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24 hour ambulatory oesophageal motility monitoring:
How should motility data be analysed?
J E RICHTER AND D 0 CASTELL

From the Gastroenterology Section, Bowman Gray School of Medicine of Wake Forest University, Winston-
Salen, North Carolina, USA

SUMMARY Ambulatory oesophageal motility/pH monitoring permits accurate detection of
oesophageal events during spontaneous chest pain episodes. Opinions differ, however, about the
methods to review the extensive motility data and the definition of abnormal motility changes. We
studied 30 patients (18 women, age 46 years) with suspected oesophageal chest pain using a portable
recording system attached to a 4.5 mm catheter with pressure transducers 3 and 8 cm and pH probe
5 cm above the lower oesophageal sphincter (LOS). An event marker was triggered by the patient for
chest pain. In the patient's diary, pain was recorded on a scale of increasing severity 1-10. Two
methods of analysis were used to assess 24 hour motility data. The 24 hour technique sampled five
minute asymptomatic baselines throughout the study to define the patient's normal range of
oesophageal motility. The second technique used only the 10 minute period immediately before
each chest pain episode as the asymptomatic baseline. Chest pain episodes were defined as
abnormal if associated with pH<4 or motility changes not present during the asymptomatic
baseline analysis: 135 chest pain episodes were recorded. The method of motility analysis
significantly (p<001) changed the number of chest pain episodes associated with abnormal
motility: 24 hour technique - 14 episodes (10%) versus a 25-fold increase with the 10 minute
baseline technique - 33 episodes (24%). Acid related pain episodes were similar in both groups -
13%. The majority of chest pain episodes had no association with abnormal motility or acid reflux.
Increasing chest pain severity was inversely correlated with the presence of abnormal oesophageal
events. We conclude that limited analysis of24 hour motility data may over diagnose motility related
chest pain events and lead to inappropriate medical or surgical therapy.

Twenty four hour oesophageal ambulatory motility
and pH monitoring is a new research tool for the
investigation of non-cardiac chest pain. This tech-
nique offers several advantages over conventionally
available oesophageal tests: (1) it permits evaluation
of multiple, spontaneous chest pain episodes occur-
ring over a prolonged period of time, (2) patients can
be studied as outpatients in their home or work
environments, and (3) this system allows a direct
correlation between the patient's complaints of chest
pain and oesophageal motility activity and acid
reflux.
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Several laboratories have been developing
ambulatory motility systems,'` but only two have
reported clinical studies in patients with non-cardiac
chest pain. Janssens et al found that 24 hour record-
ings showed the oesophagus to be the likely cause of
symptoms in 21 of 60 patients (35%) with 'severe',
recurrent angina like chest pain.' More recently, we
have reported our experience in 22 patients with a
total of 92 spontaneous chest pain episodes.2 Eleven
events (12%) occurred in association with abnormal
oesophageal motor activity while 18 events (20%)
were associated with acid reflux, and four events
(4%) had both abnormal activities. To our surprise,
the majority of chest pain episodes, 59 events (64%)
did not have any association with either abnormal
oesophageal motility or pH.
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Unlike oesophageal pH studies, there is no con-
census about how to define abnormal oesophageal
pressures as the cause of chest pain during
ambulatory motility studies. The Belgium group has
suggested that: 'a pain episode correlated in time
with severe motility abnormalities that were not
present in other parts of the recording ... makes the
chest pain likely of oesophageal origin'.' This concept
allows for a subjective, but not very objective,
criterion to assess 'abnormality' on recordings of this
kind. Therefore, the primary goal of this study was to
begin to define how much of the asymptomatic
motility data must be analysed to fulfil a criterion
similar to that suggested by Janssens et al. Do we
need to meticulously review the entire 24 hour
motility tracing or is it sufficient to simply analyse the
data occurring immediately before a chest pain
episode? A secondary goal was to determine whether
or not increasing pain severity identifies the presence
of abnormal oesophageal activity. In our experience,
there is no indication that more severe pain, as
reported by patients, predicts the presence of an
oesophageal origin of pain. Others have found a high
association of oesophageal events when their patients
experienced severe, cramping, retrosternal pain.'

