


Stellingen
1. Met het radionuclidenonderzock van de slokdarm kan men motilitcitsstoornisscn als achala-

sie, diffuse oesophagusspasmen en die ten gevolge van sclerodermie aantonen.
dit proefschrift.

2. Met behulp van de bij het radionuclidenonderzoek verkregen tijd-activiteitscurves is het
veelal mogelijk een onderscheid te maken tussen patiënten met achalasie en met diffuse
oesophagusspasmen.

dit proefschrift.

3. Het effect van de medicamenteuze behandeling van motiliteitsstoornissen van de slokdarm
is met het radionuclidenonderzoek goed te beoordelen.

dit proefschrift.

4. Evenmin als met het manometrisch onderzoek kan men met het radionuclidenonderzoek
een onderscheid maken tussen primaire en secundaire achalasie.

dit proefschrift.

5. Voor een juiste beoordeling van de peristaltiek van de slokdarm dient de radioloog de
patient in liggende houding te onderzoeken.

6. Manomelrisch onderzoek van de slokdarm is zinvol bij patiënten met onbegrepen pijn op
de borst, dysphagie en verdenking op achalasie.

(Dig Dis Sci 1982; 27: 772-5)

7. Bij een patient met persisterende klachten van gastro-oesophageale reflux, zonder endosco-
pische afwijkingen, dient voor het stellen van de indicatie tot een anti-refluxoperatie een
24-uurs pH studie van de slokdarm verricht te worden.

8. Voor een objectieve beoordeling van de resultaten van anti-refluxchirurgie zal men naast
hel endoscopisch onderzoek ook pre- en postoperatief 24-uurs pH studies van de slokdarm
moeten verrichten.

9. Anti-refluxchirurgie dient bij voorkeur in daarin geinteresseerde en gespecialiseerde centra
plaatste vinden.

10. Bij het voorschrijven van een onderhoudsbehandeling met een H:-receptorantagonist
wegens recidiverend ulcus duodeni, dient men de patient naast hel belang van de dagelijkse
medicatie te wijzen op de noodzaak het roken te staken.

11. Hoewel onvoldoende bewezen is dat regelmatig verricht endoscopisch onderzoek bij patiën-
ten met een Barrett's oesophagus leidt tot het vaker stellen van de diagnose carcinoom in
een vroeg - dat wil zeggen curabel - stadium, dient men hiermee door te gaan tot het
tegendeel bewezen is.

12. Bij elke patient met onverklaarbare dysphagie dient endoscopisch onderzoek van de slok-
darm verricht te worden.

13. De "infant seat" lijkt eerder gastro-oesophageale reflux te provoceren dan te voorkomen.
(Nw Eng J Med 1983; 309: 760-4)

14. Het huidige kabinet getuigt van een "no-(non)sense" mentaliteit door er voor te zorgen ilit
de minima de minima blijven.

Amsterdam - Leiden, 31 oktober 1985 H.A. van Heukelem
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Chapter 1. Introduction and aim of the study

1.1. General introduction

As a result of the increasing number of publications on motility disorders in patients with
complaints of non-anginal chest pain clinicians have become more interested in the manometric
examination of the esophagus. There are. however, several disadvantages of this examination,
such as the limited availability of the apparatus, the invasive character of this examination and
the need for the specialized personnel for both the examination and evaluation of the findings.
In the seventies a method for obtaining dynamic radionuclide studies of the esophagus was
introduced. It was later refined by Russell et al. who claim that radionuclide studies of the
esophagus are more sensitive than the manometric examination for the demonstration of
motility disorders in patients with dysphagia and that a diagnosis can be established on the basis
of the radionuclide transit graphs obtained'1). The advantages given include the non-invasive
character and the more physiological approach, the relatively low radiation load, the shorter
examination time and the automatic registration and processing of the data'1). In view of these
potential advantages, it was considered worthwhile to carry out radionuclide studies of patients
with a manometric diagnosis of disturbed motility of the esophagus.
In the period 1981-1982 patients referred to the out-patient clinic of the Gastroenterology
Department of Leiden University Hospital for manometric examination of the esophagus also
underwent radionuclide studies. Because of the low incidence of diseases such as achalasia,
diffuse esophageal spasm and systemic connective tissue diseases with esophageal involvement,
only a limited number of patients with these conditions could be examined. In the study
described in this thesis therefore no attempt is made to evaluate the results statistically. The
primary aim of this investigation was to determine the value of radionuclide studies for clinical
diagnostics in the light of the above-mentioned advantages over the manometric examination by
means of available casuistics.
In chapter 1 of this thesis a general review of the development of the examinations for assessment
of the motility of the esophagus is given and both normal and disturbed motor function are
described. The details of the patient groups and the techniques used in this study are presented
in chapter 2.
The results obtained for normal subjects and patients with achalasia, diffuse esophageal spasm,
systemic connective tissue diseases with esophageal involvement and reflux esophagitis are
reported in chapter 3 and discussed in chapter 4. The summary and the conclusions that can be
drawn from this study are presented in chapter 5.

1.2.1. Development of the manometric examination of the esophagus

Kronecker and Meltzer were the first to study the motor function of the esophagus, especially
the mechanism of deglutition(2). For this purpose they introduced into the esophagus a balloon
partially filled with air and connected to a water manometer. Since simultaneous recordings at
various levels are essential for good registration of the motor function, this technique proved to
be difficult to use. In addition, there were several sources of error inherent in the system: the
deformability of the balloon, the lack of a linear correlation between the differences in pressure
applied to the balloon and the resulting changes in volume and the impossibility of registration
when the balloon is empty. Moreover, local stretching of the balloon caused secondary peristal-
sisW. An attempt was made to solve these problems by filling the balloon with other substances,
varying the balloon diameter and choosing other manometers. For example, small polyethylene
balloons were used because they could not be deformed and thus had a constant diameter.
In the fifties the open tip catheter was developed by Quigly, Brody, Texter and others^4'5-6).
One or more polyvinyl or polyethylene catheters were fused together and sometimes filled with



water. Initially, the catheters were nol perfused. The changes in pressure were measured with n
manometer or eleolromanometer. An advantage of these catheters was that they did not
obstruct the lumen of the esophagus and rarely caused secondary peristalsis. On the other hand,
the catheters themselves often became clogged with mucus, the catheter openings coult' bu
blocked by mucosa and pressure registration was disturbed by air bubbles in the tubes - all of
which necessitated flushing of the system.
Pope demonstrated in an in vitro model that the pressure >n the lower esophageal sphincter
(LES) is best measured with continuously prcfused catheters: the rate of flow varied between
(1.8 and 14.0 pel/sec in this system'7'. He also showed that the location of the orifice in the catheter
became important as soon as the catheters were fused together to form one system. When the
openings of the individual catheters were at the end instead of in the side wall, then the pressure
recorded during perfusion was 25-35% lower than the pressure actually exerted.
For accurate registration of the pressure waves in the esophagus it appeared that continuous
perfusion of the catheter was required. It is essential that the rate of flow is not influenced by
pronounced changes in pressure per unit time. It was found that in Pope's system the rate of flow
decreased markedly whenever pressure complexes with a high amplitude were recorded so that
in fact the pressures recorded were too low(7). To obtain correct registration of a pressure wave,
the compliance of the recording system must at least equal the change in pressure per unit time,
the so-called pressure rise rate (dp/dt), to be measured. Stef et al. were able to confirm this in
their study in which the pressure complexes in the esophagus were measured with a continuous
perfusion system as well as intralumina) microtransducers^'.
A number of factors were found to influence the accuracy of the recording: inner diameter of
the catheter, rate of flow, type of perfusion pump and the amplitude and duration of the pressure
waves to be measured. For precise recording of the pressure complexes in the thoracic esopha-
gus, Stef et a), found that a rate of flow of 1.6 or 3.1 ml/min was required while a rate of 6.1
ml/min was needed in the cervical esophagus.
Arndorfer et al. developed a hydraulic capillary perfusion system with a low compliance that
yielded accurate registration of the peristaltic contractions in the esophagus at a rate of flow less
than 0.6 ml/minC). In Arndorfer's system distilled bubble-free water is kept at a constant
pressure of 1000 mm Hg. This flows via capillaries to the catheters. The rate of flow through the
capillaries is dependent upon the pressure gradient across the capillaries. Because of the marked
difference in pressure, the influence of a sudden increase in pressure on the rate of perfusion is
negligible. As a result the compliance of the catheter becomes the most important factor for
registration of the pressure. This compliance is determined by the length, thickness, inner
diameter and type of material of the tube. Dodds et al. demonstrated that for accurate recording
of the pressure complexes in the thoracic esophagus, a dp/dt of more than 150 mm Hg/sec was
required, for the cervical esophagus dp/dt n.ust exceed 500 mm Hg/secC"'.
Two methods can be used to determine the resting pressure in the lower esophageal sphincter:
the 'station pull-through' (SPT) method and the 'rapid pull-through' (RPT) or 'continuous
withdrawal' method*'0-14)
Although Dodds et al. stated that the RPT method is more precise than the SPT method, other
investigators were not able to confirm thist 10,14-17) j n a multicenter study of gastroesophageal
reflux disease the LES pressure was measured with an infused catheter system according to both
the SPT and the RPT method. No significant difference between the two mean pressure
measurements could be demonstrated^7). In the present study the SPT method was used. A
detailed description is presented in chapter 2.1.

1.2.2. Development of the radionuclide examination of the esophagus

Kazem was the first in 1972 to describe the examination of the esophagus with radionuclides(18).
For his studies he used 18.5-37 MBq (0.5-1.0 mCi) Tc-99m-pertechnetate dissolved in water or
tea. The subject to be examined ingested this dose in several swallows while sitting in front of a
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gamma- camera. Passage of the radiopharmacculical. visible on a monitor, was recorded on
videotape which could be played back later so that photographs could be taken at the desired
time intervals. When the tape was fed into a built-in UK) channel digital data processor, a
dynamic histogram could be made.
In 1977 Bosch et al. introduced a modification of this tcchnique"y'. They used Tc-99m-pertech-
netate dissolved in a gelatin bolus to ensure that the entire dose of contrast was ingested by the
patient in one swallow. In addition, the area of the stomach was excluded from the histogram
and the esophagus was divided into an upper and a lower region of interest.
Tolinet al. described in 1979 a method for quantification of the transit of the radiopharmaceuti-
cal through the esophagus*""'. After ingesting a water bolus containing Tc-99m-sulfur colloid
the patient swallowed every 15 seconds and the number of counts throughout the esophagus in
each successive 15-second interval was recorded. Esophagcal transit was represented as the
percentage emptying every 15 seconds after the first swallow. They examined patients with
achalasia. diffuse esophageal spasm, scleroderma and symptomatic gastrocsophageal reflux.
Esophageal transit was found to be retarded in patients with motility disorders of the esophagus
and those with gastroesophagcal reflux and a manomctric diagnosis of abnormal motility.
In 1981 Russell et al. were the first to obtain radionuclide transit graphs for three regions of
interest in the esophagus'' '. Motilily disorders such as achalasia and diffuse esophagcal spasm
as well as those occurring in scleroderma could be demonstrated with this technique. Blackwell
and our group confirmed this ' - ' -" ' . Other applications of the radionuclide examination have
also been described, such as the demonstration of gastroesophageal reflux and aspiration'--*-"11.
In addition, a number of reports have been published in which this technique is used to evaluate
medici! treatment of motility disorders in the esophagus'~^~-x'.

1.3. Normal and abnormal motility in the esophagus

1.3.1. Normal motility in the esophagus

Under normal conditions the esophageal body, that is bounded by the upper and lower sphinc-
ters, is collapsed in the resting state. The upper csophagcal sphincter (UES). which is 1-3 cm
long, consists of the lower portion of the inferior pharyngeal constrictor muscle, the cricopharyn-
geal muscle and perhaps some fibers of the proximal part of the esophageal body'-9'. The lower
esophageal sphincter (LES) also has a muscular equivalent, as shown by Liebermann-Meffert
in her elegant experiments in human cadavers'-"'>. These sphincters maintain a tonic contraction
(recorded manomctrically as high-pressure zones) that serves to prevent retrograde flow of
gastric or esophageal contents. In both sphincters the pressures recorded exhibit radial asymme-
try(3l.32) T n e normal values given for the pressure in the upper esophageal sphincter vary
depending upon the techniques employed; Castell lists values of 90-110 mm Hg in the anterior/
posterior direction and 30-45 mm Hg in the lateral direction*-1-*'. According to him the LES
pressure in normals is 10-25 mm Hg. The pressure in the thoracic part of the esophagus varies
with respiration, being lowest during inspiration (-5 to -10 mm Hg) and highest during expiration
(0 f.i +5 mm Hg)<34>.
The most important function of the esophagus is to transport ingested food and fluids from the
pharynx to the stomach. Although gravity does play a role in the upright position, the most
important mechanism is peristalsis in the esophagus. Human beings swallow approximately 24.4
times per hour, this frequency increases during meals to about 180 times per hour and decreases
during sleep to an average of 5.3 times per hour(-15-%).
Normal esophageal peristalsis is characterized by a circular wave of contraction that progresses
along the entire length of the esophagus. Primary, secondary and tertiary contractions can be
distinguished. Primary peristalsis is initiated by swallowing while secondary peristalsis is induced
by a local stimulus*-"). The characteristics of the two are similar and the direction is always
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aboral( 'S| Tertian, waves, which often occur spontaneously, are non-progressive. They can be
repetitive, i.e. consisting of two of more recognizable and clearly differentiated pressure peaks.
and may occur anywhere in the esophagus or only in specific segments.
In asymptomatic adults 7O-9()"/,> of the dry' swallows are followed by a complete peristaltic
sequence: after a "wet" swallow, e.g. swallowing brought about by drinking 5 ml of water, this
percentage often exceeds 95%. The frequency of spontaneous, simultaneous contractions, the
so-called tertiary waves, as reported in the literature varies. There is. however, agreement that
this percentage increases with age''4'"1-'.
During deglutition the tone in the UES decreases abruptly within 0.2 to 0.3 seconds of the start
of the swallow and remains relaxed for 0.5 seconds. The LES relaxes 1.5 to 2.5 seconds after the
start of deglutition and remains relaxed for 6 to S seconds. The peristaltic wave of contraction
now progresses through the pharynx and the esophagus'4-1). About 1 second after it starts, it
reaches the UES - which is relaxed - and then continues along the esophagus.
Evaluation of the amplitude and velocity profiles of peristalsis in the human esophagus obtained
with various techniques, has produced highly divergent results'44""17'. Studies with miniature
intn'luminal strain guages. which have been shown to achieve a high degree of accuracy, were
repeated by Humphries and Castell in 10 healthy male subjects'^-4*-44'. The following results
were obtained: the mean velocity varies from 2.92 ± (1.19 (± SEM) cm/sec to 3.29 ± 0.36cm/sec
in the upper pjr' i>f the esophagus, increases to 4.9K ± 0.38 cm/sec 7.5 cm from the LES and
decreases to 2.15 ± 0.27 cm/see 2.5 cm from the LES. The mean amplitude of the contractions
varies from 53.4 + 9.0 (± SEM) mm Hg to 69.5 ± 12.1 mm Hg and decreases to 35.0 ± 6.4 mm
Hg 17.5 - 20 cm from the LES. The occurrence of a pressure trough is probably best explained
by a difference in the muscular response between striated and smooth muscle at the transitional
zone that is located in this area.
A later study of a larger group of healthy volunteers revealed that the pressure can be higher in
the distal esophagus'"5"). Castell found that in 50 healthy volunteers the average pressure in the
distal esophagus was 101 ± 44 mm Hg (mean ± 1SD). The contractions lasted 4.0 ± 1.0 (mean
± 1SD) seconds with a range of 2.1 to 7.0 seconds. Isolated peristaltic contractions with an
amplitude of up to 200 mm Hg have been reported in the distal esophagus in normal subjects*4"'.

