent relief of all~symptoms, 2, should restore the patients ability'
to leéd a normal and eatisfactory life without further medical, dietary;

or postural treatment; . 3, should retein the ability to "belch”; 4,

>

should retain the ability to vomit; and 5, should allow objective proof

by pH' electrode or. other laboratory studies that the reflux'hes’b'een
. I - o ' . 3,

completely controlled(214). L ) o

N
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‘ OBJECTIVES ‘OF PRESENT STUDY
- . . '

! e

The limitations of manometric reﬁordings‘of lower esophageal sphincter
pressures in the diagnosis of reflux disease have been outlined, and the

Y

lack %f a laboratory test that 1s both sensitive’apa specific and suitable

for routine clinical use 1n diagnosing GE reflux has been dbscussed. Few

manometric studies have addresseq_themselves to the role of the esophagus

»
Lt

in the pathogenesis of reflux diseaée, and the éffect of Zundoplication on
the LES and on the motor functidq of the body of‘lhe esophagus remalns

controversial. =

1 . . ‘

x | ' fhé objectives of this study haveltherefore been: :
: . & .§%'
;'A; To establish the diagnoéiic value of manometry in GE refl&x
| " disease. | Reéting lower esophageal sphincter pressure; lower

‘;sophageal sphincﬁér pressutg ﬂigﬁ fesponge to raised intraaﬁdominal
¢ - pressure, and diséal esophaéeal pressure cﬁgﬁgeg in response to -
raissd‘intrhébdominai;ﬁresgure ( common b;vity test) would all appea%i
to be of pétential di;gﬁoétig-value. This study proposes to ev§}déte

‘these three teéps in combination with the acid infusion testgig both -
rsal voluﬁﬁégré ‘and in “patients with varying seyé}ifies of
o 'ﬂﬁ 4;'"$ s : . _‘ L L . .

,i%ymngmat%C,GE reflux.

W ¥

[ .

BT S : =,
B. ’ééfb evaludfe the motor patterns of the espphagus and LES in

? 13

symptdmati&i}GE‘ reflux disease, and to: éxamine the effects of

S fundoplication on these functioms.
; ORISR § A
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METHODS

To achieve the aforementioned objectives, two related studies were

conducted;T In Study A, manometric data from a group of healthy ccutrol

! I

i igpjects were compared with “data fYom a gréup with symptomiatic GE reflux

disease. “The objective oﬁ Study A was to determfhb .the value of

esophageal manometry in the dfagnosis of GE. reflux disease. In Study B,
aﬂ, . ‘ -

manometric data fromtandther .group of control subjects were compared‘

N 47»" ':l‘ Vo

with ' data from a group of patients who underwent studies . pre— and
' ‘ Y

postoperatively. The objectives of Study B were to determine the effect
of Nissen 8 fundoplication on the functions of the esophageal body and

_on the lower esophageal sphincter.

STUDY A

\¥

Control Subjects. . ‘ ‘ « ’ .

Patients - .

'<Forty—one . healthy asymptomatic * subjgcts were selected as

controls.~ Of 69 subjects initially interviewed 28 were excluded from

the study on' the following grounds: upper gast;qintestinal (GT) symptoms
in the 2 months before the,study or a history of upper GI symptoms that
had necessitated antacid therapy or consultation with a physician.

<The age range of the cﬁhtrol subjects was 18- 65 years (mean age

S - )

._) ) 0

Pum

36.6£13.3 yrs) (X£SD).

-
* -

Sixé?—eight patients with Ciassical symptoms of GE reflux disease
‘2 g _‘\’f

oy &
: H

(ware studied. All had been r;ferred to either the gastroenterological

nr
Voo

oS4 .,
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or surgiéal~ departments of the University of Alberta Hospital for

management Of their complaints.

clinical groups on the ‘basis of the sever_ty of their symptoms:

I.

II.

III.