Methods

PATIENTS

Thirty patients (18 women) with the mean age of 46
years (range 25-68) were studied. All patients had
suffered from severe, recurrent substernal chest pain
for an average of two years. At the time of this study,
25 patients were having daily chest pain and the
remaining five patients reported pain every other
day. Extensive cardiac, pulmonary, musculoskeletal
and gastrointestinal evaluations were performed on
these patients before entry to this study. Coronary
arteriography showed normal coronary arteries in 10
patients and non-obstructive disease (no greater than
25% coronary artery narrowing) in 15 patients. Five
patients only had non-invasive cardiac studies but
were considered by their referring cardiologist not to
have cardiac chest pain. Pulmonary diseases were
excluded by a review of the chest radiographs and
normal pulmonary artery pressures when arterio-
graphy was performed. A musculoskeletal cause for
chest pain was felt not to be present as these patients
had no 'trigger points' for the replication of their pain
on vigorous palpatation of the anterior and posterior
chest wall. All patients had either normal upper
gastrointestinal radiographs or panendoscopy. When
appropriate, gall stones were excluded by oral
cholecystogram or ultrasound. Baseline oesophageal
manometry studies were normal in 15 patients. The
other patients had abnormal manometry including 10

with the nutcracker oesophagus, two non-specific
oesophageal motility disorders, one diffuse oeso-
phageal spasm, one achalasia, and one hypertensive
lower oesophageal sphincter.' The acid perfusion
(Bernstein) test was performed in all patients and
reproduced chest pain in 12 individuals." Sixteen of
29 patients given a placebo controlled intravenous
bolus of edrophonium (Tensilon 80 [ig/kg) had a
replication of their chest pain. In an additional seven
patients, small volume intraesophageal balloon
distention reproduced the patient's pain symptoms."

AMBUl ATORY SYSTEM
The ambulatory motility system was similar to that
used in our initial study.' Briefly, oesophageal
pressures were measured by a Koningsberg P 31
probe (Koningsberg Instruments Company,
Pasadena, California) having two transducers
mounted 5 cm apart. The two pressure signals were
continuously recorded on a two channel, 24 hour
Holter ECG tape recorder (ICR 7200, Instruments
for Cardiac Research Inc, East Syracuse, New
York). The probe was connected to the recorder
through an interface designed by the Medical Physics
and Engineering Department of William Beaumont
Hospital, Royal Oak, Michigan (US Patent Number
4,503,859). At the end of the recording period, the
tapes were played back on the ICR Holter Scanner
(series 6201) through a custom interface to a two
channel chart recorder. Oesophageal pH was
recorded by a DelMar Avionic pH system (DelMar
Avionics, Irvine, California). The probe consisted of
a pH glass electrode (Microelectrodes Inc,
Londonberry, New Hampshire) with a 1-8 mm outer
diameter and sensitivity of 0.15 pH units. Signals
were sampled at the frequency of 10 per minute. A
reference electrode was attached to the skin on the
anterior chest. Before and after each study, the pH
electrode was calibrated using a neutral buffer and
acid buffer of pH 4.