1.3.2. Characteristics of achalasia

Achalasia is a condition characterized by a lack of relaxation of the lower esophageal sphincter
after swallowing and the absence of peristaltic activity in the esophagus'5''-'*4). The incidence is
the same for men and women, about 1 per KH).(KK) individuals'55). The etiology is unknown.
Symptoms are dysphagia for solids as well as liquids, regurgitalion and sometimes even aspira-
tion of the contents of the esophagus. Not all of these symptoms need occur together. Dysphagia
is, however, often encountered. Spontaneous attacks of pain often develop in the initial phase
or when the patient suffers vigorous achalasia. Vigorous achalasia is a form of achalasia
characterized by contractions of high amplitude as well as repetitive and spontaneous contrac-
tions'56).
Radiological examination often shows a dilated esophagus with signs of food retention and
pronounced narrowing at the distal end (the so-called bird beak deformity). In the stomach the
air bubble in the fundus is missing. Fluoroscopy reveals loss of peristalsis. Endoscopy is always
indicated in order to exclude the possibility of a malignancy in the region of the cardia. As a rule
no other abnormalities than food retention and, in some cases, the resulting superficial inflam-
mation of the mucosa will be seen. When passing through the cardia the endoscopist will feel a
slight resistance that is different from that experienced when a malignant stenosis is by-pas-
SC(j(57.58) p o r elderly patients with recent complaints and a marked loss of weight, in particular,
the differential diagnosis must include a strong suspicion of an underlying malignant process^9).
In the majority of cases a gastric adenocarcinoma will be found but cancer of the pancreas or
lungs can also give rise to these symptoms'''"'6'). A patient with a malignant lymphoma in the
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gastmcsophagcal transition zone and a secondary achalasia has also been described*'1-'. The
mechanism underlying secondary achalasia is not completely clear.
The manomctric criteria for a diagnosis of «chalasia arc*''1^'1':

normally functioning UES:
absence of normal peristalsis:
the pressure is often higher in the esophagus than in the fundus:
relaxation of the LES upon deglutition is incomplete or absent;
the LES is normolonic or hypertonic.

Vantrappen et al. use the term vigorous achalasia when'6-1':
three or more pressure waves appear in response to a single swallow (repetitive
waves), or:
pressure peaks with an amplitude of more than 70 mm Hg or a duration of more than
6 seconds appear either in response to swallowing or spontaneously.

In view of the relatively high compliance of his recording system the amplitudes of the contrac-
tions were probably underestimated.

1.3.3. Characteristics of diffuse esophageal spasm

Diffuse esophageal spasm is a condition characterized by intermittent chest pain and/or dyspha-
gia. abnormal non-peristaltic contractions demonstrable by manometric and roentgenographic
examinaiion and absence of underlying esophageal pathology e.g. pathologic gastroesophageal
reflux. The pain is localized in the substernal region and can radiate to the back, neck or arms:
il may develop at any time, can be related to or independent of food intake and can occur alone
or in association with dysphagia. Dysphagia occurs intermittently after the consumption of solids
or liquids. Both chest pain and dysphagia can be provoked by the ingestion of cold or carbonated
beverages as well as emotional stress. Nitrates sometimes provide relief. The manometric
examination reveals the presence of prolonged, high-amplitude simultaneous contractions in the
lower two-thirds of the esophagus. These complexes can be repetitive. Peristaltic contractions
are also recorded; in some cases they arc interrupted and their dislalwards progression is
disturbed'6-"7 '.
If these criteria are applied strictly, then the diagnosis diffuse esophageal spasm will not be
established very often'78'8"'. Benjamin et al. encountered this condition in three out of 290
patients examined manometrically because of suspected dysmotilily. Ten patients were found
to have achalasia'79'.
In the literature several of the manometric characteristics are still a source of controversy. This
is due partially to the fact that the manometric techniques used cannot always be compared
directly and partially to the lack of agreement on what is 'normal'*67). There is, for instance, no
consensus on the criteria for either the amplitude and duration of the complexes or the percen-
tage simultaneous contractions to make a diagnosis of diffuse esophageal spasm. The values
given for the duration of the complexes vary from 6 seconds to 12 seconds'67-8^). With the
manometric techniques used in the past contractions with an amplitude of 40 to 50 mm Hg were
called high-amplitude'8-1' contractions. The highest pressure is registered in the distal esophagus
where, according to Castell et al., the normal amplitude is 101 ± 44 mm Hg (mean ± 1 SD)<50'.
Since the individual peak pressures can vary from 75 to 175 mm Hg they suggest that an
amplitude be considered high when the mean for the body of the esophagus exceeds 120 mm Hg
or the peak pressures exceed 200 mm Hg(48>79).
DiMarino and Cohen stated than in patients with diffuse esophageal spasm at least 30% of the
swallows must induce repetitive and/or simultaneous contractions of high amplitude but always
associated with some peristaltic response'85). Although this is not stated explicitly they very
probably used dry swallows^85), Since in normals dry swallows are often followed by simulta-
neous contractions whereas the latter seldom occur after wet swallows, wet swallows are al



present preferred' W-4J) For wet swallows Castell set the limit at l(l".,.(<;"l.
Must patients with diffuse esophageal spasm have a normal LI;.S pressure and normal relaxation
alter swallowing. 1 here is. however, a small group who exhibit disturbed LKS relaxation with
or without an elevated LES pressure"*4'.
It is clear that there is a need for agreement on the manomelric criteria for the diagnosis of
diffuse esophageal spasm to ensure that this term does not lose its specific meaning. At present,
the characteristics for manometnc diagnosis are the occurrence of prolonged high-ampiitude
simultaneous contractions that can be repetitive. Peristaltic complexes arc also recorded. The
LtS pressure is usually normal as is LES relaxation.
Conventional fluoroscopic examination of these patients reveals nonperistaltic contractions in
the lower two-thirds of the esophagus. Lumen-obliterating contractions often cause segmenta-
tion of the barium column; the column is displaced proximalwards as well as distalwards. Upon
relaxation the contrast medium resumes its normal configuration until it is once again broken
up by lhe nonperistaltic contractions*fi3-ft5.85.8fi). These findings have led to a variety of syno-
nyms such as functional divcrticula. pscudodivcrticulosis. segmental spasms and corkscrew
esophagus.

1.3.4. Characteristics of systemic connective tissue diseases of the esophagus

Conditions such as sclcroderma. systemic lupus erythematosus and dermatomyositis can be
accompanied by abnormal motor function of the csophagus'<wx7~9ft>. Even some patients with
Raynaud's phenomenon without any signs of systemic disease were reported to have aperistalsis
of the lower two-thirds of the esophagus^-*). To the best of our knowledge no long-term studies
have been published on these patients determining the frequency in which they acquired the full
blown picture of sclcroderma.
In scleroderma abnormal motility of the esophagus can develop years before the diagnosis is

^*'**)
Complaints of dysphagia.odynophagia and heartburn usually start relatively late due to the fact
that in the upright patient the food drops down through the esophagus easily under the influence
of gravity. In this respect the strength of the pharyngeal musculature plays a supporting role.
Only in the recumbent patient is the abnormal motility clearly visible on radiological studies. If.
however the lower esophageal sphincter no longer functions adequately, then pathological
gastrocsophageal reflux may develop. As a result of insufficient esophagcal emptying acid and
pepsin come into prolonged contact with the mucosa. especially in recumbent patients. The
ultimate result may be a peptic stricture. Sometimes this is the complaint that led to referral of
the patient for further examination'6'''9-'-''-''-^'"'").

If abnormalities can be demonstrated at all. the manometric recording will show predominantly
low-amplitude peristaltic or a-peristaltic contractions in the lower two-thirds of the esophagus.
The lower esophageal sphincter pressure is generally low(9S"1()'). The upper esophageal sphinc-
ter functions normal, in a condition such as dermatomyositis, however, the pressure in the upper
csophageal sphincter and the amplitude of the contraction in the upper esophagus are
[OW(102.1(H).

Radiologie studies have shown that peristalsis proceeds normally to the level of the aorta. Below
this level, there is a decrease in the frequency of the peristaltic contractions which also appear
to be weaker. The complexes may also occur as nonlumen-obliterating contractions that move
distalwards, but allow a portion of the barium to escape in the proximal direction^**'. Often
gastroesophageal reflux is seen. In the recumbent patient the barium remains in the esophagus;
as soon as the patient assumes the upright position, however, emptying follows quickly.
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Chapter 2. Methods and patients

2.1. Manometric methodology

For ihc manomclric examination the fasting patient is placed in the supine position. All
medication that micht influence peristaisis and/or the pressure in the lower esophageal sphincter
was discontinued tho day before the examination. The catheter assembly consisted of three fused
polyethylene catheters (outer diameter 2.1 mm. inner diameter 1.6 mm). Each had a side
opening 1.5 mm in diameter, these orifices were positioned at a 12(1° angle with respect to one
another and at 5 cm intervals. Whenever possible, the catheter was introduced via the nose since
the pH electrode for an eventual 24-hour pH study of the distal esophagus must also be
introduced via the nose and positioned 5 cm above the LES. The catheter was inserted until the
three openings were situated in the stomach. Subsequently, the catheter was flushed to clear the
lumina of debris and air bubbles that could influence the recording.
Then the recording system was calibrated and the pressure guages (Beekman 4-327C pressure
transducers) were placed at the level of the esophagus and connected to the catheters. An
Arndorfer low-compliance perfusion pump perfused the catheters at a rate of 0.5 ml/min. The
pressure complexes were recorded on a Beekman Dynograph Recorder R 61 1. The pressure rise
rate for the entire system was greater than 160 mm Hg/sec. A microphone was positioned over
the larynx to register the act of swallowing. Breathing was registered via a belt pneumograph
attached to the abdomen. This was used to determine whether the catheters were in the stomach:
when the catheter opening was in the stomach inspiration caused a positive deflection on the
graph.
For registration of the pressure in the lower esophageal sphincter the station pull-through
method was used. For this purpose the catheter was pulled back in steps of 1 cm and the pressure
at each position was recorded for 30 seconds. As soon as the uppermost catheter opening
reached the lower esophagcal sphincter, the reaction of the sphincter to deglutition, both wet
and dry swallows, was recorded. Care was taken that the swallows did not follow in too rapid u
sequence. After waiting until the sphincter had recovered from the reflex contraction that
followed relaxation, the LES resting pressure was measured. The LES pressure, derived from
the LES-to-gastric pressure gradient, is equal to the difference between the end-expiratory
oscillation of the sphincter pressure and the end-expiratory baseline gastric pressure in millime-
ters of mercury. Because the catheter assembly in fact consisted of three catheters, the LES
pressure was recorded three times in three different radial orientations. The pressures determi-
ned in the three orientations were averaged to obtain a representative value of the LES pressure.
The pressure complexes in the esophagcal body and the upper esophageal sphincter were also
recorded. Whenever there was doubt concerning the presence of a simulianeous contraction,
the recording rate was increased. When damping of the curves occurred the cause was immedia-
tely identified. Eventual air bubbles were then removed by flushing. Artifacts due to talking,
coughing, belching, etc. were noted since they can complicate the evaluation of the recording.
In our laboratory the following normal values derived from the ten 'normals' described on page
23 are used:

LES pressure: 15.0 ± 3.0 mmHg (mean ± 1SD)
amplitude in distal esophagus: 47.1 ± 15.4 mm Hg (mean ± 1SD)
velocity of the contraction: 4-8 cm/sec
duration of the contraction: less than 7 seconds.

The manometric criteria applied in our hospital for the classification of motility disorders arc:
Achalasia: elevated or normal lower esophagcal sphincter pressure; absence of or incomplete

relaxation upon deglutition; absence of peristalsis but precise duplication of the wave
forms in all leads; (not required) resting pressure in the esophagus higher than gastric
pressure.
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Diffuse csophagcal spasm: normal LES function. LES pressure elevated in some cases, some-
times impaired relaxation upon deglutition; simultaneous contractions that arc pro-
longed (more than 7 seconds) and repetitive (more than two separate peaks); some-
times the amplitude is also high; spontaneous contractions; peristaltic corrtraclions.

Sclcroderma: LES pressure low or absent; low-amplitude peristaltic complexes in distal esopha-
gus after swallowing; in some cases there is no peristaltic activity at all; normal
peristalsis in the upper part of the esophagus and a normal UES function.

2.2. Radionucüde methodology

The motor function of the esophagus can be studied by having the patient swallow water
containing a radioactive medium. The gamma radiation emitted by this radioactive material is
registered via a gamma camera and a computer. Both the mode and the velocity of the transport
of this swallow through the esophagus can be determined in this manner.

2.2.1. Gamma camera

An explanation of the processes that play a role in the detection of photons can be found in many
modern textbooks on nuclear medicine'"14'. The principle of visualization by means of a gamma
camera is, for the sake of completeness, described briefly below (Figure 2.2.1.1.).

cathode ray tube

\ ii mm j
DJLHOJLX

positioning circuit

photomultipliers

Nal-crystal
collimator

Figure 2.2.1.1.
Schematic drawing of a gamma camera.
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A gamma camera is used for nuclear medicine imaging and the detection of photons emitted by
radiopharmaccuticals. The photons must first pass through a collimator. The collimator. a lead
plate containing thousands of parallel holes, ensures that the only radiation to reach the Nal
crystal located immediately behind (he plate is that travelling perpendicular to the face of the
crystal. The photons are absorbed by the crystal which then emits flashes of light. These sparks,
called scintillations, are so weak that they must first be amplified before they can become visible
on a screen. Amplification occurs via photomultipliers mounted in an array on the crystal. At
the photoemissive cathode in these tubes, the flash of light causes the release of electrons; these
emissions are amplified in the photoamplifier to detectable currents. On the basis of these
currents the precise location of the scintillation is determined by means of an electronic circuit.
The sirenght of the pulse of current is directly related to the energy of the detected radiation.
Therefore, it is possible to determine whether the pulse derives from scatter radiation or not.
Only those pulses with an energy lying within a predetermined range are accepted. Photon
energy for the radionuclide technetium-99m is 240 keV. If the pulse is accepted, it is visualized
on a screen as a dot. The picture on this screen consists of thousands of these dots. Thus, for
example, in order to obtain an image of the liver that is suitable for critical evaluation, there
must be 300.000 dots or 300 keounts. These counts can be recorded on X-ray or Polaroid film.
To obtain radioactivity-versus-time graphs it is necessary to store the counts in the memory of a
computer.

2.2.2. Computer

Again, a detailed description of the principles and application of the computer in nuclear
medicine can be found in many textbooks on this subject'05). For a good understanding and
easier interpretation of the radionuclide studies described in this thesis, several aspects of data
acquisition and processing will be discussed below.

2.2.2.1. Acquisition

Before the analogue image of the gamma camera can be stored in the computer, it must be
digitized. This is accomplished with an Analogue-to-Digital Converter (ADC). The most com-
mon method of storage is the frame mode. Thus, images are formed during the process of data
acquisition. These images, representing the field of view of the gamma camera, are divided into
a matrix of subimages (Figure 2.2.2.1.1.) and the number of scintillations per subimage is
counted.

(

\
\

/

's

• • • • • •

%

V'
\rV
\

**,
:%;

' • / , •

• ; ; . - ; •

! • #

V.*j

!VJ
"•V'l
:-V>
• • ' 1

?
ïi'!i

•-•:•&

s
\
\

)

pixel

Figure 2.2.2.1.1.
Image matrix
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All ul these subimages. called pixels, are assigned :i place in the computer memory. The more
pixels the -mailer the details that can be differentiated and the larger the computer memory must
be Often a 64x64 pixel matrix is used but 128xI2K pixeis and 256x256 pixels arc also possible.
The storage space reserved for a pixel is called a byte. A byte consists of 8 bits so that a maximum
of 255 counts per pixel can be recorded. If more counts per pixel are expected, then every pixel
can be assigned 1 word, which is 2 bytes. In these 16 bits 65535 counts can be stored, which is
more than enough for all applications in nuclear medicine.
Before the acquisition process begins the duration of the counting process per frame mi .t be
established. This time inteival can be varied over a wide range: modern computers offer the
possibility of counting KM) frames/sec as well as 1 frame/hour. All counts are stored on magnetic
disks. For processing they arc then fed into the active memory of the computer. For prolonged
storage, magnetic tape is generally preferred.

2.2.2.2. Processing

Normally changes in the amount of radioactivity with time are visualized graphically. By means
of the computer it is also possible to study changes at a specific site or in a specific region. For
this purpose so-called regions of interest (ROI) must be identified. A ROI can be rectangular
hut may also have an irregular shape. The size of the ROI can vary from several pixels to the
entire field of view. The ROI is drawn with a "joy stick" or light pen. To produce a radioactivity
vcrsus-lime graph, the computer determines the number of counts in the ROI on every image
presented. The acquired information can be shown on a television screen and photographs can
be made when deemed necessary.