They were assigned to the following

A

o h,
Wy
PR

and necessitating definite Ko

e
" am
?**@
L%
1t

otomg several times a

limitafiong to diet and activity. Otherwise able to function in

ntermittent use of

~

a Normal manner with minor adjustments and 1

tﬁefapy ( o = 23; mean age = A6,9i9,4 yr).

severe symptoms each daf unless stringent dietary restrictions

(23

taken and strict adherence to therapeutic measures observed {n =

30° mean age = 48.1%9.4 yr).
%# \

[+
severe symptoms persisting despite stringent .dietary ”-

restrictions and adequafe‘medical therapy; (n = 15; mean age =

[‘6.6*7.5 yr) - » rd
' N3
B
\ . '
All patients underwent upper GI endoscopy, and were assigned .to the
. e gt i
. ’ Q)\ .

following en&oscopic'gTOﬁP82.

(1)

~

Clinical Esophagitis: Classical symptoms.of GE reflux aﬁd'normgl

N

’ 7 e :
upper GI endoscopy (n=24; mean age = 48,229.6 yr).

2

! ‘ ' ,c \
(1) / Esophagitis: Classical symptoms of GE reflux and !

/ - erythemg in the distal esophagus.’ (n=25; mean age = 47.5%7.6

-

yr); ‘ \ '

IS

§
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(I11) Erosive esophagitis: Classical symptoms of GE

reflux,” with erythema, erosions, and/or ulceration in the

distal esophagus.

i STUDY B

Control subjects:

i ) ‘Am
Eighteen asymptomatic subjects were selected as Eontrols. Criteria

" for inclusion were the same as those for Study A. The age range of thie

group was from 18 years to 62 years (mean age, 33.1£15.9 yr).

Patients

h

‘ »
Thirty-two patlents were studied. All had severe persistent

" symptoms of GE reflux disease despite adequate medical therapy. All had

undergone radiological, endoscopic, and manometric examinations;m Hiatus

Y

Y

hernia was present in 23/32 (727) Endoscopic esophagitis was Eresent

in 17/32 (532), and 2 of these (EZ) had ulceration of the esophagus. A ’

gummary df the ﬁlinical, radiologic and enddscopic findings is given in
Table 1. , A l

All patients underwent a modified Nissen fundoplication (90% peri-
esophageal wrap),'resulting in good to excellent relief of symptoms in

all. Esophageal manometry was repeated in all patients within 3-11

months (mean, 6 montlis) post-operatively. B
TheAage range of the patient group was 24 years tp 69 years (mean

\¥4 FREDAEN

age 46.2%12.6 yr).
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<

TABLE 1.

Summary of the clinical, endoscopic and radiologic

findings in 32 patients with symptomatic GE reflux,

4
-Sex ratio, M : F ,Q?k% f? : 1
. "":‘-'i\ﬁrlm ‘\‘-‘.}?f
Mean age ' ) 46,2 + 12.6yr
Duration of Symptoms : _ ~10.0 + 8.3yr
Heartburn . B77%
Regurgitation R . 687%
) 7
High epigastric pain 637%
‘Chest pain - 237% i . R
\ ,
Dysphagia 23%
Esophagitis o - 53%
Hiatus. hernia t , ' 72% »
Ce = s
» : X) "‘72 y
o ’ ? e e ’
. .
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Esophageal manometry

The manometric study performed rn‘both study groups was identical.

