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SUMMARY We have reviewed our experience of 150 patients to assess the clinical value of
radionuclide oesophageal transit measurements in relation to established oesophageal motility
investigations. Achalasia and conditions.characterised by incoordinate oesophageal motor activity
were detected with equal frequency by manometry and radionuclide transit measurement.
Radionuclide transit measurements identified abnormalities not detected by manometry in 18
patients, and manometry was abnormal in 26 patients with normal radionuclide studies, including
all patients with nutcracker oesophagus and most with hypertensive lower oesophageal sphincter.
The overall sensitivity of radionuclide transit measurements in detecting oesophageal dysmotility
was 75%/O, the sensitivity of manometry was 83o/o and that of conventional barium radiology 30%.
We conclude that radionuclide transit measurement is a useful test for patients with suspected
oesophageal motility disorders. Although it has limitations as a screening test, it provides
additional information which complements oesophageal manometry.

Radionuclide transit measurement has been
proposed as a sensitive screening test for oeso-
phageal dysmotility.' 2 The attraction lies in the
rapidity of its performance, the easily quantifiable
results and its non-invasive nature. Tolin and co-
workers first reported use of this technique in
patients with oesophageal motility disorders, des-
cribing a method to measure transit time through
the whole oesophagus.i3 A modification in which the
oesophagus is subdivided into three areas of interest
was utilised by Russell and colleagues. ' This has the
advantage of providing more detailed information of
the pattern of transit of the fluid bolus through the
oesophagus, and has demonstrated abnormalities in
symptomatic patients in whom conventional radi-
ology and manometry were normal. This implies
that the transit measurement is more sensitive than
manometry in detecting abnormal oesophageal
function.
Manometric examinations carried out simultan-

eously with radionuclide transit studies have shown
that a specific pattern of 'to and fro' movement of
isotope between areas of the oesophagus occurs
when non-propagated simultaneous pressure waves
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are recorded manometrically after a swallow.4 Such
abnormalities of transit are now known to occur in
symptomatic patients with normal manometry,' 2 as
well as in those with manometric evidence of diffuse
oesophageal spasm. Based on these considerations,
we believe that 'to and fro' activity observed during
a delayed radionuclide transit study suggests oeso-
phageal spasm, even where resting manometry is
normal.
The aim of the present study is to assess the

diagnostic yield and clinical value of radionuclide
transit studies in the assessment of 150 consecutive
patients undergoing oesophageal motility studies for
diagnostic purposes.

Methods

PATIENTS

One hundred and fifty patients were referred for
clinical evaluation of oesophageal motility. There
were 81 men and 69 women, average age 47.5 years
(range 18-73 years). The principal symptoms lead-
ing to referral were as follows: non-cardiac chest
pain (55), chest pain and dysphagia (16), dysphagia
alone (35), heartburn (21), heartburn and dysphagia
(nine), vomiting and regurgitation (eight), epigastric
pain (six).
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At least one of either endoscopy or conventional
barium radiology of the oesophagus and stomach
was done before motility studies to exclude obstruc-
tive oesophageal lesions and to examine for signs
of gastro-oesophageal reflux disease. Radio-
logical technique included as assessment of three
swallows of barium in the erect position and an
examination with the patient supine, during which
manoeuvres were undertaken to examine for gastro-
oesophageal reflux. Both endoscopy and radio-
logical studies were carried out in 120 patients, while
23 patients underwent endoscopy alone and seven
patients barium studies alone. We did not insist on
radiological examination in all our patients (pro-
vided endoscopy had been carried out) in view of
our previous disappointing results with radiology in
the assessment of oesophageal dysmotility.

All patients then underwent radionuclide transit
measurements and oesophageal manometry. Sixty
patients also had prolonged oesophageal pH
recordings.

MANOMETRIC TECHNIQUE

Oesophageal manometry was conducted using an
Arndorfer ESM3 8-lumen polyvinyl naso-oeso-
phageal tube of 4.8 mm external diameter, each
lumen having a side opening of 0-8 mm diameter.
Each lumen was perfused with water at a constant
rate of 0 7 ml per minute by an Arndorfer capillary
infusion pump. Pressure changes were detected by
pressure transducers (Elcomatic EM750) connected
by amplifier modules (Elcomatic EM760) to a chart
recorder (Elcomatic EM740). This system has a
response rate of 250 mmHg/second.