2.2.3. Gamma camera and computer used in this study

For esophageal scintigraphy the Toshiba GCA-402 gamma camera with a field of view 35 cm in
diameter was used. The computer system was the MDS A~. The hardware for this system
consisted of a central processor unit (CPU), type NOVA-4 (Data General), and a 256 kbyte
memory (Figure 2.2.3.1.).

There were two computer terminals for data acquisition, retrieval and processing. For processing
and acquisition a remote 512 kbyte memory was connected to each terminal. This memory
served as a buffer for storage of the data. Because the memory of the computer was therefore
not required for the storage of images, the system could utilize this memory space more
efficiently. As a result several terminals could be served simultaneously. A third terminal was
used for the processing of data and the development of new programs. For data storage a disk
unit with a capacity of 80 Mbytes was coupled to the computer. A tape unit made storage over
longer periods possible.
Contact with the computer was obtained via the terminals that allowed one to choose from a
variety of programs, such as acquisition, display, analysis and programming. By choosing from
the available programs it was possible to work step-by-step toward the desired result.

2.2.4. The radionuclide examination

2.2.4.1. Data acquisition

The fasting patient was examined in the supine position under the detector of the gamma
camera. Care was taken that the entire esophagus and, if possible, the entire stomach would be
visualized. For this purpose a radioactive marker was placed alongside the cricoid cartilage. The
patient then received 10 ml of water containing 18.5 MBq (0.5 mCi) Tc-Wm-antimony sulfide
colloid (Mallinckrodt. Petten, The Netherlands) (particle size 3-30 nm, pH 5.2-5.4) in his mouth.
He was then requested to ingest this in its entirety in a single swallow. At that moment data
acquisition commenced: 128 images, each lasting 0.4 sec, were recorded with the help of the
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Figure 2.2.3.1.
Schematic drawing of the computer system used.
GCA = gamma camera
ADC = analogue to digital converter
CPU = central processor unit

computer. After the patient had swallowed a cup of water (200 ml) to flush the esophagus, the
second phase began. Now 60 images, each lasting 15 seconds were recorded. During the entire
period the patient remained in the same position under the detector.

2.2.4.2. Processing

First, a number of the images were combined so that the entire esophagus and the stomach were
visualized on the screen. The esophagus was divided into three regions of interest (ROI) of equal
length. The upper boundary of the esophagus was the cricoid cartilage, the lower boundary the
transition to the stomach (Figure 2.2.4.2.1.).

The fourth ROI was over the stomach and ROI 5 was chosed lateral to the esophagus in order
lo be able to determine the correction for background radiation. The graphs obtained for a
normal individual can be seen in figure 2.2.4.2.2.
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The upper graph shows ihe change in radioactivity with lime in the upper ROI. the second and
third graphs represent the second and third ROI's. respectively, and the fourth is the radioacti-
vily-versus-time graph obtained for the stomach. All graphs vere corrected for background
radiation. These graphs cover the first (0-51.2 seconds) as well as the second (1-16 minutes)
phase of the examination.
From the graphs of the first phase, the transit time for the entire esophagus and the three ROI's
could be determined. The graphs of the second phase showed whether retention of radioactive
material or reflux from the stomach had occurred. The total transit time was defined as: the time
that passed between the moment when the radiopharmaceutical was first visualized in the upper
third of the esophagus and the moment that no more radioactivity could be detected in the lower
third of the esophagus. When radioactivity persisted the total transit time was defined as the
time that passed between the moment when radioactivity was first recorded in the upper region
of interest in the esophagus and the moment when the activity in the lower third of the esophagus
had decreased to 10% of the maximum value recorded in that same region.

2.3. Twenty-four hour pH studies of the esophagus

There are many methods for demonstrating gastrocsophageal reflux. The most sensitive and
specific examination is a 24-hour pH determination in the distal esophagus. With this technique
it is possible to distinguish between physiological and pathological reflux*1(l6""4). Normally the
pH in the distal esophagus lies between 5 and 6.8'll5>. After meals it can increase to 7.1 as a
result of the increased bicarbonate concentration in the saliva. In this study, acid reflux is defined
as any period in which the pH drops below 4. In this investigation the technique developed by
DeMcester et al. and their normal values were usedC'2) Before the studies all medication such
as H2 receptor-blockcrs. antacids and LES pressure-lowering drugs was discontinued. During
the examination the patient was asked to refrain from smoking and limit his coffee consumption.
In the morning a pH electrode (Beekman 39043) was introduced via the nose into the stomach
of the fasting patient to determine whether acid was being produced. The electrode was first
calibrated against a set of standard solutions with a pH of 4 and 7. If acid was present in the
stomach the pH electrode was positioned 5 cm above the LES. A reference electrode was
attached to the lower arm and a KC1 solution or ECG paste ensured good electrical contact.
Both electrodes were connected to the recording system (Beekman Omniscriber Recorder
13I17-2RW) via an isolation module (Beekman 588485) and a pH meter. The recorder was
placed on a wagon so that the patient remained relatively mobile. In order to avoid artifacts due
to variations in diet the patient received a standard diet with a pH> 5. During the study, that
lasted 24 hours, the patient spent half of the time recumbent and the other half upright. For a
correct interpretation of the study it was essential that the patient reported precisely any
complaints experienced during the study. Thus, complaints such as belching, heartburn, dyspha-
gia. breathlessness. coughing and vomiting as well as changes in position were all noted. The
start and duration of each meal were also recorded. At the end of the examination the pH
electrode was once again calibrated against the standard solutions. The drift of the electrodes
after completion of a study never exceeded 0.1 pH unit. Since the speed of the paper roll was
know (12.5 cm/hr) the duration of each episode could be determined. The percentage time that
the pH was below 4 during the total 24-hour period and during each of the two 12-hour periods
was calculated. In addition, the total number of reflux episodes, the number of episodes lasting
more than 5 minutes and the duration of the longest episode were determined. The values
obtained were compared with the normal values given by DeMeester et al.("2) ( s e e Table 2.3.).
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Schematic drawing of the regions of interest.
See text for explanation.

K
7V

time (sec) 51.2 time (min) 16

Figure 2.2.4.2.2.
Graphs obtained during the first and second phases of the study.
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Table 2.3. Normal values for the 24-hour pH study of the esophagus"1"1 ' ' ->

study period upright supine total

• \ , l imepH< 4 < 6.3 < 1 . 2 < 4.2

nrs episodes < 49 < 6 < 50

episodes > 5 min S3 SO s; 3

longest episode < 9.2 min. < 4.5 min. < 9.2 min.

2.4. Endoscopic examination

The endoscopic examination was performed with an Olympus GifO endoscope. As usual, the
patients were examined in the left lateral position and had fasted for at least 8 hours before the
examination. During the examination the esophagus as well as the stomach and duodenum were
inspected. The endoscopic criteria for esophagitis are not uniformly used in the literature. In our
study we used the same classification as Wesdorp ct al.' '-•*'. Grade 1 csophagitis was defined as
a diffuse redness of the distal esophagus, sometimes with a fairly vulnerable mucosa. In grade 2
esophagitis. erosions were also present. When ulcerations were seen the esophagitis was designa-
ted grade 3. Grade 4 csophagitis was used to indicate the presence of a stricture. During the
examination relevant abnormalities in the stomach and duodenum were also noted.

2.5. Radiodiagnostic techniques

Various radiodiagnostic techniques can be used to obtain an impression of the motor function
of the esophagus. Fluoroscopy, cinematography and video techniques can be applied. The
advantage of the latter two is that the images obtained can be stored for subsequent re-examina-
tion, if desired. The disadvantage of fluoroscopy is the lack of documentation. The patients are
examined in the upright as well as the recumbent position. When the patient is upright,
deglutition as well as the anatomy of the esophagus can be studied and pathological abnormali-
ties, such as strictures, can be recognized. The motor function of the esophagus is best studied
with the patient in the recumbent position. In this position the influence of gravity on the
contrast column is reduced as much as possible. The contrast medium must be ingested in a single
swallow. The passage of this bolus is followed. A good impression of the motor function can
usually be obtained with 5 to 10 swallows of barium su!fate(sf>-87-"6'. It is important to be sure
that the patient does not swallow more contrast medium before the previous swallow has left the
esophagus.
Primary peristalsis causes an inverted V-configuration to appear at the top of the barium column
that moves in the distal direction. Simultaneous manometric and cinefluoroscopic studies have
demonstrated that the position of the inverted V-configuration corresponds to the ascending
limb of the peristaltic waveC 1 7 - " s ) . The velocity of the peristaltic wave decreases as it moves
distal wards. The contrast medium passes through the relaxed lower esophageal sphincter into
the stomach as soon as the column exerts the required opening- pressure. Occasionally, some
contrast medium remains behind at the level of the aortic arch, but since this is also encountered
in normals, it presumably is without significance^8). The patterns caused by secondary peristal-
sis, i.e. peristalsis induced by local distention of the esophagus, are identical to those of primary
peristalsis. Tertiary or non-peristaltic contractions are easily recognized because the contrast
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medium becomes lodged within a small segment of the esophagus. Tertiary contractions occur
in KC'ii of (he swallows in healthy individuals between 41) and 61) years of age*'1'1'.
Several studies have shown that as far as the motility is concerned, there is close agreement
between the data provided by the manometric examination and the findings of the radiodiagnos-
tic examination"1"'. The results of the radiodiagnostic examination however, are not quanti-
fied. The primary motility disorders, such as achalasia and diffuse esophageal spasm, can be
clearly demonstrated by radiological examination. Achalasia is characterized by a lack of
peristalsis and the appearance of the bird-beak deformity that is caused by inadequate relaxation
of the lower esophageal sphincter. In achalasia of long standing dilatation of the esophagus can
develop. The patient with vigorous achalasia may exhibit only slight dilatation together with
spontaneous contractions that resemble the spasms of the corkscrew esophagus. In the patient
with the primary motility disorder diffuse esophagcal spasm, peristalsis is normal in the proximal
part of the esophagus.

In the middle and distal thirds non-peristaltic contractions, either single or tertiary, are elici-
ted'"' '. Lumen-obliterating non-peristaltic contractions often cause segmentation of the barium
column.
In collagen vascular diseases, such as selerodcrma. the peristaltic sequence is usually normal to
approximately the level of the aortic arch where the peristaltic wave fades out. If the palient is
being examined in the recumbent position, the contrast column will remain in the distal esopha-
gus but readily empties into the stomach when the patient assumes the upright position.
Occasionally, tertiary contractions arc seen. Reflux is easily provoked'"7-""-1 lf>'.

2.6. Patients and controls

Ten healthy volunteers, all from the Department of Gastroenterology of the Leiden University
Hospital, were examined. The relevant data are given in table 2.6.
The group of patients with motility disorders included thirteen patients with achalasia. one with
secondary achalasia. three with diffuse esophageal spasm and two with scleroderma. The group
of patients with reflux esophagitis consisted of 34 patients referred for further analysis or
treatment. The relevant data for all patients are also listed in table 2.6.

Table 2.6.

pat.nr. initials age type of previous
surgery

normals
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

JG
HV
PS
RJ
IW
GG
IB
CG
TN
HH

M
M
M
M
F
M
M
M
F
M

33
29
30
36
55
37
29
29
25
36
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pai.nr.

patients with
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22
23

initials

achalasia
LH
OT
BN
HP
LE
KR
BI
DJ
HS
WW
LP
VR
DY

sex

F
F
F
F
F
M
M
F
F
F
F
M
F

age

63
56
58
32
35
23
27
58
46
37
58
34
39

type of previous
surgery

P
X

X

X

patient with secondary achalasia
24. R] ' M

patients with diffuse esophageal spasm

76

25.
26.
27.

patients with
28.
29.

patients with
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

HE
J
KE

scleroderma
VH
VDA

reflux esophagilis
KO
BE
VN
GO
KL
VD
RO
FT
FI
FU
VB
KL
EG
BM
ZD
BR
ZS
VE
KA
RE
VI

vo

M
M
M

F
M

F
M
M
M
F
M
M
F
M
M
M
F
F
F
F
M
F
M
F
F
M
F

58
59
67

57
84

22
24
40
29
30
65
71
49
40
60
53
53
52
70
60
48
58
51
57.
71
67
56

Nissen

HSV

Hili
BelseyM4
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pat.nr.

52.
53.
54.
55.
56.
57.

58.
59.
60.

61.
62.
63.

initials

BR
BP
BL
LI
SL
ST
DD
VG
VE

DU
A I
LE

sex

M
F
F
M
F
F
F
M
M
M
M
M

agc

51
51
40
52
59
53
62
59
51

45
34
37

type of previous
surgery

Bclsey M 4

p = pneumatic dilatation
* = long myotomy with antireflux procedure according lo Bclsey
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Chapter 3. Results

3.1. Radionuclide examination of normals

A group of 1(1 healthy volunteers (8 males, 2 females, mean age 33.9 years, range 25-55 years)
agreed to undergo the manometric and scintigraphic examinations of the esophagus. The
manometric examination revealed no motility disorders. The results of the radionuclidc studies
of one "normal" are shown in figure 3.1.1. In this figure the transit time was 10x0.4 sec = 4 sec.
for the proximal third of the esophagus. 12x0.4 = 4.8 sec. for the middle third and 17x0.4 = 6.8
for the distal third of the esophagus. The total transit time was 19x0.4 = 7.6 sec. Thus, transit
times could be determined for each normal. The mean transit times found for all normals arc
given in table 3.1.
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Figure 3.1.1.

Table 3.1. Mean transit time for normals for the regions of interest in the esophagus

TT: upper ROI
TT: middle ROI
TT: distal ROI
TT: total

^ = 2 . 8 sec

2i
~x~=8.2sec

s.d. = 0.6sec
s.d. = 1.3 sec
s.d. = 2.0sec
s.d. = l.9sec
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3.2. Radionuclide examination of patients with achalasia

All patients referred to the outpatient clinic of the Department of Gastroenterology and
Hcpatology for treatment of an established achalasia were asked whether they would be willing
to take part in this study, thirteen agreed. The relevant data are listed in table 2.6.
The radionuclide transit graphs obtained for this group of patients in the first phase (0-51.2 sec)
could be divided into three categories:
1. the radioactivity was observed predominantly in the proximal and middle regions of interest.

There was little radioactivity in the lower third of the esophagus and none in the stomach
(patient nrs. 11,12.13.14).

2. the radioactivity was visualized mainly in the middle and distal thirds of the esophagus with
no radioactivity in the stomach (patient nrs. 16.17). and

3. the radioactivity was seen in all three regions of interest in the esophagus and some radioac-
tivity was present in the gastric region (patient nrs. 15,18.19.20.21.22.23).

In all cases radioactivity was registered continuously during the first phase of the study. Some-
times, the curves also showed pendular movement of the radiopharmaceutical back and forth in
the esophagus (patient nrs. 13.15,16,19). For an example of this phenomenon, see figure 3.2.1).
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Figure 3.2.1.
Radioactivity remains detectable in all regions of interest in the esophagus during the entire 51.2
second interval. The highest 'concentrations' are found in the upper and middle regions of
interest. Pendular movement of the radioactivity between one region of interest and another can
be seen. A striking feature is the rapid appearance of radioactivity in the gastric region.
Clinical diagnosis: vigorous achalasia. Study taken after pneumodilatation.