A catheter assembly consisting of 6 fused poiyethylene tubes was
~used (ID 1.19 mm., OD 1.?@ mm). Each catheter had a lateral openiﬁg
equal to the I.ﬁ. of the tube itself, and was closed distal to this
opening. The oéenings on tubes, numbers 1-5 (Fig. 2a) were at 5 %1
intervalé, except opening numbers 2 and 3, which were placed 1 e
apart. The orad three openings were orientated circumferentially to lie
at 120 degrees to each other (Fig. 2b). Tube number 6 was used for the
acid infusion test(ll). | |

Subjects and patients were instructed to fast for at least 12

.

hours, prior to the study. N
The ‘catheter assembly was introduced orally, without prior sedation

or anesthesia, into the sgtomach. Tubes number l-4 were filled with
, )
water and perfused at a constant. rate of 0.3 X min, using an Arndorfer,

© pump. S - ! ﬁf R
The water—filled catheters were used to transmit intralominal °
'pressure ‘to externql Statham pressure transducers. The'output from each

transducer was recorded on a Honeywell light-pen recorder, model no.

15084. The recording system was calibrated in cm‘HZO before the start
N 1 4

-

- of each study.

Resting“deer Esopﬁageal Sphincter Pressure (R.LESP): s

The tube assembljrwas withdrawn at. 0.5 cm intervals until the orad
three openings traversed ‘tpe':sphincteric zone and entered the
oo, A_’:‘ ) ‘

esophagus., The subject waé.instrucged not to swallow during this part

of the test. After each withdrawal, the essembly was left in position



FIGURE 2A

D
Schematic trepresentation of aqpen tipped
catheter assembly .
%
P ‘
FIGURE 2B . .
WL A :
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stationary pull-through measurements of R.EESP were obtained.

‘Response of the LES to abdominal compression (C.LESP)

The assembly was re-inserted into the etomach and intra—abdominal
‘pressure wns raised by inflating a large preesure cuff,'placed around
the upper abdomen, to' a pressure of 50 wmm.Hg. With abdominal
compression maintained, a stationery pull—thmough measurement of LES

pressure was repeated.

Commmon Cavity Test (CCT)

Tube no. 5 was now connected to the pressune transducers in_place
of tube mno. 2. Thus, the distal openings of the tube was 1in tb
following positions: no. 1 and 3, in the esophagus, 10 cm and 5 cm
proximal to the LES; no. 4 in thevsphincter zone; and no. 5 in the
stomach 5 cm distal to the LES.d A baseline recording‘was obteined from.
these levels, then abdominal compression (50. mmHg) was applied for 30
.sec. When the‘acompression was released, and"baseline readings
stabilized, 80 mmHg'eompression was applied to the abdomen for 30 sec.
The subject was given 300 ml of water to drink, and the test was“
fepeafedgat both. levels of-abdominal,eompression for 30 sec each time, |

| -

Deglutition study

With tube no. 2 recomnnected to the transducers 1in place of no. 5,
the catheter assembly was again inserted- into .the stomach and was
positioned so that the proximal opéning was in the sphincter zone. The

résponse of the LES to wet swallows (5 ml Hy0 bolus per swallow) was

recorded, the assembly being withdrawn 0.5 cm after each swallowinntil

-

c
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all tube openings were in the esophagus.

//’l‘

Esophagqg;,peristalsis

Wigh all four functioning tubes in the body of the esophagus,

esophageal peristaltic activity in the upper, jmiddle and lower esophagus

in response to 10 consecutive wet swallows was recorded.

Acid infusion test (AIT)

Finally, water was 1nfused for 3 min through tube no. 6. The

-gubject was instructed to inform the  examiner of any ‘discomfort or
clear—-cut symptoms referable to the retrosternal pharyngeal,‘ or
epigastric regions. Subjects were requested to desctibe any symptoms
experienced; to indicate the exact moment of onset, indicate whether any
such symptoms improved or disimproved, and indicatanthe-exaot moment
» that any such symptoms disappeared. After 3 min of water infusion, O IN
hydrochloricﬁacid-was‘infused at 8 ml/min. Subjects were not- told when
and whether acid was being infused. Tﬁevtime of onset and natute of any
-symptoms developed were noted. If- psgnificant symptoms (e.g., heartburn)
deyeloped, the infusion was ' switched to water and the disappearance of
symptoms was:moted. -If no signific: . symptoms developed by 20 min ofv
acid infusion, the test was discontinued.
The catheter assembly was witﬁdra;n and the subject mas allowed to
resume norma1 activity. "The manometg&c examination of the-esophagus

thus described takes between 1 1/2 and 2 hours to perform and is well

tolerated- by most subjects.
a /\

ya

A | '
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Analysis of Records — Study A

All records in this study were read blindly, without knqwledge of
whether the record being evaluated belonged to a control subject or a

patient. Further, all indices were read separately and independently of

one another.