STUDY PROCEDURE
All patients were studied in the outpatient setting
after an overnight fast. They were requested to stop
any drug therapy known to alter oesophageal
pressures or reduce gastric acidity for 24 hours before
the study and for the duration of the study. The pH
and motility systems were standardised before each
study. The tip of the pH electrode was positioned
between the pressure transducers and secured by silk
sutures. The combined probes were placed trans-
nasally and positioned with the pressure transducers
at 3 cm and 8 cm and the pH electrode at 5 cm above
the lower oesophageal sphincter as determined by
previous manometry. The probes were secured to the
face with tape and the individual leads connected to
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the recording units worn on a belt around the waist.
Digital clocks on the tape recorder and pH recorder
were synchronised and served as time references for
events recorded in the patients diaries. All patients
were allowed normal activity and foods of pH 5 or
greater. Smoking was allowed and patients were
permitted to drink hot and cold liquids as long as the
pH was not less than 5. Patients triggered event
markers on the pressure and pH recordings at the
onset of each individual chest pain event. The
patients were also asked to keep a diary and record
the following events: onset and duration of chest pain
episodes, severity of chest pain episodes on a 10 point
scale (1 - very mild pain to 10- severe pain requiring
medical attention), beginning and ending of meals,
and major activities including sleep, exercise, cough-
ing, and bowel movements.

OESOPHAGEAL PRESSURE AND pH DATA

ANALYSIS
During the 24 hour study, each patient served as his
or her own control. As summarised in Table 1, two
different analysis techniques were used to evaluate
the pressure data. The 24 hour analysis technique
determined the patient's baseline data during
asymptomatic periods by reviewing five minutes
samples obtained on the hour as well as five minute
random samples of any unusual motility activity
observed while scanning all of the patient's
asymptomatic motility data. By this method, an
average of 84 contraction sequences were measured
per person and used to determine the patient's
normal asymptomatic motility pattern. The 10
minute baseline analysis technique was similar to that
reported by Janssen et al.' In this analysis, the
baseline asymptomatic data were limited to the 10
minutes before each individual chest pain episode.
Therefore, baseline data for comparison with chest
pain episodes could represent anything from no
oesophageal activity, as seen when the patient is
asleep and awakes with chest pain, to the regular
swallowing activity of approximately one contraction
per minute. By this method, an average of only seven
contraction sequences were measured per person to
obtain the asymptomatic baseline before each
individual chest pain episode.

Motility parameters measured during the asympto-
matic baseline periods were similar for both tech-
niques: mean amplitude and duration, maximum
amplitude and duration based on a single wave
with the highest contraction amplitude or longest
duration, and percent abnormal peristalsis (simul-
taneous or retrograde). Contraction waves recorded
by both transducers were evaluated and wave
measurements were done in the same fashion as in
conventional manometric studies. For the purpose of

Table 1 Two techniques for the analysis of24 hour
oesophageal motility data

24 hour analysis 10 minute baseline anslysis

A Baseline data during asymptomatic periods
5' sample every hour 10' sample immediately before

+ each individual chest pain
5' samples of unusual motility episode

activity observed while
scanning all the asymptomatic
data

B Motility parameters measured during asymptomatic baseline
For each 5' baseline, the 10' period before individual

following are determined: chest pain episodes analysed
R amplitude and duration for:
maximum amplitude and x amplitude and duration

duration maximum amplitude and
% non-peristaltic contractions duration

% non-peristaltic contraction

C Definition ofabnormal motility as cause ofchest pain
Individual chest pain episodes compared with patients' motility

pattern determined by asymptomatic baseline data.
Chest pain episodes defined as associated with abnormal motility if
one or more of the following criteria exceeded:

2 amplitude/duration of chest x -1 SE amplitude/duration of
pain > x +2 SD for similar chest pain> x + 1 SE for
baseline measurements similar baseline measurements

Maximum amplitude/duration> Maximum amplitude/duration>
single most abnormal wave in single most abnormal wave in
baseline baseline

% non-peristalsis>highest % non-peristalsis>similar
frequency during baseline measurement during baseline

overall data analysis, proximal and distal contraction
waves were combined for the determination of mean
amplitude and duration.