28



Case histories
Case I.
A 35 year old female (patient nr. 15) had suffered periodically for the past 25 years from transient
spasmodic retrostcrnal pain that radiated to the shoulders. The pain occurred at night as well as
during the day.
Occasionally, she also had the feeling that solid food stuck in the esophagus. There was
regurgitation but no reflux. On the grounds of the manometric and radiological examination, a
diagnosis of achalasia was established. In 1974 pneumatic dilatation was carried out. In 1977 the
patient stopped coming for her periodic examination due to the absence of complaints. In 1982
she returned with complaints of impeded passage through the esophagus. Manometric examina-
tion revealed an average pressure in the LES of 30 mm Hg. Swallowing did not induce relaxation
of the LES. Higher up in the esophagus simultaneous contractions were recorded, sometimes
with amplitudes as higl as 70 mm Hg. The manometric diagnosis was vigorous achalasia. No
abnormalities were seen upon endoscopic examination. But the endoscope was felt to hesitate
briefly before passing through the cardia into the stomach (the "achalasia-feeling"). Pneumatic
dilatation was again carried out. So far, the results have been satisfactory. The scinligraphic
findings after pneumodilatation are shown in figure 3.2.1.
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Figure 3.2.2.
During the 51.2 seconds of the study most of the radioactivity is located in the middle and lower
regions of interest of the esophagus. The level of radioactivity in the upper region of interest
quickly becomes negligible. After about 25 seconds a low concentration of radioactivity is
detected in the gastric region.
Clinical diagnosis: Achalasia
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Case 2.
A 5X year old woman (patient nr. 18) was first seen in 1981 because she had suffered dysphagia
for solid foods for the past two years. Cold liquids caused a feeling of sudden constriction of the
esophagus. In addition, she regularly complained of retrosternal pain that sometimes woke her
up at night. She was not bothered by either choking or coughing. She had since adapted her
eating habits so that she was always able to complete a meal without complaints. She also
consumed more liquids during the meal than in the past. The patient had not lost weight. An
X-ray of the esophagus, made elsewhere, showed a bird-beak deformity without dilatation. The
results of the manometric examination indicated that the LES failed to relax after swallowing.
The pressure in the LES was 18 mm Hg. The pressure in the esophagus was positive with respect
to that in the stomach. Only simultaneous contractions were recorded. In this case too. the
findings of endoscopy were the familiar "achalasia feeling" and no abnormalities of the esopha-
gus or stomach. The scintigraphic findings are shown and discussed in figure 3.2.2.
Treatment consisted of a long myotomy with an antireflux procedure according to Belscy. after
which the patient was free of symptoms.

Case 3.
This 27 year old male (patient nr. 17) visited the outpatient clinic in 1981 because he had suffered
spasmodic pain behind the sternum for the past 18 months. The pain could not be related to
eating or physical activity. It did not radiate outwards and sometimes occurred at night. For the
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Figure 3.2.3.
In this case no activity is registered in the gastric region. There is radioactivity in the middle and
lower regions of interest and pendular movement from one region to another. The level of the
radioactivity in the upper region of interest of the esophagus becomes negligible very quickly.
Clinical diagnosis: achalasia.
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paM h months he also had complaints of dysphagia. especially for potatoes, vegetables and. to a
lesser extent, liquids. The patient had lost 16 kg. The radiological examination of the esophagus
indicated a diagnosis of achalasia. The endoscopic examination revealed no abnormalities; the
"achalasia feeling" was present when the region of the cardia was passed. The manomctric
examination showed a pressure in the LES of 20 mm Hg. The LES did not relax after swallowing.
Higher up in the esophagus simultaneous contractions were recorded, none with a peristaltic
course. The pressure in the esophagus was positive with respect to gastric pressure. The
radionuclide study is shown in figure 3.2.3. Treatment consisted of a long myotomy and. to
prevent the possibility of a subsequent reflux esophagitis, an antireflux procedure according to
Belsey. Afterwards, the patient was free of complaints since 1981.

Case 4.
A 76 year old male (patient nr. 24) was referred to our department because achalasia was
suspected. He had recently developed complaints of dysphagia and had lost weight. The
manomelric examination was consistent with a diagnosis of achalasia: the pressure in the LES
was 30 mm Hg with respect to the pressure in the fundus. Relaxation of the LES was incomplete
after swallowing. Simultaneous contractions were recorded in the body of the esophagus. The
pressure in the esophagus was positive. The endoscopic examination revealed a suspicious
abnormality in the region of the cardia. Histological examination of the biopsies revealed
adenocarcinoma. This was, therefore, a case of secondary achalasia. The radionuclide study is
shown in Figure 3.2.4. An endoprothesis was inserted for palliation. The patient died two
months later.
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Figure 3.2.4.
During the entire 51.2 second period there is pendular movement of the radioactivity between
the upper and middle regions of interest of the esophagus. No radioactivity is recorded in either
the lower region of interest or the gastric region.
Clinical diagnosis: carcinoma of the cardia.

31



3.3. Radionuclide examination of patients with diffuse esophageal
spasm

Three patients with diffuse esophageal spasm were examined.
Case 1.
A 58 year old male (patient nr. 25) had suffered dysphagia for the past 33 years. Pentaerythritol
tetranitrate provided adequate relief. In the seventies he experienced occasional chest pains.
possibly of cardiac origin. In 1980 he suffered an inferior myocardial infarction. There were no
esophageal complaints, although he sometimes experienced a sensation of constriction of the
esophagus when he drank cold liquids. He did not suffer heartburn.
During the manometnc examination the mean pressure in the lower esophageal sphincter was
13 mm Hg. Relaxation of the LES was often incomplete. The amplitude of the contractions
recorded in the esophagus frequently exceeded 60 mm Hg; they lasted a maximum of 14 sec.
These contractions were simultaneous, occasionally repetitive. Peristaltic sequences were also
recorded.
The radiodiagnostic examination of the esophagus revealed insufficient emptying. During
fluoroscopy tertiary contractions were observed together with the bird-beak deformity and a
small diaphragmatic hernia.
The radionuclide studies are shown in figures 3.3.1. a + b. The first series (a) were taken before
medication was given and the second (b) after administration of isosorbide dinitrate. It is clear
that normalization of the transit pattern in the esophagus occurs. Further treatment with this
medication was stopped by the patient because of side-effects (headache).
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Figure 3.3.1.a.
Transit through the upper and middle regions of interest is prolonged; pendular movement of
the radioactivity between the upper and middle regions of interest can be seen. The shape of the
curves is irregular. Radioactivity appears in the gastric region within 30 seconds.
Clinical diagnosis: diffuse esophageal spasm.
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Figure 3.3.1 .b.
Same patient as in Fig. 3.3.1a. Radionuclide study after administration of 5 mg isosorbide
dinitrate. The transit graph is now normal.

Case 2.
A 59 year old male (patient nr. 26) had suffered dysphagia and retrosternal pain for 30 years.
When he drank cold liquids his esophagus felt constricted. In addition, he complained of chest
pain that could not be related to exertion. He took cimetidine because of a duodenal ulcer found
at endoscopy. The radiodiagnostic examination showed tapering of the distal esophagus and
tertiary contractions. The findings of the manometric examination were a mean pressure at the
sphincter of 26 mm Hg and incomplete relaxation most of the time. Deglutition caused many
simultaneous and occasionally also repetitive contractions that sometimes reached an amplitude
of 80 mm Hg and occasionally were prolonged. In the uppermost part of the esophagus several
peristaltic contractions were recorded. The radionuclide study is shown in figure 3.3.2. The i
transit pattern resembles that seen in achalasia.

Case 3.
A 67 year old male (patient nr. 27) suffered incidental dysphagia. Radiological examination
showed narrowing of the distal end of the esophagus and a diaphragmatic hernia. Tertiary
contractions were also seen. Endoscopy revealed a small diaphragmatic hernia without endosco-
pic signs of esophagitis.
The manometric examination gave a mean sphincter pressure of 18 mm Hg; relaxation was often
incomplete. In the esophagus there were simultaneous contractions that sometimes had an
amplitude of more than 100 mm Hg and lasted as long as 19 sec. The first radionuclide study
showed a normal transit pattern. After this result was obtained a second study was done which
is shown in fig. 3.3.3. During this study the patient had no complaints of dysphagia.
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Figure 3.3.2.
During the entire 51.2 second period radioactivity remains detectable in all regions of inlerest
of the esophagus. The level of radioactivity remains fairly constant. There is no radioactivity in
the gastric region.
Clinical diagnosis: diffuse esophageal spasm.
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Figure 3.3.3.
Transit through the middle and lower region of interest of
the esophagus is prolonged. The curves suggest shifting of
activity between these regions. Very soon a high level of
radioactivity is registered in the gastric region.
Clinical diagnosis: diffuse esophageal spasm.
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3.4. Radionuclidc examination of patients with systemic connective
tissue diseases of the esophagus

Systemic connective tissue disorders are relatively rare. We could examine four patients with
scleroderma. Since in two of these cases the treating physicians felt that the manometric
examination would place too much of a burden on the patient, this examination was not carried
out. Therefore, these two patients will nol be discussed here.

Case 1.
A 57 year old female (patient nr. 28) was known to 'nave scleroderma and primary biliary
sclerosis. For the past four years she had also complained of dysphagia without heartburn. An
X-ray of the esophagus taken while the patient was supine, showed a dilated esophagus with few
peristaltic contractions. The endoscopic examination revealed a localized esophagitis. grade 2-3.
During the manometric examination the LES could not be identified: after deglutition there
were peristaltic contractions in the upper part of the esophagus but not in either the middle or
the lower part. The radionuclide studies arc shown in figure 3.4.1. This patient had an intensive
treatment consisting of antireflux measures, alginate/antacid and cimetidine after which she
became symptom free. The esophagitis. rTbwevcr. did not heal completely.

Case 2.
An 84 year old male (patient nr. 29) was known to have scleroderma and Raynaud's phenome-
non. In the past, a thoracic as well as lumbar sympathectomy had been carried out. Clearly
defined symptoms of dysphagia were not present.
Upon endoscopy an esophagitis grade 1 was found. The manometric examination of the esopha-
gus revealed a low pressure in the lower csophageal sphincter. The contractions in the esophagus
appeared to follow a peristaltic course but the amplitude was usually low. The radionuclide
studies are shown in figure 3.4.2.
To prevent progression of the esophagitis medical treatment was started.
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Figure 3.4.1.(a. + b.)

During the 51.2 seconds of the study most of the radioactivity remains detectable in the middle
and lower regions of interest. The pattern is fairly monotonous except for a slight shift in
radioactivity from one region to the other. The 1-16 minute study, however, shows that very
soon after the first minute a fairly high level of radioactivity is registered in the gastric region.
Clinical diagnosis: scleroderma.

36



227.

ƒ WVStyw
e

e
Figure 3.4.2.
Radioactivity is recorded in all regions of interest. The curves remain fairly flat except for a
rather sudden displacement of radioactivity from the esophagus to the stomach.
Clinical diagnosis: seleroderma.

3.5. Radionuclide examination of patients with reflux esophagitis

In an experimental study of cats. Taillefer el al. demonstrated that Tc-Wm-suIfur colloid adheres
to ulcerated esophageal epithelium; they observed the same phenomenon in patients with reflux
esophagitis*1141-"'. In order to determine whether the radionuclide adheres to inflamed eso-
phageal epithelium in patients with reflux esophagitis. 17 patients with reflux esophagili.s were
investigated (nrs. 30-46 in table 2.6.). The mean age of (his group was 48.5 years (range: 22-71
years): there were 9 males and N females. Endoscopic examination showed that the esophagitis
was grade 1 in H patients, grade 2 in 5 patients and grade 3 in 4 patients (Table 3.5.).
The radionuclide study indicated retention or adhesion of the radiopharmaceutical in 3 of'he 8
patients with grade 1 esophagitis. 2 of the 5 patients with grade 2 esophagitis and only 1 of the
4 patients with grade 3 esophagitis. The esophageal manometry studies of these patients showed
a normal peristaltic pattern.

Table 3.5.
endoscopic grade
of esophagitis

1

3
total

patients with a
normal transit
study

5
3
3

patients with a
pathologic transit
study

3
-}

1

total numbers

8
5
4

17

Several case histories are presented below.
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C i i s c 1.

A Ml year old male (patient nr. 39) was admitted for evaluation of attacks of dyspnea which,
according to his history, were induced by reflux. The manometric examination of the esophagus
gave no indications of a disturbed motor function. The LBS pressure was lower than 5 mm Hg.
Hndoscopic examination revealed a grade I esophagitis. The radionuclide studies showed
retarded transit through the middle and distal regions of interest (Figure 3.5.1.).
After the esophagus was flushed with 200 ml of water, radioactivity persisted in the lowermost
part of the esophagus for the next 15 minutes. During the 24-hour pH monitoring of the distal
esophagus several episodes of dyspnea were iccorded that obviously were preceded by reflux.
On a lung scan taken the next day. the radiopharmaceutical could not be detected. This
observation suggests that there must be other pathways than aspiration by which gastroesopha-
geal reflux can induce dyspnea.

Y= 98258 . X= 8Ö128L

^

.e.

•F

m
i SI

I I Z Z Z

WBi. 1 I 1 \

j H&DEtl. \

k" =

:
:

G. |

C/TJffli

'-

_

—"

—-•

B 1mi

: -: : : :
MM

- -r •

[ I

mi

•-1
. i

ECJ

-- . J

i

•-—.
• - . :

Figure 3.5.1.
Transit through the middle and lower regions of interest of the esophagus is prolonged. Move-
ment of radioactivity from the gastric region to the lower region of interest of the esophagus has
also been recorded.
Clinical diagnosis: reflux esophagitis.

Case 2.
A 40 year old male (patient nr. 32) underwent an antireflux procedure (Nissen) because of
severe complaints of reflux that did not react to medical therapy. He returned for examination
because of recurrence of his complaints. Endoscopic examination revealed esophagitis grade I.
Manometric examination indicated that the pressure in the LES was low; in the esophagus
normal peristaltic sequences were recorded. A 24-hour pH test in the distal esophagus had to be
discontinued due to complaints of heartburn that were so severe that medication was required.
During an acid clearance test more than 20 swallows were needed to increase the pH from 1 ;o 4.
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The radionuclidc studies (Figure 3.5.2.) showed retarded emptying (if the distill region of
interest and regurgitation from the distal to the middle region of interest. The recording madi
during the 15 minute-interval after passage of the radionuclide revealed continuous radioactivi'.y
in the distal esophagus. Reflux as well as disturbed clearance were thought to be responsible for
the patients complaints.
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Figure 3.5.2.
Normal transit through the upper region of interest and initially also through the middle region
of interest of the esophagus. Subsequently, however, radioactivity reappears in (he middle
region for about 2S seconds. Precise evaluation of the transit time for the lower region of interest
is difficult because of overflow of radiation from the gastric region as well as reflux.
Clinical diagnosis: reflux esophagitis.

Case 3.
A 29 year old truck driver (patient nr. 33) could not work due to the severity of his complaints.
Radiodiagnostic examination of the esophagus showed no abnormalities. Endoseopy revealed
an ulcerative reflux esophagitis (Grade 3) that extended high up into the esophagus. During
manometry no LES pressure could be registered; motility was normal. The radionuclide studies
(Figure 3.5.3.) showed normal transit and a lack of residual radioactivity in the first 50 seconds.
However, when 2(K) ml of water were swallowed immediately afterwards and the esophagus was
monitored for 15 minutes, radioactivity was detected throughout the esophagus. In view of the
absence of radioactivity at the end of the transit study this must have been caused by reflux.
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Figure 3.5.3.

The first fase of the examination (a) shows a normal transit pattern Ihrough the esophagus.
However, during the second fase radioactivity is registered in all regions of interest (b) due to
reflux.
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Conclusion:
In the group investigated no relationship could be demonstrated between the severity of the
endoscopic findings and the results of the scintigraphic examination. In 3 of the K patients with
reflux esophagitis grade 1 the results indicated retention of the radionuclide. For 3 of the 4
patients with reflux csophagitis grade 3 the radionuelidc study was normal.

Although it is known that a disturbance of the primary peristalsis can play an important role in
the development of reflux esophagitis. the significance of dysmotility for the pathogenesisof this
condition has not yet been investigated in depth''2'). Since it has been suggested that radionu-
clide studies are more sensitive for the demonstration of dysmotility and there was no clear-cut
proof of adhesion of the radiopharmaceutical to the esophageal epithelium, a subsequent study
was carried out to determine whether more motility disorders could be demonstrated with
radionuclide studies in a group of patients with reflux esophagitis than with the conventional
manometric technique. In order to be able to classify these patients accurately, all of them
underwent a 24-hour pH study of the distal esophagus.
A group of 30 successive patients with reflux csophagitis without stricture, diabetes mcllitus or
scleroderma. was studied. All underwent an endoscopic. manomelric. 24-hour pH and radionu-
clide examination of the esophagus. The group consisted of 15 men and 15 women, mean age
53.3 years (range 30-71 years) (nrs 34-63 in table 2.6.). Endoscopy showed that 19 patients had
esophagitis grade 1. 8 esophagitis grade 2 and 3 esophagitis grade 3.