Using three distally opening lumens, 1 cm apart,
and orientated radially at 1200 to one another, the
lower oesophageal sphincter pressure was estimated
three times for each individual by the rapid pull-
through technique. Distal oesophageal peristalsis
was assessed using three lumens at 5 cm intervals,
with the distal opening positioned 5 cm above the
distal end of the sphincter. Motility was then
assessed in response to 15 swallows of 5 ml water
administered from a syringe at 20 second intervals
with the patient recumbent. Average distal peri-
staltic amplitude and duration was calculated from
the last five wet swallows in each case.

SCINTIGRAPHIC TECHNIQUE
Radionuclide transit studies were carried out as
described previously.2 Each patient was examined
supine, and asked to swallow 10 ml of water
containing 18*5 MBq of 99 m technetium sulphur
colloid introduced into the mouth from a syringe,
and then to 'dry swallow' at 30 second intervals for
two minutes. Multiple images (2/second) of the

oesophagus were recorded by a gamma camera
fitted with a diverging collimator, and linked to a
computer. The examination was repeated with a
second technetium swallow in each case.
A graphic display of the transit pattern through

each third of the oesophagus was generated, and the
total transit time calculated as the time from the first
appearance of radionuclide in the proximal oeso-
phagus to disappearance of all but 10% of activity
from the distal third of the oesophagus.

PH STUDIES
Prolonged intraoesophageal pH monitoring was
carried out in 60 patients. Of these, 11 had 15 hour
overnight recordings and 49 underwent ambulatory
23 hour monitoring. For the latter, a naso-oeso-
phageal glass pH electrode (Ingold pH electrode,
Pye-Unicam, UK) was positioned 5 cm above the
distal end of the lower oesophageal sphincter pre-
viously determined by manometry. Recordings were
made on a modified Holter cassette recorder carried
by the patient on a belt. Patients were allowed to go
home if they wished, and no restrictions were made
on activities or food and drink ingestion. Each
patient kept a record of symptoms, posture, and
food or drink ingestion. Before and after each study,
the pH probe was calibrated against a range of
buffers, but in no case did the pH drift by more than
1 unit.
For the purposes of this study, recordings demon-

strating greater than 4.2% of the recording time
with distal oesophageal pH less than 4 were deemed
to show significant reflux.5

MANOMETRIC AND RADIONUCLIDE TRANSIT

ANALYSIS
Manometric abnormalities were classified using
criteria suggested by Benjamin et al6 and the range
of normal values reported by Nelson et a17 working
with apparatus comparable to our own.

Radionuclide studies were reported independ-
ently by two observers (RDA and JNB) who were
not given access to clinical information or the results
of other investigations, apart from knowing whether
or not a hiatal hernia had been shown endoscopic-
ally or radiologically. The total transit time (normal
<15 sec) and any abnormality of the pattern of
transit were noted.2 The principal abnormalities
seen were either static retention, or incoordination
with 'to and fro' movement of radionuclide between
the distal and mid or proximal thirds of the
oesophagus. Gastro-oesophageal reflux was also
noted, if present. If a double swallow occurred, this
was taken to invalidate the transit test. This was
observed on one of the two transit measurements in
five cases. The two independent observers were in
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agreement in reporting 90% of radionuclide transit
studies; in the remaining 10% an agreed final report
was made after the two observers jointly reviewed
the time activity curves for the transit test, together
with the record of oesophageal imaging in each
case.8

Results

For each patient, a final diagnosis was reached after
consideration of the clinical features and the results
of all investigations. Thus, motility disturbances
were diagnosed on the basis of appropriate clinical
features, together with manometric or radionuclide
transit abnormalities or both. Radiological findings
(considered separately later in this report) suggest-
ing a motility disturbance did not form the sole basis
for the diagnosis of the motility disorder in any case.
The diagnosis of gastro-oesophageal reflux disease
was based on one or more of the following findings:
endoscopic oesophagitis, free radiological reflux of
barium or abnormal acid reflux during prolonged
pH monitoring.
The final diagnoses reached were as follows: 33

patients had a normal oesophagus; 50 had a primary
oesophageal motility disorder including: diffuse
oesophageal spasm (22), achalasia (10), hyper-