Individual chest pain episodes were compared with
the patient's normal motility pattern as determined
by the two analysis techniques for asymptomatic
baseline data. All contraction waves during the pain
episodes or for five minutes after the onset of pain, if
the patient did not identify a specific end point for the
pain, were combined and analysed for the same five
parameters as the individual asymptomatic baseline
periods. A chest pain episode was defined as associ-
ated with 'abnormal' motility using the 24 hour
analysis technique if one or more of the following
criteria were exceeded: (1) mean amplitude or
duration greater than mean +2 SD for the same
parameters during asymptomatic baseline; (2)
maximum amplitude greater than the single contrac-
tion wave of highest amplitude observed during the
baseline plus the potential artifact arising from
respiratory baseline variations in amplitude (>35
mmHg; x +2 SD for 24 patients);9 (3) maximum
duration greater than the single contraction wave of
longest duration observed during the baseline plus
the potential cardiovascular artifact in non-
bradycardiac subjects (>1 sec);'" and (4) per cent
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Figure Pie diagram depicting the relationship between the 135 spontaneous chest pain episodes and abnormal oesophageal
motility andlor acid reflux (pH<4) as defined by the 24 hour and 10 minute baseline analysis techlniques. The method for
analysing motility data significantly (p<OOI) changed the number of chest pain episodes associated with abnormal
oesophageal motility (shaded area). Note that regardless of the analysis technique, the majority of chest pain episodes had no
association with either abnormal oesophageal motility or acid reflux.

abnormal peristalsis exceeding the highest frequency
observed during any patient's asymptomatic base-
line. Similar criteria were used for the 10 minute
baseline analysis technique except for the determriuna-
tion of abnormal motility based on mean amplitude
and duration during the chest pain episode. The small
number of contraction waves measured during the
baseline period prevented the use of a statistical
analysis using standard deviation to describe the
normal asymptomatic range of pressures. Therefore,
the statistical analysis compared means±standard
errors - that is, chest pain amplitude (x-1 SE)>
asymptomatic baseline amplitude (x + 1 SE) for the
episode to be defined as associated with 'abnormal
motility'. A chest pain episode was defined as pH
associated if it occurred within two minutes of an

episode of gastroesophageal reflux (pH less than 4).
A chest pain episode was considered to be associated
with abnormal motility and pH if the above criteria
were met together during the individual chest pain
episode. The differences in the two analysis tech-
niques for the 30 patients were compared by X2
analysis.
The pH parameters initially defined by Johnson

and DeMeester'° were used to identify the presence
of pathological acid reflux. The 24 hour pH para-
meters were considered abnormal if the subjects'
values exceeded the 95% confidence level derived

from 20 asymptomatic healthy volunteers (eight
men, mean age 31 years) previously studied in our

laboratory.
In order to evaluate the relationship between chest

pain severity and oesophageal events (abnormal pH
and/or motility), the chest pain scores derived from
the 10 point scale were arbitratily divided into two
groups: mild pain - scale 1 to 5 and severe pain - scale
6 to 10. Chi square analysis was used to compare
various relationships between pain groups as deter-
mined by the two analysis techniques.

Results

During the 24 hour ambulatory oesophageal motility
and pH monitoring, all 30 patients experienced
replication of their chest pain. These patients noted a

total of 135 spontaneous chest pain episodes (5x4.5
episodes per patient, range 1-13). All patients
tolerated the procedure well. No procedure related
complications were noted.
The association of the 135 spontaneous chest pain

episodes with abnormal motility and/or pH by the
two analysis techniques is summarised in the figure.
Overall, the 24 hour analysis technique defined
30 chest pain episodes as being associated with
abnormal pH or motility while 51 episodes were
identified as abnormal by the 10 minute baseline