Manometry revealed only one case of abnormal motility i peristaltic contractions of low amplitu-
de. The 24-hour pH study was abnormal in 27 cases: in the upright position the pH dropped
below 4 19.6 ± 4.6% of the time (normal value: < 6.3%) and in the supine position the pH was
less than 4 18.0 ± 4.7% of the time (SEM) (normal value: < 1.2%).
On the basis of the data thus obtained the reflux status of this group of palienls could be classified
as follows: 6 supine rcfluxers, 20 bi-positional refluxers and 1 upright refluxer.
Twenty-three patients underwent the radionuclide studies of the esophagus. Abnormalities
were demonstrated in only 4 cases, all patients with a normal manomctric examination. The
severity of the esophagitis was 2 with grade 1, 1 with grade 2 and I with grade 3. A correlation
between transit time and the percentage time that the pH dropped below 4 could not be
demonstrated (Figure 3.5.4.). Therefore, with manometry and the radionuclidc studies together
we were able to identify 5 patients with dysmotility of the esophagus.

Conclusion:
The demonstration by the radionuclide study of delayed esophagcal transit in four patients with
pathological gastroesophageal reflux but normal motility according to the manomctric examina-
tion, supports the observations of Russell et al. that radionuclide studies are more sensitive than
manometry for detecting dysmotility''). No correlation could be found between the esophageal
transit time and either the degree of esophagitis or the percentage time that the pH was less than
4 in the different positions (figure 3.5.4).
In our study most of the patients with an abnormal 24-hour pH study dit not exhibit dysmotility.
This makes it highly unlikely that disturbed motility is a causative factor in the pathogencsis of
their esophagilis'12^).
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Figure 3.5.4.
In the patients studied no correlation could be found between the esophagcal transit time and
the percentage time that the pH was below 4 in the distal esophagus.
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Chapter 4. Discussion

4.1. General discussion

The diagnosis of complaints arising from pathology of (he esophagus is oficn missed or is not
established until a late phase of the condition. Even when recognized, however, treatment is
often disappointing. Medical and surgical treatment of reflux esophagilis can be mentioned as
examples. After 6 to 8 weeks 50 to 79% of the patients receiving H, receptor blockcrs for erosive
or ulcerative esophagitis. exhibit endoscopic improvement or cure'1-11-4). The long-term
effect has never been studied in detail, which is an ominous sign. Despite the favourable results
obtained by Belsey, Hill. Nissen and others the results of surgical therapy in hospitals without a
special interest in this condition arc not so favourable'1--'"1-"''.
Improved results can only be achieved by establishing accurate indications for therapy and
adhering strictly to the medical and/or surgical regimen. An extensive evaluation is justified
especially whenever surgery appears to be indicated. Moreover, it will then be possible to
evaluate the results obtained later "-y- '-W.
Many factors play a role in the development of reflux esophagilis"-1". At present, these factors
which are only partially understood, include:

competence of the antireflux mechanism;
composition, potency and volume of refluxed material:
resistance of the esophageal epithelium:
clearance capacity of (he esophagus.

For analysis of this complex condition a number of examinations are available. However, as a
rule each provides information about only one aspect so that the various examinations are often
complementary. The treating physician can Ihercforc choose from:

radiodiagnostic examination:
endoscopic examination:
pathological examination of biopsies taken during endoscopy:
Bernstein lest;
standard acid-reflux test:
acid clearance test;
24-hour pH study in the distal esophagus;
manomctry;
radionuclidc studies.

The radiodiagnostic examination provides information about Ihc presence of a diaphragmatic
hernia, reflux, reflux esophagitis. stricture, varicose veins, space-occupying masses, divcrticula
and motility disorders. According to the literature endoscopy appears to be a more sensitive
instrument for demonstration of reflux esophagitis than the conventional radiological cxamina-
lj()n( 114.132) |t n a s been found that even the double-contrast technique is nol as successful as
the endoscopic examination for demonstration of milder forms of esophagitis"•'•'•'-"'t.
The Bernstein test only shows whether the patient's complaints can be reproduced by an infusion
of 0,1 N HC1 into the esophagus"37'1-19). The standard acid-reflux test is a true test of reflux.
For this purpose 200-300 ml of 0.1 N HC1 are introduced via a catheter into the stomach. A pH
electrode positioned 5 cm above the LES records whether reflux can be provoked according to
a standard procedure"-^'1'*").
For the acid clearance test 15 ml of 0.1 N HCI arc introduced 10 cm above the LES and the
number of swallows required to raise the pH above 6 is counted"4".
The most objective diagnostic tool for quantitative assessment of gastrocsophageal reflux is the
24-hour pH study""7-'""'1 ' 4 ) . This test is not only a quantitative evaluation of reflux during a
24-hour period, but also an endogenous Bernstein tesl and an acid clearance test.
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The value ol the manomctric examination lies mainly in the demonstration or exclusion of
motility disorders in the esophagus and determination of the pressure in the LES and the UES.
Localization of the LES is also important for the positioning of the pH electrode for the pH
studies in the distal esophagus. In view of the considerable overlap in sphincter pressure
measured in normals and patients with reflux esophagitis. an isolated value of the LES pressure
will have relatively little significance for diagnosis of pathological gastroesophageal
reflux''14|31 J37.138) Earlier studies with non-perfused catheters and systems with a relatively
high compliance seemed to indicate that patients with reflux esophagitis exhibit a disturbed
peristaltic pattern* 142-144) Although a systematic investigation has not been carried out. diverse
observations with modern manometric techniques do not confirm this'145"14x '. It does appear
that primary peristalsis is a more important mechanism for the emptying of the esophagus than
secondary peristalsis'147"148).
Although it is clear that the manometric examination is essential for research and the evaluation
of patients with a disturbed esophageal function, little has been done to investigate the clinical
significance of this examination, and the only cost analysis published so far is that of Meshkin-
pour et al."5( l l 51>. These authors tried to determine whether the manometric examination
provided a useful contribution to the therapeutic management of 363 patients. The indications
that led to the manomctric examination of these patients were suspected motility disorders
(clinical diagnosis: achalasia 27. diffuse esophageal spasm 3. scleroderma 5 and idiopathic
intestinal pseudo-obstruction 1). chest pain of undetermined origin (33 cases), unexplained
dysphagia (124 cases) and chronic heartburn (121 cases). An additional 49 patients were referred
because of vague and inconsistent symptoms. When the 173 patients referred for unexplained
dysphagia and/or vague complaints were examined manometrically. eight cases of achalasia
were diagnosed. When 27 patients with established' achalasia were examined manometrically.
the diagnosis could not be confirmed in 4 cases.
The manomctric examination of 121 patients referred because of heartburn yielded only two
pathological diagnoses: scleroderma in both cases. Out of a group of 33 patients referred because
of unexplained chest pain, three were found to have diffuse esophageal spasm and 6 had
prolonged contractions with a high amplitude.
Therefore, manometry led to a new diagnosis in 23 out of 363 cases (6%) and to a change in
management in 14 cases or 4% of the population studied. Four patients with an incorrect
diagnosis of achalasia were spared surgery. Two patients with diffuse esophageal spasm did not
have to undergo further examinations. Of the 8 newly diagnosed cases of achalasia. 5 patients
underwent pneumatic dilatation. 1 underwent surgery and 2 were not treated.
Assuming that in California a manometric examination costs on the average $ 250. Meshkinpour
et al. concluded that it cost $ 90.750 to change the diagnosis of 23 patients. It cost $ 31.000 to
diagnose seven unsuspected cases of achalasia out of a group of 124 patients referred because of
dysphagia. The return was the highest for a subgroup of 11 patients with complaints of dysphagia
and odynophagia: $ 2750 to detect 5 new cases of achalasia. The correction of a false-positive
diagnosis of achalasia cost $ 1687.50. Meshkinpour concluded that the manometric examination
is worhtwhile for patients with chest pain of unexplained origin, dysphagia and suspected
achalasia and is of little benefit for patients with chronic heartburn*151).
Radionuclidc studies of the esophagus have many advantages over the other techniques, both
imaging and non-imaging, used to evaluate motility and gastroesophageal reflux: the non-inva-
sive character, the ease of execution, quantification of the data and the low radiation load. In
addition to motility, radionuclidc studies can be used to evaluate gastroesophageal
reflux'2-1'152-15-1), aspiration'24), clearance of the esophagus'2") and medical therapy'25"2**).
The radiation load is obviously low in comparison to cinematography (5-10 rcm/min) and the
chest film'2-1). Fisher et al. calculated that the total body exposure to radiation after a dose of
100 /nCi Tc-99m sulfur colloid is 20 millirads'2'). Thus, for our examination, in which a dose of
500 jiiCi is administered, the total exposure amounted to approximately 100 millirads. Compared
to other diagnostic procedures, such as the abdominal roentgenogram (270 millirads) and the
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liver scan (40(1 millirads) this is quite acceptable'2"---1-1-'14'.
Van Dam demonstrated in an experiment with rabbits and one volunteer that rcsorption of the
orally ingested colloid is minimal"^'. In this experiment he introduced 37 MUq (1 mCi)Tc-Wm
antimony sulfide colloid into the stomachs of rabbits via a cannula: the volunteer took the same-
dose in 20 ml of tea. A blood sample was drawn from the rabbits every 30 min for 3.5 hours and
at 24 hours, and from the volunteer every 30 min for 3 hours. A urine sample was collected from
the volunteer after 3 hours. Radioactivity in the samples was counted in a well-type scintillation
counter. The results showed that very little Tc-99m antimony sulfide colloid was absorbed from
the GI tract: 0.006-0.002% radioactivity in blood and 0.005% in urine. The radioactivity
detected in the blood could be attributed to minute traces of free Tc-9um pertechnetate that
contaminate the labelled colloid. These experiments illustrate what is to be expected when the
radionuclide is used in man; the paniculate nature of Tc-99m antimony sulfide does not permit
rapid resorption in the circulation.

4.2.1. Radionuclide examination of normals

The graphs obtained after a bolus of Tc-99m sulfide antimony colloid is ingested in a single
swallow show rapid transit of the radionuclide through the entire esophagus: occasionally,
residual radioactivity will be recorded in the esophagus. A study of the individual graphs for each
region of interest indicates that the transit is shortest in the proximal third and longest in the
distal third of the esophagus. For this investigation transit time was defined as the time that
passed between the moment that radioactivity was first recorded in the esophagus and the
moment that no radioactivity could be registered in the distal region of interest. When radioac-
tivity persisted then the end point was the moment when the radioactivity in the distal region of
interest dropped to 10% of the maximum radioactivity in that region.
Out of the 10 normal subjects only 2 exhibited persistence of radioactivity. This phenomenon
has also been reported by other investigators. Tolin et al. found that when 15 normals ingested
5.55 MBq (150 jxCi) Tc-99m-sulfur colloid and then dry-swallowed every 15 seconds for the next
10 minutes, the esophagus could not be visualized on the screen within 10-15 sec. but low count
rates were continuously recorded over the esophagus'-"). The curves thus obtained, show that
approximately 10% of the initial radioactivity could still be detected at the end of the first phase
of the examination.
Klein and Wald found that in a number of normals the residual radioactivity remains fairly
high'|Sfi). This so-called residual fraction equalled 28% of the peak activity at the most. On the
other hand, once the subject had swallowed several times, there was little residual activity left.
After two swallows it was 2-13% of the initial dose and after 20 swallows 1-9% which is in

.agreement with the results of Tolin cl al.
Russell et al. defined the transit time as the interval of time between the moment radioactivity
can first be detected in the esophagus and the moment when it has completely disappeared'".
Blackwell et al. used the same definition as Russell for their normals but a different one for their
patients'2'). For the latter, the transit time was defined as the interval between the appearance
or radioactivity in the upper third of the esophagus and the clearance of all but 10% of peak
activity from the distal third of the esophagus. Despite these differences in definition the results
for normals exhibit reasonable agreement (Table 4.2.1.).

Table 4.2.1. Normal esophagcal transit times given by several authors (mean ± SD)

total transit time
transit time upper 1/3
transit time middle 1/3
transit time lower 1/3

present study
n= 10

8.2 ± 1.9scc
2.8 ±0.6sec
4.0 ±1.3 sec
8.0 ±2.0 sec

Russell etal.
n= 10

7.7 ± 1.7sec
2.0±0.8sec
4.4 ± 1.7sec
7.2 ± 1.7 sec

Blackwcllctal.
n= 16

7.3 ±2.3 sec
3.2±1.4scc
4.7 ± 1.4scc
6.8 ±2.2 sec
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4.2.2. Patients with achalasia
The thirteen patients with achalasia exhibited several patterns with as common feature persis-
tence of radioactivity in at least (wo of the three regions of interest during the first 51.2 seconds
of the examinalion. Those who had undergone neither surgery nor pneumatic dilatation exhibi-
ted little or no radioactivity in the stomach. In some cases there was clear evidence of pendular
movement of the radionuclide from one region of interest to another. The recording obtained
in the 15-minute interval after the first 51.2 seconds revealed that radioactivity persisted in the
regions of interest in non-treated patients. The image on the display screen showed a dilated
esophagus, sometimes with a small empty region between the esophagus and the stomach. In a
patient with pseudo-achalasia due to carcinoma of the cardia. this empty region was larger but
the scintigraphic pattern was still consistent with a diagnosis of achalasia. Taillefer and Beau-
champ saw similar empty areas, which they called cold lesions, in patients with benign and
malignant strictures of the esophagus"-"'. The pcndular motion of the radiopharmaceutical
between diverse regions of interest was also cncounlered by Klein and Wald"Sfl*: Russell et al.
do not describe this pattern despite the fact thai it is clearly evident on their graphs'11. Both
Russell et al. and Blackwell el al. also reported that in this group of patients radioactivity
persisted throughout the ihrce regions of inlcrest of the esophagus whereas little or no activity
could be delected in the slomach in the first 50 seconds*1-".

4.2.3. Patients with diffuse esophageal spasm

All transit graphs but one. for patients with diffuse esophageal spasm were abnormal. Transit
through the diverse regions of interest was often prolonged, sometimes lasting more than 51.2
seconds. The patterns were often irregular, pcndular movement of the radionuclide was some-
times observed. The majorily of these patients exhibited considerable radioactivity in the gastric
region within 30 seconds. In one case the graphs remained fairly flat and radioactivity was not
apparent in the stomach until the 60th second or later. In another case the first study indicated
normal transit, while the second was abnormal.
Russell ct al. examined three patients with diffuse esophageal spasm*1'. They found a transit
time of more than 50 seconds although there was a relatively high concentration of radioactivity
in the gastric region within one minute. The patterns for the diverse regions of the esophagus
were described as chaotic. The radionuclide studies of 13 patients by Blackwell ct al. gave similar
results'21). It is, however, important to note that the transit studies of three of his patients known
to have diffuse esophageal spasm, were normal.
Benjamin ct al. examined 18 patients with a "nutcracker esophagus'''S7'. This condition,
characterized by peristaltic contractions with extremely high amplitude, is relatively common
among patients with angina-like complaints. In a number of studies this condition is included in
the category 'esophageal spasm'; others treat it as a separate entity. Benjamin et al. found that
transit through the esophagus was prolonged in 17 patients and that transport was chaotic in 11
cases. The transit time for the proximal third was normal. One patient had a normal study on
two separate occasions.
Preliminary results of Richter et al. who have carried out simultaneous manometric and scinti-
graphic examinations, suggest that the scintigraphic records correlate with the simultaneous
contractions and not with the peristaltic contractions('58).

Conclusion:
In general, the pattern for diffuse esophageal spasm is characterized by a prolonged transit time
for most regions of interest, a more or less chaotic transport and, in some cases, pcndular
movement of the radionuclidc. Within 30 seconds there is a relatively high concentration of
radioactivity in the gastric region. Occasionally, a normal study may be encountered; the
patterns described in this study arc in agreement with those found by Russell ct al. and Blackwell
etal.0.21).
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4.2.4. Patients with scleroderma

Like Russell el al. and Blackwell et al. we were only able to examine a few patients wilh
sclerodcrma. namely 2. The transit time for two of the three regions of interest of the esophagus
was more than 51.2 seconds in both cases. The images obtained in the second phase of the study
also showed retention of radioactivity in these regions of interest. Although some pendular
movement was seen, it was not as pronounced as in patients with diffuse esophageal spasm.
There was radioactivity in the gastric region within 51.2 seconds in one case and after 51.2
seconds in the second.
Russeii et al. found a prolonged transit time for their two patients with sclcroderma''). However,
within 30 seconds radioactivity could also be detected in the stomach. Blackwell et al. examined
one patient with scleroderma but did not publish any details*21).

Conclusion:
Although only a few patients have been described, it would appear that the pattern found for
patients with scleroderma resembles that of achalasia. except that radioactivity can be detected
in the stomach much sooner.