Table 1 Abnzormal manometrv in 26 patients with normal
radionuclide transit measurements

Diffuse ocsophageal spasm 7
Hypertensive lowcr ocsophageal sphinctcr 10
'Nutcracker' oesophagus 4
Non-specific ocsophageail motility disordcrs 5

(low amplitudc pcristailsis
Adynamic distal oesophagus
Frcquent non-conductcd swallow 2)

tensive lower oesophageal sphincter (seven), nut-
cracker oesophagus (one), and non-specific
oesophageal motility disorders (l()). A total of 50
patients had gastro-oesophageal reflux disease.
Twenty seven of these had associated manometric
abnormalities, including: hypertensive lower oeso-

phageal sphincter (five), nutcracker oesophagus
(three), diffuse oesophageal spasm (three), and
non-specific oesophageal motility disorders (12). A
further four patients with gastro-oesophageal reflux
had normal manometry but prolonged radionuclide
transit, including three which showed 'to and fro'
movement of isotope.

Secondary motility disorders were diagnosed in 12
patients. These motility disorders were secondary
to surgery (eight), scleroderma (one), intestinal
pseudo-obstruction resulting from a collagen dis-
order (one), aortic compression of the distal oeso-

phagus (one), and carcinoma of the cardia (one).
Five patients had miscellaneous conditions,

including rumination (two), oesophageal varices

(one); two patients had previously dilated strictures
and recurrent dysphagia but no radiological or

endoscopic evidence of recurrent stricture.

CONCORDANCE BETWEEN INVESTIGATIONS

Radionuclide transit and manometry were both
normal in 59 patients, and both were abnormal in

47. There was, therefore, agreement in 1t)6 of 150
patients (71%0). Disparity was observed in 44
patients (29%o). Of these 44, 26 had abnormal
manometry but normal radionuclide transit measure-

ments, and 18 had normal manometry but abnormal
radionuclide transit studies.
The final diagnoses in the group of 26 patients

with abnormal manometry and normal radionuclide
transit measurements is summarised in Table 1. It is

of interest that this group includes all four patients

Table 2 Presenting symptoms, finial diagnoses and pattertn ofradionuclide tranisit abniormnality in 18 patietit.s ivith niormzal
manometrv

Presetttiig sVInptomsm
(No ofpatietits i.n p(arenitheses) hital (1iagtoss /lratsOit aIIbnormoalit%

Chcst patin (6) Ocsophagcil spaism 7-incoordi nation
Epigatstric pain ( 1)
Chest pain (3) Rctlux associatcd motilitv disorder 3-incoordination
Dysphagia., hcartburn ( 1) I-static retcntion
Dysphagi., odynophagil (1) Sccondary motilitv disordcr (aortic Incoordination

comprcssion of ocsophagus)
Chcst pain (2) Non-spccific motility disordcrs 5-static rctcntion
Chcst pain+dysphagia (1)
Epigastric pain (1)
Dysphagia (1)
Rccurrcnt dysphagia ( 1) Functiontl' stricturc (presious Staitic retention

stricttire no longcr demonstrable)

661



de Caestecker, Blackwell, Adam, Hannan, Brown, and Heading

with a manometric pattern of high amplitude or
prolonged duration peristalsis ('nutcracker'), and 10
of 14 patients with hypertensive lower oesophageal
sphincter. In addition, seven patients with oeso-
phageal spasm had normal radionuclide transit.

Eighteen patients with normal manometry had
abnormalities of radionuclide transit (Table 2). Of
these, 11 showed an incoordinate pattern sugges-
tive of oesophageal spasm (Fig. 1), three in associa-
tion with gastro-oesophageal reflux disease. The
remaining seven had distal static retention (Fig. 2),
comprising five patients with otherwise unexplained
chest or epigastric pain, one of whom also had
dysphagia, and a further two patients with otherwise
unexplained dysphagia.