10' Baseline analysis24 Hour analysis

Both

2% Both

10%
Abnormal
motility
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analysis technique. As would be anticipated, the acid
related chest pain episodes (15;11%) and the com-

bination of acid and motility related episodes (3;2%)
were the same for both analysis techniques. The
method for analysing motility data significantly
(p<0.01) changed the number of chest pain episodes
associated with abnormal motility. The 24 hour
analysis technique identified only 14 chest pain
episodes (10%) as being associated with severe
motility abnormalities that were not present else-
where during the asymptomatic baseline periods.
The shorter 10 minute baseline analysis technique
increased by nearly 2-5 fold the number of chest pain
episodes associated with abnormal motility. By this
technique, 33 individual chest pain episodes (24%)
were attributed to abnormal motility not observed in
the 10 minute period immediately before the chest
pain episode. Regardless of the analysis technique,
the majority of chest pain episodes had no association
with either abnormal oesophageal motility or pH.
Overall, the 24 hour analysis technique identified an

abnormal oesophageal event as the cause of at least
one episode of chest pain in 15/30 patients (50%),
while the 10 minute baseline analysis technique made
a similar identification in 22/30 patients (73%).

Patient groups could be subdivided based upon

results of 24 hour pH tests. Eleven patients had
abnormal acid reflux parameters (five upright, two
supine, four both) and 18 patients had normal reflux
values. The two analysis techniques did not result in
significant differences among the reflux patients: 24
hour analysis - eight abnormal motility (24%), 11
acid reflux (27.5%), two both (5%), 19 neither
(47.5%) v 10 minute baseline analysis - nine
abnormal motility (22.5%) 10 acid reflux (25%),
three both (7.5%), 18 neither (45%). On the other
hand, among the 18 patients with normal 24 hour pH
parameters, the 10 minute baseline analysis identi-
fied a significantly greater (p<0.01) percentage
of chest pain episodes associated with abnormal
motility: 24 hour analysis - six abnormal motility
(6.3%), four acid reflux (4.2%), one both (1%), 84
neither (88.4%) v 10 minute baseline analysis - 24
abnormal motility (25.3%), five acid reflux (5.3%),
66 neither (69.4%).
Among the five criteria for abnormal motility,

maximum duration and amplitude were the most
common contraction abnormalities identified by both
analysis techniques. Remembering that individual
chest pain episodes may have more than one
abnormal motility criterion, maximum amplitude or
duration was abnormal in 82% of the motility
associated chest pain episodes identified by the 24
hour technique and 86% of the motility associated
chest pain episodes identified by the 10 minute
baseline technique. As would be anticipated, varia-

tions in pressure criteria for these two contraction
abnormalities contributed to most of the differences
observed between the two analysis techniques
(Table 2).
Only 83 of the 135 chest pain episodes (61%) were

scored on the 10 point pain scale. By the 24 hour
analysis techniques, 13/49 (27%) mild (score 1-5)
and 5/34 (15%) severe (score 6-10) chest pain
episodes were associated with acid reflux and/or
abnormal motility. Similarly, 19/49 (39%) mild and
11/34 (32%) severe chest pain episodes were associ-
ated with abnormal oesophageal activity when a 10
minute baseline analysis was used. As shown in Table
3, there was an inverse relationship between patients'

Table 2 Variation in pressure criteria based on analysis
used

Maximum amplitude (mmHg)

Chest paini 10' 24 hour
Patient initials episodes baseline baseline

Abnormal by both analysis:
SA 140 30 100

170 15 1()0
DM 240 180 200

240 150 200
CH 23(0 16(0 18()

Abtiormal by 10' analysis only:
SS 270 120 360

20(0 0* 360
SA l(1) 50 10()

70 0* 100
MP 170 100 285

10(1 0* 285
MJ 200 170 250(
MD 160 81) 260

Maximtnm
duration (sec)

Abnormal by both analyses:
MS 22 14 18
ES 1() 0* 8

14 7 8
JH 15 8 10
BK 15 9 11

13 10 1 1
JE 10 6 8
HH 18 14 16

18 10 16
Abnormal by 10' analysis only:

FJ 12 9 13
9 0* 13

JP 6 4 11
ES 5 0* 8
BK 9 6 11
JC 5 3 9
MB 7 5 10
DB 6 5 8
HH 11 8 16

*No pressure waves in the 10 minutes before chest pain episode; four
of six occurred while patient sleeping.
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Table 3 Relationsh/ip between abnormal oesophageal
events and chest pain severity

24 hour atnalysis* 10 minute baseline analysis
% of abzorrmalloesophageal evenits

Pain scale
1-5 72% 63%
6-10 28% 37%

p<O-OOl p<O-05

*Percentage derived from number of abnormal oesophageal events
in each pain group over the total number of chest pain episodes
caused by acid reflux and/or abnormal motility.

pain scores and the likelihood that abnormal oeso-
phageal activity caused the chest pain. Thus, acid
reflux and/or abnormal motility was significantly less
likely to occur with the more severe pain episodes. In
patients experiencing multiple chest pain episodes,
there also was no evidence that they could distinguish
chest pain events associated with abnormal motility
of pH from chest pain events observed during normal
oesophageal activity.

Discussion

The purpose of this current study was to address the
question: how much motility data must be analysed
to confidently identify a chest pain episode as being
caused by abnormal oesophageal contractile activity?
To this end, one must first agree upon the definition
of abnormal oesophageal motility. On the surface,
this may seem a simple question. Unlike acid reflux
or blood pressure, however, where an abnormal
physiological cutoff has been defined, the definition
of abnormal motility is less clear. Traditionally,
normal ranges for oesophageal contractile para-
meters (amplitude, duration, velocity, per cent sim-
ultaneous, and non-conducted contractions) have
been determined by studying a large number of
healthy subjects with stationary manometry and stan-
dardised swallowing techniques."'- For a given para-
meter, a mean value and ±2 (or even 3) standard
deviations would be determined. Any measurement
exceeding these normal limits would be defined as
abnormal. From a statistical standpoint, this is a valid
technique but gives us no assurance that these 'abnor-
mal' contractions represent an aberrant physiological
state or disease that causes chest pain. In fact, these
patients are usually asymptomatic at the time the
abnormal oesophageal contractions are being
recorded. It is quite difficult, therefore, to determine
whether these 'abnormal' contractions are the cause
of the patient's chest pain or merely represent that
particular patient's asymptomatic pressure profile.
Our recent experience treating non-cardiac chest
pain patients with calcium channel blockers would

strongly caution against the former conclusion.
Nifedipine significantly decreased contraction
pressures in patients with the nutcracker oesophagus
but these changes did not result in improvement in
chest pain.'` On the other hand, 24 hour ambulatory
oesophageal motility allows the patient to serve as his
or her own control. This eliminates the somewhat
artificial comparison with asymptomatic control sub-
jects. Furthermore, this techniques permits a more
representative assessment of the patients' normal
motility pattern during wet and dry swallows as well
as the many daily activities (eating, drinking, sleep-
ing) not associated with chest pain. When the patient
experiences chest pain, an event marker is triggered
and the motility parameters during chest pain can be
directly compared with the patients' asymptomatic
motility pattern.

Janssens et al have recently suggested that 'a pain
episode correlated in time with severe motility abnor-
malities that were not present in other parts of
the recording ... makes the chest pain likely of
esophageal origin'.' Although some may think this
too strict a criteria, we believe this relationship
needs to be met before we can confidently attribute
a patient's chest pain to oesophageal motility
abnormalities. Furthermore, we must strive to
quantify this large amount of motility data in order to
base our evaluation on objective rather than subjec-
tive comparisons. The motility parameters analysed
in this study are those measurements (mean and
maximum amplitude and duration, percentage
abnormal peristalsis) which have traditionally been
thought to cause oesophageal chest pain.'6 Although
arbitrary and somewhat difficult to calculate, these
motility criteria meet the standards suggested by the
Belgium group. To date, they are also the only
published reference points for the definition of
abnormal motility during 24 hour oesophageal
pressure monitoring. Further refinement and justi-
fication for this data analysis will await studies from
other oesophageal laboratories interested in the
evaluation of non-cardiac chest pain.
Our study suggests that the amount of motility data