4.2.5. Patients with reflux esophagitis

Patients wilh reflux csophagitis were investigated in an attempt lo answer two questions: 1) is
there a correlation between the pcrsistance of radioactivity in one or more regions of the
esophagus and the severity of the endoscopic finding, and 2) does the radionuclide study reveal
dysmotility in patients with pathological gastrocsophageal reflux more than conventional mano-
melric techniques?
In our patient series we were not able to demonstrate a relation between the endoscopic
classification of the peptic esophagitis and the presence or absence of radioactivity in one or
more regions of interest in the esophagus. Preliminary results of Taillefer and Beauchamp
indicate that retention of the radionuclide will only occur in patients with extensive and severe
forms of peptic esophagitisC2"'.
Possible explanations, in addition to adhesion, for the persistancc of radioactivity are a disturbed
clearance in the esophagus and reflux from the stomach. It is, however, unlikely that reflux into
the esophagus of a radionuclide that has been dissolved in 10 ml of water and has spread
throughout the stomach could cause a significant increase in the number of counts in the
esophagus. It is possible, therefore, that disturbed clearance in the esophagus is responsible. In
this connection the experiments of Tolin et al. are important'20). They assessed esophageal
transit at one-second intervals for the first 15 seconds after ingestion of a bolus of 150 fid Tc-99m
sulfur colloid dissolved in 15 ml of water. The subjects were then requested to swallow every 15
seconds and the number of counts was registered fora 10-minute period. Esophageal transit was
expressed as the percent emptying for each of the first 15 seconds after the initial swallow and
for 15 second intervals after serial swallows. The transit, thus determined, was disturbed in
patients with symptomatic gastroesophageal reflux (85.5 ± 2.7% (mean ± SEM) after 8 swal-
lows) and in patients with disturbed motility (characterized by an increased number of repetitive
and/or simultaneous contractions) and symptomatic gastroesophageal reflux (73.6 ± 4.2%
(mean ± SEM) after 8 swallows).
Motility disorders could not be demonstrated in our patients with the manometric examination.
In the second study four patients with pathological gastroesophageal reflux and normal motility
on manometry had a delayed esophageal transit time. This supports the observations of Russell
ct al. that radionuclidc studies are more sensitive than manomctry for detecting dysmotility. No
correlation could be found between the esophageal transit time and the % of time pH was below
4 in the esophagus.
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Chapter 5. Radionuclide examination of the esophagus, its
value and limitations

Using the method described by Russell et al. the transit of Tc-V9m antimony sulfide through the
esophagus was studied in normals and patients with achalasia. diffuse esophageal spasm, sclero-
derma and reflux esophagitisC'. Although a slightly different definition of the transit time was
used, the normal values obtained were in accordance with those given by Russell et al. and
Blackwelletal."-2 ').
The radioactivity curves found for patients with demonstrable motility disorders were abnormal,
except in one case. The radionuclide study of this patient with a diagnosis of diffuse csophageal
spasm was normal the first time and abnormal the second; this phenomenon might be explained
by the intermittent character of diffuse esophageal spasm. Just as in conventional mamotnetry
the radionuclide study of the esophagus records the events happening during a relative short
period of time. Of the patients with reflux esophagitis and a normal manometric examination,
four were found to have an abnormal radionuclide study. A correlation with the severity of the
endoscopic degree of the esophagitis could not be demonstrated. Russell et al. and Blackwell et
al. have also reported that a number of patients with a normal manomctric examination had an
abnormal radionuclide study. Since in our opinion it is unlikely that an almost totally objective
method of examination such as the radionuclide examination of the esophagus will yield a
false-positive result, this finding supports Russell et al. in their belief that the radionuclide study
is more sensitive for demonstration of motility disorders than the manometric examination^1'.
Although the radionuclide examination is easier to execute interpretation of the transit graph is
sometimes difficult. Russell et al. listed the following characteristics of the patterns of achalasia.
diffuse esophageal spasm and sclerodcrma('). During the first minute of the examination of
patients with achalasia. radioactivity can be seen in all regions of interest of the esophagus; there
will be little or no radioactivity in the gastric region. Diffuse esophageal spasm is characterized
by uncoordinated radioactivity in all three regions of interest of the esophagus and a relatively
high level of radioactivity in the gastric region after approximately 30 seconds. In scleroderma
the pattern is adynamic but there will be a relatively high concentration of radioactivity within
a minute in the gastric region^1'.
In our patients with achalasia the patterns observed could be further subdivided into three
groups: persistent radioactivity in the upper and middle region of interest of the esophagus,
persistent radioactivity in the middle and lower regions of interest and persistent radioactivity
in all three regions of interest. During the first 51.2 seconds of the study little or no activity is
recorded over the gastric region in untreated patients. In a number of cases pendular movement
of the radioactivity from one region of interest to another was observed.
An important observation is the fact that differentiation of a secondary achalasia due to a
malignant process from primary achalasia was just as impossible with this method as with the
manometric examination.
The patterns found for our patients with diffuse esophageal spasm were not as uncoordinated as
those described by Russell et al .O. In one case very little radioactivity was registered over the
gastric region so that the pattern resembled that of achalasia. In another case the first examina-
tion was normal (which might be explained by the intermittent nature of diffuse esophageal
spasm).
Of the two patients with scleroderma examined, one had an 'adynamic' pattern and very little
radioactivity in the gastric region during the first 51.2 seconds so that differentiation from
achalasia was difficult. The other patient had a less adynamic pattern with a pendular shift in
radioactivity from one region to another, and radioactivity in the gastric region within 51.2
seconds.
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The transit of Tc-Wm antimony sulfide through the esophagus of patients with achalasia. diffuse
esophageal spasm and sclerodcrma was therefore almost always abnormal. On the basis of the
above-mentioned characteristics it was usually possible to classify patients with achalsia and
diffuse esophageal spasm. In view of the small number of patients with sclerodcrma investigated,
it is difficult to form an opinion on the value of the scintigraphic examination for this group. Our
tentative conclusion is that the transit graphs obtained, can resemble those of achalasia.
To reach a definitive evaluation of this new technique it is necessary that a larger group of
patients with disturbed motility be studied using the same definitions and methods.
Despite these limitations the scintigraphic examination of the esophagus appears to be a useful
tool for the diagnosis of suspected motility disorders.
In view of the relative simplicity of this examination and the fact that it is easily tolerated by the
patients, it could serve as the first step in an examination of esophageal motility. If a clear-cut
diagnosis is not obtained, then the manometric examination can be carried out. In addition, the
radionuclide examination is useful for the evaluation of medical and surgical treatment of
motility disorders of the esophagus. With radionuclide studies gastroesophageal reflux can also
be demonstrated.
The examination does not provide information on morphological abnormalities such as dia-
phragmatic hernia, reflux esophagitis. varicose veins, etc. However, the display image of
patients with achalasia often reveals a dilated esophagus; moreover, diverticula can be recogni-
zed because the radiopharmaceutical will be trapped in the sac. It is. however, essential for a
good interpretation that neither diverticula nor strictures be present. Strictures can influence
transport while the radioactivity trapped in diverticula will hamper evaluation of the curves
obtained.
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Summary and conclusions

Manomctric techniques can be used to diagnose motility disorders of the esophagus. In The
Netherlands, however, the necessary experience and apparatus are to be found in only a few
hospitals. Russell et al. reported thai it is possible to demonstrate and classify motility disorders
of the esophagus by recording the transit of a bolus of radioactivity through the esophagus and
preparing radioactivity-versus-timc graphs for a number of regions of interest.
This study can in principle be carried out in every hospital with a Department of Nuclear
Medicine. This method has brought the examination of esophageal motility within reach of a
larger group of physicians. The aim of the study described in this thesis was to determine the
value of radionuclides for the demonstration of motility disorders of the esophagus. Because of
the low incidence of conditions such as achalasia, diffuse esophagcal spasm and systemic
connective tissue disorders of the esophagus we, like Russell et al. and Blackwell et al., were
only able to study a limited number of patients with these diseases.
In chapter 1 the development of the manometric and scintigraphic examinations of the esophagus
is reviewed. Normal motor function and motility disorders such as achalasia, diffuse esophageal
spasm and those accompanying systemic conneciive tissue diseases of the esophagus are descri-
bed.
For a correct diagnosis of the complaints of a patient, radi, dir gnostic, endoscopic and sometimes
a 24-hour pH study of the esophagus arc also required. These examinations, as well as the
manometric and scintigraphic methods used in this study, and the patients groups arc described
in chapter 2. The results obtained are discussed in chapter 3.
Our normal values appeared to agree with those given by Russell et al. and Blaekwcll et al.,
which supports their usefulness. The establishment of a diagnosis on the basis of the radioactivity
curves obtained was not always as easy as suggested by Russell et al.
For patients with achalasia we found persistent radioactivity in at least two of the three regions
of interest of the esophagus during the first 51.2 seconds of the examination. In a number of
these patients pendular motion of the radioactivity from one region of interest to another was
noted. Like Russell et al. we found little or no radioactivity in the first 51.2 seconds in the gastric
region of patients who had not undergone surgery or pneumatic dilatation. Patients with diffuse
esophageal spasm also exhibited a prolonged transit time - sometimes exceeding 51.2 seconds.
In this group of patients, however, a relatively high level of radioactivity could often be
registered over the gastric region within about 30 seconds. The pattern of the transit graph was
irregular. In one case the pattern resembled that of achalasia. In another case the first radionu-
clide examination of a patient with diffuse esophageal spasm was normal. The second, however,
was abnormal; this can be attributed to the intermittent nature of the diffuse esophageal spasm
in this patient. Of the systemic connective tissue diseases of the esophagus we could only find
two cases of scleroderma that could be examined manometrically and scintigraphically. In both
patients radioactivity persisted for more than 51.2 seconds over the regions of interest of the
esophagus. In one patient radioactivity could be registered in the gastric region within 51.2
seconds, in the other after 51.2 seconds. The curves were fairly flat with one example of a
pendular shift in radioactivity from one region of interest to another. In the literature too only
a few such patients have been reported so that a definitive description of the transit pattern for
scleroderma cannot be given. A tentative conclusion must therefore be that the transit time is
prolonged in .scleroderma while the patterns obtained can resemble those of achalasia.
Our patient series included many cases of reflux esophagitis. Since in animal experiments it has
been shown that Tc-99m sulfur colloid adheres to ulcerated esophageal epithelium, a group of
patients with various grades of esophagitis was studied. A clear correlation between the severity
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ot the macroscopic abnormalities and the transit time could not be demonstrated. To date this
has not yet been studied by others.
Oncol the factors that plays a role in the development of reflux esophagi tis is the motor function.
In a group of patients with pathological gastroesophageal reflux confirmed by a 24-hour pH
study, an attempt was made to determine whether more motility disorders could be demonstra-
ted with the scintigraphic than with the manometric technique. In 4 of the 23 cases with a normal
manometric examination the radionuclide study was abnormal which supports the observations
of Russell et al. that radionuclide studies are more sensitive than manometry for detecting
dysmotility. No correlation could be demonstrated with any of the parameters of the pH studv.
In conclusion it can be stated that the pattern of the transport of Tc-Wm antimony sulfide colloid
through the esophagus in our patients with achalasia. diffuse esophagcal spasm and scleroderma
was almost always abnormal. On the basis of the characteristics described in this thesis it was
often possible to classify the patients with achalasia and diffuse esophageal spasm. A tentative
conclusion for patients with scleroderma is that the patterns obtained can resemble those of
achalasia.
A definitive evaluation can be given when a larger group of patients with motility disorders has
been studied using the same definitions and methods.
In view of the sirrplicity of this examination and the fact that it is easily tolerated by the patients,
a radionuclide examination of patients with suspected motility disorders (achalasia. diffuse
esophageal spasm, sclcrodcrma) should be considered. If this examination does not yield a
definitive diagnosis, then the manomctric examination can be carried out.
In this study patients with strictures and diverticula were purposely excluded. In both cases
radioactive material remains in the esophagus so that evaluation of the curves is hampered. For
this group of patients the manometric examination, if needed, appears to be preferable.
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Samenvatting en conclusies

Met manometrische technieken kan men motiliicitsstoornisscn van de slokdarm diagnostiseren.
De hiervoor benodigde kennis en apparatuur is in Nederland echter in een beperkt aantal
ziekenhuizen aanwezig. Russell et al. toonden aan dat het mogelijk is door hel transportpatroon
van een bolus radioactiviteit door de slokdarm te registreren en tijd-activiteitscurves over een
aantal regions of interest te vervaardigen, motilitcilsstoornissen van de slokdarm aan te tonen
en 1c classificeren. Dit laatste onderzoek kan in principe in elk ziekenhuis plaatsvinden dal
beschikt over een afdeling voor nucleair geneeskundige diagnostiek. Door deze toepassing lijkt
het motiliteitsonderzoek van de slokdarm binnen het bereik gekomen te zijn van een grotere
groep artsen. Doel van het in dit proefschrift beschreven onderzoek was na te gaan in hoeverre
het mogelijk is met behulp van radionucliden motilitcitsstoorni.sscn van de slokdarm aan te
tonen.
Gezien het niet frequent voorkomen van aandoeningen als aehalasie. diffuse oesophagusspas-
men en systcmische bindweefsel ziekten van de slokdarm, konden wij. net als Russell et al. en
Blackwell et al., slechts beperkte aantallen patiënten met deze aandoeningen onderzoeken.
In hoofdstuk 1 wordt een overzicht gegeven van de ontwikkeling van hel manometrisch en
scintigrufisch onderzoek van de slokdarm. De normale motoriek en motilitcitsstoornissen als
aehalasie. diffuse oesophagusspasmen en die bij systemische bindweefselziekten van de slok-
darm worden beschreven.
Vaak zal voor een juiste interpretatie van de klachten van een patiënt radiodiagnostisch,
endoscopisch onderzoek en soms ook een pH studie van de slokdarm nodig zijn. Deze worden
naast de gebruikte manometrische en scintigrafische technieken en de onderzochte patiënten-
groepen in hoofdstuk 2 besproken. De verkregen resultaten volgen in hoofdstuk 3. Onze
normaalwaarden bleken overeen te komen met die van Russell et al. en Blaekwell et al.. heigeen
de bruikbaarheid hiervan ondersteunt. Het stellen van een diagnose op grond van de verkregen
tijd-activiteits-curves bleek niet altijd even eenvoudig als gesuggereerd door Russell et al. Bij
patiënten met aehalasie zagen wij het aanwezig blijven van activiteit in minstens twee van de
drie regions of interest van de slokdarm gedurende de eerste 51.2 seconden van het onderzoek.
Bij een aantal van deze patiënten kon het pendelen van activiteit van het ene region of interest
naar het andere worden geregistreerd. Net als Russell et al. zagen wij bij de niet geopereerde
of gedilateerde patiënten praktisch geen activiteit over de maagstreek gedurende de eerste 51.2
seconden. Ook bij de onderzochte patiënten met diffuse csophagusspasmen was de passagetijd
veelal verlengd, soms was deze langer dan 51.2 seconden. Bij deze groep patiënten kon echter
reeds na ca. 30 seconden relatief veel activiteit over de maagstreek geregistreerd worden. Het
patroon van de tijd-activiteits-curves was irregulair. Een enkele keer leek het patroon veel op
dat van aehalasie. Éénmaal viel het radionuclidenonderzock bij een patiënt met diffuse oesopha-
gusspasmen normaal uit. Het tweede onderzoek bij deze patiënt was echter wel afwijkend.
Mogelijk moet dit gezien worden als uiting van het intermitterend karakter van de diffuse
oesophagusspasmen bij deze patiënt.
Uit de groep systemische bindweefselziekten van de slokdarm konden wij slechts twee patiënten
met sclerodermic manometrisch en scintigrafisch onderzoeken. Bij beiden was de activiteit
langer dan 51,2 seconden over de regions of interest van de slokdarm aantoonbaar. Bij één
patiënt was binnen 51.2 seconden activiteit over de maagstreek aantoonbaar, bij de ander pas
na 51,2 seconden. Het patroon van de curves was vrij vlak met éénmaal pendelen van activiteit.
Ook in de literatuur worden slechts enkele patiënten beschreven, zodat een definitieve beschrij-
ving van het transportpatroon bij sclerodermie nog niet gegeven kan worden. Een voorlopige
conclusie moet dan ook luiden, dat de passagetijd bij sclerodermie verlengd is en het patroon
van de gegenereerde curve kan lijken op dat van aehalasie. In ons patiënlenmateriaal kwamen
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veel patiënten met reflux oesophagitis voor. Daar in dierexperimenteel onderzoek gebleken was
dut Tc-Wm zwavclcolloid zich aan gc-ulccrcerd slokdarmepitheel hecht, werd een groep patiën-
ten met diverse graden van oesophagitis onderzocht. Een duidelijke correlatie tussen de ernst
van de macroscopische afwijkingen en de passagetijd kon niet worden aangetoond. Tot op
heden is dit nog niet door anderen onderzocht.
Eén van de factoren die een rol speelt in het al dan niet ontstaan van reflux oesophagitis is de
motoriek. Teneinde na te gaan of radionuclide studies sensitiever zijn voor het aantonen van
motiliteitsstoornissen dan het manometrisch onderzoek werd een groep patiënten met een.
middels 24-uur pH studie, bewezen pathologische gastro-oesophageale reflux onderzocht.
Bij 4 van de 23 patiënten die een normale manometrie bleken te hebben, was de radionucliden-
studie afwijkend. Geen correlatie kon worden aangetoond met enige parameter van de 24-uur
pH studie.
Concluderend kan worden gesteld dat het patroon van het transport van Tc-99m antimoonsul-
fide colloid door de slokdarm bij de door ons onderzochte patiënten met achalasie. diffuse
oesophagusspasmen en sclerodcrmie praktisch altijd afwijkend was. Op grond van de in dit
proefschrift beschreven kenmerken was het ons veelal mogelijk tot een classificatie te komen
bij patiënten met achalasie en diffuse oesophagusspasmen. Een voorlopige conclusie bij de
onderzochte patiënten met sclerodermie luidt dat de hier verkregen patronen kunnen lijken op
die van achalasie.
Nader onderzoek, gebruikmakend van dezelfde definities en methoden, van grotere aantallen
patiënten met motiliteitsstoornissen van de slokdarm zal moeten leiden tot een definitief waar-
deoordeel over deze nieuwe techniek.
Gezien de eenvoud van dit onderzoek en de goede acceptatie ervan door de patiënt zou men
kunnen overwegen bij patiënten met vermoede moliliteitsstoornissen (achalasie, diffuse oeso-
phagusspasmen. sclerodermie) nucleair geneeskundig onderzoek te (laten) doen. Laat dit
onderzoek geen definitieve conclusie toe, dan zou alsnog manometrisch onderzoek verricht
kunnen worden. In ons onderzoek hebben wij doelbewust geen patiënten opgenomen met
stricturen of divertikels. Bij beide aandoeningen blijft er activiteit in de slokdarm achter
waardoor de beoordeling van de gegenereerde curves bemoeilijkt wordt. Bij deze groep patiën-
ten lijkt, indien gewenst, manometrisch onderzoek de voorkeur te verdienen.