Pesting Lower Esophegeal Sphincter Pregsure

‘ o \ .
pﬁLQSP was determined from the end-expiratory gastric pressure
(refe

Q? as zero) and end-expiratory sphincter pressure. R.LESP
values were expressed as the mean of the pressures recorded from the
pull-through of the three orad catheter openings.( !

Response of the LES to compression .

C.LESP was determined in~ the same manner Aas R LESP and changes in
gastric pressure; (85) cand in sphincter pressure (AS) in response to
eompression were measured. Thus, the ratid AS/USﬂeould be caltulated.

~ . Y

Common Cavity Test

The CCT was‘interpreted qualitatinely, being designated' negative -
(-),‘equivocal (?),,fignificant rise in intra—esophageal pressure‘(+5;aA
or a rise in intra-esophageal pressure to the level of lintregestrich‘
pressure' (+f).' As evidence of _reflnn, these were 'interpreted
respectively as denoting-.no reflnx;-eqdivoeal evidence, moderate reflux ,

\

snd,marked reflux.
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. Acid—infusion Test
1f the infusion of acid gave rise to no symptoms or vague symptoms
unrelated to reflux disease occurred, or vague symptoms occurred whether

i

the infusate was water or acld, the test was regarded as negative. If
Lk . . . : N

epigastric Jor retrosternal p#n or burning occurred in either the -
. ¥R ;

conttols or the patients when acid was infused. and cleared when water

was substituted, the test was regarded as positive. In the patients, if

symptbms identical to those gxperiencéd at home occurred when acid was

’

) 4
infused and cleared yhen water was substituted, the test was also

regarded as positive.

Sensitivity and Specificity

For a diagnostic test to bg useful, it must be béth sensitive
.([diéeased patients with paéifive test/diseased patients] x 100%). and
specific ([non-diseased qubjecfs with negatiﬁe test/non—diseased'
subjects] x lde) for the abnormality. tésted; Of the four tééts
‘considered (R.LESP, C.LESP, CCt,. AIT), each individual test and a

variety of test combinations were evaluated for sensitivity and

specificity in diagnosing GE reflux disease.‘

.

Analysis of Records — Study B

o

B C 2
R.LESP; C.LESP; AS/AG

v

'These variables were calculated and expressed in the same manner as

for Study A. s

et



Response .of the LES to deglutition (Fig. 3)

a, | LES relaxation. The - amplitude and duratiom‘of-relaxation of the
|LES in response to wet swallows was measured. Any residual
VAgradient between the final LkS relaxation pressure and resting

gastric pressure was measured.

®

be Post-deglutitive LES contraction. The amplitude and duration of.

the post—deglutitive LES contraction was measured.

L v L ;
S

’

Esophageal Peristaltic Activity (Fig. 4)

i

|

« The |amplitude and duration ‘of‘ 10 | consecutive peristaltic

éq%;c’ti'o g were measured in the upper, middle, and lower esophagus.

Val ég from each subject were expresgsed as the mean of 10 values.

h '."Iv' ¢ ‘ ; - : ’
obtained at each site. The incidence of aperistaltic contractions was

noted.

Statistical Methods

All values in both sgudies were éxpressed as the mean %t one
standard deviation of the mean. | N
R Significancé ‘levels for the difference _between groupsv were
éalgulatgd Qith the uﬁpaired Student's t test or (for pre- and
péstoperative data in Study B) paired t test. | |
In Study A, four;di;gnostic indices per Qubjéct wefé~considered;
i.e., R.LESP, c.LEls'P,‘, CCT, and AIT.  Each test was d@eignated a
positive, ;q;ivocal, or negative iqdex of of GE reflux disegse..