DETECTION OF DYSMOTII ITY BY RADIONUCLIDE
TRANSIT
All patients with achalasia (10 cases) were detected
by both manometry and radionuclide transit. The
radionuclide transit study in eight showed static
retention for greater than 120 seconds, the remain-
ing two also demonstrating incoordinate activity
(Fig. 3), one of whom had a manometric pattern of
vigorous achalsia.
Twenty two patients were diagnosed as primary

diffuse oesophageal spasm. Of these, 10 had both
abnormal manometry and radionuclide transit,
while five had manometric abnormalities only and
seven had incoordinate activity on the radionuclide
transit study but normal manometry. In all, 17
patients in this group of 22 had an abnormal
radionuclide transit while 15 had abnormal mano-
metry. The detection rate is similar for both tests
(difference not significant; X2=o_l1, Yates
corrected).

Motility disorders associated with gastro-oeso-
phageal reflux were diagnosed in 27 patients. If
those patients with raised lower oesophageal sphinc-
ter pressure (five patients) and prolonged amplitude
or duration of peristalsis (three patients) are ex-
cluded, manometry detected 15 and transit measure-
ment 14 of the 19 with dysmotility. The detection
rate of motility disorder excluding the two categories
mentioned above is similar (difference not signific-
ant; X2=0_0, Yates corrected).
Abnormal radionuclide transit measurements

were observed in 10 of the 12 patients with secondary
motility disorders, the two normal transit studies
being in those patients in whom a raised lower
oesophageal sphincter pressure was the only mano-
metric abnormality.

ROLE OF ENDOSCOPY AND BARIUM RADIOLOGY
Endoscopy was carried out in 143 patients. Oeso-
phagitis was detected in 38 patients, eight of whom
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Fig. 1 Radionuclide time activity curves showing 'to and
fro' movement of isotope between distal and middle
oesophagus. Radioactivity counts in proximal, middle and
distal thirds ofoesophagus on vertical axis; time in seconds
on horizontal axis.
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Fig. 3 Radionuclide time activity curves from a patient
with vigorous achalasia, showing marked isotope retention
within the oesophagus, with some 'to and fro'
intraoesophageal movement of isotope. Axes as for Figure
1.

had a Barrett's oesophagus. In nine of these patients
who did not undergo oesophageal pH monitoring,
gastro-oesophageal reflux disease was diagnosed on
the basis of endoscopic oesophagitis alone. Other
endoscopic findings included a dilated oesophagus
in six (four with achalasia, two with secondary
motility disorders), carcinoma of the cardia (one),
varices (one), epiphrenic diverticulae (one), and
gastric ulcer (three).

Conventional barium radiology was undertaken in
127 patients. Gross free gastro-oesophageal reflux
was observed in 16 and was the diagnostic finding in

one patient with gastro-oesophageal reflux disease
who did not undergo prolonged pH monitoring.
Mild reflux was occasionally observed during other
studies but was not of itself regarded as significant.

In 28 patients, abnormalities were observed which
were thought to represent a motor disturbance by
the examining radiologist. One of these patients,
with radiological diagnosis of achalasia, was sub-
sequently found to have carcinoma of the cardia at
endoscopy and a non-specific oesophageal motor
disorder by manometry. Of the 10 patients with
achalasia, nine had abnormal barium studies which
were regarded as showing achalasia in five and distal
oesophageal obstruction with the cause not specified
in four. In a further patient with typical achalasia on

manometric and radionuclide studies, the diagnosis
was missed by radiological examination.
Twenty of the 22 patients with a final diagnosis of

Table 3 Comparison of barium radiology, radionuclide transit and manometry in the detection ofspecific oesophageal
motor disorders

A bnormnal A bnormal
manotnetrv+ Abtiormal A btnormal manometrv+ Abtiormal A btiormnal
radionuclide inanoinetrY radionuclide Both radionuclide manionetry radionuclide Botlh
transit only transit onlv niortnal transit only transit otnly niormnal

(i) Achalasia (10) (v) Non-specific ocsophagcail motility disordcrs (10)
Abnormal 9 - - - I

Barium
Normal 1 3 2 4

(ii) Diffusc ocsophagcIl spasm (2(0) (vi) Sccondary motility disordcrs (1()
Abnormal 5 I I 4 I

Barium
Normal 5 4 4 5

(iii) llypcrtcnsivc lowcr ocsophaigcal sphinctcr (Ill) (vii) Rcflux associatcd motility disordcrs (15)
Abnormal I - - -2

Barium
Normal 3 6 - 6 3 4

(iv) Nutcrackcr ocsophiagus (4) (viii) Normal ocsophagus/rcflux without motility
disordcr (48)