54



References

1 Russell COM. Hill 1 U. Holmes ER. cl al. Radionuclide transit: a sensitive screening test fur esopha-
geal dysfunction. Gaslroenterology 1981: Sll: 8K7-92.

2 Kronecker H. Mellzer SJ. Der Schluckmechanismus. seine Hrregunc und seine Hemmung Arch
Physiol Suppl 7. 18K3: 328-32.

3 Shepherd JK. Diamant NE. MecholylteM: comparison of balloon kymograph), and intralummal pres-
sure measurement. Gastroenterology 1972: A3: 557-63.

4 Ouigly JP. Brody DA. Digestive tract. Intralumen pressures: gastrointestinal propulsion, gastric
evacuation, pressure wall tension relationship. In: Glasser O (ed) Medical Physics Vol. 2 Chicago:
The Year Book Publishers Inc. 145(1: 28(1-92.

5 Brody DA. Ouigly JP. Registration of digestive tract intralumen pressures In: Visscher M Kill
Methods in Medical Research. Vol. 4 Chicago: The Year Book Publishers Inc. 1451: HN-2.V

6. Tcxtcr EC. Smith HW. Moeller HC. ct al. Inlraluminal pressures from the upper gastrointestinal trait
Correlation with motor activity in normal subjects and patients with esophageal disorders, (iastroente-
rology 1957: 32: 1013-24.

7. Pope C'K. A dynamic test of sphincter strength: its application to the lower esophageal sphincter
Gastroentcrology 1967; 52: 779-Kfi.

8. Stef JJ. Dodds WJ. Hogan WJ. et al. Intralumina! esophageal manomelrv: an analysis of variables
affecting recording fidelity of peristaltic pressures Gastroenlerology 1474: 67: 221-311.

9. Arndorffer RC. Slef JJ. Dodds WJ. et al. Improved infusion system lor intraluminal esophageal
manometry. Gastroenterology 1977; 73: 23-7.

1(1 Dodds WJ. Stef JJ. Hogan WJ. Factors determining pressure measurement accuracy by intraluminal
esophageal manometry. Gastroenterology 1976; 7(1: 117-23.

11. Waldeck F. Jennewein HM. Siewert R. The continuous withdrawal method for the quantitative
analysis of the lower esophageal sphincter (LES) in humans. Eur J Clin Invest 1973: 3: 331-7.

12. Dodds WJ. Hogan WJ. Slef JJ. et al. A rapid pull-through technique for measuring lower esophageal
sphincter pressure. Gastroenterology 1975:68: 437-43.

13. Dodds WJ. Instrumentation and methods for intraluminal esophageal manomelry. Arch Intern Med
1976: 136: 515-23.

14. Goodall RJR. Hay DJ. Temple JG. Assessment of the rapid pull-through technique in esophageal
manometry. Gut 1980; 21: 169-73.

15. Welch RW. Drake ST. Normal lower esophageal sphincter pressure: a comparison of rapid vs. slow
pull-through techniques. Gastroenterology 1980; 78: 1446-51.

16. Castell DO. How to 'best' measure lower esophageal sphincter pressure. Gastroenterology 198(1; 7'):
177-8.

17. Behar J. Brand DL. Brown FC. el al. Cimetidine in the treatment of symptomatic gastroesophageal
reflux. A double blind controlled trial. Gastroenterology 1978; 74: 441-8.

18. Kazem I. A new scintigraphic technique for the study of the esophagus. AJR 1972: 115: 681-N.
19. Bosch A. Dietrich R. Lanaro AE.et al. Modified scintigraphic technique for the dynamic study of the

esophagus. Int J Nucl Med Biol 1977; 4: 195-9.
20. Tolin RD. Malmud LS, Reilley T, et al. Esophagcal scintigraphy to quantitate esophageal transit

(quantitation of csophageal transit). Gastrocnterology 1979; 76: 1402-8.
21. Blackwell JN. Hannan WJ, Adam RD.etal. Radionuclide transit studies in the detection of esophageal

dysmotility. Gut 1983: 24: 421-6.
22. Heukelem HA van. Blom J. Camps JAJ.ct al. Oesophagus scintigraphy in achalasia. fiur J Nucl Med

1983; 8: A9.
23. Fisher RS. Malmud LS. Roberts GS. et al. Gastroesophageal (GE) scintiscanning to detect and

quantitatc GE reflux. Gastroenterology 1976; 70: 301-K.
24. Reich SB. Early WC, Ravin TH, ct al. Evaluation of gastropulmonarv aspiration by a radioactive

technique; concise communiation. J Nucl Med 1977; 18: 1079-81.
25. Rozen P. Gelfond M, Zaltzman S, ct al. Dynamic, diagnostic and pharmacological radionuclide studies

of the esophagus in achalasia. Radiology 1982; 144: 587-90.
26. Gelfond M. Rozen P, Gilat T. Isosorbide dinitratc and nifedipine treatment of achalasia; a clinical,

manometric and radionuclide evaluation. Gastroenterology 1982; 83: 963-9.
27. Gross R. Johnson LF, Kaminski RJ Esophageal emptying in achalasia quantitatcd by a radioisotope

technique. Dig Dis Sci 1979; 24: 945-9.

55



_h M<illimj\ RH. Krosin (». Lange RC. el al. Radionuchdc esophageal emptying oi a solid meal tn
quanlitalc' results of therapy in achalsia. Gastroentcrology 1983; H4: 771-6.

29 Hcllcmans J. Pclemans W. Vantrappen G. Pharyngoesophagcal swallowing disorders and the pharyn-
goi-snphagcal sphincter. Med Clin North Am 19H1; 65: 1152.

3ll Liebcrmann-Meffen D. Allgwer M. Schmid P. et al. Muscular equivalent of the lower esophageal
sphincter GaMroentcrology 1979: 76: 31-S.

31. WinansCS Manometric asymmetry of the lower esophageal high-pressure zone. DigDisSci 1977:22:
348-54.

32. Gerhardt DC'. Shuck TJ. Bordeaux RA. Human upper esophageal sphincter GaMroentcrology 197S:
75: 268-74.

33 Castell DO Esophageal manometric studies: a perspective of their physiologic and clinical relevance.
J Clin Gastroenterol 198(1: 2: 191-6.

34 Hunvitz A L . Duranceau A . Haddad JK. Disorders of esophageal motility. In. Lloyd H. Smith. Jr(cd).
Vol 16 in the scries major problems in internal medicine. Philadelphia. London. Toronto: WB
Saundcrs Company 1979. 17.

35 Lear CS. Flanagan JB. Moorrecs CFA. The frequency of deglutition in man. Arch Oral Biol 1965: 1(1:
83-99.

36. Lichter I. Muir RC" The pattern of swallowing during sleep. Electrocnccph Clin Neurophysiol 1975:
.IN: 427-32.

37 Ingelfinger FJ. Esophageal motility. Physiol Rev 1958; 38: 533-84.
3K. Flcsher B. Hendrix TR. Kramer P. The characteristics and similarity of primairy and secondary

peristalsis in the esophagus. J Clin Invest 1959; 38: 110-6.
39. Dodds WJ. Hogan WJ. Reid DP. el al. A comparison between primary esophageal peristalsis following

wet and dry swallows. J Appl Physiol 1973: 35: 851-7.
4(1. Al i Kahn T. Shragge BW. Crispin JS. et al. Esophageal motility in the elderly. Am J Dig Dis 1977; 22:

1049-54.
41. Soergel K H . Zboralskc FF, Amberg JR. Presbyesophagus: esophageal motility in nonagenarians. J

Clin Invest 1964; 43: 1472-9.
42. Mandelstam P. Lieber A. Cincradiographic evaluation of the esophagus in normal adults. A study of

146 subjects ranging in age from 21 to 90 years. Gastroenterology 1970; 58: 32-9.
43. Waters PF. DeMeester TR. Foregut motor disorders and their surgical management. Med Clin North

Am 1981:65: 1235—68.
44. Nagler R. Spiro H M . Serial esophageal motility Mudies in asymptomatic young subjects. Gastrocnlero-

logy 1961:41: 371-9.
45 Pope CE. Effect of infusion on force of closure measurements in the human esophagus. Gastroentero-

logy 1970: 58: 616-24.
46. Sanchez GC. Kramer P. Ingclfingcr FJ. Motor mechanism of the esophagus, particularly of its distal

portion. Gastroenterology 1953; 25: 321-32.
47. Butin JW, Olsen A M . Moersch HJ. A study of esophageal pressures in normal persons and patients

with cardiospasm. Gastroenterology 1953; 2.3: 278-93.
48. Hollis JB. Castell DO. Amplitude of esophageal peristalsis as determined by rapid infusion. Gastroen-

terology 1972; 63: 417-22.
49. Humphries TJ. Castell DO. Pressure profile of esophageal peristalsis in normal humans as measured

by direct intraesophagca) transducers. Am J Dig Dis 1977; 22: 641-5.
50. Nelson JL. Wu WC. Richter JE, et al. What is normal esophageal motility? Gastroenterology 1983;

84: 1258 (abstract).
51. Kramer P. Ingelfinger FJ. Cardiospasm: a generalized disorder of esophageal motility. Am J Med

1949:7: 174-9.

52. Creamer B. Olsen A M . Code CF. The esophageal sphincters in achalasia of the cardia (cardiospasm).
Gastroenterology 1957; 33: 293-304.

53. Cohen BR. 'Cardiospasm' in achalasia: demonstration of an abnormally elevated esophagogaslric
sphincter pressure with partial relaxation on swallowing. Gastroenterology 1965: 48: 864 (abstract).

54. Cohen S, Lipschutz W. Lower esophageal sphincter dysfunction in achalasia. Gastroenlerology 1971;
61:814-20.

55. Hurwitz A L . Duranceau A , Haddad JK. Disorders of esophageal motility. In: Lloyd H. Smith, Jr(ed).
Vol 16 in the scries major problems in internal medicine. Philadelphia, London, Toronto: WB
Saunders Company 1979: 86.

56. Vantrappen G, Hellemans J. Esophageal motor disorders. In: Cohen S, Soloway RD (eds). Diseases
of the Esophagus. New York, Edinburgh, London, Melbourne: Churchill Livingstone 1982: 161-79.

56



>~! Rinaldo JA. Bicdcrman MA. Gelzayd E The relative applicalion of endoscopy and other diagnostic
methods in achalasia Gastrointestinal Endoseopy 1976; 22: 145-7.

5X Pope Ch Motor disorders. In Sleisengcr. Fordtran (eds). Gastrointestinal disease, pathophysiology.
diagnosis, management. Philadelphia. London. Toronto: WB Saunders Company 1978: 526.

54 Tucker HJ. Snapc WJ. Cohen S. Achalasia secondary to carcinoma: manomctric and clinical features.
Ann Intern Med 1978: 89: 315-8.

Ml. Sandier RS. Bozymski EM. Orlando RC. Failure of clinical criteria to distinguish between primary
achalasia and achalasia secondary to tumor. Dig Dis Sci 1982: 27: 209-13.

hi LawsonTL. DoddsWJ. Infiltrating carcinoma simulating achalasia. Gastrointest Radiol 1976:1:245-K.
62. Kline MM. Successful treatment of vigorous achalasia associated with gastric lymphoma. Dig Dis Sci

198(1:25:311-3.
63. Vantrappen G. Janssens J. Hellemans J. et al. Achalasia. diffuse esophagcal spasm and related motility

disorders Gastroenterology 1979; 76: 45(1-7.
64. Mocrsch HJ. Camp JD. Diffuse spasm of the lower part of the esophagus Ann Otol Rhinol Laryngol

1934:43: 1165-73.
65. Roth AP. Fleshier B. Diffuse esophagcal spasm, clinical, radiological and manomelric observations.

Ann Intern Mcd 1964; 61: 914-23.
66. Creamer B. Donoghue FE. Code CF. Pattern of esophagcal motility in diffuse spasm Gastroentero-

logy 1958:34: 782-96.
67 Fleshier B. Diffuse esophagcal spasm. Gastroenterology 1967: 52: 559-64.
68 Bennett JR. Hendrix TR. Diffuse esophageal spasm: a disorder with more than one cause. Gastroen-

terology 1970; 59: 273-9.
69. Cohen S. Motor disorders of the esophagus. N Engl J Mcd 1979; 301: 184-92.
7(1. Castell DO. Achalasia and diffuse esophageal spasm. Arch Intern Mcd 1976: 136. 571-9.
71. Richter JE. Castell DO. Diffuse esophagcal spasm: a reappraisal. Ann Intern Med 1984; 1(K): 242-5.
72. Blackwcll JN. Castcll DO. Esophagcal motility: recent advances and implications. Clin Sci 1984; 67:

145-51.
73. Benjamin SB. Castcll DO. Chest pain of esophageal origin, where are we and where should we go?

Arch Intern Mcd 1983: 143: 772-6.
74. Gillies M. Nicks R. Skyring A. Clinical, manometric and pathological studies in diffuse esophageal

spasm. Brit Med J 1967; 2: 527-30.
75. Serebro HA. Venkatachalam B. Prentice RSA. ct al. Possible palhogenesis of motility changes in

diffuse csophagcal spasm associated with gastric carcinoma. Can Med Assoc J 1970; 102: 1257-9.
76 Swamy N. Esophageal spasm: clinical and manometric response to nitroglycerine and long acting

nitrites. Gastrocnterology 1977; 72: 23-7.
77. Kayc MD. Anomalies of peristalsis in idiopathic diffuse csophageal spasm. Gut 1981; 22: 217-22.
78. Brand DL. Martin D. Pope CE. Esophagcal manometrics in patients with angina-like chest pain. Dig

Dis Sci 1977; 22: 300-4.
79. Benjamin SB. Gerhardt DC, Castell DO. High amplitude, peristaltic esophagcal contractions associa-

ted with chest pain and/or dysphagia. Gastroenterology 1979; 77: 478-83.
80. Clouse RE. Staiano A. Contraction abnormalities of the esophageal body in patients referred for

manomctry. A new approach to manometric classification. Dig Dis Sci 1983; 28: 784-91.
81. Herrington JP, Burns TW, Balart LA. Chest pain and dysphagia in patients wilh prolonged peristaltic

contractile duration of the esophagus. Dig Dis Sci 1984; 29: 134-40.
82. Benjamin SB. Richter JE, Cordova CM, et al. Prospective manometric evaluation with pharmacologic

provocation of patients with suspected esophageal motility dysfunction. Gastroenterology 1983; 84:
893-901.