reviewed and analysed while the patient is pain free is
a critical factor in determining the relationship
between abnormal motility and chest pain. Although
the 10 minute baseline analysis is rapid and easy to
calculate, it really undermines the purpose of 24 hour
oesophageal motility monitoring. By this technique,
33 chest pain episodes were determined to be associ-
ated with abnormal oesophageal motility. Review of
the entire 24 hour tracing, however, found that the
majority' of these episodes would not fulfil our
criteria for abnormality. That is, these motility
changes were no different than other period of
pressure activity recorded when the patients were
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asymptomatic. Therefore, more limited pressure
analysis may markedly overestimate motility related
chest pain events and possibly lead to inappropriate
medical or surgical therapy.
Van Trappen and colleagues (personal communi-

cation) have suggested that limiting the baseline
analysis to the 10 minutes before chest pain more
appropriately takes into account possible changes in
oesophageal pain thresholds. Studies with somatic
pain have shown that a preceeding stimulus may
change the receptor in such a way that the next,
identical stimulus elicits a quite different response at
the same receptor site.'7"" These studies were done
with heat injury, however, (50°C for 100 second
duration) sufficient to cause erythema and discomfort
for several days. In contrast with somatic pain
receptors, these observations have not been noted
with visceral pain receptors. In fact, almost all the
available data refer to somatic rather than visceral
pain thresholds as assessed by electrical or heat
stimulation. Using limited baseline pressure data,
who is to say whether a 10 minute, 20 minute, or one
hour baseline assessment before chest pain is appro-
priate? Until more data are available about variable
visceral pain thresholds, analysis of the total 24 hour
pressure data seems more logical and defensible.

In our experience, the majority of patients with
non-cardiac chest pain have their symptoms daily or
every other day and frequently have multiple chest
pain episodes over 24 hours. One might hope that
pain severity would predict the presence of abnormal
oesophageal events and thereby eliminate the need
to analyse minor pain episodes. The present study
indicates, however, that the patient's subjective
perception of pain severity is a poor predictor of the
presence of abnormal oesophageal events. In fact,
abnormal oesophageal events were significantly less
frequent during the more severe chest pain episodes.
These observations are consistent with the concept
that pain is a complex process mediated by factors
such as personality traits, mood status, individual
cultural values, and environmental events.'9 Pain
assessment may be particularly difficult in non-
cardiac chest pain patients because they have a high
prevalence of underlying psychiatric disorders20 21 and
are generally sensitive to a variety of oesophageal
stimuli, many of which normally do not cause chest
pain in healthy subjects.2'23
The development of 24 hour oesophageal pH

monitoring has markedly improved our ability to
associate a variety of symptoms with abnormal
gastro-oesophageal reflux. It is hoped that 24 hour
oesophageal motility monitoring will add the same
refinement to the association of non-cardiac chest
pain with oesophageal motility disorders. Current
ambulatory motility systems allow us to accurately

record oesophageal pressures in the patient's home
and work environment. In the future, computerised
analysis will allow the rapid interpretation of this
large data base as has occurred with oesophageal pH
monitoring. The definition of abnormality, however,
and clarification of preferred analysis techniques
must be developed by the human investigators.
This study is an attempt to begin to address these
important questions.

The ambulatory motility system used in this study
was developed by Dale Petty, CCE in collaboration
with Luis Maas, MD and David Penner, MD of the
William Beaumont Hospital, Royal Oak, Michigan,
USA. The authors also thank Christine Dalton,
PAC for technical assistance and Kathy Myers for
secretarial preparation of this manuscript. This work
was presented at the XI International Symposium on
Gastrointestinal Motility in Oxford, England on
9 September 1987 and was published in abstract form
in Dig Dis Sci 1987; 32: 924.
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