Abnormal - - 4
Barium
Normal 4 44

Note: Only 127 paticnts who undecrwcnt barium studics airc includcd.
'Thcsc patients had manomctric and/or radionuclidc transit studics suggcstivc of diffusc oesophagcal spasm.
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Table 4 Comparison of radiology, radionuclide transit and manometry in the detection ofoesophageal motor disorders in
127 patients undergoing barium studies

Manometry Radionuclide transit Bothleither

Abnormal Normal Abnormal Normal Abnormal Normal

Abnormal 22 6 23 5 24 4
Barium
Normal 40 59 35 64 55 44

Sensitivity of radiology 35% 40% 30%
Specificity of radiology 91% 93% 92%

diffuse oesophageal spasm had radiological studies.
Abnormalities were found in six (30%), including
tertiary waves (three), diffuse narrowing of the
lower oesophagus (two) and delayed emptying of
barium from the oesophagus (one). In all six cases
endoscopy was normal. In no case was oesophageal
spasm observed radiologically.

In the remaining patients with non-specific motility
disorders, including secondary and reflux associated
motility disorders, functional radiological abnormal-
ities were seen in five including tertiary waves (one),
delayed emptying of barium from the oesophagus
(two), 'achalasia' (one) and dilated oesophagus
(one). Three other patients with reflux related or
secondary motility disorders who had manometric
and/or radionuclide transit evidence of oesophageal
spasm had radiological abnormalities, comprising
diffusely narrowed lower oesophagus (one), delayed
emptying of barium (one) and tertiary waves (one).
Finally, one patient with a hypertensive lower
oesophageal sphincter had tertiary waves shown
radiologically, and also had an abnormal radio-
nuclide transit (static retention) (Table 3).

Forty eight patients with a final diagnosis of either
normal oesophagus or gastro-oesophageal reflux
disease without motility disorder underwent radio-
logical investigation. Tertiary waves were seen in 4
(8%) but the remaining 44 had no radiological
evidence of dysmotility.
The relative value of barium studies, radionuclide

transit measurement and manometry in demonstrat-
ing abnormalities in specific motility disorders is
displayed in Table 3. Table 4 compares the overall
detection of motility disturbance by radiology,
radionuclide transit measurement and manometry in
127 patients who underwent radiological studies.
The sensitivity of radiology is poor and similar
whether compared with manometry alone, radio-
nuclide transit measurement alone or the combined
results of both studies.

Discussion

In order to assess the clinical value of radionuclide

transit studies in the identification of oesophageal
motor disorders, it is necessary to compare the
results of this test with the established investigations
of manometry and radiology. The diagnostic yield in
patients in whom conventional investigations are
normal may then be assessed. We found concordance
between transit studies and manometry in 71% of
our patients, which is lower than in previous
reports.' 2 The major areas of disagreement are in
patients with a normally relaxing but hypertensive
lower oesophageal sphincter, those with nutcracker
oesophagus, and patients with conditions such as
diffuse oesophageal spasm in which incoordinate
motor activity of the oesophagus occurs. The
reasons for these discrepancies are readily appreci-
ated from the work of Richter and his colleagues4
who undertook radionuclide transit measurements
and manometry concurrently in order to study both
normal controls and patients with oesophageal
motor disorders. They found that radionuclide
transit time was independent of both amplitude and
duration of peristaltic waves and the pressure of the
lower oesophageal sphincter, provided that the
wave front after a swallow was peristaltic and the
lower oesophageal sphincter relaxed normally.
It should come as no surprise therefore that patients
with hypertensive lower oesophageal sphincter or
nutcracker oesophagus frequently have normal
radionuclide oesophageal transit measurements.9
Our findings, however, conflict with the results of
other investigators"' who found that a proportion of
patients with nutcracker oesophagus have abnormal
radionuclide transit measurements. This may be
explained when it is appreciated that many of their
patients also had non-propagated contractions on
manometry, and it is possible that these latter
abnormalities were responsible for the abnormal
transit measurements they observed."