83. Davies HA, Kaye MD, Rhodes J, et al. Diagnosis of esophageal spasm by ergometrine provocation.
Gut 1982; 23: 89-97.

84. Mellow M. Symptomatic diffuse esophageal spasm. Manometric follow-up and response to cholincrgic
stimulation and cholinesterase inhibition. Gastroenterology 1977; 73: 237-40.

85. DiMarino AJ, Cohen S. Characteristics of lower esophagcal sphincter function in symptomatic diffuse
esophageal spasm. Gastroenterology 1974; 66: 1-6.

86. Zboralskc FF, Dodds WJ. Roentgenographic diagnosis of primary disorders of csophagcal motility.
Radiol Clin North Am 1969; 7: 147-62.

87. Seaman WB. Pathophysiology of the esophagus. Semin Rocntgcnol 1981; 16: 214-27.
88. Dodds WJ, Harell GS. Motility disorders. In: Margulis AR, Burchcnne HJ (eds). Alimentary tract

Roentgenology. St. Louis: CV Mosby Co 1973; Vol I: 461-83.

57



K9 Ramircz-Mata M. Reyes PA. Alarcon-Segovia D. cl al. Esophageal motility in systemic lupus crythc-
matosus. Dig Dis Sci 1974; 19: 132-6.

90 Lindsay J R. Templelon FE. Rothman S. Lesions of the esophagus in generalized progressive scleroder-
ma JAMA 1943: 123: 745-50.

91 Rodnan GP. Fennell RH. Progressive systemic sclerosis sine scleroderma JAMA 1962: 1K(1: 97-1(12.
92. Treacy WL. Baggenstoss AH. Slocumb CH. et al. Scleroderma of the esophagus, a correlation of

histologic and physiologic findings. Ann Intern Med 1963: 59: 351-7.
93. Stevens MB. Hookman P. Siegel Cl. et al. Aperistalsis of the esophagus in patients with connective

tissue disorders and Raynaud's phenomenon. N Eng J Med 1964; 270: 1218-22.
94. Atkinson M. Summerling MD. Oesophageal changes in systemic sclerosis. Gut 1966: 7: 402-8.
95. Kaufmann HJ. Braverman IM. Spiro HM. Esophageal manometry in scleroderma. Scan J Gastroente-

rol 1968; 3: 246-54.
96 Cohen S. Fisher R. Lipshutz W. ct al. The pathogenesis of esophageal dysfunction in scleroderma and

Raynaud's disease. J Clin Invest 1972: 51: 2663-8.
97. Talbott JH. Progressive systemic sclerosis. Collagen vascular diseases. New York. San Francisco.

London: Grune & Strattoii Inc 1974: 157-8.
98. Krejs GJ. Lnbsiger MM. Rau R. ct al. Esophageal function in progressive systemic sclerosis. Acta

Hcpato-Gastroenterol 1976; 23: 40-6.
9y. Atkinson M. Oesophageal motor changes in systemic disease. Clin Gastroenterol 1976; 5: 119-33.

100. Waters PF. DeMeestcr TR. Foregut motor disorders and their surgical management. Med Clin North
Am 1981; 65: 1235-68.

101. Hurwitz AL, Duranceau A, Haddad JK. Disorders of esophagcal motility. In: Lloyd H. Smith. Jr(ed).
Vol 16 in the scries of major problems in internal medicine. Philadelphia. London. Toronto: WB
Saunders Company 1979: 102-10.

102. O'Hara JM. Szemes G. Lowman RM. The esophageal lesions in dermatomyositis. Radiology 1967:
89:27-31.

1(13. Donogbuc FE. Winkelman RK, Moersch HJ. Esophageal defects in dermatomyositis. Ann Otol
Rhinol Laryngol I960; 69: 1139-45.

104. Johnston RE. Instrumentation. Part A. Basis instrumentation. In: Bcrnier DR. Langan JK. Wells LD
(eds). Nuclear Medicine Technology and Techniques. St. Louis. Toronto. London: The C.V. Mosby
Company 1981: 101-13.

KB. Cradduck TD. Computer Science. In: Bernier DR. Langan JK. Wells LD (eds). Nuclear Medicine
Technology and Techniques. St. Louis, Toronto. London: The C.V. Mosby Company 1981: 187-212.

106. Johnson LF, DeMeester TR. Twenty-four hour pH monitoring of the distal esophagus: a quantitative
measure of gastro-esophageal reflux. Am J Gastroenterol 1974; 62: 325-32.

107. Johnson LF. DeMeester TR, Haggit RC. Endoscopic signs for gastroesophageal reflux objectively
evaluated. Gastrointesl Endosc 1976; 22: 151-5.

108. DeMeester TR, Johnson LF, Joseph GJ, et al. Patterns of gastroesophageal reflux in health and
disease. Ann Surg 1976; 184: 459-70.

109. Atkinson M. Gelder A van. Esophageal intraluminal pH recording in the assessment of gastroesopha-
geal reflux and its consequences. Dig Dis Sci 1977; 22: 365-70.

110. Jolley SG. Johnson DG. Herbst JJ, et al. An assessment of gastroesophagcal reflux in children by
extended pH monitoring of the distal esophagus. Surgery 1978; 84: 16-24.

111. Pellegrini CA, DeMeester TR, Johnson LF, et al. Gastroesophageal reflux and pulmonary aspiration:
incidence, functional abnormality and results of surgical therapy. Surgery 1979; 86: 110-9.

112. DeMeester TR. Wernly JA, Little AG, et al. Technique, indications and clinical use of 24 hour
esophageal pH monitoring. J Thorac CardiovascSurg 1980; 79: 656-67.

113. Fink SM, McCallum RW. The role of prolonged esophageal pH monitoring in the diagnosis of
gastroesophageal reflux. JAMA 1984; 252: 1160-4.

114. Richter JE. Castell DO. Gastroesophageal reflux. Ann Intern Med 1982; 97: 93-103.
115. Pellegrini CA. DeMeester TR, Wernly JA. Alkaline gastroesophageal reflux. Am J Surg 1978; 135:

177-84.
116. Stewart ET; Radiographic evaluation of the esophagus and its motor disorders. Med Clin North Am

1981; 65: 1173-94.
117. Dodds WJ, Stewart ET, Hodges D, et al. Movement of the feline esophagus associated with respiration

and peristalsis' an evaluation using tantalum markers. J Clin Invest 1973; 52: 1-13,
118. Dodds WJ. Current concepts of esophageal motor function: clinical implications for radiology. Am J

Roentgenol 1977; 128:549-61.

58



114 Taillcfcr R. Hc.iuchamp G. Devito MP. ct al Ocsophagitis cxpcrimcntalc: evaluation par esophago-
grammc radioisotopiquc (Tc-9um-soufrc colloidal), correlations manomcinuue ct histopathologiquc.
J Biophys ct Mcd Nucl 1983: 7; 131-8

120. Taillefcr R. Bcauchamp G. Radionuclide esophagogram. Clin Nucl Mcd 19K4: 9: 465-83.
121 Dodds WJ. Hogan WJ. Helm FJ. Palhogenesis of reflux esophagilis Gastrocnlcrology 1981: XI

376-94.
122. Heukclem HA van. Blom J. Camps JAJ, et al. Radionuclide transit studies in patients with reflux

csophagitis and a pathological 24 hour pH study. In: DeMeester TR. Skinner DB (eds). Esophageal
disorders and therapy. New York: Raven Press 1985: 83-86.

123. Wesdorp E. Bartelsman J. Pape K. et al. Oral cimelidine in reflux esophagitis: a double blind
controlled trial. Gastroenterology 1978; 74: 821-4.

124. Tytgat GNJ. Medical treatment of reflux esophagitis. In: Heukelem HA van. Gooszen HG. Terpstra
JB. Belsey RHR (eds). Pathological gastroesophageal reflux, diagnosis and treatment. Amsterdam:
Zuid-Nederlandse Uitgeversmaatschappij 1983: 81-8.

125 Orringer MB. Skinner DB. Belsey RHR. Long term results of the Mark IV operation of hiatal hernia
and analysis of recurrences and their treatment. J Thorac Cardiovasc Surg 1972: 63: 25-31.

126. Skinner DB. Belsey RHR. Surgical management of esophageal reflux and hiatus hernia. Long term
results with 1030 patients. J Thorac Cardiovasc Surg 1967: 53: 33-54.

127. Rosetti M. Hell K. Fundoplication for the treatment of gastroesophageal reflux in hiatal hernia. Worl
JSurg 1977; 1:439-43..

128 HillLD. An effective operation for hiatus hernia: an eight year appraisal. Ann Surg 1967:166:681-92.
129. Gooszen HG. Terpstra JL, Goedhard JG. et al. De chirurgische behandeling van reflux oesophagitis

hij volwassenen. Ned Tijdschr Geneesk 1984; 128: 13X5-90.
13(1, Belscy RHR. Indications for aims and limitations of anti-reflux surgery. In: Heukelcm HA van.

Gooszen HG. Terpslra JL. Belsey RHR (eds). Pathological gastro-ocsophageal reflux, diagnosis and
treatment. Amsterdam: Zuid Nederlandse Uitgeversmaatschappij 1983: 97-9.

131. Dodds WJ.Hogan WJ, Miller WN. Reflux esophagitis. Dig Dis Sci 1976:21:49-67.
132. Strawn T, Knutson CO, Max MH. The role of endoscopy in patients with suspected esophagcal reflux.

Am Surg 1980: 46: 95-9.
133. Ott DJ. Gelfand DW. Wu WC. Reflux esophagitis: radiographic and endoscopic correlation. Radio-

logy 1979: 130: 583-8.
134. Graziani L. De Nigris E. Pesaresi A, ct al. Reflux esophagitis: radiologic-endoscopic correlation in 39

symptomatic cases. Gastrointest Radio) 1983; 8: 1-6.
135. Koehler RE. Weyman PJ, Oakley HF. Single and double contrast techniques in esophagitis. AJR 1980:

135: 15-9.
136. Ott DJ. Wu WC. Gclfand DW. Reflux esophagitis revisited: prospective analysis of radiological

accuracy. Gastrointest Radio! 1981; 6: 1-7.
137. Bernstein LM. Baker LA. A clinical test for esophagitis. Gastroenterology 1958:34: 760-81.
138. Behar J. Biancani P. Sheahan DG. Evaluation of esophageal tests in the diagnosis of reflux esophagitis.

Gastroenterology 1967; 71: 9-15.
139. Skinner DB, Booth DJ. Assessment of distal esophageal function in patients with hiatal hernia and/or

gastroesophageal reflux. Ann Surg 1970; 172: 627-37.
140. DeMeester TR, Johnson LF. The evaluation of objective measurements of gastroesophageal reflux

and their contribution to patient management. Surg Clin North Am 1976; 56. 39-53.
141. Booth DJ. Kemmerer WT, Skinner DB. Acid clearing from the distal esophagus. Arch Surg 1968; 96:

731-4.
142. Henderson RD. Mugashe F, Jeejeebhoy KN, et al. The motor defect of esophagitis. Can J Surg 1974;

17: 112-6.
143. Olsen AM, Schlegel JF. Motility disturbances caused by esophagitis. J Thorac Cardiovasc Surg 1965;

50:607-12.
144. Affolter H. Pressure characteristics of reflux esophagitis. Helv Med Acta 1966; 33: 395-402.
145. Siegel CI. Hendrix TR. Esophageal motor abnormalities induced by acid perfusion in patients with

heartburn. J Clin Invest 1963; 42: 686-95.
146. Gerhardt DC, Castell DO, Winship DH, et al. Esophagcal dysfunction in esophagopharyngeal regur-

gitation. Gastrocnterology 1980; 78: 893-7.
147. Corazziari E, Bontempo I, AnziniF, etal. Motor activity of the distal esophagus and gastrocsophageal

reflux. Gut 1984; 25: 7-13.

59



14K Dent J. Roles of esophageal motility in causation of reflux esophagilis. In: Heukelem HA van.
(«««./en HG. Terpstra JL. Bekey RHR (cds). Pathological gastro-oesophageal reflux, diagnosis and
treatment Amsterdam: Zuid Nederlandse Uitgeversmaatschappij 1983: 35-42.

My Dent J. Dodds WJ. Friedman RH. et al. Mechanism of gastro-esophageal reflux in recumbent

asymptomalic human subjects. J Clin Invest 1980: 65: 2S6-67.

1511. Vovlcs CR. Stevens GL. Polk HC. et al. Manomelric evaluation of esophageal disease. South Med J
1981: 74: 673-5.

151. Meshkinpour H. Glick ME. Sanchez P. Esophagcal manometry. a benefit and cost analysis. Dig Dis
Sci 1982: 27: 772-5.

152. Baulieu F. Maurage C. Baulieu JL. et al. A quantitative approach to gastroesophageal reflux in
children. Nucl Med Comm 1984; 5: 689-95.

153. Martins JCR. Isaacs PET. Sladen GE. Gastroesophageal reflux scintigraphy compared with pH probe
monitoring. Nucl Med Comm 1984; 5: 201-4.

154. Fisher RS. Malmud LS. Radionuclide studies of gastroesophageal reflux. In: Heukelem HA van.
Gooszen HG. Terpstra JL. Belsey RHR (eds). Pathological gastro-esophageal reflux, diagnosis and
treatment. Amsterdam: Zuid Nederlandse Uitgeversmaatschappij 1983: 143-50.

155. Dam APM van. Gastric emptying utilizing the gamma camera. Thesis. Nijmegen 1972.

156. Klein HA. Wald A. Computer analysis of radionuclide csophageal transit studies. J Nucl Med 1984:
25: 957-64.

157. Benjamin SB. O'Donnell JK. Hancock J. et al. Prolonged radionuclidc transit in 'Nutcracker Esopha-
gus'. Dig Dis Sci 1983: 28: 775-9.

158. Richter JE, Blackwcll JN. Wu WC. et al. Assessment of liquid bolus transit (LBT) by simultaneous
radionuclidc transit and esophagcal manomctry. Gastrocnlerology 1983; 84: 12X5 (abstract).

60



Curriculum Vitae

De schrijver van dit proefschrift werd op 6 juni 1945 te Bcrkhamslcd (Engeland) geboren.
Van 1958 tot 1962 doorliep hij de Godelinde MULO te Naarden waarna de middelbare school-
opleiding van 1962 tot 1966 aan het Nieuwe Lyceum te Hilversum volgde.
In 1966 behaalde hij het HBS-B diploma. Van 1966 tot 1973 studeerde hij aan de Medische
Faculteit van de Rijksuniversiteit te Utrecht. Op 6 juli 1973 behaalde hij het artsdiploma.
Hierna was hij tot eind 1974 werkzaam als assistent op de afdelingen Chirurgie. Verloskunde en
Gynaecologie en Kindergeneeskunde van het Holy-Ziekenhuis te Vlaardingen. Aansluitend
was hij tot februari 1976 op de afdeling Inwendige Geneeskunde van het Ziekenhuis Amsterdam
Noord (M.W. Wessel) werkzaam, waarna de opleiding tot internist op de afdeling voor Inwen-
dige Geneeskunde van het Academisch Ziekenhuis der Vrije Universiteit te Amsterdam (oplei-
der Prof.Dr. C. v.d. Meer) volgde.
Tegen het einde van deze opleiding was hij werkzaam op de afdeling Gastrocntcrologic en
Hepatologie van het Academisch Ziekenhuis te Leiden (hoofd: Prof.Dr. A.J.Ch. Hacx). Op 1
februari 1981 werd hij geregistreerd als internist, op 1 maart 1983 volgde de overschrijving naar
het specialisme gastroenterologie. Sinds 1 juni 1983 is hij als gastroenteroloog aan het Slotcr-
vaartzickenhuis te Amsterdam verbonden.

61