Based upon the number of positive, "equivocal, or  negativm .test



FIGURE 3

Response of the LES to deglutition

hY
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Dlagrammatic representatlon of esophageal perlstaltnc

. contraction.
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* results in any one individual, theﬁﬁfobability of  such an 1individual

taving GE reflux dise.se was calculated. The theoretical basis for this

0 3

analysis of probat ty is detailed in thé,k,;:,‘w .;%~
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RESULTS

. o Study A

vy

Resting Lower gsophageal' Sphincter Ppessure (Table 2‘,3,4; Fig.5)

The pati@,t group had a R.LESP in the range of 0-29 cm HZO (mean‘

7.0%6.2 'cm H,0) which was signific&ntly lovver (p<0. OOl) than that

B
' ana

-

ébserved in the control group (range 4—41 cm Hy0; mean 14 7&5 8 cm
HZO) . The lowest .R.LESP measurements were seen In the erosive
o eso:phagﬁti‘s group (range 0—12 em HoO5. &Ean 4, 5t3£ ‘cm H,0). ' Only one
//csgéfﬁiesubject had a R.LESP value dess. than 8 cm hzo vhile 44 patients

had a. '!value bg’low this levelm2 Therﬁﬁlas*’*considerable overlap between

i individual sphincter Bressure measurements ’ln" thdw, control and patient

~—

groups' in the range of 8 to 20 cm qu, two patients had R.LESP -
‘ : i S o .
measurements greater than:,20 cm H50.  This oveérlap” was- least marked

between controls and the' arosive eSOphagiﬁis group; no patients in this

group . haxing a R. LESP measurement greater than 12 cm H,0, and only 4/19
oflthem having a value greéger than 8 cm HZO. R.LESP measurements Wereht

s
significantly lower (P<O0. 025) in*ghe erogive. esophagitis group ‘than in ?
the clinical esophagitis group (range 0- 29 Zm Hy0; mean 9. 6&7 6 cm Hzo), .l

‘ but were not significantly different (P>O 05) between the other group - -
: :combinations. Thus, while there was a correlation between .poor resting

\‘b “ .

LES pressnfes "and" the degree of endoacopi&“%mophagitis, R. LESP did not

correlate with the severity of presenting symptoms.

¢

71 o -
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TABLE . 2, - o
S ' -

. . “ 3‘ ‘ .
Mean lower esophageal sphin‘d&.er pressures at regt in

control subjects and“pat:ient groups in cm HZO' “;;‘»“
) - g
l‘} n‘.»J 4.
Controls (n=41) . ' | 14,7 % :51.'.8'
. ' a . | o ) - _‘ F

Symptomaticg%ups . \, ,“ . » "
I (n=23) SRR Y © 6.7 +6.8

8

L (n=30) -, &

< ITI  {n=15)

Endoscopilc groups
‘Clinicél_esophagitisv(h=24) AR 9.6 + 7.6
Esophagitis .fc§=25) S 6,1 + 5.2
Erosive- esdpl;ag{tis (n=l'9_) ‘ . " 4,5+ 3.6 oo

)/../>

v

- AlL patients {(n=68) , | ™ 7.0 + 6.2

5 : s o
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Resting lower - esophageal sphincter pressures
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fﬁnggntroi Sijecrg and endoscopic groups,d'
0 :o, S
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4 expressed as percenbageg e TR
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. PRGN co ! : .
u e L e Do e .

: <4.cm HyO' sy ¥ 4~7:cm HPO 8-12 cm Hy0 © 212 em Hy0

Controls o S I 32 T 66
(e 1) e | TR

”» Lo li«}:«:ut;ww v

a e & . .
N Ny e T (5 P TPR EAY

%, Clinical = o
" Esophagitis 21 C 29, , 17 : 33
(n=24) - S , ® :

- -r ; : 0 - acame
i - » . “% . PR
. .