Conversely, both Richter and his colleagues using
radionuclide transit4 and Roth and Fleshler using
radiology with concurrent manometry'2 have shown
that incoordinate (or 'to and fro') movement of
isotope or barium occurs in association with a non-
peristaltic wave front following a swallow. Indeed,
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mutliple episodes of 'to and fro' movement of
radionuclide occur during a transit measurement
when a succession of non-peristaltic waves after
a swallow is recorded manometrically.4 This latter
abnormality constitutes good manometric evidence
of oesophageal spasm, and Richter's work supports
the contention that incoordinate radionuclide
transit is also strongly suggestive of this condition. It
is to be expected that in some patients with
oesophageal spasm the radionuclide studies will be
abnormal in the face of normal manometry and vice
versa, as oesophageal spasm is frequently inter-
mittent and may be present during one examination
but not the other. Hence, where symptomatic
patients with normal manometry were observed to
have a prolonged radionuclide transit measurement
with 'to and fro' movement of isotope, this was
regarded as evidence of oesophageal spasm in our
study (see Table 2).
A further seven symptomatic patients with normal

manometry had delayed transit measurements with
static retention in at least one of the two studies
done on each patient (Table 2). We observed a
similar abnormality in 11 patients with manometric
abnormalities, principally non-specific oesophageal
motility disorders. Nelson and his colleagues6
reported that only one of 50 normal subjects had an
occasional wet swallow followed by a simultaneous
non-peristaltic wave, but that in 22% of normal
subjects up to 50% of wet swallows may not be
conducted to the distal oesophagus. These two types
of manometric feature, when occurring more fre-
quently, are considered to indicate oesophageal
motility disorders. It seems likely from the work of
Richter and his colleagues4 that such features could
lead to the abnormal transit measurements that we
have observed in the seven patients noted above. It
is conjecture whether such abnormalities represent
true 'false positive' results or whether they are
significant abnormalities, although the fact that they
are seen also in some patients with a manometric
abnormality suggest they may indeed be of clinical
relevance.
Our results confirm the findings of others that

conventional barium radiology is relativel' in-
sensitive in detecting oesophageal dysmotility.- 13 14

We found that when compared with manometry,
radionuclide transit or the combined results of both
investigations, barium radiology has a sensitivity of
35%, 40%, and 30% respectively in detecting dys-
motility (Table 4). We also observed that tertiary
waves were seen in the same proportion of those
with motility disorders (six of 79-8%) and those
without motility disorders (four of 48-8%) who
underwent radiological studies. This confirms the
finding of Alban-Davies and his colleagues13 that

tertiary waves are a non-specific finding which do
not necessarily indicate a motility disorder. It should
also be noted from our results that the radiological
features were only thought diagnostic in five of our
patients, all of whom had achalasia. There is now
some evidence that specialised radiological tech-
niques, such as the 'bread barium' swallow'4 may be
of more value than conventional barium studies in
the context of the diagnosis of oesophageal dys-
motility.
The purpose of this study was to assess the clinical

value of radionuclide transit measurements in the
diagnosis of oesophageal motor disorders. Several
investigations were used to assess each patient and
the final diagnosis was arrived at after consideration
of the clinical features coupled with the results of all
investigations. This diagnosis has provided the
reference against which the value of the transit
measurement has been assessed. On this basis, the
sensitivity of radionuclide transit measurements in
detecting oesophageal dysmotility was 75%, while
the sensitivity for manometry was 83% and for
radiology 30% (which increases to 34% if the four
patients with tertiary waves but normal manometry
and radionuclide transit are included as being
abnormal).

In conclusion, our results show that radionuclide
transit and manometry are complementary investi-
gations, each detecting abnormalities not detected
by the other. This is perhaps to be expected,
because they assess different aspects of oesophageal
motor function. They have similar sensitivity, how-
ever, in detecting conditions characterised by
frequent non-peristaltic contractions and failure of
lower oesophageal sphincter relaxation. As expected,
radionuclide transit measurement usually fails to
detect high amplitude and prolonged duration peri-
stalsis ('nutcracker') and hypertensive lower oeso-
phageal sphincter which together formed 20% of
our patients with motility disorders. For this reason,
radionuclide transit measurement has limitations as
a screening test for oesophageal dysmotility. We
have found the test more sensitive, however, than
conventional contrast radiology in showing oeso-
phageal motor disturbances.

Accurate definition of a motility disorder usually
requires oesophageal manometry, but the radio-
nuclide transit measurement can provide useful
additional information about oesophageal function.
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