Esophagitis 28 ’ 48 . ' 8 ' , 16
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Resting lower ésoéhageal sphincter pressures
" . in centrol subjects and‘symptpmétic groups,

expressed‘ag_pércentages.
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___Lower esophageal sphirncter pressures at res

in céntrol subjects and patient groups’
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RespoﬂEe ’ ﬁae LES to Abdominal Compression (Table 5 6 7, Fig. 6)
s »

The LES response to abdominal compression was poor in the patlent

A "‘2'

cm HZO; mean 16.616.6 cm Héo). The lowest C.LESP‘measurements were seen

in Eﬁo erosive esophagitis group (range:O-lﬁ cm H,y0; mean 2.414.0 cm

' © Hy0). Two control subjects had C.LEFP values less than 8 cm Hy0, while

< 55/68'patients had a C.LESP value below. this level. Thirty-sik control
. N
subjects and only 7/68 patients had a C.LESP value. above 12" cio Hp0, thus
- &

the overlap between patients and controls was much less marked than that

AR "}«

observed yith»R.LESP measurements. In the erosivﬁ ésbphagitis group,

vd'

"y

ﬁfession in 11/19

the ' sphincter .was abolished 1in reSponse ..co

R R

. ‘., - n g R Y
patienéﬁ, “and was lessf than 8 c‘§¢,20 in L8/19 ’ﬁ%ﬁ%ggts.v ' ;ﬂiﬁ‘

Hesophagitis group, /the' sphincter wasi abolisheﬁ ﬁrﬁﬁk

L

.compression in 11/25 patients, and was less than 8 cm H20 in 21/35

LA . patients.. Somewkat better responses to compressionuwere seen . in the

‘clinical esophagitis group,wﬂthe sphincter being abolish ,i”;' B
"patiénts, although the overall pean in this group (ﬂ9514 5 cm HZO) was
.‘still significantly lower (ng 001) than that of the control group.
' f-C LESP measurements were significanfly lower,(P<0 025) in the erosive

h »
esophagitis group than in the clinical esophagitis group but were not .

Ve ok

&
~~—

- %
disease, but did not not correlate with symptomatic severity.

T gs/AG (Table 8) ¢

- In 30/41 control subjects, AS/AG ratio was greater than 1.00; three

group (range 0-16 cm Hy0; mean 4,1%4.7 cm HZO) and was significantly

lower P<0.00! than the C.LESP observed in the control group (range 3-34

S,

ey

)

C LESP measurements showedwu conmelsgion with the endchopic severity of l

;significantly different (P>0 1) between the other group combinations.« a



<

: Endoécopic groﬁps : . S e "?n

TABLE 5.

Mean lower esophageal sphincter pressures--in response

to compression in control subjects and_patient'gréups,

in cm H20.

Contfols (n=41) S 4 16,6 + 6,6 "

)

Symptomatic groups ' : SR o ' o

I - (n=23) " . 4 S 3.9+ 4.7

S (ae30) | B . R
C11r Kee15) 0 T | 3.6+ 4.7
\ .8 . PR ’ —3. Vv N

. . e

N | (I-'

)+
X
o

Clinical esophagitis (n=24) 5.5

I+
. b -
n

ﬁsophagitis. © (=25) | . 3.6

Erosive esophagitis (n=19) | N 2.4 ila.O .
. . . . e * ] .
, o
) ‘ .‘-&A

A1l patients (n=68) o \; - L 4.1“iJ4.7

. i L.
\ f ' oo

el
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TABLE 7.

v

groups, expressed as. percentages.

Pt

Lower esophageal sphincter pressures #n response to
abdominal compression An control subjects and:symptomatic

¥

.s-12cm320-

I3
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